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Editorial on the Research Topic

Editorial: KampoMedicine in aModern Context - Ethnopharmacological

Perspectives

The word “Kampo” (漢方) is used to denote the traditional academic phytotherapy of

Japan. This term, which can be translated as “Method of Han-Dynasty-China”, was

coined in the 19th century to distinguish the long established traditional medicine from

the new influx of Western medicine.

In contrast to the pre-existing system of purely orally transmitted “Minkanyaku” (民

間薬) practiced by non experts, Kampo medicine was established through the 6th to the

10th century AD as a specialised academic profession. This was possible through the

import of books - such as the Shoukanron (傷寒論/Chin. Shanghan Lun) and the

Shinnouhonzoukyou (神農本草経/Chin. Shennong Bencaojing)—and immigration of

trained experts from China and Korea. In the following centuries–especially from the 17th

to the 19th century during the seclusion of Japan, Japanese traditional medicine evolved

largely independent from external influences. Thus, Ancient Chinese Medicine (ACM)

was at the origin of a divergent cultural evolution leading to several distinct contemporary

forms of Eastern Medicine such as Japanese Kampo, Traditional Chinese Medicine

(TCM) and Korean Medicine (KM) [Kuchta K. Zeitschrift für Phytotherapie 2014; 35

(02): 79–84].

In biological evolution, the process of divergent evolution of one species into several

daughter species as an adaptation to distinct environments is well known. The general

preconditions of evolution 1) Replication, 2) Mutation, and 3) Selection of information

[Darwin C (1871). The Descent of Man and Selection in Relation to Sex.

Photoreproduction of the 1871 Edition (Princeton, New Jersey London: Princeton
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University PressJ. Murray), 60–61] drive not only the

evolutionary development of genetic information, but also of

cultural systems: They are omnipresent in all aspects of human

culture, where knowledge (information) can easily be replicated

(learning), mutated (innovation), and is subject to selection. The

resulting body of accumulated knowledge and engrained

behaviours is referred to as “tradition” or “culture” and the

process of its development and distribution can be referred to

as “cultural evolution”. In the case of traditional medicines and

herbal remedies, the evolutionary pressure that drives their

cultural evolution is the survival benefit of effective

treatments. As any successful therapy depends on 1) human

physiology and 2) the pathophysiology of the disease, these two

factors form the equivalent of Darwinian evolutionary pressure

in the cultural evolution of traditional medicine. Thus - although

traditional medicine is not based on the modern knowledge of

human physiology, biochemistry or genetics - the underlying

information for safety and efficacy is “imprinted” onto traditional

theories and practice by the cultural evolution process itself.

Traditional medicines therefore exhibit an a priori internal

structure that already corresponded to human pharmacology

and physiology, long before these were scientifically understood.

Whilst the “Bench to Bedside” and the “Bedside to Bench”

approaches have been established also for medicinal (plant)

research, we propose a third, novel approach: “From

Tradition to Pathogenesis”. Several examples are given where

the understanding of empirical treatments leads to the

understanding of the pathogenesis of disease. This

understanding of cultural evolution in the context of

traditional medicine and its application to modern

pathophysiology might help to clarify as of yet unknown

pathomechanisms of disease, or at least formulate a

hypothesis which can be examined at a later stage of research

[Kuchta and Cameron].

As Kampo has developed into its own distinct form of

Eastern Medicine, Kampo diagnostics and anamnesis

developed [Kuchta and Cameron]. E.g. in Kampo medicine,

there exists an important system of abdominal diagnosis

called Fukushin (腹診). By applying pressure to the abdomen

of the patient, the physician can read the patients’ physical state

from the “patterns” of firmness or softness and thus choose a

suitable Kampo formulation. Traditional Kampo anamnesis aims

to correlate symptoms and abdominal “patterns” to the

respective prescription formulas. In the present volume,

Yakubo et al. report on the development of a Fukushin

simulator, a teaching tool that reproduces the important

abdominal “patterns” that doctors encounter in clinical

practice. The various Fukushin models simplify the teaching

of these inherently “hands on” concepts. In recent years, Kampo

Fukushin “pattern” diagnosis and the corresponding

anamnesis have found their way into the new ICD-11

framework of the WHO alongside several related concepts

from TCM [Wu X. et al.].

With the establishment of the current form of the Japanese

national health insurance system in the late 1960s the status of

Kampo as standardized academic medicine was legally

established. Currently, 148 Kampo prescriptions are covered

by the national insurance system. The health insurance thus

covers these Kampo medicines when prescribed by any medical

doctors - not only by dedicated Kampo therapists. Further,

official approval standards for over-the-counter Kampo

products have been established for 294 formulations [Kuchta

and Cameron].

As such, Kampo constitutes an integral part even of the most

innovative forms of therapy such as the Japanese response to the

current COVID-19 pandemic. In the present volume, Ogawa-

Ochiai et al. present data from a retrospective observational study

documenting the immunological and preventive effects of the

Kampo prescriptions Hochuekkito (補中益気湯) and Kakkonto

(葛根湯) against COVID-19 in healthcare workers.

Takayama et al. present a review of all currently available data

from case reports and ongoing clinical trials on the prevention

and treatment of COVID-19 patients with Kampo medicine as a

whole. Building on the successful use of Kampo during the

Spanish flu one century earlier, the authors were able to

document numerous successful Kampo therapies for the

current pandemic.

Moving from clinical research to laboratory research,

Kakimoto et al. used an in vitro model system to demonstrate

that several well established Kampo formulas that are commonly

used in the treatment of respiratory symptoms of the common

cold were able to successfully suppress SARS-CoV-2 infection.

Here, Maoto (麻黄湯) was the most effective among the tested

Kampo formulas, and Ephedrae herba according to the Japanese

Pharmacopoeia (JPh XVIII) was the most effective among the

tested individual herbal drugs. Ephedrae herba is also one of the

main component drugs of Kakkonto (葛根湯/see above), a

prescription that was demonstrated by Saito et al. to inhibit

rhinovirus induced cytokine production in primary cultures of

human nasal epithelial cells.

Whilst Kampo medicines enhance the immune systems’ self-

defence and might thus be used to treat acute infections, their

main strength lies in the treatment (and prevention) of chronic

disease, where microcirculation, the immune system and healing

properties play a role.

In an ageing society an increased incidence of cancer

constitutes a major challenge to the public health system.

Even though Kampo medicine cannot replace chemotherapy,

it has proven its invaluable potential as a supportive therapy.

Chemotherapy-induced oral ulcerative mucositis for instance

is one of the most common and challenging side effects of anti-

tumour chemotherapy. As Miyano et al. have demonstrated, the

Japanese Kampo medicine Hangeshashinto (半夏瀉心湯)

improves this condition markedly. In this volume, they

provide evidence suggesting that Hangeshashinto enhances

human oral keratinocyte migration by up-regulating the
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chemokine protein stromal cell-derived factor 1, also known as

C-X-C motif chemokine 12 (CXCL12), via extracellular signal-

regulated kinase.

Furthermore, Kampo treatments for dementia - one typical

case of a long term chronic disease - deserve special mention. In

their review, Kuchta et al. demonstrate the efficacy of the

traditional prescription Kamiuntanto (加味温胆湯) as a

useful treatment option. One of its component drugs Polygala

radix (JPh XVIII) appears to be the biggest individual contributor

to this activity. As similar effects could also be demonstrated

for Saffron - the dried red stigmata of the flowers of Crocus

sativus L. - the combination of the two active principles

as Kamiuntantokabankoka (加味温胆湯加番紅花) proved most

promising as treatment option for dementia. As an alternative

approach for the treatment of dementia Wenger et al. have

reviewed Kampo prescriptions that traditionally contain

cannabis (Cannabis sativa L.) as its major neurological active

cannabinoids cannabidiol (CBD) and tetrahydrocannabinol

(THC) have long been identified as important anti-dementia

drug candidates. Consequently, Shakanzoto (炙甘草湯) the

“long-term use [of which] is believed to promote

youthfulness and lucidness” and which is further used

against typical afflictions of the elderly such as “shortness of

breath and palpitations with constipation-like symptoms, lack

of nutrients, dry skin, and fatigue” seems to be one of the most

promising candidates for future wide spread use in dementia

therapy. It should be emphasised that Kampo prescriptions

based on Cannabis sativa L. generally carry a far smaller risk

of addiction than similar Western medicinal products as in

Kampo only the relatively less addictive seeds are used.

Overall, undesired drug effects in Kampo are extremely rare

and new methods to prevent and counteract such effects are

constantly being developed. Liquorice (JPh XVIII) is one of the

most common crude drugs in traditional Japanese Kampo

medicine and famed for numerous anti-inflammatory and

anti-infective properties. However, in high dosages its major

constituent glycyrrhizin can cause pseudohyperaldosteronism

as a side effect. Ishiuchi et al. have identified 18β-glycyrrhetyl-
3-O-sulfate as a glycyrrhizin metabolite in a rat model and

present convicting evidence that this compound, which is

mainly detected in serum of pseudohyperaldosteronism

patients, is the most promising causative agent of this

adverse effect. They have successfully established an ELISA

system able to monitor its blood concentration in patients

taking liquorice. This new technology will further strengthen

the predisposition of Kampo as a highly personalised safe and

effective therapy.

In summary, Kampo medicine is well-established in

conjunction with Western medicine in Japan, especially for

the inflammation and infectious diseases, supportive in cancer

care and in the elderly. In Kampo medicine (in contrast to most

other forms of Eastern Medicines) philosophical considerations

take a back seat to traditional clinical empiricism. This fact has

stimulated the development of a lively dialogue and cooperation

with Western forms of pharmacotherapy as well as clinical and

basic research studies within the framework of “integrative

medicine”, called “Tougouiryou” (統合医療). Due to this

development as well as the ongoing international efforts to

place Kampo into the context of Eastern Medicine in the

WHO’s ICD-11 concept and the ISO TC-249 industrial

standardisation process, Kampo is clearly the form of Eastern

Medicine most easily accessible to Western thinking as this

process has already happened in Japan during the adaptation

of Western cultural techniques into Japanese civilisation in the

Meiji reforms of the 19th century. It thus warrants a large-scale

application in the West itself, where - especially in the context of

our ageing society - new “integrative” forms of therapy for

chronic diseases are urgently needed.
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Identification of an Alternative
Glycyrrhizin Metabolite Causing
Liquorice-Induced
Pseudohyperaldosteronism and the
Development of ELISA System to
Detect the Predictive Biomarker
Kan’ichiro Ishiuchi1†, Osamu Morinaga2†, Tetsuhiro Yoshino3†, Miaki Mitamura1,
Asuka Hirasawa1, Yasuhito Maki1, Yuuna Tashita1, Tsubasa Kondo2, Kakuyou Ogawa2,
Fangyi Lian3, Keiko Ogawa-Ochiai 4‡, Kiyoshi Minamizawa5, Takao Namiki 6,
Masaru Mimura3, Kenji Watanabe3 and Toshiaki Makino1*

1Department of Pharmacognosy, Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan,
2Department of Natural Medicines, Daiichi University of Pharmacy, Fukuoka, Japan, 3Center for Kampo Medicine, Keio University
School of Medicine, Tokyo, Japan, 4Department of Otorhinolaryngology and Head and Neck Surgery, Clinic of Japanese Oriental
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Liquorice is usually used as crude drug in traditional Japanese Kampo medicine and
traditional Chinese medicine. Liquorice-containing glycyrrhizin (GL) can cause
pseudohyperaldosteronism as a side effect. Previously, we identified 18β-glycyrrhetyl-
3-O-sulfate (3) as a GL metabolite in Eisai hyperbilirubinuria rats (EHBRs) with the
dysfunction of multidrug resistance-related protein (Mrp2). We speculated that 3 was
associated with the onset of liquorice-induced pseudohyperaldosteronism, because it was
mainly detected in serum of patients with suspected to have this condition. However, it is
predicted that other metabolites might exist in the urine of EHBRs orally treated with
glycyrrhetinic acid (GA). We explored other metabolites in the urine of EHBRs, and
investigated the pharmacokinetic profiles of the new metabolite in EHBRs and normal
Sprague-Dawley rats. We further analyzed the serum concentrations of the newmetabolite
in the patients of pseudohyperaldosteronism. Finally, we developed the analyzing method
of these metabolites as a preventive biomarker for the onset of pseudohyperaldosteronism
using an enzyme-linked immunosorbent assay (ELISA). We isolated a new GL metabolite,
18β-glycyrrhetyl-3-O-sulfate-30-O-glucuronide (4). Compound 4 significantly inhibited rat
type-2 11β-hydroxysteroid dehydrogenase (11β-HSD2) and was a substrate of both
organic anion transporter (OAT) 1 and OAT3. Compound 4was also detected in the serum
of patients with suspected pseudohyperaldosteronism at an approximately 10-fold lower
concentrations than 3, and these concentrations were positively correlated. Compound 4
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showed a lower serum concentration and weaker inhibitory titer on 11β-HSD2 than 3. We
developed an enzyme-linked immunosorbent assay system using an anti-18β-
glycyrrhetyl-3-O-glucuronide (3MGA) monoclonal antibody to measure the serum
concentration of 3 to facilitate the measurement of biomarkers to predict the onset of
pseudohyperaldosteronism. Although we found 4 as the secondary candidate causative
agent, 3 could be the main potent preventive biomarker of liquorice-induced
pseudohyperaldosteronism. Compound 3 was detected in serum at a higher
concentration than GA and 4, implying that 3 may be a pharmacologically active
ingredient mediating not only the development of pseudohyperaldosteronism but anti-
inflammatory effects in humans administered GL or other liquorice-containing
preparations.

Keywords: kampo medicine, side effect, liquorice, glycyrrhizin, pseudoaldosteronism, sex differences

INTRODUCTION

Liquorice, the root or stolon of Glycyrrhiza uralensis or G.
glabra, is a natural material commonly used as a sweetener
for foods as well as a crude drug used in traditional Japanese
Kampo medicine and traditional Chinese medicine (TCM). Its
component glycyrrhizin (5) (GL; Figure 1A) has various
pharmacological actions such as anti-allergy, anti-

inflammation, anti-ulcer, anti-virus, anti-androgenic, and
hepatorptective effects (Isbrucker and Burdock, 2006).
Pseudohyperaldosteronism, a well-known side effect of
liquorice, is characterized by hypertension, oedema, and
hypokalaemia (Conn et al., 1968; Stewart et al., 1987). The
onset of pseudohyperaldosteronism is associated with the
inhibition of type-2 11β-hydroxysteroid dehydrogenase (11β-
HSD2) in renal distal tubular epithelial cells by some GL

FIGURE 1 | (A)Chemical structures of glycyrrhizin (GL, 5) and its metabolites (1−4), 18β-glycyrrhetyl-3-O-glucuronide (3MGA, 6), and glycyrrhetinic acid (GA, 7) (B)
Key two-dimensional (2D) nuclear magnetic resonance (NMR) correlations for 4 (C) Selected rotating frame overhause effect spectroscopy (ROESY) correlations and
relative stereochemistry of 4.
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metabolites (Ploeger et al., 2001). Under normal conditions,
cortisol, which has a similar affinity to the mineralocorticoid
receptor as aldosterone, is converted by 11β-HSD2 to cortisone,
which has a low affinity for the receptor. When 11β-HSD2 is
inhibited by GL metabolites, the local cortisol concentration
increases, which stimulates the mineralocorticoid receptor.
Consequently, sodium reabsorption and potassium excretion
are accelerated, resulting in symptoms such as hypokalaemia,
hypertension, and oedema (Ploeger et al., 2001).

Recently, we found 22α-hydroxy-18β-glycyrrhetyl-3-
O-sulfate-30-glucuronide (1), 22α-hydroxy-18β-glycyrrhetyl-
3-O-sulfate (2), and 18β-glycyrrhetyl-3-O-sulfate (3;
Figure 1A) as GL metabolites in the urine of Eisai
hyperbilirubinuria rats (EHBRs) orally treated with
glycyrrhetinic acid (7, GA; Figure 1A) (Morinaga et al.,
2018; Ishiuchi et al., 2019). Orally administered GL is
hydrolysed by intestinal bacteria to GA and appears in
circulating blood (Akao et al., 1994). GA then translocates
to the liver where it is metabolised to compounds 1–3, and
18β-glycyrrhetyl-3-O-glucuronide (6, 3MGA; Figure 1A) by
sulfotransferase (SULT) 2A1 (Takahashi et al., 2019), some
cytochrome P450 (CYP) enzymes, and some
glucuronyltransferases (Kato et al., 1995; Makino et al.,
2008; Makino et al., 2012; Morinaga et al., 2018; Ishiuchi
et al., 2019).

Previous studies suggested GA or 3MGA as causative agents
of pseudohyperaldosteronism because they had a greater
inhibitory effect on the activity of 11β-HSD2 than GL,
which was not detected in the blood (Monder et al., 1989;
Kato et al., 1995). Most of the GA, 3MGA, and compounds 1–3
are bound to albumin in the blood and cannot translocate to
cells by simple diffusion. To inhibit 11β-HSD2, it has to be
transported by some transporters into the renal tubular cells
where it is actively expressed. Compounds 1–3 and 3MGA but
not GA are substrates for organic anion transporter (OAT) 1
and OAT3 expressed on the vascular side of renal tubular
epithelial cells. Since compounds 1–3 and 3MGA exhibit
sufficient inhibitory effects on 11β-HSD2, we reported that
all these compounds could cause pseudohyperaldosteronism
(Makino et al., 2008; Makino et al., 2012; Morinaga et al., 2018;
Ishiuchi et al., 2019).

Furthermore, we evaluated the association of the
concentration of each GL metabolite in serum samples of
patients with suspected pseudohyperaldosteronism with the
laboratory data and various symptoms. Compound 3 but not
1, 2, and 3MGA were detected in the serum samples, which
suggests the association of 3 with the onset of
pseudohyperaldosteronism (Takahashi et al., 2019).

In this study, we isolated another new GL metabolite, 18β-
glycyrrhetyl-3-O-sulfate-30-O-glucuronide (4), from the
urine of EHBRs orally treated with GA and elucidated its
structure based on spectroscopic data. We demonstrated the
inhibitory effect of 4 on 11β-HSD2 and detected 4 in serum
samples from patients with suspected
pseudohyperaldosteronism. However, the concentration of
4 was lower than that of 3, therefore, 3 was likely the major
cause of pseudohyperaldosteronism. Then, we developed an

enzyme-linked immunosorbent assay (ELISA) system to
facilitate the measurement of the concentration of 3 in
serum samples collected from the patients. In addition, we
compared the differences in the pharmacokinetics of these
GL metabolites between male and female EHBRs and
humans.

MATERIAL AND METHODS

Chemicals, Reagents, Animals, and General
Procedures
All chemicals, reagents, animals, and general procedures were the
same as those described in our previous study (Morinaga et al.,
2018; Ishiuchi et al., 2019). The animal experimental procedures
were approved by the Animal Care Committee at the Graduate
School of Pharmaceutical Sciences, Nagoya City University,
Nagoya, in accordance with the guidelines of the Japanese
Council on Animal Care.

Isolation of Compound 4
EHBRs (6 week-old, Japan SLC, Hamamatsu, Japan) were reared
and provided with drinking water containing 1 mg/ml GA
suspended in 1% carboxymethylcellulose solution for
3 months. The urine of the rats was collected, pooled,
filtered, and then 2.5 L of the urine was evaporated under
reduced pressure (dried weight, approximately 40 g). The
concentrated urine (1.4 L) was partitioned with ethyl
acetate and 1-buthanol. The 1-buthanol-soluble part (25 g)
was separated by ODS silica gel column chromatography with
a mixture of methanol/H2O (1:4→ 1:0). A fraction eluted with
methanol/H2O (3:2) was further separated by silica gel
column chromatography (chloroform/methanol/H2O/
trifluoroacetic acid 1:0:0:0 → 5:5:1:0.01), from which a
fraction eluted with chloroform/methanol (1:1) was further
purified using C18 high-performance liquid chromatography
(HPLC, Cosmosil 5C18-ARII (Nakalai Tesque, Kyoto, Japan),
5 μm, 4.6 mm i. d. × 250 mm) with the following parameters:
solvent, acetonitrile/H2O/trifluoroacetic acid (35:65:0.1); flow
rate, 0.6 ml/min; detection 254 nm, to obtain compound 4
(3.2 mg).

Compound 4: colorless amorphous solid [α]D24 + 107 (c 0.3,
methanol); ultraviolet (UV) (methanol) λmax 248 (ε 9782) nm;
electronic circular dichroism (ECD) (methanol) λ (Δε) 230 (+8.3)
nm; 1H-nuclear magnetic resonance (NMR) (deuterated
methanol, 500 MHz) and 13C-NMR (deuterated methanol,
125 MHz), see Table 1; electrospray ionization tandem mass
spectrometry (ESIMS) m/z 725 [M-H]-; high resolution (HR)
ESIMS m/z 725.3212 [M-H]- (calculated for C36H53O13S,
725.3207).

Determination of in vitro 11β-HSD2 Activity
Using Rat Kidney Microsomes
Assays were conducted as described by Diederich et al. (2000)
with the slight modifications as described in our previous report
(Makino et al., 2012).
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Uptake of Compound 4 by Rat Kidney Slices
and Cells Expressing OAT1 and 3
For the uptake study of 4 into rat kidney slices, we used the
samples obtained in our previous study (Ishiuchi et al., 2019).
For the uptake study of 4 into the cells transiently expressing
OAT1 and OAT3, we used the same protocol as in our previous
study (Makino et al., 2012). cDNAs encoding human OAT1

and OAT3 inserted into pGH19 were generously supplied by
Prof. Mitsuru Sugawara (Hokkaido University, Sapporo,
Japan), and then subcloned into a pCI-neo mammalian
expression vector (Promega, Madison, WI, United States).
We used the same pooled plasma of male EHBRs orally
treated with GA for 12 h used in our previous study
(Ishiuchi et al., 2019).

TABLE 1 | 1H and 13C NMR Data (CD3OD) of compounds 4 and 1.

4 1

Position δH
a

δC
b HMBC δH

a δC
b

1a 2.74 (1H, brd 13.5 Hz) 40.1 9, 25 2.74 (1H, d 13.5 Hz) 40.1
1b 1.05 (1H, ndc) 1.04 (1H, ndc)
2a 2.07 (1H, brd 13.5 Hz) 25.2 2.08 (1H, brd 11.5 Hz) 25.2
2b 1.80 (1H, ndc) 1.78 (1H, ndc)
3 3.96 (1H, dd 12.0, 4.0 Hz) 87.3 23, 24 3.96 (1H, m) 87.4
4 39.9 3, 23, 24 39.9
5 0.86 (1H, ndc) 56.6 1a, 7b, 23, 24, 25 0.86 (1H, ndc) 56.6
6a 1.64 (1H, brd 13.0 Hz) 18.6 5 1.65 (1H, brd 13.5 Hz) 18.6
6b 1.49 (1H, ndc) 1.49 (1H, ndc)
7a 1.76 (1H, ndc) 33.8 6a, 26 1.76 (1H, ndc) 33.7
7b 1.45 (1H, ndc) 1.45 (1H, ndc)
8 46.7 6a, 7a, 9, 15a, 26, 27 46.7
9 2.47 (1H, s) 63.0 7b, 8, 12, 25, 26 2.47 (1H, s) 63.1
10 38.2 1a, 5, 6a, 9, 25 38.1
11 202.6 9, 12 202.5
12 5.62 (1H, s) 129.1 18 5.61 (1H, s) 129.2
13 172.7 12, 15b, 18, 19b, 27 171.1
14 44.6 9, 12, 15a, 18, 26, 27 45.1
15a 1.88 (1H, ndc) 27.6 16a, 27 1.80 (1H, ndc) 27.2
15b 1.25 (1H, ndc) 1.29 (1H, m)
16a 2.15 (1H, ddd 14.0, 14.0, 4.0 Hz) 27.4 15a, 18, 28 1.80 (1H, ndc) 20.3
16b 1.03 (1H, ndc) 1.48 (1H, ndc)
17 32.9 15b, 16a, 18, 19a, 19b 38.4

21a, 21b, 22b, 28
18 2.26 (1H, dd 14.0, 3.5 Hz) 49.3 12, 16b, 19a, 19b, 22b 2.21 (1H, brd 13.5 Hz) 49.0

28
19a 1.92 (1H, ndc) 42.2 18, 21a, 29 1.89 (1H, brd 12.5 Hz) 41.6
19b 1.77 (1H, ndc) 1.80 (1H, ndc)
20 45.2 19a, 19b, 21a, 22b, 29 45.1
21a 2.01 (1H, brd 9.0 Hz) 32.0 19a, 19b, 29 2.16 (1H, brd 11.0 Hz) 39.5
21b 1.45 (1H, ndc) 1.51 (1H, ndc)
22a 1.45 (1H, ndc) 38.7 21b, 28 3.42 (1H, ndc) 76.1
22b 1.38 (1H, brd 10.5 Hz)
23 1.06 (3H, s) 28.7 3, 24 1.07 (3H, s) 28.7
24 0.86 (3H, s) 16.9 3, 5, 23 0.86 (3H, s) 16.9
25 1.16 (3H, s) 17.0 9 1.16 (3H, s) 17.0
26 1.14 (3H, s) 19.3 7a, 7b, 9 1.14 (3H, s) 19.2
27 1.43 (3H, s) 23.8 15a, 15b 1.44 (3H, s) 23.9
28 0.82 (3H, s) 28.9 16a, 18, 22a 0.93 (3H, s) 25.5
29 1.21 (3H, s) 28.1 19b 1.25 (3H, s) 28.1
30 176.9 19b, 21b, 29, 1′ 176.6
1′ 5.53 (1H, d 8.0 Hz) 95.5 2′ 5.53 (1H, d 7.5 Hz) 95.6
2′ 3.40 (1H, dd 9.0, 8.0 Hz) 73.6 3′ 3.42 (1H, ndc) 73.6
3′ 3.45 (1H, dd 9.0, 9.0 Hz) 77.7 2′, 4′ 3.45 (1H, ndc) 77.6
4′ 3.59 (1H, dd 9.0, 9.0 Hz) 72.9 3′ 3.60 (1H, dd 9.0, 9.0 Hz) 72.9
5′ 3.90 (1H, d 9.0 Hz) 77.3 1′, 4′ 3.90 (1H, d 9.0 Hz) 77.4
6′ 171.9 4′, 5′ 171.8

a500 MHz.
b125 MHz.
cnd: J-values were not determined because of overlapping with other signals.
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Binding of Compound 4 to Albumin
Wemeasured the binding ratios of 4 to albumin in pooled plasma
of female EHBRs using the same protocol used in our previous
study (Ishiuchi et al., 2019).

Measurement of Compound 4 in Human
Serum Samples
Human serum samples (100 µl) were pre-treated as described in
the protocol reported in our previous study (Takahashi et al.,
2019), and the concentration of 4wasmeasured using LC-tandem
mass spectrometry (MS/MS) as described below. This study was
conducted with the approval of the appropriate ethics committee
at Keio University, Chiba University, Kanazawa University, and
Kameda Medical Center.

Evaluation of the Pathological Relationship
Between Compound 4 and
Pseudohyperaldosteronism Pathology
We recorded the following available clinical symptoms and
laboratory data when blood samples were drawing from
patients: age, sex, complications, concomitant medications,
daily liquorice dose, duration of administration of liquorice-
containing herbal preparations, symptoms (blood pressure and
pedal oedema), and laboratory test values, namely: total protein,
albumin, total and direct bilirubin, aspartate amino transferase,
alanine amino transferase, blood urea nitrogen, creatinine,
sodium, potassium, chloride, calcium, magnesium,
prothrombin time, plasma renin activity or activated renin
concentration, and plasma aldosterone concentration (blood
test data), and urine concentrations of potassium and
creatinine (urinalysis data). Samples were processed according
to the individual institutional protocols, and all data were
measured at each institution.

Dot-Blot Analysis Using
anti-3MGA-Monoclonal Antibody
An anti-3MGA-monoclonal antibody (mAb) and 3MGA-human
serum albumin (HSA)-conjugate were developed using the same
protocols established in our previous studies (Morinaga et al.,
2018; Ishiuchi et al., 2019). GL, GA, 3MGA, compounds 1–4, and
bovine serum albumin (BSA, Sigma-Aldrich, St. Louis, MO,
United States, 1 µg each) were spotted onto a Mustang E
positively charged polyethersulfone membrane (Pall Co., East
Hills, NY, United States), fixed, and stained with the anti-3MGA-
mAb using the same method used in our previous study (Ishiuchi
et al., 2019).

ELISA System Using anti-3MGA-mAb
An ELISA system to measure the cross-reactivity of compounds 3
and 4 by using 3MGA-HSA-conjugate and anti-3MGA-mAb was
used according to the protocol in our previous study (Ishiuchi
et al., 2019). To measure the concentration of 3 in human serum
samples using the system ELISA, 3 was dissolved in normal
human serum (Sigma) to prepare standard solutions

(16 nM–2.0 µM) and the samples or standard solutions (each
10 µl) and ethanol (40 µl) were well mixed and centrifuged (1.2 ×
104 × g for 7 min). The supernatant was dried up under nitrogen
flow at 40°C overnight, and the residue was dissolved in Can Get
Signal® Solution 1 (Toyobo Co., Ltd: Osaka, Japan) (50 µl). The
ELISA was conducted according to the protocol described in our
previous study (Ishiuchi et al., 2019). When the observed values
were more than 400 nM, the deproteinized serum samples were
further diluted with Can Get Signal® Solution 1 for two or four
times and analyzed again to observe values from 15.6 to 400 nM.

Pharmacokinetic Experiments of GA
Metabolites in EHBRs Orally Treated
With GA
Male and female EHBRs (9 week-old) were anaesthetized by an
intraperitoneal injection of urethane (1 g/kg) and their jugular
veins were exposed. GA suspended in 0.5%
carboxymethylcellulose was then administered orally
(200 mg/kg) to the unconscious rats, and blood samples were
collected from the jugular vein while urine samples were collected
using a metabolic cage at appropriate times over a 12 h period.

LC-MS/MS Analysis for GA Metabolites
The concentrations of compounds 1–4, 3MGA, GA, and GL in
serum and urine samples were measured using an LC-MS/MS
system (Quattro Premier XE;Waters, Milford, MS, United States)
as described in our previous studies (Takahashi et al., 2019).
Briefly, after diluting serum and urine samples with water to
obtain suitable concentrations, they were digested with subtilisin
(0.91 U/ml), followed by the addition of astragaloside IV (used as
an internal standard; Fujifilm Wako Pure Chemicals, Osaka,
Japan), and deproteinized using 80% ethanol. The supernatant
was transferred into a vial and the concentrations of compounds
1–4, 3MGA, GA, and GL in the samples prepared from plasma
and urine were measured under the following conditions:
column, Scherzo SM-C18 (3 μm, 3 mm i. d. × 150 mm;
Imtakt, Kyoto, Japan); mobile phase (A) 5 mM ammonium
acetate in H2O (B) 125 mM ammonium acetate in H2O/
acetonitrile (1:4), at a flow rate of 0.3 ml/min, with the
following gradient profile: A:B � 50:50–0:100 (0–2 min) and 0:
100 (2–21 min). The transitions (precursor to daughter)
monitored and retention times were as follows: ESI(+), 743.4
to 567.5 m/z (35 and 25 V for cone voltage and collision energy,
respectively) for compound 1 (8.1 min); ESI(–), 565.5 to 96.5 m/z
(80 and 60 V) for 2 (9.6 min); ESI(–), 549.5 to 96.5 m/z (80 and
60 V) for 3 (15.4 min); ESI(+), 727.3 to 551.2 m/z (30 and 25 V)
for 4 (11.3 min); ESI(+), 647.6 to 453.6 m/z (40 and 20 V) for
3MGA (15.0 min); ESI(+), 471.3 to 91.0 m/z (40 and 20 V) for GA
(13.4 min); ESI(+), 823.5 to 453.6 m/z (30 and 20 V) for GL
(18.4 min); and ESI(+), 785.4 to 143.0 m/z (30 and 20 V) for
astragaloside IV (3.0 min). Linear regressions over the
concentration range of 2 nM to 2 µM for each compound were
examined using the peak-area ratio of the compounds to their
internal standards and the least-squares method (r2 > 0.98). The
detection limits for 1, GL, and GAwere 6.4 nM, and those for 2, 3,
and 4, and 3MGA were 3.2 nM.
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Statistics
Statistical analysis of the inhibitory effect of 4 on 11β-HSD2
(Figure 2) and the results of the uptake study using OAT1-and
OAT3-induced cells (Figure 2C) were performed using a one-
way analysis of variance (ANOVA), followed by Dunnett’s
multiple t-test using PASW Statistics (version 18, SPSS; IBM,
Armonk, NY, United States). Statistical analysis of the uptake
study using rat kidney slices (Figure 2B) was performed using the
Student’s t-test with the Microsoft Excel®. The calibrated line and
the regression formula in Figures 3, 4D were calculated by the
linear least-squares method along with Pearson’s product
moment correlation coefficients using the Microsoft Excel®. A
probability value of less than 0.05 was considered statistically
significant.

RESULTS

Isolation and Structural Elucidation of
Compound 4 From EHBR Urine
From the urine of female EHBRs, we isolated compound 4
(3.2 mg) along with 2 and 3. Compound 4 [[α]D24 + 107 (c
0.3, methanol)] exhibited a deprotonated molecule at m/z 725
(M-H)- in the ESIMS, and the molecular formula, C36H54O13S,
was established by HRESIMS [m/z 725.3212 (M-H)-, Δ+0.5
mmu]. The 1H and 13C NMR (Table 1) and heteronuclear
single quantum coherence (HSQC) spectra of 4 shared
similarity with those of 22α-hydroxy-18β-glycyrrhetyl-3-
O-sulfate-30-glucuronide (1) except for five signals (δC 38.7,
δH 1.45 and 1.38; δC 32.9; δC 32.0, δH 2.01 and 1.45; δC 28.9,

FIGURE 2 | Inhibitory effects of compound 4 on type-2 11β-hydroxysteroid dehydrogenase (11β-HSD2) using rat kidneymicrosome (A), and the uptake of 4 into rat
kidney slices (B) or into HEK293 cells transfected with organic anion transporter (OAT) 1 (C) or OAT3 (D). (A) [3H] cortisone and glycyrrhetinic acid (GA) or 4 were mixed
with rat kidney microsome fractions, and incubated at 37°C for 30 min. Then, the amount of [3H] cortisol was measured. Data are means ± standard error (S.E: n � 4) of
percentage [3H] cortisol in mixtures without samples. *p < 0.05, **p < 0.01 and ***p < 0.001 compared with groups without samples using Dunnett’s multiple t-test
(B) Female Eisai hyperbilirubinuria rats (EHBRs) were orally treated with GA (200 mg/kg), and their plasma samples were collected 24 h after the treatment.
Concentration of 4 in plasma sample was 115 µM. Kidneys were collected from normal Sprague-Dawley (SD) rats and slices were incubated with plasma samples of
female EHBRs at 37°C or 4°C for 2 h, and then homogenized. Samples were those described in our previous study (Ishiuchi et al., 2019). Concentrations of 4 in kidney
slice homogenates were measured using liquid chromatography-tandem mass spectrometry (LC-MS/MS). **p < 0.01 vs 4°C group using Student’s t-test (C) Male
EHBRs were orally treated with GA (200 mg/kg) and their plasma samples were collected 24 h after treatment. Concentrations of 4 in plasma sample was 189 μM.
HEK293 cells transfected with OAT1 or OAT3 were incubated with 1:2 diluted plasma samples of male EHBRs at 37°C for 15 min. Then, concentrations of 4 in cells were
measured using LC-MS/MS. Data are means ± S.E. (n � 6). *p < 0.05 vs mock cells using Dunnett’s multiple t-test.

FIGURE 3 | Concentration of 4 in human serum samples and three or laboratory markers (A) Strong positive correlation was identified between serum
concentrations of 3 and 4. The concentration of 4 was approximately 10-fold lower than that of 3 (B) Serum potassium concentration tended to be lower in participants
with higher serum concentration of compound 4 (C) Plasma renin activity and (D) plasma aldosterone concentration were also suppressed in patients with higher
concentration of compound 4, which were negatively correlated.
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δH 0.82; and δC 27.4, δH 2.15, and 1.03) in 4. In particular,
compound 4 shows the disappearance of one methine signal (δC
76.1, δH 3.42) at the C-22 of 1 and the difference in the molecular
formulas between 4 and 1 indicated that compound 4 was a
deoxygenated derivative of 1.

The planar structure of 4 was elucidated by analysing the two-
dimensional (2D) NMR data including the 1H-1H correlation
spectroscopy (COSY), HSQC, and heteronuclear multiple bond
correlation (HMBC) spectra in CD3OD. The analysis 1H-1H
COSY spectrum disclosed six structural units (C-1−C-3, C-
5−C-7, C-15−C-16, C-18−C-19, C-21−C-22, and C-1′−C-5′).
The observed HMBC correlations including a key HMBC
cross-peaks of H3-28 (δH 0.82) to C-16 (δC 27.4), C-17 (δC
32.9), C-18 (δC 49.3), and C-22 (δC 38.7) revealed that the
planar structure of 4 was the same as that of 1 deoxygenated
at C-22 (Table 1 and Figure 1B). The connections of a

β-glucuronic acid group to C-30 and of a sulfate group to C-3
were suggested by the HMBC cross-peaks of H-1′ (δH 5.53) to C-
30 (δC 176.9) and H3-24 (δH 0.86) to C-3 (δC 87.3), respectively
(Figure 1B). The relative stereochemistry of 4 was revealed to be
the same as that of 1, except for the C-22 based on the rotating
frame overhauser effect spectroscopy (ROESY) correlations for
H-3/H-5, H3-24/H3-25, H-9/H-5, and H3-27; H-6b/H3-25 and
H3-26; H3-28/H-15a, H-16b, and H-18; H3-29/H-19a and H-19b;
H-16b/H-22b, H-18/H-22a, and H-1′/H-3′; and H-5′ and based
on 3JH-1′/H-2′ (8.0 Hz) and 3JH-4′/H-5′ (9.0 Hz, Figure 1C). The
ECD spectrum of 4 showed a positive Cotton effect at 230 nm,
similar to that of 1. Thus, the absolute configuration of 4 was
established as 3S, 5R, 8R, 9R, 10S, 17R, 18S, and 20R. A metabolite
possessing the same structure as that of 4 was speculated in rat
bile after intravenous injection of GA in a previous LC-MS
analysis by Jing et al. (2008). However, to the best of our

FIGURE 4 | Development of enzyme-linked immunosorbent assay (ELISA) system to measure concentrations of 3 in human serum samples using anti-18β-
glycyrrhetyl-3-O-glucuronide (3MGA)-monoclonal antibody (mAb). (A) Dot-blot analysis of glycyrrhizin (GL) metabolites using anti-3MGA-mAb. GL metabolites and
bovine serum albumin (BSA, 1 µg each) were spotted onto polyethersulfone membrane and stained using an anti-3MGA-mAb. (B) Competitive ELISA using an anti-
3MGA-mAb for 3MGA, 3, and 4 in aqueous solution was performed (C) Standard solutions of 3 (15.6 nM–2 µM) in normal human serum were prepared. Serum
samples were deproteinized by treating with 80% ethanol, followed by centrifugation, and the supernatants were dried up under reduced pressure. Standard lines
between absorbance and concentrations of compound 3 are shown (D) Accuracy of ELISA system in measuring concentrations of 3 in human serum samples using
anti-3MGA-mAb. Human serum samples were deproteinized, and concentration of 3 was measured using ELISA system. Samples with observed values higher than
400 nM were diluted appropriately with H2O to set detectable range from 10 to 400 nM. Values were compared with the result of liquid chromatography-tandem mass
spectrometry (LC-MS/MS) analysis from our previous study (Takahashi K, 2019). Significant relationship was observed between the values observed using ELISA and
LC-MS/MS values (r2 � 0.91).
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knowledge, we successfully purified compound 4 and elucidated
the structure comprehensively for the first time in this study.

Inhibitory Effects of Compound 4 on Rat
11β-HSD2
Compound 4 and GA (positive control) significantly inhibited 11β-
HSD2 in the rat kidney microsome fraction in a concentration-
dependent manner (Figure 2A) with half-maximum inhibitory
concentration (IC50) values of 0.38 and 0.35 µM, respectively.

Transport of Compound 4 Into Rat Kidney
Slices and Cells Expressing OAT1 and 3
The pooled plasma samples collected from EHBRs 12 h after oral
treatment with GA were loaded into ultracentrifuge filters with a 1 ×
104 molecular weight cut-off and concentrated by centrifugation. The
concentrations of 4 in the pooled plasma and the filtrate were 77 µM
and undetectable, respectively. Based on the detection limits (3.2 nM)
in the LC-MS/MS analysis, the albumin-binding ratios of 4 in the
plasma was calculated to be more than 99.9%.

Kidney slices prepared from Sprague-Dawley (SD) rats were
incubated with the pooled plasma at 4°C or 37°C for 2 h.
Figure 2B shows the amounts of 4 accumulated in the kidney
slices. The uptake of 4 by the kidney slices was significantly higher
at 37°C (p < 0.01) than at 4°C (Figure 2B).

HEK293 cells transfected with OAT1, OAT3, or the mock
plasmid were incubated with pooled plasma collected from
EHBRs at 37°C for 15 min. The uptake of 4 into the cells was
then measured (Figure 2C) and its level in cells expressing OAT1
or OAT3 was significantly higher (p < 0.01) than in mock cells.

Detection of Compound 4 in Human Serum
Samples
Among the 89 serum samples stored, the daily dose of liquorice was
available for samples from 86 participants, and 70 participants were
taking liquorice-containing herbal preparations when we collected the
serum samples. We detected compound 4 in 62 samples from the 70
participants. In contrast, we detected trace amounts of compound 4 in
only one sample from the 16 participants who were not taking
liquorice-containing herbal preparations. However, we found a
weak positive correlation between the serum concentrations of
compound 4 and the daily dosage of liquorice (Supplementary
Figure S1A). On the other hand, we found a strong positive
correlation between serum concentrations of 3 and 4, and the
concentration of 4 was approximately 10-fold lower than that of 3
(Figure 3A). We detected trace levels of compound 4 (3 nM) in one
urine sample among the 20 available samples.

Relationship Between Laboratory Markers
or Clinical Symptoms of
Pseudohyperaldosteronism and Serum
Concentration of Compound 4
Serum potassium concentration tended to be lower in
participants with higher serum concentrations of

compound 4 (Figure 3B). We confirmed a
pseudohyperaldosteronism case where the patient had
normal potassium concentration. The serum sample was
collected from the patient who had been administered
spironolactone which could increase potassium
concentration. Other patients with higher serum
concentrations of compound 4 had not been administered
potassium-sparing medications. Additionally, there were
negative correlations between the serum concentration of 4
and both plasma renin activity and aldosterone concentration
(Figures 3C,D activated renin activity is shown in
Supplementary Figure S1B). The relationship between
compound 4 and clinical symptoms was not significant.
The systolic and diastolic blood pressure were not
measured on the day we collected the serum samples
(Supplementary Figure S1C) and exacerbation of
hypertension (data not shown) was not correlated with the
concentration of compound 4. No relationship was found
between compound 4 and oedema grade (Supplementary
Figure S1D) and exacerbation (data not shown).

Dot-Blot Analysis and the Cross-Reactivity
of Compound 4 to anti-3MGA-mAb
We confirmed the cross-reactivity of anti-3MGA-mAb with GL,
GA, 3MGA, and compounds 1–4 dissolved in aqueous solution.
The anti-3MGA-mAb cross-reacted with 4 at a level similar to
that of 1, followed by 3 and 2 (Figure 4A). The concentration
profiles of 3 and 4 to the absorbance in a competitive ELISA
system using anti-3MGA-mAbwere well characterised, and when
the specificity of anti-3MGA-mAb to 3MGA was calibrated to
100%, the cross-reactivity for 3 and 4 was 23 and 40%,
respectively (Figure 4B).

Measurement of the Concentration of
Compound 3 Using ELISA With
anti-3MGA-mAb
When 3 was dissolved in normal human serum and its
concentration was measured using ELISA, no competitive
reaction was observed between 3 and anti-3-MGA-mAb, and
the standard line between the concentration of 3 and the
absorbance could not be plotted. After deproteinization using
80% ethanol, a better standard line was obtained (Figure 4C).
Using this protocol, we measured the concentration of 3 in 97
human serum samples and compared the data with those
measured using the LC-MS/MS method described in our
previous study (Takahashi et al., 2019). However, the r2 value
between the obtained data measured using ELISA and LC-MS/
MS was 0.69, and inconsistencies appeared at higher
concentrations. When the first measurements were more than
400 nM, the serum samples were diluted 5- or 10-fold with H2O,
and the concentration of 3 was measured again using the same
ELISA system. This produced a better correlation (r2 � 0.91)
between the data measured using ELISA and LC-MS/MS
(Figure 4D).
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Pharmacokinetics of GA Metabolites in
Female and Male EHBRs Orally Treated
With GA
We successively collected plasma and urine samples from both male
and female EHBRs that were orally administered GA (0.20 g/kg), and
measured the concentrations of GA and its metabolites using LC-MS/
MS. Figure 5 shows the plasma concentration profiles and urinary
elimination of GA and its metabolites. In female EHBRs orally treated
withGA, 4 appeared in the plasma after 30min and the concentration
of 4 in plasmawas sequentially increased over 12 h (Figure 5A). Next,
the concentrations of 1, 2, and 3were gradually increased after the oral
treatment with GA (Figure 5B). The concentrations of GA and its
metabolites 12 h after oral administration of GA in female EHBRs
were 3.2 µM of GA, 0.1 µM of 3MGA, 14 µM of 1, 4.3 µM of 2,
6.6 µMof 3, and 166 µMof 4. The urine of female EHBRs showed the
highest elimination levels of 1, followed by 2 and 4, which were at the
same levels (Figure 5C). In male EHBRs, although the profiles of the
plasma concentrations of 4, 2, and 3 exhibited curved similar to those
of female EHBRs, the concentration curve of 1was much higher than
that of the female EHBRs (Figures 5D,E). The concentrations of GA
and its metabolites 12 h after oral administration of GA in male
EHBRs were 2.6 µMofGA, 1.2 µMof 3MGA, 102 µMof 1, 4.1 µMof
2, 1.2 µM of 3, and 198 µM of 4. In the urine of male EHBRs, the
elimination of thesemetabolites was approximately 10-fold lower than
it was in female EHBRs (Figure 5F). The eliminations of 1 and 4were
the highest and at similar levels, respectively. The plasma
concentration and urinary elimination of 3MGA in male EHBRs
was tended to be higher than those in female EHBRs.

These metabolites were gradually excreted into the bile in
female SD rats with functional Mrp2 which were intravenously

injected with GA, and the accumulation of 4 in the bile was the
highest, followed by 3 and 2 (Figure 6). The accumulative
elimination of 2, 3, and GA in faeces collected 24 h after the
injection were 0.86 ± 0.1 nmol, 1.8 ± 0.3 nmol, and 9.8 ± 1.3 nmol,
respectively. however, GL, 3MGA, 1 and 4 in faeces were below
detectable levels. Compounds 1–4 were not detected in the serum
of female SD rats collected 1, 2, 3, 4, and 24 h after GA injection.

DISCUSSION

We found compounds 1, 2, and 3 in the urine of EHBR orally
treated with GA and proposed that these compounds could be
candidates agents, along with the previously identified 3MGA
(Kato et al., 1995; Makino et al., 2008; Makino et al., 2012),
causing GL-induced pseudohyperaldosteronism (Morinaga et al.,
2018; Ishiuchi et al., 2019). We analyzed 97 serum samples from
patients suspected to have developed pseudohyperaldosteronism
and found that 3 was the most probable causative agent
(Takahashi et al., 2019). In this study, we isolated 4 as a new
GL metabolite from the urine of EHBR orally treated with GA.
Compound 4 exhibited 11β-HSD2 inhibitory activity equivalent
to that of GA and high binding activity to serum albumin;
additionally compound 4 was recognized as a substrate for
OAT1 and OAT3 to transfer into renal tubular epithelial cells
where 11β-HSD2 is expressed. When we measured the
concentration of 4 in human serum samples from patients
who developed pseudohyperaldosteronism, the concentration
detected was sufficient but lower than that of 3. This
observation suggests that 4 is also a candidate causative agent
of GL-induced pseudohyperaldosteronism.

FIGURE 5 | Pharmacokinetic profiles of glycyrrhizin (GL) metabolites in female (A–C) and male (D–F) Eisai hyperbilirubinuria rats (EHBRs). Glycyrrhetinic acid (GA,
200 mg/kg) was administered orally to anesthetized EHBRs, and plasma and urine were collected for 12 h. Data of GA, 3MGA, 1, 2, and 3 in (A) andGA, 3MGA, 2, and 3
for (D) are relatively small; their magnified graphs are shown in (B,E), respectively. Concentrations of GA metabolites were measured using liquid chromatography-
tandem mass spectrometry (LC-MS/MS), and data are means ± standard error (S.E: n � 4).
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Our results suggest that 3 is the major GLmetabolite in human
serum, followed by 4, which can reach 11β-HSD2 in renal tubular
epithelial cells. The analysis of serum samples from most of
patients indicated that those with pseudohyperaldosteronism
did not contain 1 or 2, and the major GL metabolites in blood
of these patients was 3 which was found at 1.5–2-fold higher than
those of GA, and there was a positive correlation between the
blood concentrations of 3 and GA (Takahashi et al., 2019). In the
present study, 4 was detected in the same serum samples at
concentrations of approximately 10-fold lower than those of 3,
and their concentrations were positively correlated. The serum
concentration of 4 was negatively correlated with several blood
markers of pseudohyperaldosteronism such as serum potassium
concentration, plasma renin activity, and plasma aldosterone
concentration. The serum concentration of 4 was lower than
that of 3 in the patients and the inhibitory effect of 4 on 11β-
HSD2 was also lower than that of 3 as the IC50 values of 3 and 4
on 11β-HSD2 were 0.10 µM (Ishiuchi et al., 2019) and 0.38 µM,
respectively. Therefore, 3 would be more effective than 4 and
could cause pseudohyperaldosteronism in patients using
liquorice or GL-preparations.

To prevent the development of pseudohyperaldosteronism, early
laboratory tests to detect the blood concentration of 3 in patients
prescribed with liquorice-containing medicines are desirable. The
analysis of 3 using LC-MS/MS has the disadvantage of requiring
elaborate facilities and is not common in general hospitals, clinics,
and pharmacies because of its high cost and long processing time.
These disadvantages could be overcome with the ELISA system
which is more convenient with a lower price and faster analysis in
the detection of specific compounds in biological samples. In our
previous study, we proposed that the blood concentration of 3 in the

patients orally treated with liquorice could bemeasured using ELISA
to prevent the onset of pseudohyperaldosteronism in early stages by
using an anti-3MGA-mAb because of the enough affinity of anti-
3MGA-mAb to 3 (Ishiuchi et al., 2019). However, we could not
measure the concentration of 3 in the serum samples of the patients
by using this ELISA system. Because major portions of 1–4 in serum
are bound to albumin, the recognition site of this antibody to 3 has
been predicted to likely the same as the binding site of 3 to albumin.
Treating the serum samples with ethanol and deproteinizing them
enabled the construction of a good calibration curve by using the
standard human serum solution of 3 and the absorbance obtained
using ELISA. Then, the concentrations of 3 in the serum samples of
the patients were measured using ELISA after the serum samples
were treated with ethanol. The comparative analysis of the methods
showed higher values were detected using ELISA than LC-MS/MS,
especially at high concentrations of 3, and many outliers were
observed in the correlation. The affinity of anti-3MGA-mAb to 4
was higher than to 3, suggesting that the cross-reaction of anti-
3MGA-mAb to 4, as to theminormetabolite in the serum, could not
be negligible in the samples with high concentration of 3. To avoid
the cross-reaction of this antibody to 4, the measurable range of 3 in
ELISA should be set to 10–400 nM. When compound 3 was
obtained at more than 400 nM in the first measurement, the
serum samples were appropriately diluted and re-measured. This
process produced a good correlation of the values obtained using
ELISA with those using LC-MS/MS. Furthermore, metabolites other
than 3 and 4 that could cross-react with this antibody were
considered likely not present in human serum. Then, the ELISA
measurement system for the serum concentration of 3 was
established and it is expected to contribute to the prevention of
pseudohyperaldosteronism in patients administered liquorice-
containing medicines.

In female SD rats, GA was excreted mainly in the bile as 4 and 3,
and as the minor metabolites 2 and 1 when GA was administered
intravenously. These metabolites did not appear in the blood of these
rats, whereas they appeared in that of EHBRs. EHBRs were originally
found as mutant rats with chronic conjugated hyperbilirubinemia
(Hosokawa et al., 1992). They were subsequently confirmed to express
the dysfunctional Mrp2 protein by a point mutation in the open
reading frame (Ito et al., 1997). Compounds 1 – 4 did not appear in
the blood and urine of SD rats but in those of EHBRs, it is suggested
that Mrp2 was involved in the bile excretion of these metabolites, and
the reduction and/or dysfunction of Mrp2 by liver injury or mutation
decreased bile excretion of these metabolites. In normal SD rats, GA
can be sulfonated by Sult2A1 (Takahashi et al., 2019) to generate 3, or
sulfonated and glucuronidated to generate 4 in the liver, and then 3
and 4 can be excreted into the bile via Mrp2. In the gastrointestinal
tract, 3 and 4 can be hydrolysed by intestinal bacteria to GA, which
can then be partly absorbed from the gastrointestinal tract into the
circulation, while the other part is excreted into faeces. Indeed, we
found 3 and GA in the faeces of SD rats injected intravenously with
GA (Ishiuchi et al., 2019). Although 4 was more highly excreted into
the bile than 3, it was not detected in faeces, suggesting that the
hydrolysis reactionmediated by enterobacteria at C-30was superior to
that at the C-3 of 3 and 4.

In EHBRs, compounds 1–4 appeared in the blood as GL
metabolites, but there was a difference in their blood

FIGURE 6 | Elimination of glycyrrhizin (GL) metabolites into bile in
Sprague-Dawley (SD) rats. Female SD rats (10 week-old) were anesthetized
using intraperitoneal injection of urethane (1 g/kg), and biliary tracts were
cannulated. Glycyrrhetinic acid (GA, 0.2 mg/kg) was injected into jugular
veins and bile was collected every hour for 4 h. Concentrations of GA
metabolites were measured using liquid chromatography-tandem mass
spectrometry (LC-MS/MS) and accumulated elimination of GA-metabolites
are means ± standard error (S.E: n � 3).
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concentrations between male and female EHBRs. The blood
concentration of 1 in male rats was approximately 7-fold
higher than that in female rats 12 h after oral administration
of GA, indicating a marked sex difference. We then evaluated the
possibility of sex differences in blood concentrations of 3 and 4
among the patients, but none was observed (data not shown). The
possible mechanism of the sex difference observed in EHBRs may
be related to the hydroxylating function of Cyps on GA-
metabolites at C-22. The observation that the serum samples
collected from patients did not contain 1 or 2 (Takahashi et al.,
2019) indicated that the activity of CYPs involved in the
hydroxylation of GA and its metabolites at C-22 could be
much lower in human beings than that in rats, and, therefore,
it was reasonable that we could not find sex differences in blood
concentrations of 3 and 4 in serum samples of patients.

Although the functions of MRP2 were not directly evaluated in
the present patients, their functions were not considered not to
have varied significantly. This is because serum concentrations of
direct bilirubin, as a potential surrogate marker of MRP2
function, were normal in all the participants in this study.
Furthermore, there was a positive correlation between the
daily dose of liquorice and blood concentrations of 3 and 4.
We detected very small amounts of 3 (Ishiuchi et al., 2019) and 4
(data not shown) in plasma samples collected from normal SD
rats orally treated with GA. It is suggested that the functions of
human MRP2 and rat Mrp2 may be different, and human MRP2
likely transports 3 and 4 less efficiently than rat Mrp2 does.

Previous studies suggested GA as the causative agent of
pseudohyperaldosteronism (Ulmann et al., 1975; Armanini et al.,
1983; Monder et al., 1989) with the binding activity (ED50) of GA on
mineralocorticoid receptor (MR) being about 100 µM. In our
previous clinical study, the maximum concentrations of
compound 3 and GA are 4.2 µM and 1.8 µM, respectively
(Takahashi et al., 2019). The serum concentration of GA was too
low not to inhibitMR directly. Although the affinity of compounds 3
and 4 forMR is unknown and the possible future studies are needed,
it is estimated that the affinities would be low by the previous results
of GA (Armanini et al., 1983). Indeed, there are several earlier
reports (Molhuysen et al., 1950; Borst et al., 1953; Card et al., 1953;
Elmadjian et al., 1956; Girerd et al., 1960) exhibiting that the adrenal
gland must be present for liquorice to have mineralocorticoid
activity, suggesting that glycyrrhizin and its metabolites itself
including GA do not bind to MR directly in vivo. We have also
addressed the capability of GA on transporting through the
membrane of tubular cells, and shown that GA could not
transfer into the cells under the existence of albumin (Makino
et al., 2012). In the study using rat kidney slices, GA can only
bind the surface of the tissue, and cannot exhibit any binding effect of
mineralocorticoid receptor and the inhibition of 11β-HSD2 at
100 µM (Makino et al., 2012). Therefore, we suggest that GA
might not be the causative agent of pseudohyperaldosteronism
induced by liquorice in vivo.

The limitation of this study is the possibility that there are
other GL metabolites than compounds 3 and 4 in the serum of
patients who took liquorice. Ploeger et al. predicted 18β-
glycyrrhetyl-30-O-glucuronide as another metabolite of GL
than the metabolites evaluated in this study (Ploeger et al.,

2001). However, the possibility of its presence may be low
because we found no peaks in MS chromatogram of ESI(+)
647.6 to 453.6 m/z for 3MGA in all human samples. In MS
chromatogram of ESI(+) 471.3 to 91.0 m/z for GA, we found
other possible GL metabolites than compounds 3 and 4, though
the size of these peaks are quite smaller than 3 and 4 (data not
shown). In order to reveal the causative agents of liquorice-
induced pseudohyperaldosteronism completely, metabolomics
studies will be demanded.

Collectively, our results led us conclude that compound 3would be
the most promising causative agent of pseudohyperaldosteronism.
Furthermore, 3 was detected in the human serum at concentrations
1.5- to 2-fold higher than those ofGA, implying that3 also acted as the
active ingredient exerting not only pseudohyperaldosteronismbut also
other pharmacological actions such as the anti-inflammatory effects of
GL and liquorice preparations (Isbrucker and Burdock, 2006) in
human beings. Further clinical studies are needed to investigate the
pharmacologically and toxicologically active ingredients of GL and
liquorice.

CONCLUSION

We identified 3 as the major metabolite and 4 as the secondary major
GLmetabolite, in the blood of patients administeredGL and liquorice,
which could reach 11β-HSD2 in renal tubular epithelial cells. We
concluded that 3 was the most promising causative agent of
pseudohyperaldosteronism induced by liquorice, and we
successfully established an ELISA system to easily detect the blood
concentration of 3 in patients taking liquorice, to prevent the onset of
pseudohyperaldosteronism. Further pharmacological studies of 3 are
required to determine the mechanisms of action of GL and liquorice
preparations in humans.
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Coronavirus disease 2019 (COVID-19) spread to Japan in 2020,where the number of infected
patients exceeded 250,000 and COVID-related deaths exceeded 3,500 in one year. Basic
guidelines for infection control were implemented in Japan, and research and development
of effective drugs and vaccines were promoted. This included considering Kampo medicine,
which has a long history of treating recurring emerging viral infections. Considering the
characteristics of the disease (inflammation of the upper and lower respiratory tract as well
as potential neural damage and vasculitis), Kampo medicine could be considered as a
treatment strategy due to its antiviral and anti-inflammatory effects induced by multiple active
substances that could aid in disease prevention and recovery. In this study, case reports on
the management of COVID-19 with Kampo medicine, which were published until March 31,
2021, were reviewed. The search strategy involved the use of Medline and hand-searching.
Twenty two patients were treated using Kampo medicines with or without Western medicine,
based on individual conditions. On the other hand, the effects of Kampo medicines as a
potential preventive treatment (pre-infection), active treatment (especially in the acute and
subacute stage), or treatment of sequelae to aid recovery (after infection) in the different
stages of COVID-19 are being studied as research projects in the Japan Society for Oriental
Medicine (JSOM). JSOMhas also organized a pioneering project of clinical trials for COVID-19,
some of which are now in progress.

Keywords: COVID-19, SARS-CoV-2, Japan society for oriental medicine, Kampo, treatment, prevention, recovery

INTRODUCTION

Spread of Coronavirus Disease 2019 (COVID-19) in Japan
The mass occurrence of an undefined pneumonia was first reported in Wuhan, China, to the World
Health Organization (WHO) on December 31, 2019 (World Health Organization, 2019). Thereafter,
the cause of this pneumonia was reported to be severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and the disease was named coronavirus disease 2019 (COVID-19). COVID-19
rapidly spread worldwide, including Asia, in a year. At the end of March 2021, the number of
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confirmed COVID-19 patients were 90,159 in China, 474,641 in
Japan, and 103,639 in Korea, with the number of deaths being
4,636 in China, 9,155 in Japan, and 1,735 in Korea; these numbers
have been increasing.

The first case of COVID-19 in Japan was confirmed on
January 15, 2020. The Japanese government was quick to
classify COVID-19 as a serious infectious disease on February
1, 2020. Following which, basic guidelines for infection control
against COVID-19 were published on February 25, 2020
(Ministry of Health, Labour and Welfare of Japan, 2020a). The
number of patients continued to increase, thus increasing the
burden on hospitals, and creating a shortage of beds due to many
patients requiring hospitalization. Efforts were made to follow
patients via course observation at home in asymptomatic cases,
while mild stage patients were cared for in isolation facilities
(Figure 1). On March 11, 2020, the WHO declared COVID-19
global pandemic based on the spread and severity of the infection
(World Health Organization, 2020). Additional guidance for
basic infection control against COVID-19 in Japan was
published on March 28, 2020, stating to avoid “enclosed and
dense spaces and close contact with others.” In addition, the guide
stated that ensuring the healthcare system and promoting
research and development of effective drugs and vaccines for
COVID-19 was important (National Institute of Infectious
Diseases, 2020).

History of an Emerging Viral Infection as a
Pandemic
The Spanish flu, a global pandemic, affected Japan from
1918 to 1919, and is now known to be caused by the H1N1
influenza virus. Its fatality rate was reported to be
approximately 2.5% worldwide and 1.6% in Japan
(Influenza, 2008). In Japan, 23.8 million people had been

infected and 388,000 people had died by the end of 1919.
Its symptoms are similar to that of a common cold, and include
fever, headache, muscle aches, and joint pain; however, it
spreads to the lungs and causes severe pneumonia in
severe cases. During this period, famous Japanese Kampo
doctors treated patients with the Spanish flu using Kampo
medicines. Saikatsugekito, daiseiryuto, chikujountanto,
kososan, shoseiryuto, shomakakkonto, and additional or
reductional formulae were applied according to the
patient’s symptoms (Yasui 2007; Irie and Nakae, 2020).

Additionally, SARS-CoV in 2003 (World Health
Organization, 2015), influenza A (H1N1) pdm09 in 2009,
Middle East respiratory syndrome (MERS)-CoV in 2012 (Zaki
et al., 2012), and SARS-CoV-2 in 2019 have affected the world,
and the contribution of Kampo medicine for the treatment of
these emerging viral infections need to be evaluated using clinical
studies. According to a clinical trial, Nabeshima et al. reported the
effects of maoto on seasonal influenza compared with
neuraminidase inhibitors and found that the time to fever
resolution was shorter with maoto than with oseltamivir in a
randomized controlled trial (RCT) (Nabeshima et al., 2012).
Yoshino et al. reported that maoto may decrease the duration
of fever when used alone or in combination with neuraminidase
inhibitors in a systematic review (Yoshino et al., 2019). Arita et al.
described pharmacological activities of saikatsugekito against
viral infection and respiratory inflammation. In this review,
some components of saikatsugekito demonstrated therapeutic
effect in the infection processes of single-strand RNA viruses. The
therapeutic effect encompasses the enhancement of the
immunomodulating activities against experimental
inflammation, including cytokine production, regulation of
immune cells, and protection against lung tissue injury (Arita
et al., 2020). This information could be useful for developing a
treatment approach to target COVID-19.

FIGURE 1 | Concept and clinical trials of Kampo medicine for COVID-19.
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Features of SARS-CoV-2 and COVID-19
Coronavirus is a single-stranded RNA virus. Six coronaviruses,
especially SARS and MERS, cause severe pneumonia. The other
four types of coronaviruses are known to cause symptoms
more akin to the common cold. SARS-CoV-2 is genetically
similar to SARS-CoV and causes severe pneumonia and various
related symptoms (Lu et al., 2020). SARS-CoV-2 infects humans
through the human angiotensin-converting enzyme two
receptor, which is located at the surface of the nasal mucosa
and type 2 lung epithelial cells (Hoffmann et al., 2020; Zhou
et al., 2020).

The infectious period is from two days before onset to
7–10 days after onset, and the infectivity is extremely high just
before and shortly after onset (He et al., 2020). The main route of
infection is via airborne droplet transmission; however, contact
transmission through patients or contaminated surfaces is also
contributory. Of note, it has been confirmed that erosols can be
generated and cause infection (Jarvis, 2020).

The typical clinical course of COVID-19 is shown in Figure 1.
After infection with SARS-CoV-2, an incubation period of
1–14 days (mean 5.8 days) occurs before onset of common
cold symptoms (Wu and McGoogan 2020). As per a study,
among the sources of infection, 45% of individuals are
infectious before the onset of symptoms and 5% are infectious
and completely asymptomatic (Ferretti et al., 2020). The source of
infection was also reported to be asymptomatic individuals in
50% of the cases, while 40% of the cases were from symptomatic
individuals and 10% came from environmental sources,
i.e., contact transmission (Ferretti et al., 2020). Another study
indicated that approximately 80% of the patients in the mild
stage recovered from the disease; however, 20% of the patients
required hospitalization, of which 5% required treatment in the
intensive care unit (Wu and McGoogan 2020). The following
criteria were used to determine staging: mild stage, SpO2 ≥ 96%
with cough without dyspnea; moderate I stage, SpO2 93–96%
with dyspnea and pneumonia findings; moderate II stage, SpO2
≤ 93% and required oxygen administration and treatment; and
severe stage, required intensive care or mechanical ventilation.
Age (≥65 years) and underlying diseases such as chronic
respiratory disease, chronic renal disease, and diabetes
mellitus are risk factors for severe disease in COVID-19
patients. Significantly, in severe-stage COVID-19 patients,
levels of interleukin-6, interleukin-1beta, and soluble tumor
necrosis factor receptor one are elevated, suggesting that a
strong inflammatory response is related to severe disease
(McElvaney et al., 2020). Symptoms persist even after
stabilization of patients and can be problematic. Post-acute
COVID-19 follow-up showed that 87.4% of patients
complained of symptoms, especially fatigue (53.1%), dyspnea
(43.4%), joint pain (27.3%), and chest pain (21.7%) even 60 days
after the onset of COVID-19 in one study (Carfì et al., 2020).

Vaccine for COVID-19
In Japan, an agreement to obtain a supply of the mRNA vaccine
with Pfizer Inc. and the adenovirus vector vaccine with
AstraZeneca Inc. was announced on July 31 and August 7,
2020, respectively.

Treatment of COVID-19
In Japan, remdesivir was approved on May 7, 2020, and
dexamethasone was approved on July 21, 2020, for the
treatment of COVID-19. Remdesivir and dexamethasone were
approved for patients in the moderate to severe stage of COVID-
19; however, favipiravir, ciclesonide, or lopinavir-ritonavir were
not approved as of December 31, 2020.

Review of Clinical Reports on Kampo
Treatment for COVID-19
Case reports on the management of COVID-19 using Kampo
medicine, published until March 31st, 2021, were reviewed. The
search strategy involved the use of Medline and hand-searching.
In 2020 and 2021, several case reports and case series of patients
with COVID-19 treated with Kampo medicines were reported
(Table 1). Kampo medicine listed in Table 1 are described in
detail in Table 2. Plant names and part of each ingredient
composed in Kampo medicine are listed in Supplementary
Table S1.

Niitsuma et al. reported two cases (case 1 and 2) of COVID-19
pneumonia (Niitsuma et al., 2020). In case 1, a 78-year-old male
patient with a history of stroke and hypertension presented with
complains of fever, dyspnea, malaise, and loss of appetite with a
decreased oxygen saturation. Computed tomography (CT)
revealed bilateral interstitial shadow, and a diagnosis of
moderate stage II COVID-19 was made. The patient was
administered Western medication including lopinavir/
ritonavir, hydrocortisone, ceftriaxone, sulbactam/ampicillin,
and acetaminophen. For the fever, cough, and sputum, Kampo
medicine maoto, daiseiryuto, and chikujountanto were also
sequentially administered. This multidisciplinary treatment
approach relieved symptoms within 10 days. Case 2 was a 74-
year-old woman with complains of joint pain, fever, and loss of
appetite. CT revealed interstitial shadow in the left lung, and a
diagnosis of moderate stage I COVID-19 was made. Additionally,
the patient was administered Western medication including
baloxavir marboxil, moxifloxacin, lopinavir/ritonavir, and
warfarin. Kampo medicine maoto, followed by keishito and
eppikajutsuto were also administered. This multidisciplinary
approach relieved patient symptoms within 10 days.

Kashima et al. reported two cases of COVID-19 in which
Kampo medicine may have contributed toward the suppression
of a severe stage (cases 3 and 4) (Kashima et al., 2020). Case 3 was
a 50-year-old woman with complains of fever, malaise, headache,
blocked nose, lumbago, and loss of appetite. CT showed
interstitial shadow in the right lung, and a diagnosis of
moderate stage I COVID-19 was made. Western medicines
such as acetaminophen and ciclesonide were prescribed.
Kampo medicine kakkonto and shosaikoto, followed by
shosaikoto and bukuryoingohangekobokuto were administered.
All symptoms alleviated within 4 days. Whereas case 4 was a 53-
year-old woman with systemic lupus erythematosus, who
presented with cold and heat sensation, malaise, cough,
lumbago, appetite loss, and diarrhea. CT showed interstitial
shadow in the bilateral lung with a decrease in oxygen
saturation, and a diagnosis of moderate stage II COVID-19
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TABLE 1 | Review of clinical reports on the management of COVID-19 with Kampo medicine.

Author Cases Age
(y.o.)/
gender

Pre-existing
conditions

Symptoms Stage in
COVID-19

Treatment Outcome

No. Diagnosis Oxygen
administration

Others Kampo medicine

Niitsuma
et al. (2020)

1 Pneumonia 78/M Post stroke,
hypertension

Fever, dyspnea,
malaise, appetite
loss

Moderate II Yes Lopinavir/ritonavir,
hydrocortisone,
ceftriaxone,
sulbactam/ampicillin,
acetaminophen

maoto, daiseiryuto, chikujountanto Improved

2 Pneumonia 74/F None Joint pain, fever,
appetite loss

Moderate I No Baloxavir marboxil,
moxifloxacin,
lopinavir/ritonavir,
warfarin

maoto, keishito + eppikajutsuto Improved

Kashima
et al. (2020)

3 Pneumonia 50/F None Fever, malaise,
headache, block
nose, lumbago,
appetite loss

Moderate I No Acetaminophen,
ciclesonide, favipiravir

kakkonto + shosaikoto, shosaikoto +
bukuryoingohangekobokuto

Improved

4 Pneumonia 53/F Systemic lupus
erythematosus
treated with
prednisolone

Cold and heat
sensation, malaise,
cough, lumbago,
appetite loss,
diarrhea

Moderate II Yes Ceftriaxone,
azithromycin,
acetaminophen,
ciclesonide, favipiravir

shosaikoto, saikanto, chikujountanto,
bukuryoingohangekobokuto, jinsoin, hochuekkito,
gokoto, kikyosekko, keishibukuryogan, saffron;
combination of the above according to the
condition

Improved

Homma et al.
(2020a)

5 Pneumonia 30/M Atopic dermatitis Headache, fever,
throat pain,
coldness, cough,
malaise

Moderate II Yes Acetaminophen bakumondoto + hangekobokuto Improved

Homma et al.
(2020b)

6 Pneumonia
with facial
paralysis and
olfactory
disturbance

35/F None but smoker Cough, malaise,
sore throat,
nausea, fever,
headache, smell
impairment, taste
impairment, facial
paralysis

Moderate II Yes Acetaminophen,
ciclesonide, favipiravir

maoto Improved

Irie et al.
(2020)

7 Common cold
with taste
disorder

41/F N/A Headache, sore
throat, nausea,
taste disorder,
fever

Mild No None kakkonto + shosaikotokakikyosekko Improved

8 Common cold
with taste
disorder

16/F N/A Nasal congestion,
taste disorder

Mild No None kakkonto + shosaikotokakikyosekko Improved

9 Common cold
with taste
disorder

12/M N/A Nasal congestion,
taste disorder

Mild No None kakkonto + shosaikotokakikyosekko Improved

Watanabe
and
Watanabe.
(2020)

10 Common cold
with smell
impairment

59/M None Fever, sore
through, smell
impairment,
abdominal fullness

N/A No Acetaminophen,
clarithromycin,
tranexamic acid,
L-carbocisteine

Qing Fei Pai Du Tang, hochuekkito Improved

(Continued on following page)
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TABLE 1 | (Continued) Review of clinical reports on the management of COVID-19 with Kampo medicine.

Author Cases Age
(y.o.)/
gender

Pre-existing
conditions

Symptoms Stage in
COVID-19

Treatment Outcome

No. Diagnosis Oxygen
administration

Others Kampo medicine

11 Common cold 36/F Hashimoto’s
disease

Fever, cough,
sputum,
headache, nasal
bleeding

N/A No Acetaminophen,
clarithromycin,
tranexamic acid,
L-carbocisteine

Qing Fei Pai Du Tang,
kakkoshokisankakikukakyouninrengyohakka,
hochuekkito

Improved

Kyo (2020) 12 Pneumonia 40/F N/A High fever, cough,
dyspnea, chest
pain, chest
oppression,
malaise, headache

Moderate II Yes Intravenous hydration saikokeishito, hangekobokuto, maobushisaishinto Improved

13 Pneumonia 64/F N/A High fever, cough,
dyspnea, chest
pain, chest
oppression,
malaise, headache

Moderate II Yes Intravenous hydration saikokeishito, hangekobokuto, maobushisaishinto Improved

14 Pneumonia 47/M N/A High fever,
dyspnea, chest
pain, malaise

Moderate II Yes Intravenous hydration saikatsugekitogokoto, daiseiryuto Improved

Yamasaki
(2020)

15 Pneumonia 67/F Post operation of
lung cancer

Fever, malaise Moderate I No — makyokansekito + ireito + shosaikotokakikyosekko Improved

16 Pneumonia 69/M Type II diabetes
mellitus

Fever, cough Moderate I No Favipiravir makyokansekito + ireito + shosaikotokakikyosekko Improved

Takayama
et al. (2021b)

17 Pneumonia 52/M None Cough, sputum,
joint pain

Moderate I No None gokoto Improved

Takayama
et al. (2021a)

18 Common cold
with smell and
taste
impairment

36/F None Nasal discharge,
blocked nose,
smell and taste
impairment

N/A No None kakkontokasenkyushin’i Improved

19 Common cold
with smell and
taste
impairment

18/F None Nasal discharge,
smell and taste
impairment

N/A No None kakkontokasenkyushin’i Improved

20 Common cold
with smell and
taste
impairment

24/F None Blocked nose,
smell and taste
impairment

N/A No None kakkontokasenkyushin’i Improved

21 Common cold
with smell and
taste
impairment

44/M None Blocked nose,
smell and taste
impairment

N/A No None kakkontokasenkyushin’i Improved

22 Common cold
and diarrhea
with smell and
taste
impairment

24/M None Nasal discharge,
blocked nose,
cough, sputum,
diarrhea, fatigue,
smell and taste
impairment

N/A No None kakkontokasenkyushin’i, makyokansekito, saireito Improved

Notes: M; male, F; female. N/A; not assigned.
Mild stage; SpO2S 96%with cough without dyspnea. Moderate I stage; 93% < SpO2 < 96%with dyspnea and pneumonia findings. Moderate II stage; 93%& SpO2 needed oxygen administration, treatment with steroid and antiviral agent.
Severe stage; needed intensive care or mechanical ventilation.
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TABLE 2 | Kampo medicine and Chinese medicine described in the review of case reports.

Japanese names in
roman characters

Chinese
characters

Chinese
name for Pinyin

Ingredients and daily dosage (JP: The Japanese Pharmacopoeia)

Bakumondoto 麦門冬湯 Mai men dong tang JP Ophiopogon Tuber 10.0 g, JP Brown Rice 5.0 g, JP Pinellia Tuber 5.0 g, JP Jujube
3.0 g, JP Glycyrrhiza 2.0 g, JP Ginseng 2.0 g

Bukuryoingohangekobokuto 茯苓飲合半夏厚

朴湯

Fu ling yin he ban xia hou po
tang

JP Pinellia Tuber 6.0 g, JP Poria Sclerotium 5.0 g, JP Atractylodes Lancea Rhizome
4.0 g, JP Magnolia Bark 3.0 g, JP Citrus Unshiu Peel 3.0 g, JP Ginseng 3.0 g, JP Perilla
Herb 2.0 g, JP Immature Orange 1.5 g, JP Ginger 1.0 g

Chikujountanto 竹筎温胆湯 Zhu ru wen dan tang JP Pinellia Tuber 5.0 g, JP Bupleurum Root 3.0 g, JP Ophiopogon Tuber 3.0 g, JP Poria
Sclerotium 3.0 g, JP Platycodon Root 2.0 g, JP Immature Orange 2.0 g, JP Cyperus
Rhizome 2.0 g, JP Citrus Unshiu Peel 2.0 g, JP Coptis Rhizome 1.0 g, JP Glycyrrhiza
1.0 g, JP Ginger 1.0 g, JP Ginseng 1.0 g, Bamboo Culm 3.0 g

Daiseiryuto 大青竜湯 Da qing long tang Application with Kampo medicine combination i. e. maoto + keishito, eppikajutsuto +
keishito

Eppikajutsuto 越婢加朮湯 Yue bi jia zhu tang JP Gypsum 8.0 g, JP Ephedra Herb 6.0 g, JP Atractylodes Lancea Rhizome 4.0 g, JP
Jujube 3.0 g, JP Glycyrrhiza 2.0 g, JP Ginger 1.0 g

Gokoto 五虎湯 Wu hu tang JP Gypsum 10.0 g, JP Apricot Kernel 4.0 g, JP Ephedra Herb 4.0 g, JP Mulberry Bark
3.0 g, JP Glycyrrhiza 2.0 g

Hangekobokuto 半夏厚朴湯 Ban xia hou po tang JP Pinellia Tuber 6.0 g, JP Poria Sclerotium 5.0 g, JP Magnolia Bark 3.0 g, JP Perilla
Herb 2.0 g, JP Ginger 1.0 g

Hochuekkito 補中益気湯 Bu zhong yi qi tang JP Astragalus Root 4.0 g, JP Atractylodes Lancea Rhizome 4.0 g, JP Ginseng 4.0 g, JP
Japanese Angelica Root 3.0 g, JP Bupleurum Root 2.0 g, JP Jujube 2.0 g, JP Citrus
Unshiu Peel 2.0 g, JP Glycyrrhiza 1.5 g, JP Cimicifuga Rhizome 1.0 g, JP Ginger 0.5 g

Ireito 胃苓湯 Wei ling tang JP Magnolia Bark 2.5 g, JP Atractylodes Lancea Rhizome 2.5 g, JP Alisma Tuber 2.5 g,
JP Polyporus Sclerotium 2.5 g, JP Citrus Unshiu Peel 2.5 g, JP Atractylodes rhizome
2.5 g, JP Poria sclerotium 2.5 g, JP Cinnamon Bark 2.0 g, JP Ginger 1.5 g, JP Jujube
1.5 g, JP Glycyrrhiza 1.0 g

Jinsoin 参蘇飲 Shen su tang JP Pinellia Tuber 3.0 g, JP Poria Sclerotium 3.0 g, JP Pueraria Root 2.0 g, JP Platycodon
Root 2.0 g, JP PeucedanumRoot 2.0 g, JPCitrus Unshiu Peel 2.0 g, JP Jujube 1.5 g, JP
Ginseng 1.5 g, JP Glycyrrhiza 1.0 g, JP Immature Orange 1.0 g, JP Perilla Herb 1.0 g, JP
Ginger 0.5 g

Kakkonto 葛根湯 Ge gen tang JP Pueraria Root 4.0 g, JP Jujube 3.0 g, JP Ephedra Herb 3.0 g, JP Glycyrrhiza 2.0 g, JP
Cinnamon Bark 2.0 g, JP Peony Root 2.0 g, JP Ginger 2.0 g

Kakkontokasenkyushin’i 葛根湯加川芎

辛夷

Ge gen tang jia chuan xiong
xin yi

JP Pueraria Root 4.0 g, JP Jujube 3.0 g, JP Ephedra Herb 3.0 g, JP Glycyrrhiza 2.0 g, JP
Cinnamon Bark 2.0 g, JP Peony Root 2.0 g, JP Magnolia Flower 2.0 g, JP Cnidium
Rhizome 2.0 g, JP Ginger 1.0 g

Kakkoshokisankagen 霍香正気散加減 Huo xiang zheng qi san jia
jian

JP Atractylodes Rhizome 3.0 g, JP Pinellia Tuber 3.0 g, JP Poria Sclerotium 3.0 g, JP
Magnolia Bark 2.0 g, JP Citrus Unshiu Peel 2.0 g, JP Platycodon Root 1.5 g, JP Angelica
Dahurica Root 1.5 g, JP Perilla Herb 1.0 g, JP Pogostemon Herb 1.0 g, Areca Pericarp
1.0 g, JP Jujube 1.0 g, JP Glycyrrhiza 1.0 g, JPGinger 0.5 g, JP Chrysanthemum Flower
3.0 g, JP Apricot Kernel 3.0 g, JP Forsythia Fruit 3.0 g, JP Mentha Herb 2.0 g

Keishibukuryogan 桂枝茯苓丸 Gui zhi fu ling wan JP Cinnamon Bark 3.0 g, JP Peony Root 3.0 g, JP Peach Kernel 3.0 g, JP Poria
Sclerotium 3.0 g, JP Moutan Bark 3.0 g

Keishito 桂枝湯 Gui zhi tang JP Cinnamon Bark 4.0 g, JP Peony Root 4.0 g, JP Jujube 4.0 g, JP Glycyrrhiza 2.0 g, JP
Ginger 1.5 g

Kikyosekko 桔梗石膏 Jie geng shi gao JP Gypsum 10.0 g, JP Platycodon root 3.0 g
Makyokansekito 麻杏甘石湯 Ma xing gan shi tang JPGypsum 10.0 g, JP Apricot Kernel 4.0 g, JP Ephedra Herb 4.0 g, JP Glycyrrhiza 2.0 g
Maobushisaishinto 麻黄附子細辛湯 Ma huang fu zi xi xin tang JP Ephedra Herb 4.0g, JP Asiasarum Root 3.0g, JP Powdered Processed Aconite

Root 1.0 g
Maoto 麻黄湯 Ma huang tang JP Apricot Kernel 5.0 g, JP Ephedra Herb 5.0 g, JP Cinnamon Bark 4.0 g, JP

Glycyrrhiza 1.5 g
Renkaseiun 連花清瘟 Lianhua qingwen Forsythia Fruit (Lianqiao) 170 g, Lonicera Flower (Jinyinhua) 170 g, Ephedra Herb

(Mahuang) 57 g, Bitter Apricot Seed (Kuxingren) 57 g, Gypsum (Shigao) 170 g, Indigo
Woad Root (Banlangen) 170 g, Male Fern Rhizome (Mianmaguanzhong) 170 g, Heartleaf
Houttuynia Herb (Yuxingcao) 170 g, Pogostemon Herb (Guanghuoxiang) 57 g, Chinese
Rhubarb Rhizome (Dahuang) 34 g, Roseroot (Hongjingtian) 57 g, Mentha haplocalyx
Herb (Bohe) 5 g, Glycyrrhiza Root (Gancao) 57 g

Saikanto 柴陥湯 Chai xian tang JP Bupleurum Root 5.0 g, JP Pinellia Tuber 5.0 g, JP Scutellaria Root 3.0 g, JP Jujube
3.0 g, JP Ginseng 2.0 g, JP Coptis Rhizome 1.5 g, JPGlycyrrhiza 1.5 g, JP Ginger 1.0 g,
Trichosanthes Seed 3.0 g

Saikatsugekito 柴葛解肌湯 Chai ge jie ji tang Application with Kampo medicine combination i. e. kakkonto + shosaikotokakikyosekko
Saikokeishito 柴胡桂枝湯 Chai hu gui zhi tang JP Bupleurum Root 5.0 g, JP Pinellia Tuber 4.0 g, JP Scutellaria Root 2.0 g, JP

Glycyrrhiza 2.0 g, JP Cinnamon Bark 2.0 g, JP Peony Root 2.0 g, JP Jujube 2.0 g, JP
Ginseng 2.0 g, JP Ginger 1.0 g

(Continued on following page)
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was made. Western medications such as ceftriaxone,
azithromycin, acetaminophen, ciclesonide, and favipiravir were
administered to the patient. Kampo medicine shosaikoto,
saikanto, chikujountanto, bukuryoingohangekobokuto, jinsoin,
hochuekkito, gokoto, kikyosekko, and keishibukuryogan were
also prescribed according to the patients symptoms and
condition. Finally, the patient recovered 20 days after admission.

Homma et al. reported a case of COVID-19 pneumonia
treated with bakumondoto and hangekobokuto combined with
Western medicine (case 5) (Homma et al., 2020b). Case 5 was a
30-year-old man with atopic dermatitis who presented with
complains of headache, high fever, throat pain, cold cough,
and malaise. CT showed interstitial shadow in the bilateral
lungs with a decrease in oxygen saturation, which resulted in
the diagnosis of moderate stage II COVID-19. Kampo medicine
bakumondoto and hangekobokuto for cough were administered,
following which all symptoms alleviated within 7 days. They also
reported a case of pneumonia with facial paralysis and olfactory
disturbance treated by maoto combined with Western medicine
(case 6) (Homma et al., 2020a). Case 6 was a 35-year-old woman
with complains of cough, malaise, sore throat, nausea, fever,
headache, anosmia, dysgeusia, and facial paralysis. CT showed
multiple ground-glass opacities in both the lungs which was
diagnosed as moderate stage I COVID-19. Western
medication acetaminophen, ciclesonide, and favipiravir were
prescribed. Kampo medicine maoto was also used for

respiratory and neural symptoms. The patients symptoms
improved 11 days after admission.

Irie et al. reported three mild cases of COVID-19 treated with
saikatsugekito (cases 7, 8, and 9) (Irie et al., 2020). All three cases
recovered after treatment with Kampo medicine alone. Case 7
was a mild stage COVID-19 patient who was a 41-year-old
woman with complains of headache, sore throat, nausea, taste
disorder, and fever. She was treated with kakkonto and
shosaikotokakikyosekko, and her condition improved within
10 days. While case 8 was a mild stage COVID-19 patient, a
16-year-old woman who presented with nasal congestion and
taste disorder. She was treated with kakkonto and
shosaikotokakikyosekko, and the patient’s condition improved
within 4 days. Case 9 was a mild stage COVID-19 patient, a 12-
year-old girl with complains of nasal congestion and taste
disorder. She was also treated with kakkonto and
shosaikotokakikyosekko, and the patient’s condition improved
within 3 days.

Watanabe et al. reported two cases of COVID-19 with
symptoms similar to a common cold, treated using modified
Qing Fei Pai Du Tang (QFPDT) followed by hochuekkito under
treatment with Western medicine (cases 10 and 11) (Watanabe
and Watanabe, 2020). Case 10 was a 59-year-old man with
complains of fever, sore through, anosmia, and abdominal
fullness. The patient was administered Western medication
including acetaminophen, clarithromycin, tranexamic acid, and

TABLE 2 | (Continued) Kampo medicine and Chinese medicine described in the review of case reports.

Japanese names in
roman characters

Chinese
characters

Chinese
name for Pinyin

Ingredients and daily dosage (JP: The Japanese Pharmacopoeia)

Saireito 柴苓湯 Chai ling tang JP Bupleurum Root 7.0 g, JP Alisma Tuber 5.0 g, JP Pinellia Tuber 5.0 g, JP Scutellaria
Root 3.0 g, JP Atractylodes Lancea Rhizome 3.0 g, JP Jujube 3.0 g, JP Polyporus
Sclerotium 3.0 g, JP Ginseng 3.0 g, JP Poria Sclerotium 3.0 g, JP Glycyrrhiza 2.0 g, JP
Cinnamon Bark 2.0 g, JP Ginger 1.0 g

Seihaihaidokuto 清肺排毒湯 Qing fei pai du tang Original Chinese formula
Ephedra Herb (Mahuang) 9.0 g, Glycyrrhiza Root and Rhizome processed with honey
(Zhigancao) 6.0 g, Apricot Seed (Xingren) 9.0 g, Gypsum (Shengshigao) 15.0–30.0 g,
Cinnamon Twig (Guizhi) 9.0 g, Alisma Tuber (Zexie) 9.0 g, Polyporus Sclerotium (Zhuling)
9.0 g, Atractylodes Rhizome (Baizhu) 9.0 g, Poria Sclerotium (Fuling) 15.0 g, Bupleurum
Root (Chaihu) 16.0 g, Scutellaria Root (Huangqin) 6.0 g, Pinellina Rhizome processed
with ginger (Jiangbanxia) 9.0 g, Ginger (Shengjiang) 9.0 g, Aster Root (Ziwan) 9.0 g,
Common Coltsfoot Flower (Kuandonghua) 9.0 g, Blackberrylily Rhizome (Shegan) 9.0 g,
Asiasarum Root and Rhizome (Xixin) 6.0 g, Dioscorea Rhizome (Shanyao) 12.0 g,
Immature Orange Fruit (Zhishi) 6.0 g, Dried Tangerine Peel (Chenpi) 6.0 g, Pogostemon
Herb (Huoxiang) 9.0 g
—

Japanese modification fomula
JP Ephedra Herb 3.0 g, JP Glycyrrhiza 2.0 g, JP Apricot Kernel 3.0 g, JP Gypsum
10.0 g, JP Cinnamon Bark 3.0 g, JP Alisma Tuber 3.0 g, JP Poluporus Sclerotium 3.0 g,
JP Atractylodes Rhizome 3.0 g, JP Poria Sclerotium 5.0 g, JP Bupleurum Root 5.3 g, JP
Scutellaria Root 2.0 g, JP Pinellia Tuber 3.0 g, JP Ginger 3.0 g, Aster Root 3.0 g,
Coltsfoot Flower 3.0 g, Blackberrylily Rhizome 3.0 g, JP Asiasarum Root 2.0 g, JP
Discorea Rhizome 4.0 g, JP Immature Orange 2.0 g, JP Citrus Unshiu Peel 2.0 g, JP
Pogostemon Herb 3.0 g

Shosaikoto 小柴胡湯 Xiao chai hu tang JP Bupleurum Root 7.0 g, JP Pinellia Tuber 5.0 g, JP Scutellaria Root 3.0 g, JP Jujube
3.0 g, JP Ginseng 3.0 g, JP Glycyrrhiza 2.0 g, JP Ginger 1.0 g

Shosaikotokakikyosekko 小柴胡湯加桔梗

石膏

Xiao chai hu tang jia jie geng
shi gao

JP Gypsum 10.0 g, JP Bupleurum Root 7.0 g, JP Pinellia Tuber 5.0 g, JP Scutellaria
Root 3.0 g, JP Platycodon Root 3.0 g, JP Jujube 3.0 g, JP Ginseng 3.0 g, JP Glycyrrhiza
2.0 g, JP Ginger 1.0 g
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L-carbocisteine, and administration of modified QFPDT for
1 week improved the patient’s symptoms. Following which,
hochuekkito was administered to promote recovery. While
case 11 was a 36-year-old woman with Hashimoto’s disease
who presented with fever, cough, sputum, headache, and nasal
bleeding. The patient was prescribed Western medication such as
acetaminophen, clarithromycin, tranexamic acid, and
L-carbocisteine. Following which, although she defervesced
1 week after the administration of modified QFPDT,
complains of cough and sputum persisted.
Kakkoshokisankagen were used thereafter, and symptoms such
as cough, sputum, and malaise gradually improved. Finally,
hochuekkito was administered to promote recovery.

Kyo reported three cases of pneumonia treated by a
combination of Kampo medicine and Western medicine.
These patients are presented as cases 12, 13, and 14 (Kyo
2020), and are a 40-year-old woman, a 64-year-old woman,
and a 47-year-old man, respectively, with complains of high
fever. They were diagnosed as having moderate stage II
COVID-19. After the administration of Kampo formula, the
patients defervesced within 3 days.

Yamasaki reported three cases of pneumonia treated by
Kampo medicine in combination with Western medicine
(cases 15 and 16) (Yamasaki 2020). Case 15 was a 67-year-old
woman with a history of surgically resected lung cancer who
complained of fever and malaise. CT showed infiltration shadow
in the left lung, and the patient was diagnosed as having moderate
stage I COVID-19. Administration of Kampo medicine
combined with makyokansekito, ireito, and
shosaikotokakikyosekko improved fever and malaise within 3
and 5 days, respectively. Case 16 was a 69-year-old man with type
II diabetes mellitus with complains of fever and cough. CT
showed infiltration shadow in the right lung that was
diagnosed as moderate stage I COVID-19. Administration of
Kampo medicine combined with makyokansekito, ireito, and
shosaikotokakikyosekko improved fever and cough within 3
and 6 days, respectively.

Takayama et al. reported a case of pneumonia treated by
Kampomedicine gokoto (case 17) (Takayama et al., 2021b). A 52-
year-old male patient presented with cough, sputum, and joint
pain. Chest radiography revealed interstitial shadow in the right
lung that was diagnosed as moderate stage I COVID-19. After
administration of gokoto, a Kampo medicine for cough and
sputum, for symptom relief, cough and sputum improved
within 4 days. Takayama et al. also reported 5 cases (cases
18–22) of COVID-19-related olfactory disorder treated by
kakkontokasenkyushin’i (Takayama et al., 2021a). The
symptoms improved within 3–5 days after administration of
kakkontokasenkyushin’i. Kakkontokasenkyushin’i can be used
for treating nasal congestion, rhinitis, and inflammation in the
nasal mucosa. Olfactory disorder in COVID-19 has been reported
to be associated with inflammation and congestion, especially in
the olfactory bulb and olfactory cleft. They concluded that
kakkontokasenkyushin’i may be considered as a treatment
alternative for the olfactory disorder related to COVID-19.

On the other hand, some reports have suggested the clinical
efficacy of Chinese medicine in COVID-19. Ke et al. have

reported the efficacy of Lianhua Qingwen (LH) capsules in
patients with COVID-19, using a multi-center, prospective,
randomized controlled trial (Hu et al., 2020). Certain LH
components overlap in the Kampo medicine maoto or
maotokasekko that were administered to cases 1–4, 6–11, and
14–22, as shown in Tables 1, 2. The efficacy of LH was compared
between conventional treatment alone or in combination with LH
for 14 days. The rate of recovery of symptoms including fever,
fatigue, and cough was significantly shortened by LH
administration. Zheng et al. reported that LH treatment
modulates the inflammatory process, exerts antiviral effects
and repairs lung injury in the network pharmacology analysis
of the therapeutic mechanisms of LH in COVID-19 (Zheng et al.,
2020).

Furthermore, a national retrospective registry study reported
by Lihua et al. suggested that QFPDT was associated with a
substantially lower risk of in-hospital mortality (Zhang et al.,
2021). Modified QFPDT in Japan was administered to cases 10,
11, 15, and 16, as shown in Tables 1, 2. Although these reports
have revealed the efficacy of traditional medicine, further clinical
trials are required to evaluate the efficacy of Kampo medicine on
COVID-19-related symptoms and conditions.

JSOM RESEARCH PROJECT ON THE USE
OF KAMPO MEDICINE IN TREATING
COVID-19
The JSOM has prepared a research project for clinical trials of
Kampo medicine in patients with COVID-19 (Takayama et al.,
2020a; Takayama et al., 2020c; Namiki et al., 2021), some of which
are currently in progress. Table 3 shows the list of the clinical
studies being planned or conducted in the JSOM projects. In
particular, studies one through three are referred to as an
Integrative Management in Japan for Epidemic Disease
(IMJEDI).

Prevention (Pre-Disease)
Study 1 is a multi-centered, randomized trial to test our
hypothesis that the Kampo medicine, hochuekkito, has a
preventive effect on the symptoms of COVID-19 among
healthy hospital workers (Namiki et al., 2021). While we hope
for an effective and widely available vaccine, the efficacy of the
current vaccines has not been shown in a large number of
patients. Furthermore, the efficacy of the vaccines may be
reduced if SARS-CoV-2 persistently and consistently
undergoes mutations (Awadasseid et al., 2021; Lauring and
Hodcroft 2021). The possible mechanisms of the preventive
effect of hochuekkito (bu Zhong yi qi tang) against COVID-19
have reported by Takayama et al. (Takayama et al., 2020b). Thus,
clinical trials are being conducted to assess the efficacy of Kampo
medicine for preventing COVID-19. Medical staff, overextended
from the increase in critical patient care and the other
circumstances involved with the COVID-19 pandemic, are
thought to have decreased immunity along with physical and
mental health issues. Furthermore, they are at an increased risk of
infection when providing medical care. Therefore, we considered
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TABLE 3 | Outline of ongoing research on the prevention and treatment for COVID-19 in Kampo medicine.

Study
of JSOM
research

Trial
design

Subjects Number
of

subjects

Intervention Comparison Outcome Aim Registration

Study 1
(Prevention)

A multi-center,
interventional, parallel-
group, randomized (1:1
ratio), investigator-
sponsored, two-arm
study

Healthy hospital
workers

Set at
6,000

Participants receive
hochuekkito in 9 tablets
2 times per day for
8 weeks

Participants receive
placebo in the same
dosage as the
intervention group

Primary outcomes:
Number of patients with
a SARS-CoV-2 RNA by
polymerase chain
reaction (PCR) positive
result with at least one
symptom (fever, cough,
sputum, malaise,
shortness of breath)
during the 12 weeks
study period (including
the 4 weeks observation
period after oral
administration)

To test our hypothesis that
hochuekkito has a preventive effect
on the symptoms of COVID-19

jRCTs031200150
registered on October
14, 2020

Study 2
(Acute
treatment)

Multicenter,
retrospective
observational study

Mild to moderate
COVID-19 patients
treated with
conventional
medicines/Kampo
medicines

Set at
1,000

N/A N/A Primary outcomes:
Treatment, symptom
course, critical illness
outcome

To investigate the efficacy of the
actual treatment (the efficacy of
conventional and Kampo
medicines) in patients with mild to
moderate or suspected COVID-19

UMIN000041301
registered on August
4, 2020

Study 3
(acute
treatment)

A multi-center,
interventional, parallel-
group, randomized (1:1
ratio), investigator-
sponsored, two-arm
study

Mild to moderate
COVID-19 patients

Set at 150 Patients will receive
2.5 g of KT (TJ-1@
TSUMURA and Co.)
and 2.5 g of SSKKS
(TJ-109@TSUMURA
and Co.) 3 times a day,
orally, for 14 days in
addition to the
conventional treatment

Patients will receive
conventional
treatment

Primary outcomes: The
number of days till at
least one of the
symptoms (fever, cough,
sputum, malaise,
shortness of breath)
improves in the first
14 days of treatment

To test our hypothesis that
additional administration of
kakkonto and
shosaikotokakikyosekko is more
effective in relieving symptoms and
preventing the onset of severe
infection in mild-to-moderate
COVID-19 patients compared to
treatment with only conventional
treatment

jRCTs021200020.
registered on August
25, 2020

Study 4
(Sequelae
treatment)

Multicenter,
prospective
observational study

Patients with COVID-
19 related sequelae

N/A N/A N/A Outcomes: visual
analogue scale (VAS) in
each symptom (fatigue,
short of breathing, joint
pain, chest pain, cough,
dysgeusia, anosmia, etc),
SF-12 (evaluation scale
for health related quality
of life), five-grade
evaluation in overall
treatment efficacy, safety
evaluation

To investigate the efficacy and
safety of Kampo treatment in
patients with COVID-19 related
sequelae

UMIN000044318
registered on May 25,
2021

Notes: University Hospital Medical Information Network; UMIN.
Japan Registry of Clinical Trials; jRCT.
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it necessary to verify the effectiveness of Kampo medicine in
preventing illness among staff members who continue to provide
medical care despite these challenges.

Treatment (Especially in the Acute and
Subacute Stages of Disease)
Study 2 is a multi-centered, retrospective, observational study to
investigate the efficacy of the actual treatment (conventional and
Kampo medicine) in patients with mild-to-moderate or even
suspected COVID-19 (Takayama et al., 2020a). Several clinical
trials on antiviral drugs are currently in progress; however,
evidence on its efficacy remains limited. Kampo medicine has
a long history of repeated use in viral epidemics and was also used
during the Spanish influenza pandemic, approximately 100 years
ago. Several cases of COVID-19 treated with Kampo medicine
have already been reported (Homma et al., 2020a; Homma et al.,
2020b; Irie et al., 2020; Kashima et al., 2020; Kyo 2020; Niitsuma
et al., 2020; Watanabe and Watanabe, 2020; Yamasaki 2020;
Takayama et al., 2021a; Takayama et al., 2021b). The next step in
establishing Kampo medicine as a treatment strategy for COVID-
19 is organizing a clinical study with a large number of cases. In
Japan, many COVID-19 patients are treated with a combination
of Kampo medicine and Western medicine, and an observational
study that would collect data from a multi-center setting would
be ideal.

Study 3 is a multi-centered, randomized trial to test our
hypothesis that additional administration of Kampo medicines
kakkonto and shosaikotokakikyosekko is more effective in
relieving symptoms and preventing the onset of severe
infection in mild-to-moderate COVID-19 patients compared
to those treated with conventional treatment alone (Takayama
et al., 2020c). The symptoms and signs associated with acute
infectious diseases were categorized into six-stage patterns in the
original concept of Kampo medicine described in the
Shanhanlun, which is a traditional Asian medical textbook of
infectious diseases written by Zhan Zhongjing (Takayama et al.,
2017; The Dictionary of Kampo Medicine, 2020). The
Shanhanlun explains that infectious diseases progress through
six-stage patterns: early, middle, and late yang patterns and early,
middle, and late yin patterns. Characteristic symptoms are chill
and fever in the early yang pattern, alternating chill and fever with
respiratory and intestinal symptoms in the middle yang pattern,
and marked fever with thirst in the late yang pattern. The
symptoms also include coldness with intestinal symptoms in
the early yin pattern, coldness with marked fatigue in the
middle yang pattern, and coldness with circulation failure with
disturbance of consciousness in the late yang pattern. To study
the efficacy and safety of Kampo medicines for COVID-19
patients, it is necessary to focus on a certain type of Kampo
medicine. COVID-19 symptoms include chills, fever, muscle
pain, joint pain, nasal congestion and discharge, sore throat, a
cough producing sputum, loss of appetite, diarrhea, impaired
smell and taste, and malaise, which progress from the early yang
pattern to the middle and late yang patterns described in
Shanhanlun. The type of Kampo formula depends on the stage
of clinical manifestation: mao formula in the early yang pattern,

saiko formula in the middle yang pattern, and sekko in the late
yang pattern. A combination of mao formula, saiko formula, and
sekko is an ideal choice for treating diseases such as COVID-19,
which transition from the early to the middle and late yang
patterns in the Kampo concept. Thus, these combinations were
included in saikatsugekito, which was used for the Spanish flu,
and case series have already reported the use of saikatsugekito for
COVID-19 (Irie et al., 2020). Saikatsugekitois applied in
combination with kakkonto and shosaikotokakikyosekko under
the permissions of the national health insurance. The possible
mechanisms of saikatsugekito against SARS-CoV-2 and COVID-
19 have been reported by Arita et al. (Arita et al., 2020).

Recovery and Sequelae (Post-Disease)
While study 4 is a multi-centered, prospective, observational
study to investigate the efficacy of Kampo medicines in
patients with COVID-19-related sequelae. After the
stabilization of COVID-19 patients, continued support for
recovery and management of sequelae is needed. Future
research interests include epidemiological investigations of
sequelae and case series that summarize the experience of
patients who used Kampo medicine for treatment.

DISCUSSION

Prospects of a Clinical Trial of Kampo
Medicine for COVID-19
The contribution and prospects of the present projects on Kampo
medicine and its efficacy as a COVID-19 treatment are as follows:

• Kampo medicine may act on viruses, human tissues, and
organs via multiple mechanisms that differ from those of
other drugs being developed in Western medicine (Arita
et al., 2020; Takayama et al., 2020b).

• Kampo medicines for common cold are well established;
their possible side effects are generally known and safety
information has already been acquired
(AuthorAnonymous, 2005; Kubo et al., 2013; Shimamoto
et al., 2014; Takayama et al., 2017; Arai et al., 2018;
Takayama et al., 2018; Takayama et al., 2020d).

• Kampo medicines are inexpensive, and if the clinical studies
show their efficacy, it would be possible to provide care to
many health care workers and patients, thus reducing
medical expenses and providing medical economic
benefits (Arita et al., 2015).

• If Kampo medicine is shown to be effective in alleviating
symptoms and reducing the severity of disease, it could help
to address the depletion of medical resources. There are
currently no reports on effective treatments for the sequelae
of COVID-19; if a clinical study could help develop a
treatment strategy for sequelae, this could benefit many
patients with such issues.

• Since viral mutations are now rapidly progressing, Kampo
medicine could serve as an option in cases of resistance to
Western medicine (Awadasseid et al., 2021; Lauring and
Hodcroft 2021).
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The quality control of Kampo medicines in Japan is highly
regarded internationally, with very low variability from product
to product. In this respect, conducting clinical research using
Japanese Kampomedicines also has the advantage of maintaining
uniformity of treatment for consistency and accuracy of research
results.

Attention to Use Qing Fei Pai Du Tang From
China
QFPDT is recommended for use in patients as an option for the
treatment of COVID-19 in the seventh edition of the Chinese
COVID-19 guidelines (National Health Commission and
National Administration of Traditional Chinese Medicine
2020). In an observational study, 98 patients were treated with
QFPDT for 9 days, and the efficiency of relief in major symptoms
was 91.6% (Wang et al., 2020). However, randomized controlled
trials of QFPDT have never been reported previously.
Furthermore, QFPDT includes crude drugs which are not
approved by the regulatory authorities in Japan. Thus, it is
difficult to reproduce and use the same products in Japan. On
the other hand, it is possible to reproduce similar Kampo
medicines by combining certain Kampo extract preparations
such as gokoto and saireito in Japan. The original QFPDT
includes 21 crude drugs; however, their dosages are much
higher than the usual dosage in Japan. The JSOM reminds us
that the duration of administration should be evaluated every
3 days for a maximum of 2 weeks. It is also important to note that
while the drug is indicated for use in young people, it should be
used with sufficient caution in the elderly (The Japan Society for
Oriental Medicine, 2021).

Side Effects of Kampo Medicine
Guidelines for the management of hypertension (2014)
introduced the side effect associated with glycyrrhizin,
which has the potential to induce pseudo-aldosteronism
(Shimamoto et al., 2014). A consensus statement for the
diagnosis and treatment of drug-induced lung injuries
(Kubo et al., 2013) reported the side effect of interstitial
pneumonia with the use of shosaikoto (AuthorAnonymous,
2005). The prevalence of shosaikoto-induced interstitial
pneumonia is reported to be under 0.1% (Arai et al., 2018);
however, when limited in patients with no prior sensitization
to shosaikoto, there were no reports of new-onset shosaikoto-
induced interstitial pneumonia within 2 weeks after its
administration. Ephedrae Herba also includes ephedrine,
which induces an adrenergic reaction. Thus, several clinical
guidelines recommend that this medicine should be cautiously
prescribed by the Mao and Saiko formula in those with
hypokalemia, heart disease, and prior sensitization of allergy

to shosaikoto (Arita et al., 2015; Takayama and Iwasaki, 2017;
Takayama et al., 2020d).

CONCLUSION

Several cases treated with Kampo medicine have reported in
COVID-19. The JSOM research will enable us to propose a wide
range of treatments for emerging viral infections, i.e., not only
for COVID-19 but also for viruses we may encounter in the
future.
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Kakkonto Inhibits Cytokine
Production Induced by Rhinovirus
Infection in Primary Cultures of Human
Nasal Epithelial Cells
Natsumi Saito1, Akiko Kikuchi 1,2*, Mutsuo Yamaya3, Xue Deng2, Mitsuru Sugawara4,
Shin Takayama1,2, Ryoichi Nagatomi5 and Tadashi Ishii 1,2

1Department of Education and Support for Regional Medicine, Tohoku University Hospital, Sendai, Japan, 2Department of
Kampo and Integrative Medicine, Tohoku University Graduate School of Medicine, Sendai, Japan, 3Department of Respiratory
Medicine, Tohoku University Graduate School of Medicine, Sendai, Japan, 4Department of Otolaryngology, Tohoku Kosai
Hospital, Sendai, Japan, 5Laboratory of Health and Sports Science, Division of Biomedical Engineering for Health and Welfare,
Tohoku University Graduate School of Biomedical Engineering, Sendai, Japan

Rhinovirus (RV) is a primary etiologic agent of common cold that can subsequently acutely
exacerbate bronchial asthma or chronic obstructive pulmonary disease. Kakkonto (Ge-
gen-tang in Chinese), one of the most frequently prescribed traditional Japanese (Kampo)
medicines, is used for treating common cold, shoulder stiffness, or inflammatory diseases
of the upper body. Previous experimental studies have indicated that kakkonto exerts
antiviral and anti-inflammatory effects on the influenza virus and the human respiratory
syncytial virus. However, there is a lack of reports investigating the efficacy of kakkonto in
RV infection. Hence, the aim of the current study was to investigate the effects of kakkonto
on RV infection of human nasal epithelial (HNE) cells. HNE cells obtained via endoscopic
sinus surgery were cultured and infected with RV14, with or without kakkonto treatment.
The supernatants from the cells were collected, and the RV14 titer and cytokine levels were
assessed. Reverse transcription-polymerase chain reaction was performed to determine
the amount of viral RNA, while the level of nuclear factor kappa B (NF-κB) subunits in the
nucleus was assessed by enzyme-linked immunosorbent assay. Although kakkonto
treatment did not reduce RV14 titer or RNA levels, indicating that it did not inhibit
RV14 proliferation, it was found to reduce the production of specific pro-inflammatory
cytokines, including interleukin (IL)-8, tumor necrosis factor (TNF)-α, and monocyte
chemotactic protein-1 (MCP-1). Unlike that observed with the kakkonto extract, none
of the crude drugs contained in kakkonto reduced IL-8 level. Furthermore, though
kakkonto treatment significantly reduced p50 levels, it did not impact the p65 subunit
of NF-κB. These results indicated that kakkonto can inhibit inflammation caused by RV
infection and may exert an immunomodulatory effect on HNE cells. This is the first report to
elucidate the effects of kakkonto extract on RV infection in primary cultures of HNE cells,
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providing evidence that kakkonto may act as an effective therapy for RV infection and
subsequent airway inflammation.

Keywords: kakkonto, Kampo, traditional herbal medicine, Rhinovirus, human airway epithelial cells, cytokine

INTRODUCTION

Rhinoviruses (RVs) were the most common cause of the common
cold prior to the pandemic outbreak of the severe acute respiratory
syndrome coronavirus 2. Specifically, RVs were reported to account
for 30–50% of all respiratory illnesses in 2003 (Heikkinen and
Järvinen, 2003). The common cold can cause acute exacerbation
of chronic respiratory illnesses, such as bronchial asthma (BA) or
chronic obstructive pulmonary disease (COPD).We have previously
reported that hochuekkito, a traditional Japanese (Kampo)medicine,
inhibits RVproliferation and cytokine production in human tracheal
epithelial cells (Yamaya et al., 2007). Hochuekkito is commonly
administered for the treatment of fatigability and anorexia. In a
clinical trial, Tatsumi et al. reported that administration of
hochuekkito to patients with COPD for 6 months reduced the
number of common cold episodes and acute exacerbation events,
improved systemic inflammation, and increased body weight
(Shinozuka et al., 2007; Tatsumi et al., 2009). Other reports have
indicated that hochuekkito may have a prophylactic effect on the
common cold due to its immunomodulatory and
immunostimulatory activities (Takayama et al., 2021). However,
evidence supporting the efficacy of other Kampo medicines for the
treatment of acute respiratory infections is limited.

Kakkonto (Ge-gen-tang in Chinese), one of the most frequently
prescribed Kampo medicines in Japan, is used for the treatment of
the common cold, shoulder stiffness, or inflammatory diseases of the
upper body (DPPN, 2011). Previous studies using animal and
in vitro models have reported the antiviral and anti-inflammatory
effects of kakkonto (Arita et al., 2020). However, most experiments
that have investigated the antiviral effect of kakkonto have focused
on influenza viruses (Kurokawa et al., 2002; Wu et al., 2011;
Shirayama et al., 2016; Geng et al., 2019) or on the human
respiratory syncytial virus (Chang et al., 2012). In murine studies,
administration of kakkonto has been reported to inhibit proliferation
of influenza viruses in bronchoalveolar lavage fluid (Kurokawa et al.,
2002) and lung tissue (Geng et al., 2019), prolong survival, and
reduce mortality rates (Kurokawa et al., 2002; Geng et al., 2019).
Kakkonto also reduces the expression of pro-inflammatory
cytokines, including interleukin (IL)-1α, IL-6, and tumor necrosis
factor (TNF)-α in H1N1 influenza-infected mice (Geng et al., 2019).
Furthermore, kakkonto treatment reduces the rate of human
respiratory syncytial virus infection in a human type II lung cell
line (A549 cells) and human upper respiratory tract epithelial cell
line (Hep-2 cells) (Chang et al., 2012). Cumulatively, these reports
indicate that kakkonto might exert antiviral and anti-inflammatory
effects on respiratory viral infections, although the effect of kakkonto
on RV infection, both in vivo and in vitro, remains unclear.
Therefore, the aim of the current study was to investigate the
effect of kakkonto on RV infection of human nasal epithelial
(HNE) cells, while also elucidating the underlying mechanism of
action.

MATERIALS AND METHODS

Human Nasal Epithelial Cell Culture
Nasal polyps were obtained from 22 subjects aged 55.2 ±
15.1 years with chronic rhinosinusitis who underwent
endoscopic sinus surgery. Among the 22 patients, 13 (59.1%)
were ex-smokers; 13 had allergic disease (nine patients with BA,
three with allergic rhinitis, and one with eosinophilic sinusitis); 10
(45.5%) were prescribed nasal corticosteroids; 10 (45.5%) were
treated with L-carbocisteine; 14 (63.6%) were treated with
macrolides (13 patients with clarithromycin and 1 with
erythromycin); 9 (40.9%) were treated with Montelukast
sodium; and 9 (40.9%) were treated with antihistamine agents
(Table 1). All participants provided informed consent prior to
enrolment in the study. This study was approved by the Tohoku
University Ethics Committee (Institutional Review Board
number: 2021–1–088).

Isolation and culturing of HNE cells from the nasal polyps was
performed as described previously (Suzuki et al., 2001;
Lusamba Kalonji et al., 2015). The HNE cells were plated at
a density of 7.5 × 105 viable cells/mL in round-bottom plastic
tubes (16 mm diameter × 125 mm length, Corning
Incorporated, Corning, NY, United States) coated with
human placental collagen. Cells were cultured in a 1 ml
mixture of Dulbecco’s modified Eagle medium: nutrient
mixture F-12 (DMEM/F-12) medium (50:50, v/v) containing
2% Ultroser G (USG) (BioSepa, Cergy-Saint-Christophe, France),

TABLE 1 | Patient characteristics (n � 22).

Characteristics and medications Value

Characteristics
Age (years, mean ± SD) 55.2 ± 15.1
Males, n (%) 14 (63.6)
Smoker, n (%) 13 (59.1)
Brinkman index (mean ± SD) 284.8 ± 334.8

Laboratory data
Eosinophil (%, mean ± SD) 6.8 ± 5.8

Allergic disease
None, n (%) 9 (42.9)
Bronchial asthma, n (%) 9 (42.9)
Allergic rhinitis, n (%) 3 (14.3)
Eosinophilic sinusitis, n (%) 1 (4.5)

Medications, n (%)
Inhaled corticosteroid 5 (22.7)
Nasal steroids 10 (45.5)
L-carbocisteine 10 (45.5)
Ambroxol hydrochloride 2 (9.1)
Long-acting β2 agonist 5 (22.7)
Macrolide 14 (63.6)
Montelukast sodium 9 (40.9)
Antihistamine agent 9 (40.9)

SD: standard deviation.
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105 U/L penicillin, 100 mg/L streptomycin, 5 mg/L amphotericin B,
and 100mg/L gentamicin. The tubes, loosely covered with screw
caps, were placed at a 5° angle and cultured at 37°C in a 5% CO2

atmosphere.

Human Embryonic Fibroblast Cell Culture
HEF cells (HEF-III cells, Riken Bio Resource Center Cell Bank,
Cell No: RCB0523; Tsukuba, Japan) were cultured as previously
described (Yamaya et al., 2011) with slight modifications. In brief,
HEF cells were cultured in T25 flasks in Eagle’s minimum
essential medium (MEM) supplemented with 10% fetal bovine

serum (FBS) and antibiotics (105 U/L penicillin and 100 mg/L
streptomycin). The cells were then plated in 96-well plates or
plastic tubes and cultured.

Viral Stocks
A stock of clinically isolated RV14 was prepared by infecting HEF
cells as described previously (Numazaki et al., 1987; Yamaya et al.,
2016). Briefly, HEF cells were exposed to RV14 at 105 tissue
culture infective dose (TCID50)/mL for 1 h, rinsed with
phosphate buffered saline (PBS), and cultured in plastic tubes
in 1 ml MEM supplemented with 2% ultra-low IgG FBS or 10%

TABLE 2 | Original plants of kakkonto extract used in the study.

Common name Latin name Scientific name of the original plants

Pueraria Root Puerariae Radix Pueraria lobata (Willd.) Ohwi
Ephedra Herb Ephedrae Herba Ephedra sinica Stapf / Ephedra intermedia Schrenk & C.A. Mey. / Ephedra equisetina Bunge
Jujube Zizyphi Fructus Zizyphus jujuba Mill. var. inermis (Bunge) Rehder
Cinnamon Bark Cinnamomi Cortex Cinnamomum cassia Blume
Peony Root Paeoniae Radix Paeonia lactiflora Pall.
Glycyrrhiza Glycyrrhizae Radix Glycyrrhiza uralensis Fisch. / Glycyrrhiza glabra L.
Ginger Zingiberis Rhizoma Zingiber officinale Roscoe

FIGURE 1 | Representative 3D-HPLC image of kakkonto extract. Kakkonto contains ephedrine from Ephedra Herba, puerarin or daidzin from Puerariae Radix,
paeoniflorin from Paeoniae Radix, cinnamic acid from Cinnamomi Cortex, and glycyrrhizin or liquiritin from Glycyrrhizae Radix.
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FBS and antibiotics (105 U/L penicillin and 100 mg/L
streptomycin) in a 33°C incubator (HDR-6-T, Hirasawa,
Tokyo, Japan) with rotation (12 rotations per hour). The cells
were incubated for approximately 3 days until cytopathic effects
were observed. The virus-containing fluid obtained from these
cells was frozen in aliquots at −80°C.

Preparations of Kakkonto Extract and
Crude Drugs
The Japanese Pharmacopeia, 17th Edition defines kakkonto as
being composed of seven crude drugs: 4 g Puerariae Radix, 3 g
Ephedrae Herba, 3 g Zizyphi Fructus, 2 g Cinnamomi Cortex, 2 g
Paeoniae Radix, 2 g Glycyrrhizae Radix, and 2 g Zingiberis
Rhizoma (DPPN, 2011; The Ministry of Health, Labor and
Welfare, 2016). The extracts of kakkonto (lot No. 2160001010)
and the seven crude drugs were obtained from Tsumura and Co.,
(Tokyo, Japan). The plants of origin of these crude drugs are
shown in Table 2.

Figure 1 shows a representative Three-Dimensional High-
Performance Liquid Chromatographic(3D-HPLC) image of the
kakkonto extract, provided by Tsumura and Co., (Tokyo, Japan).
Due to it being composed of these seven crude drugs, Kakkonto
contains many active agents, including ephedrine from the
Ephedrae Herba, puerarin and daidzin from Puerariae Radix,
paeoniflorin from Paeoniae Radix, cinnamic acid from
Cinnamomi Cortex, and glycyrrhizin or liquiritin from
Glycyrrhizae Radix. The CAS (Chemical Abstracts Service)
registry numbers of components in kakkonto extract, shown
in Figure 1, are provided as Supplementary Table.

The Japanese Pharmacopeia defines the kakkonto formula as
containing the following indexed components: 9–27 mg of
ephedrine or pseudoephedrine (C10H15NO: 165.23), 19–57 mg
of glycyrrhizic acid (C42H62O16: 822.93), and 14–56 mg of
paeoniflorin (C23H28O11: 480.46) per extract prepared
according to the previously reported method (The Ministry of
Health, Labor and Welfare, 2016).

The kakkonto extracts were dissolved in dimethyl sulfoxide
(DMSO) at a concentration of 10 mg/ml by vortexing for 5 min at
room temperature (23°C). The mixture was then dispensed in
microcentrifuge tubes and frozen at −80°C until experimentation.
Kakkonto stock solution was diluted in culture medium (DMEM/
F-12 with 2% USG) at a concentration of 100 μg/ml and the
concentrations of ephedrine, pseudoephedrine, and glycyrrhizic
acid were determined using liquid chromatography-tandem mass
spectrometry (LC-MS/MS) performed by Sekisui Chemistry,
Tokyo, Japan.

Rhinovirus Infection and Treatment
Infection of HNE cells with RV14 was performed using
previously described methods (Yamaya et al., 2007). A stock
solution of RV was added to the cells in round-bottom plastic
tubes (1 ml in each tube, 1.0 × 105 TCID50/mL, 0.13 TCID50/
cell of the multiplicity of infection). After 1 h of incubation, the
viral solution was removed, and cells were rinsed with PBS.
The cells were then cultured in 1 ml fresh medium (2% USG in
DMEM/F12) in the presence, or absence, of kakkonto extracts

diluted in culture medium. The kakkonto treatments were
initiated 1 h after infection and continued until the end of the
experimental period. To investigate the concentration-
dependent effects, cells were treated with 10, 20, or 50 μg/
ml kakkonto. The supernatants (1 ml) were collected before
infection, as well as 1, 3, 5, and 7 days after infection, and
rapidly frozen in ethanol at −80°C. The specific kakkonto
concentrations used in this study were determined based on
the detected concentrations of ephedrine/pseudoephedrine
and glycyrrhizic acid in the kakkonto solution. The specific
details of these calculations can be found in Concentration of
Index Components in Kakkonto Extracts.

Detection and Titration of Viruses
The detection and titration of RV14 in culture supernatants were
performed using the endpoint method by infecting proliferating
HEF cells in plastic 96-well plates containing 10-fold dilutions of
virus-containing supernatants with MEM supplemented with 2%
ultra-low IgG calf serum and antibiotics (105 U/L penicillin and
100 mg/L streptomycin), as described previously (Suzuki et al.,
2001; Yamaya et al., 2014). The typical cytopathic effects of RV
were then examined. The viral titers in the supernatants were
expressed as TCID50/mL.

Quantification of Rhinovirus RNA
The levels of RV14 RNA were determined using quantitative
reverse transcription-polymerase chain reaction (RT-PCR) with
TaqMan gene expression master mix (Applied Biosystems, Foster
City, CA, United States), as described previously (Yamaya et al.,
2011). The amount of RV14 RNA was normalized to that of
β-actin, which was used as a housekeeping gene.

Determination of Cytokine Concentration
IL-6 and IL-8 level were assessed using an enzyme-linked
immunosorbent assay (ELISA) performed by LSI Medience
Corporation (Tokyo, Japan) with a solid phase
chemiluminescent ELISA kit (QuantinGlo®; ELISA, R&D
Systems, MN, United States), and an IL-8 EIA kit (Invitrogen,
CA, United States). The levels of other cytokines were determined
by a multiplex suspension array (Genetic Lab Co., Ltd., Sapporo,
Japan) using a Luminex® assay system (Luminex Corp., Austin,
TX, United States) with a magnetic Luminex® assay human
premixed multi-analyte kit (R&D Systems Inc., Minneapolis,
MN, United States). The assay was performed according to the
manufacturer’s instructions. Briefly, all samples were diluted
using Calibrator Diluent RD6-52, and 50 μL of the diluted
samples were used for the assay customized to detect and
quantify TNF-α, IL-1β, IL-17C, IL-17E/IL25, granulocyte-
macrophage colony-stimulating factor (GM-CSF), monocyte
chemotactic protein-1 (MCP-1), thymic stromal lymphopoietin
(TSLP), thymus and activation-regulated chemokine (TARC),
eotaxin, and regulated on activation normal T cell expressed and
secreted (RANTES). The fluorescence intensity of each sample
was measured using a Luminex® 100/200TM system (Luminex
Corp., Austin, TX, US), and the concentrations of each analyte
were calculated using MILLIPLEX® Analyst 5.1 (Merck Millipore
Corp., Burlington, MA, United States).
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Measurement of Changes in Acidic
Endosomes
The distribution and fluorescence intensity of acidic endosomes
in the cells were measured with LysoSensor DND-189 dye
(Molecular Probes, Eugene, OR, United States) using live-cell
imaging (Lusamba Kalonji et al., 2015). The cells on coverslips in
Petri dishes were observed under a fluorescence microscope
(Olympus IX70; Olympus Co., Ltd., Tokyo, Japan). The
excitation wavelength was 443 nm, and the light emitted from
the cells was detected using a 505 nm filter. Fluorescence intensity
was calculated using a fluorescence image analyzer system
(Lumina Vision®; Mitani Co. Ltd., Fukui, Japan) equipped
with a fluorescence microscope. HNE cells were treated with
kakkonto (20 μg/ml) or media alone. The fluorescence intensity
of the acidic endosomes was measured in 100 cells, and the mean
value of the fluorescence intensity was expressed as a percentage
of the control value compared to the fluorescence intensity of the
cells prior to treatment.

Assessment of NF-κB Activation
Nuclear proteins were extracted from the nuclear extract kit of the
epithelial cells (Active Motif, Carlsbad, CA, United States). The
presence of translocated p50 and p65 subunits in the nuclear
extracts was assessed using a TransAM NFκB family kit (Active
motif, Carlsbad, CA, United States), according to the
manufacturer’s instructions. To examine the effect of kakkonto
on the NF-κB subunits in the HNE cells, the cells were pretreated
with kakkonto (20 μg/ml) or medium alone at 33°C for 24 h, after
which the nuclear proteins were extracted.

Statistical Analysis
Results were expressed as mean ± standard error (SE). Statistical
analysis was performed using two-way repeated-measures
analysis of variance (ANOVA). Student’s t-test or Mann-

Whitney U-test was used for comparison between two groups
according to the distribution patterns of the evaluated variables.
Statistical significance was set at p < 0.05. In all experiments, n
refers to the number of donors from whom the epithelial cells
were obtained. All analyses were performed using SPSS version 21
(IBM Japan, Tokyo, Japan).

RESULTS

Concentration of Index Components in
Kakkonto Extracts
LC-MS/MS analysis revealed that the concentrations of
ephedrine/pseudoephedrine and glycyrrhizic acid in the
kakkonto solution (100 μg/ml) were 363.0 ± 13.9 ng/ml and
867.3 ± 22.2 ng/ml, respectively. We then estimated the
concentration of ephedrine/pseudoephedrine in human serum
after administration of kakkonto to be up to 40–60 ng/ml (Yafune
and Cyong, 2001; Inotsume et al., 2009), and that of
glycyrrhetinic acid to be 100 ng/ml (provided by Tsumura and
Co.,) based on a previous study (Yamaya et al., 2007). The
40–60 ng/ml of ephedrine/pseudoephedrine was calculated to
apply 11.0–16.5 μg/ml of kakkonto extract and 100 ng/ml of
glycyrrhetinic acid was 20.2 μg/ml of kakkonto extract.
Therefore, we determined the concentration of kakkonto
extract to be 10 or 20 μg/ml in our experiments.

Effects of Kakkonto on Rhinoviral
Replication
The RV14 titer increased significantly until 7 days after infection
(p � 0.001; Figure 2). Treatment of HNE cells with 10 and 20 μg/
ml kakkonto 1 h after infection did not reduce RV titers (p �
0.36). However, the RV titer in the supernatants of the cells
treated with kakkonto tended to decrease slightly by 24 h post-
infection (h.p.i.). We then measured viral titers in the

FIGURE 2 | Time course of viral release into supernatants of HNE cells
infected with RV14 and treated with kakkonto (10 μg/ml, closed squares),
kakkonto (20 μg/ml, closed triangles), or medium only (open circles). Results
are presented as the mean ± standard error from four subjects.

FIGURE 3 | Viral release into supernatants of HNE cells treated with
20 μg/ml and 50 μg/ml kakkonto or cultured in medium alone and collected
24 h after RV infection. Results are presented as the mean ± standard error
from four subjects.
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supernatants of HNE cells treated with 50 μg/ml kakkonto
(Figure 3) and found that RV14 titers in the supernatants
collected 24 h.p.i. did not differ significantly from that of cells
cultured in medium alone or treated with 20 μg/ml kakkonto.

These results indicate that kakkonto extract did not inhibit RV
proliferation.

Effects of Kakkonto on RV14 RNA
Expression
To investigate the effect of kakkonto on the proliferation of RV14,
we determined the level of RV14 RNA in the cells 1 day post-
infection (d.p.i., Figure 4). Treatment with 20 μg/ml kakkonto
tended to decrease the amount of RV14 RNA; however, the
difference between kakkonto treatment and medium alone was
not statistically significant (p � 0.69).

Effects of Kakkonto on Endosome
Acidification
The treatment of HNE cells with 20 μg/ml kakkonto for 24 h
significantly reduced the number of green-fluorescent acidic
endosomes (Figures 5A,B), as well as the fluorescence
intensity of acidic endosomes compared to that of cells
cultured in medium alone (p � 0.027, Figure 5C).

Effects of Kakkonto on Cytokine Production
The concentration of IL-6 in the supernatants of untreated,
infected cells increased 24 h.p.i. (Figure 6A); whereas
treatment with kakkonto tended to reduce IL-6 levels in a
dose-dependent manner 24 h.p.i., however, this reduction was

FIGURE 4 | Relative amount of RV14 RNA in HNE cells treated with
20 μg/ml kakkonto compared to cells cultured in medium alone 24 h after
infection. Results are expressed as the relative amount (%) compared to that
of cells cultured in medium alone and presented as mean ± standard
error from five subjects. Kakkonto treatment did not reduce the relative
amount of RV14 RNA (p � 0.69).

FIGURE 5 | (A,B) Distribution of acidic endosomes exhibiting green fluorescence in HNE cells 24 h after treatment with kakkonto (20 μg/ml) (B) or medium (A).
Yellow arrows indicate acidic endosomes in HNE cells. Data are representative of four individual experiments. Magnification, ×400. (C) Fluorescence intensity of acidic
endosomes in HNE cells 24 h after treatment with kakkonto (20 μg/ml) or medium (control). The mean fluorescence intensity of the control cells was set at 100%.
*p < 0.05.
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not statistically significant. We also measured the
concentration of IL-6 3 d.p.i and found the concentration of
IL-6 in the supernatants of uninfected cells (control),
untreated infected cells, and kakkonto-treated infected cells
to be 9,027 ± 1,260, 9,773 ± 1,026, and 7,933 ± 570 pg/ml,
respectively. Kakkonto treatment tended to reduce the level of
IL-6 compared to that in the supernatants of the cells cultured
in medium alone, although this reduction was not statistically
significant (p � 0.19).

In untreated, RV-infected cells, we also observed that the
level of IL-8 significantly increased 24 h.p.i. compared to
uninfected controls (p � 0.013; Figure 6B). Meanwhile,
treatment with 10 or 20 μg/ml kakkonto significantly
reduced IL-8 production compared to the untreated,
infected cells (p � 0.031 and 0.021, respectively). We also
assessed IL-8 concentration 3 d.p.i. and found it to
142,667 ± 1,453, 149,333 ± 7,216, and 122,000 ± 7,638 pg/
ml in the supernatants collected from uninfected cells, infected
and untreated cells, and infected cells treated with kakkonto
(20 μg/ml), respectively. Thus, 20 μg/ml kakkonto treatment
tended to reduce IL-8 concentration 3.d.p.i compared to RV14
infection alone, although the difference was not statistically
significant (p � 0.059).

We also assessed the IL-8 level in the supernatant of cells
24 h.p.i. treated with individual extracts of the crude drugs

(Figure 6C). The concentration of each crude drug was
calculated as weight percentage of 20 μg/ml of kakkonto
extract; that is 4 μg/ml of Puerariae Radix, 3 μg/ml of
Ephedrae Herba and Zizyphi Fructus, and 2 μg/ml of
Cinnamomi Cortex, Glycyrrhizae Radix, Paeoniae Radix, and
Zingiberis Rhizoma, were applied. However, none of the crude
drugs significantly reduced IL-8 concentration in the
supernatants of RV14-infected cells (Figure 6C).

Furthermore, RV14 infection was found to increase the
concentration of TNF-α, IL-1β, GM-CSF, and MCP-1
(Table 3), while kakkonto treatment (20 μg/ml) tended to
reduce these effects. However, these differences were not
statistically significant due to the relatively large standard
errors (SE). We, therefore, elected to re-analyze this data by
comparing concentrations to those of uninfected control
supernatants (Table 4). RV14 infection was found to not
affect the supernatant concentration of IL-17C, IL-25, or
TARC. Meanwhile, TNF-α and MCP-1 levels in RV14-infected
samples treated with kakkonto were significantly lower than those
in untreated, RV-infected cultures (p � 0.036 and 0.033,
respectively). RV infection also increased the levels of IL1β,
GM-CSF, TSLP, while kakkonto treatment only slightly
reduced these effects, however, the differences were not
statistically significant. Also, RV infection tended to increase
eotaxin levels, however, kakkonto treatment did not impact

FIGURE 6 | (A,B)Release of IL-6 (A) and IL-8 (B) into culture supernatants 24 h after RV14 infection in the presence of 10 μg/ml or 20 μg/ml kakkonto, or after culturing
in medium alone (RV) or mock infection (control). *p < 0.05 significant differences compared to control cells in the absence of RV infection (control); (B). †p < 0.05 significant
differences compared to RV infection alone (RV). (C)Relative abundance of IL-8 released in culture supernatants 24 h after RV14 infection in the presence of each crude drug
of the kakkonto extract. Results are expressed as the relative amount (%) compared to cells cultured in medium alone (RV) and are presented as the mean ± SE from
three (A,B) and seven (C) HNE cultures. The concentration of each crude drug was calculated as the weight % of 20 μg/ml kakkonto extract.
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these effects. The levels of RANTES were below the level of
detection in seven of the nine samples.

Effects of Kakkonto on NF-κB
To investigate the mechanism underlying kakkonto-induced
cytokine production, we quantified the nuclear levels of NF-κB
subunits (p65 and p50) in HNE cells. Compared to the untreated
control, Kakkonto treatment (20 μg/ml) did not impact the levels
of p65 (Figure 7A) but significantly reduced the levels of p50
(Figure 7B) 24 h.p.i. (p < 0.05).

DISCUSSION

In the present study, we investigated the effect of kakkonto extract
on RV infection in primary cultures of HNE cells. Kakkonto
treatment did not reduce the RV14 titers or RNA levels, however,
it did significantly reduce the number, and fluorescence intensity
of, acidic endosomes, through which RV RNA enters the
cytoplasm of epithelial cells (Perez and Carrasco 1993;
Casasnovas and Springer 1994). These results indicate that the
effect of kakkonto on the modulation of endosomal pHmight not
be sufficient for inhibiting RV14 replication.

RV infection induces the production of various cytokines,
including IL-1β, IL-6, IL-8, TNF-α, GM-CSF, and MCP-1

(Message and Johnston, 2004; Jacobs et al., 2013; Schuler
et al., 2014). These pro-inflammatory cytokines and
chemokines play important roles in the subsequent innate and
adaptive immune responses. Despite their beneficial effects on
viral clearance from the respiratory tract, the generation of pro-
inflammatory mediators and the recruitment of inflammatory
cells results in immunopathological changes in the in airway and
may exacerbate airway inflammation (Message and Johnston,
2004). In the current study we observed that kakkonto treatment
decreased production of certain cytokines, namely, IL-8, TNFα,
andMCP-1 at 24 h. p.i., whereas it did not significantly reduce the
enhanced IL-6 level post-infection. Hence, Kakkonto extract may
exert an inhibitory effect on airway inflammation induced by RV
infection.

IL-8 plays an important role in neutrophil migration to sites of
inflammation. In fact, IL-8 concentration in sputum is reportedly
related to the severity of COPD and BA, as well as accelerated
reduction in forced expiratory volume (Shannon et al., 2008;
Dong et al., 2020; Marc-Malovrh et al., 2020). Meanwhile, IL-8 is
not only associated with neutrophilic, but also eosinophilic
inflammation, as IL-8-stimulated neutrophils lead to
accumulation of eosinophils (Kikuchi et al., 2006; Nakagome
and Nagata, 2018). IL-8 level was markedly reduced when HNE
cells were treated with kakkonto extract. Thus, considering that
the concentration of extracellular IL-8 was markedly reduced

TABLE 3 | Cytokine concentration in the supernatants of HNE cells 24 h after RV infection.

Cytokines and chemokines Control (n = 3) RV (n = 3) RV + kakkonto (n = 3)

TNF-α (pg/mL, mean ± SE) 8.2 ± 2.9 9.8 ± 4.4 5.2 ± 1.2
p value vs. control ― 0.79 0.39
p value vs. RV ― ― 0.41

IL-1β (pg/mL, mean ± SE) 8.1 ± 3.8 19.6 ± 15.5 12.4 ± 8.6
p value vs. control ― 0.83 0.83
p value vs. RV ― ― 0.83

GM-CSF (pg/mL, mean ± SE) 13.7 ± 3.4 19.2 ± 7.7 9.8 ± 2.5
p value vs. control ― 0.55 0.40
p value vs. RV ― ― 0.31

MCP-1 (pg/mL, mean ± SE) 1,170 ± 349 1,372 ± 537 628 ± 167
p value vs. control ― 0.77 0.24
p value vs. RV ― ― 0.26

IL-17C (pg/mL, mean ± SE) 122.0 ± 31.3 125.0 ± 51.9 124.2 ± 70.9
p value vs. control ― 0.56 0.70
p value vs. RV ― ― 0.31

IL-25 (pg/mL, mean ± SE) 89.0 ± 0.0 90.5 ± 8.0 90.4 ± 3.5
p value vs. control ― 0.86 0.74
p value vs. RV ― ― 0.99

TSLP (pg/mL, mean ± SE) 1.5 ± 0.2 1.7 ± 0.2 1.4 ± 0.1
p value vs. control ― 0.51 0.83
p value vs. RV ― ― 0.27

TARC (pg/mL, mean ± SE) 54.5 ± 1.8 56.5 ± 3.7 57.5 ± 3.0
p value vs. control ― 0.82 0.49
p value vs. RV ― ― 0.64

Eotaxin (pg/mL, mean ± SE) 22.3 ± 2.1 25.4 ± 4.6 24.9 ± 2.3
p value vs. control ― 0.64 0.49
p value vs. RV ― ― 1.0

RANTES data is not presented as it was below the level of detection in seven of nine samples.
HNE, human nasal epithelial; RV, Rhinovirus; SE, standard error; TNF, tumor necrosis factor; IL, interleukin; GM-CSF, granulocyte-macrophage colony-stimulating factor; MCP-1,
monocyte chemotactic protein-1; TSLP, thymic stromal lymphopoietin; TARC, thymus and activation-regulated chemokine; RANTES, regulated on activation normal T cell expressed and
secreted.
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following treatment of RV-infected HNE cells with kakkonto
extract, kakkonto may alleviate both neutrophilic and
eosinophilic inflammation in RV-infected airways.

RV14, the virus employed in the current study, represents a
major-group RV. This virus uses intercellular adhesion molecule-1
as a cell surface receptor for entry. After adhesion, viral antigen
recognition occurs via pattern recognition receptors in airway
epithelial cells. Toll-like receptor (TLR) 2, on the cell surface,

recognizes viral capsid proteins. After entering endosomes, TLR 3
and TLR 7/8 bind to double-and single-stranded RNA, respectively.
Interactions with these TLRs trigger activation of the NF-κB pathway
and increase production of interferon (IFN)-β, IFN-γ, IL-6, and IL-8
(Jacobs et al., 2013; Makris and Johnston, 2018; Ganjian et al., 2020).
Geng et al. reported that kakkonto treatment decreases the mRNA
and protein levels of TLR7 and myeloid differentiation primary
response 88 in murine lung tissues infected with H1N1 influenza

TABLE 4 | Cytokine concentration in the supernatants of HNE cells compared to control samples 24 h after RV infection.

Cytokines and chemokines Control (n = 3) RV (n = 3) RV + kakkonto (n = 3)

TNF-α (means ± SE) 1 1.11 ± 0.12 0.69 ± 0.07
p value vs. control – 0.38 0.051
p value vs. RV – – 0.036

IL-1β (means ± SE) 1 1.73 ± 0.77 1.22 ± 0.34
p value vs. control – 0.44 0.57
p value vs. RV – – 0.58

GM-CSF (means ± SE) 1 1.31 ± 0.23 0.72 ± 0.05
p value vs. control – 0.30 0.028
p value vs. RV – – 0.12

MCP-1 (means ± SE) 1 1.14 ± 0.18 0.56 ± 0.04
p value vs. control – 0.47 0.009
p value vs. RV – – 0.033

IL-17C (means ± SE) 1 0.96 ± 0.20 0.93 ± 0.35
p value vs. control – 0.49 0.49
p value vs. RV – – 0.51

IL-25 (means ± SE) 1 1.02 ± 0.09 1.01 ± 0.04
p value vs. control – 0.86 0.74
p value vs. RV – – 0.99

TSLP (means ± SE) 1 1.13 ± 0.02 0.95 ± 0.07
p value vs. control – 0.027 0.52
p value vs. RV – – 0.067

TARC (means ± SE) 1 1.04 ± 0.07 1.06 ± 0.06
p value vs. control – 0.62 0.41
p value vs. RV – – 0.84

Eotaxin (means ± SE) 1 1.16 ± 0.21 1.16 ± 0.23
p value vs. control – 0.53 0.56
p value vs. RV – – 1.00

Data are expressed as the ratio of cytokine concentration in the supernatants of RV-infected HNE cells to that in uninfected HNE cells (control).
HNE, human nasal epithelial; RV, Rhinovirus; SE, standard error; TNF, tumor necrosis factor; IL, interleukin; GM-CSF, granulocyte-macrophage colony-stimulating factor; MCP-1,
monocyte chemotactic protein-1; TSLP, thymic stromal lymphopoietin; TARC, thymus and activation-regulated chemokine; RANTES, regulated on activation normal T cell expressed and
secreted.

FIGURE 7 | Amount of p65 (A) and p50 (B) in the nuclear extracts of cells treated with or without 20 μg/ml kakkonto extract. *p < 0.05 significant difference
compared to control cells. Results are expressed as optical density and presented as mean ± SE from five HNE cultures.
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virus, indicating that kakkonto exerts an inhibitory effect on
activation of the NF-κB pathway (Geng et al., 2019). Hence,
kakkonto treatment, in the current study, was predicted to
decrease the abundance of NF-κB subunits, considering the
reduction in IL-8 and TNF-α levels in the supernatants of HNE
cells. However, although significant reduction was observed in the
number of p50 subunits, no effect was observed on the expression of
p65. Additionally, levels of IL-6, MCP-1, and IL-1β were slightly
reduced following treatment of RV-infected cells with kakkonto.
However, considering that the patients providing HNE cells in this
study were treated with inhaled corticosteroids (22.7%), nasal steroids
(45.5%), L-carbocisteine (45.5%), ambroxol hydrochloride (9.1%),
long-acting β2 agonists (22.7%), or macrolides (63.6%), the use of
these drugs may have influenced the RV titer or cytokine levels, as
well as the abundance of NF-κB. Indeed, these drugs were previously
reported to exert antiviral and anti-inflammatory effects against RV
infection (Suzuki et al., 2002; Yamaya et al., 2011; Yamaya et al., 2014;
Yamaya et al., 2016). In particular, the high rate of treatment using
nasal steroids may affect the levels of cytokines associated with
eosinophilic inflammation, such as IL-25, TALC, and eotaxin,
which were not affected by RV infection or kakkonto treatment.
In contrast, the results of the present study reflected the clinical
response of patients with chronic sinusitis or BA infected with RV.
Hence, kakkonto may be useful in inhibiting further inflammation
when these patients contract common cold.

Kakkonto is composed of seven crude drugs obtained from
Puerariae Radix, Ephedrae Herba, Zizyphi Fructus, Cinnamomi
Cortex, Paeoniae Radix, Glycyrrhizae Radix, and Zingiberis
Rhizoma. The antiviral and anti-inflammatory effects of each
crude drug have been investigated to some extent. For example,
Chang et al. reported that ginger (Zingiber officinale) and Paeonia
lactiflora inhibit human respiratory syncytial virus-induced plaque
formation in the airway epithelium by blocking viral attachment and
internalization (Chang et al., 2013; Lin et al., 2013). Nomura et al.
showed that influenza viral release is inhibited byGlycyrrhizae Radix
extract (Nomura et al., 2019). Meanwhile, Cinnamomum possesses
antiviral, antibacterial, antioxidant, and anti-inflammatory effects
(Kumar et al., 2019). Similarly, glycyrrhizin, themajor component of
Glycyrrhizae Radix, has been reported to exert anti-inflammatory
and antiviral effects on respiratory viruses, hepatitis viruses, and
human immunodeficiency virus (Fiore et al., 2008; Sun et al., 2019).
Moreover, puerarin, one of the components of Pueraria Radix, may
have an inhibitory effect on oxidative stress and apoptosis (Wei et al.,
2014). We previously reported that glycyrrhizin reduces RV release
in the supernatants of human tracheal epithelial cells (Yamaya et al.,
2007). Meanwhile, in the current study, although kakkonto extract
decreased the concentration of IL-8 in the supernatants of RV-
infected HNE cells, none of the crude drugs present in kakkonto
significantly impacted IL-8 levels. These results suggest that the
inhibitory effects of kakkonto extracts on IL-8 production may be
due to the overall effect of its constituent crude drugs. However, the
antiviral and anti-inflammatory effects of these crude drugs, as well
as their chemical components, and synergistic action, have not been
sufficiently elucidated and require further investigation to confirm
their efficacy.

Certain limitations were noted in this study. First, we did not
investigate the effects of each chemical component of kakkonto (e.g.,

ephedrine, puerarin, glycyrrhizin, cinnamaldehyde, and
paeoniflorin). Meanwhile, Wang et al. reported that puerarin
inhibits the expression of TNF-α, IL-6, and IL-1β in LPS-induced
murine lung tissue and reduces IL-8 production in A549 cells (Wang
et al., 2018). Glycyrrhizin also inhibits IL-8 production and NF-κB
activity in lung epithelial cells (Takei et al., 2008). Considering none
of the crude drugs significantly decreased the IL-8 levels after RV
infection, we speculated that these chemical components may also
exert cumulative effects on inflammation or immunoreaction after
RV infection. Second, we used 10–20 μg/ml kakkonto, as serum
ephedrine and pseudoephedrine concentrations may be 40–60 ng/
ml after administration of the kakkonto extract; whereas most
previous in vitro studies used > 30–300 μg/ml kakkonto (Chang
et al., 2012; Kitamura et al., 2014; Geng et al., 2019). Hence, more
significant results may have been attained had we employed higher
concentrations of kakkonto. Nevertheless, along with the primary
culture of HNE cells, the concentrations adopted in this study are
likely more reflective of the true physiological conditions of the
human body. Finally, the mechanisms of the anti-inflammatory
effect of kakkonto were not sufficiently investigated. A previous
study indicated that production of IL-8 is also associated withNF-κB
p50 activation (Das et al., 2012). Kakkonto might contribute to the
inhibition of cytokine production by reducing NF-κB activation,
although why it did not inhibit NF-κB p65 activation is unclear.
There is a need to evaluate the expression levels of proteins relevant
to the signaling pathway of NF-κB, such as p-p65, inhibitor-of-
kappa-B proteins (IκB), or IκB kinase. However, the measurements
of these proteins have been performed by usingmurine lung tissue or
human cell lines thus far (Zhou et al., 2017; Geng et al., 2019; Ma
et al., 2021). Further examination using primary cultures of HNE
cells is needed to analyze these factors.

The severity of viral infection reflects the regulation of virus
proliferation and the extent of virus-associated inflammation
(Lauder et al., 2013). Until now, more than 160 RV serotypes
have been identified (Basnet et al., 2019). Owing to little cross-
neutralization among serotypes, no RV vaccine has yet been
established, and no antiviral therapeutics for treating RV
infections are available (Jacobs et al., 2013). Here, we elucidated
that kakkonto may exert anti-inflammatory and immune-
modulatory effects on RV-infected cells, indicating that
kakkonto may be used as a treatment strategy for RV infection.

The present study revealed that kakkonto may exert an anti-
inflammatory effect following RV infection via suppression of
pro-inflammatory cytokine production. Specifically, kakkonto
may reduce inflammation induced by RV infection, thereby
reducing chronic airway inflammation. To our knowledge, this
is the first study to elucidate the effects of kakkonto extract on RV
infection in primary cultures of HNE cells. However, further
investigation is needed to elucidate the detailed mechanism of the
anti-inflammatory effects and clinical efficacy of kakkonto in
chronic respiratory diseases.
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Tradition to Pathogenesis: A Novel
Hypothesis for Elucidating the
Pathogenesis of Diseases Based on
the Traditional Use of Medicinal Plants
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Traditional medicines embody knowledge on medicinal plants that has been
accumulated through cultural evolution over millennia. In the latter half of the 20th
century, two approaches to medicinal plant research have been established: the
“Bench to Bedside” and the “Bedside to Bench” approaches which serve primarily
for the development of more efficient therapeutics. Here, we propose a third, novel
approach: from “Tradition to Pathogenesis” which aims to understand the
pathogenesis of diseases based on the cultural evolution of their respective
empirical treatments. We analyse multiple examples of diseases where the acting
mechanism of traditional treatments across multiple cultures points to the
pathogenesis of the respective disease. E.g., many cultures traditionally treat
rheumatism with anti-bacterial botanical drugs, which is at odds with our current
understanding that rheumatism is an aseptic inflammation. Furthermore, gastric
ailments have traditionally been treated with anti-infectious botanical drugs
indicating local infections, as demonstrated by the discovery of Helicobacter pylori
as a common cause of gastric ulcer. Understanding traditional treatments can thus
help to elucidate the pathogenesis of the disease.

Keywords: traditional medicine, pharmacology, pathogenesis, mechanism of action, Evolution, Cultural evolution

CO-EVOLUTION OF TRADITIONAL MEDICINE AND MEDICINAL
PLANTS

Recent anthropological research data have led to the astounding conclusion that traditional
herbal medicine has most probably a longer history than mankind: Apes have been observed to
use medicinal plants for the treatment of diseases (Huffman, 2001). Moreover, human
populations that settled in the same region of Africa use the same plants with very similar
indications (Huffman, 2001). One example for this transfer of medicinal knowledge from
animals to humans is Vernonia amygdalina Del. Chimpanzees (Pan troglodytes) have been
observed on numerous occasions to chew on the bitter pith of this plant as self-medication in
case of parasitic nematode infections (Huffman, 2001). Traditional healers of the WaTongwe
people of the Mahale Mountains in Tanzania, where the use of V. amygdalina by Chimpanzees
has also been observed, use this plant for intestinal parasites, diarrhoea, and stomach upset.
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Phytochemical research has demonstrated that sesquiterpene
lactones in V. amygdalina possess anthelmintic, antiamoebic,
antitumor, and antibiotic properties (Huffman, 2001).

We can thus propose a long-term co-evolution between
man and his food and medicinal plants, resulting in the
adaption of human pharmacology to the bioactive plant
metabolites. The fact that already Neanderthals 50.000 years
ago used yarrow (Achillea millefolium) and camomile
(Matricaria chamomilla) - two plants still registered as
medicinal plants in the European Pharmacopoeia - as well
as poplar buds (Populus spec.) (Hardy et al., 2012; Weyrich
et al., 2017) as medicine, demonstrates that contemporary
phytotherapeutic practice goes back to the dawn of man.
The accumulated body of knowledge (referred to as
“tradition” or “culture”) is transferrable from person to
person as humans and their closest relatives are further able
to learn successful behaviours. The process of the
improvement and distribution of this knowledge can be
referred to as “cultural evolution.” The evolutionary
pressure that drives this cultural evolution is the survival
benefit for tribes with knowledge of effective treatments.
Just as for the use of single herbs, their traditional
combinations evolved over time. Various prescriptions
include the same medicinal plants in different combinations as
the individual effects i.e., anti-inflammatory, mucoprotective or
microcirculation enhancing, add to the synergistic effect of the
whole. This is referred to as multicomponent-multitargeted

therapy. These considerations enable us to understand the
pathological processes of diseases by analysing the
commonalities in the pharmacological properties of
traditional medicinal plant drugs used in multiple cultures
to treat the disease. This approach constitutes a new possible
use of pharmacognosy, a discipline that has for the past
century been dominated by two approaches, the “bench to
bedside” and the “bedside to bench” approach.

THE TWO ESTABLISHED HYPOTHESIS OF
MEDICINAL RESEARCH

Both the “bench to bedside” and the “bedside to bench” approach
are based on the application of the ideas of modern biomedicine
to the medicinal plants and practices of traditional medicine. In
the “bench to bedside” approach, pure chemical compounds are
isolated from medicinal plants and tested by high throughput
screening for their activity in various in vitro model systems as
potential drugs.

The alternative “bedside to bench” approach uses modern
biochemistry and pharmacology in order to characterize
traditional medicinal plant preparations and their acting
mechanisms, and to develop refined extracts. Based on this
approach, bioassay guided fractionation can be applied in
order to develop advanced herbal medicinal products with
improved therapeutic activity (Figure 1).

FIGURE 1 | (A) From “active compounds of the drug,” to its “traditional therapeutic application,” or “pathogenesis of the disease.” (B) Bench to Bedside:
Pathogenesis + Active compounds known → Therapeutic applications unknown. (C) Bedside to Bench: Pathogenesis + Therapeutic application known → Active
compounds unknown. (D) Tradition to Pathogenesis: Active compounds + Therapeutic application known → Pathogenesis unknown.
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TRADITION TO PATHOGENESIS: A THIRD,
NOVEL HYPOTHESIS OF MEDICINAL
RESEARCH
Here, we propose a third way of medicinal plant research: We
propose that the traditional use of botanical drugs may clarify the
pathogenesis of modern diseases. The known bioactivities of the
plant constituents and their traditional application might thus
help to understand the pathological processes of the treated
disease. Figure 1 intends to visualize that if two of the three
items “traditional therapeutic application,” “active compounds of
the drug” and “pathogenesis of the disease” are known, the third
can be researched based on the other two. E.g., in “bench to
bedside,” a compound and its pharmacology are known, the
research aims to find a fitting therapeutic application. In “bedside
to bench,” the traditional therapeutic application and the
pathophysiology of the treated disease are known, research
aims to find the respective active components (of the plant
extract). Our new proposal completes the logical triangle by
using the known traditional therapeutic application of the
plant - and its known compounds with known activities - for
research that aims to find the pathophysiology of the treated
disease. This approach can thus be called “Tradition to
Pathogenesis” in line with the two previously established
approaches. The knowledge of medicinal plants thus helps to
understand the shared pathogenesis or association of different
diseases and the association between traditional and modern
biomedical based pathogenesis.

The idea of predicting the source of evolutionary pressure
from an observed adaptation is not new. In 1862, Charles Darwin
predicted that the 40 cm long nectary of the Madagascan orchid
Angraecum sesquipedale Thouars indicated that there must be a
pollinating insect with an equally long proboscis (Darwin, 1862).
This was confirmed in 1903 when the sphinx moth Xanthopan
morganii praedicta was discovered by W Rothschild and K
Jordan. Here, we apply the same line of reasoning to the
cultural evolution of medicine for the first time.

LEARNING FROM HISTORY

Helicobacter pylori as the Causative Agent
of Gastric Ulcers
As one example, in the 1980s, it was found that the bacterium
Helicobacter pylori can cause peptic ulcers - a discovery honoured
with the 2005 Nobel Prize in medicine to JR Warren and BJ
Marshall (Marshall et al., 1985). This result could have been
anticipated as numerous systems of traditional medicine
worldwide treat peptic ulcers with herbal drugs that exert
pronounced anti-bacterial properties.

One amongst several such examples are the plant drugs from
Glycyrrhiza spec. (G. glabra L. and G. uralensis Fisch.exDC.) that
are used as remedies against peptic ulcers from the Atlantic to the
Pacific, and the anti-bacterial activity of which is well
documented in the literature (Verheijen, 1948). Recent
experimental work has verified the effectiveness of Glycyrrhiza
spec. extracts against Helicobacter pylori (Asha et al., 2013).

Typical active constituents of Glycyrrhiza spec. are triterpene
glycosides like saponins such as glycyrrhizic acid (Figure 2).

Another famous plant drug against gastric ulcers is the
Mediterranean species Cistus creticus L. (including some other
species of the same genus). In Cretan traditional medicine, small
clumps of labdanum resin, which is collected from the leaves of
the plant, are swallowed with Raki as a traditional treatment for
gastric ulcer (oral communication, Nyktaris Dimitris, Crete). In
Turkish and Italian traditional medicine, tee infusions of the
flowers and leaves are used in the same indication and have been
successfully tested in animal models (Attaguile et al., 1995;
Yesilada et al., 1997). Direct activity of Cistus spec. extracts on
Helicobacter pylori cultures in vitro have also been reported
(Yesilada et al., 1999). However, in the ancient East
Mediterranean, the plant found much wider uses as incense,
anti-infective, and for wound treatment (Husemann, 1889;
Zohary, 1983). Most recently, a strong activity of the volatile
oil phase of the extract against Borrelia burgdorferi in vitro, could
be demonstrated (Hutschenreuther et al., 2010; Kuchta et al.,
2012; Rauwald et al., 2013). This volatile oil is mainly
characterised by manoyloxides such as (manoyloxide, 3-
acetoxy-manoyloxide, 3-hydroxy-manoyloxide-epimanoyloxide,
2-keto-manoyloxide), (Figure 3) (Kuchta et al., 2012).

In our previously published research (Rauwald et al.,
2019), we were able to show that these manoyloxides are
specific for labdanum from Cretan C. creticus. Besides
monoterpenes, simple alkanes were dominant in Spanish
labdanum - traditionally prepared by hot water extraction
of the aerial parts of Cistus ladanifer L., whereas only traces of
the major anti-bacterial and anti-viral manoyloxide
constituents could be detected (Rauwald et al., 2019). This
corresponds with the historical development of the use of
labdanum in European traditional herbal medicine: After the
Ottoman conquest of Crete in 1645, Western European
doctors shifted from Cretan labdanum to Spanish
labdanum for the treatment of infectious diseases. Shortly
thereafter, labdanum largely fell out of pharmaceutical use in
most areas outside of the natural range of C. creticus
(Rauwald et al., 2019). Labdanum of Cistus ladanifer L.
continues to be used for perfume.

Apart from marker compounds of medicinal plant drugs, we
also have “markers” for judging treatment response. The aim of
medical treatments has changed from “absence of symptoms” in
traditional medicine to “absence of analytical marker compounds
or organisms in the human body” today. Consequently, a direct
comparison of antibacterial in vitro effects of plant extracts (based
on historical documents) with that of mono-molecular antibiotics
will often give confusing results. In the case ofH. pylori, about one
third of the world population test positive for its presence in the
stomach, although only a small fraction of these will ever develop
gastric ulcer. In the vast majority of cases, H. pylori remains
present but inactive. As traditional healers had no means of
detecting the bacteria in the human organism, they could only
judge the success of their therapy based on the symptoms of their
patients. Consequently, the restoration of this inactive, symptom
free state was the adaptive peak in the cultural evolution of
traditional medicine.
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Based on the above example of H. pylori, we have
collected data on two other diseases where the apparent
mechanism of action of traditional herbal medications
across a multitude of cultures should help to clarify the
underlying pathogenesis.

Rheumatoid Arthritis and Spirochaeta
Infection
One of the most interesting and most consistent correlations
between seemingly unrelated traditional indications of medicinal
plants in numerous human cultures is the correlation between
syphilis and rheumatoid arthritis.

For example, in Japanese Kampo medicine, the main
indication for Smilax china L. is syphilis. The same is true for
its most common formulation “Hachimitaigeho,” which is
further used against numerous infectious and inflammatory
diseases of the female reproductive system (Otsuka et al.,
2016). In addition, in the Chinese “Bencao Gangmu,” the
most extensive and famous compendium of classical Chinese
drugs, rheumatoid arthritis is mentioned as a secondary
indication (Luo, 2003). Its most significant active components
are triterpenes like sarsasapogenin (Figure 4).

We find both indications in Western Herbal Medicine, where
the Mesoamerican species of the same genus, mainly Smilax
aristolochiifoliaMill. (syn. S. medica Schltdl.&Cham.) and Smilax
officinalis Kunth are used. In the Eclectic Medicine Tradition of
the United States but also in Europe, these species were used as
the preferred herbal remedy for syphilis, especially in the chronic
stage of the disease, and also highly recommended for the
treatment of rheumatic affections (Felter and Lloyd, 1905;
Pereira and Brown, 1855). It is interesting to note that the
British pharmacognosist Jonathan Pereira, one of the most
famous of his time, already theorised a hidden “venereal
origin,” i.e., syphilis infection, as a possible cause of
rheumatism (Pereira and Brown, 1855) and Felter and Lloyd
(Felter and Lloyd, 1905) alsomention “gonorrhoeal rheumatism.”

Another medicinal plant that was intensively used against
syphilis is the so called “lignum vitae,” the resin or alcoholic
extract of the wood of the Caribbean trees Guaiacum officinale L.
or Guaiacum sanctum L. After the epidemic spread of syphilis
through Europe in the 15th century, these drugs were imported in
large quantities and praised for their effectiveness in the
treatment - or at least suppression - of the disease. One of the
first patient narratives in the history of medicine were the treaties
“De morbo Gallico” (1519) by the German knight and scholar

FIGURE 2 | Glycyrrhiza uralensis Fisch.exDC. and its active constituent glycyrrhizic acid.

FIGURE 3 | Cistus creticus L. and its active manoyloxides.
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Ulrich von Hutten, who suffered from syphilis himself and
described his own treatment (von Hutten, 1533). Among the
therapies von Hutten described, Guaiacum resin seems to have
been the most effective. Soon, the same drug also found use
against rheumatoid arthritis and even as late as 1907, the “British
pharmaceutical codex” of the Pharmaceutical Society of Great

Britain describes an alkaline solution of Guaiacum resin which
“use is empirical in chronic rheumatism, rheumatoid arthritis,
and syphilis” (Pharmaceutical Society of Great Britain and
Council: University College, 1907). Major components of
Guaiacum resin are lignans like dehydroguaialignan and
furoguajacin (Figure 5).

FIGURE 4 | Smilax china L. and its active constituent sarsasapogenin.

FIGURE 5 | Guaiacum officinale L. and its active constituents dehydroguaialignan and furoguajacin.

FIGURE 6 | Kigelia africana (Lam.)Benth. and its active constituents kigelin and minecoside.
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Turning to African traditions, a considerable amount of
medicinal knowledge has been documented during the last
two centuries. Also in this tradition, an example of the dual
use of the samemedicinal plant against both, rheumatoid arthritis
and syphilis features very prominent: “Both the unripe fruits and
the bark of the sausage tree Kigelia africana (Lam.)Benth. are
taken as a traditional remedy for syphilis and rheumatism”
(Neuwinger, 1996; Orwa et al., 2009). Potentially active
constituents are kigelin and minecoside (Figure 6). K. africana
has also been shown to interfere with the response of bacteria to
quorum sensing autoinducer compounds that inform the
microbes about the density of their own population in several
types of bacteria. This mechanism therefore facilitates the
manipulation of bacterial growth speed making it a promising
candidate for developing the ancestral knowledge of Traditional
African medicine to a future in the context of integrative
medicine (Kahumba et al., 2015).

Bacterial Translocation Through the “Leaky
Gut” and the Pathogenesis of “Autoimmune
Diseases”
The above described cultural evolution of therapeutic procedures
does not only apply to the traditional use of medicinal plants but
also to empirical experience in the use of modern medicine. In
this context, interesting observations concerning the therapy of
chronic diseases of the bone and joints in correlation with
potential gastrointestinal infections have been reported.

Sulphonamides are a class of antibiotic agents that were
developed in Germany during the 1930s. They suppress the
enzyme dihydropteroate synthase and inhibit the
incorporation of para-aminobenzoic acid into folic acid. The
affinity of sulphonamides for the bacterial enzyme is about
10,000 times greater than its affinity for the corresponding
mammalian enzyme. However, the sulphonamide
sulfamethoxazole, which was introduced to the US in 1961 as
a remedy for bacterial infections such as urinary tract infections
and bronchitis, soon developed a secondary, purely empirical
career in the therapy of alleged “autoimmune diseases” and
especially osteoarthritis (Rozin, 2007). These observations are
not limited to sulfamethoxazole. The related sulfasalazine is also
capable of suppressing clinical symptoms and biochemical signs

of rheumatoid arthritis (Neumann et al., 1983; Pullar et al., 1983).
Sulfasalazine can further be used for joint-pain associated with
inflammatory bowel disease. Its use has however declined because
of side effects (Voulgari, 2011). Instead, 5-aminosalicylic acid
(mesalazine) is used, which is devoid of the antibacterial
sulphonamide group in the molecule (Figure 7).

These empirical developments of the clinical use of
chemosynthetic agents - a short term “cultural evolution” if
you like - have already repeatedly led to publications of
theories proclaiming the bacterial origin of rheumatism
(Rozin, 2007; Neumann, 1988). These theories could however
not enter the clinical mainstream as bacterial products could not
yet be detected in the liquid after joint puncture. In this context of
inflammation and intractable bacterial infection, spontaneous
bacterial peritonitis in liver cirrhosis is one of the rare cases
where standard therapy consists of broad-spectrum antibiotics,
even though no bacterium is found in the ascites. For diagnosis,
abdominal pain and elevated leucocyte or neutrophil count
within the ascites are sufficient. As for Crohn’s disease, NOD2
variants are genetic risk factors for bacterial translocation
(Appenrodt et al., 2010).

Bacterial translocation is also of highest interest in relation to
the so called “leaky gut” syndrome, which is currently at the
centre of the scientific discussion concerning the pathogenesis of
diverse “autoimmune diseases.” In pathologic conditions, the
permeability of the gut epithelial lining can be compromised
allowing the passage of toxins, antigens, and bacteria in the lumen
to enter the blood stream creating a “leaky gut.” Commensal
bacteria from the gut lumen are able to escape from a “leaky gut”
together with their products, inducing inflammation and even
systemic tissue damages if translocated into peripheral circulation
(Brenchley and Douek, 2012). The increased membrane
permeability of the intestinal mucosal barrier appears to
further correlate with a host of clinical disorders including:
inflammatory and functional bowel disease, food allergies,
allergic disorders, rheumatoid arthritis, celiac disease, and
chronic dermatological conditions (Porras et al., 2006; Zhou
et al., 2009).

All the above hints strongly to an antibacterial therapy regime
as a promising treatment approach. Further treatment
considerations should include modulation of the intestinal
flora or mucosal protection, both of which are available in

FIGURE 7 | Sulfamethoxazole Sulfasalazine Mesalazine (5-aminosalicylic acid).
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herbal therapies such as Glycyrrhiza glabra (Asha et al., 2013),
Cistus spec. (Attaguile et al., 1995; Yesilada et al., 1997), or the
Japanese Kampo prescription Juzentaihoto (Otsuka et al., 2016).

The Cultural Evolution of “Off Label Uses”
for Active Constituents
The observation already described by Darwin (Darwin, 1871) that
evolutionary processes - replication, mutation, and selection of
information - occur throughout all aspects of human culture
poses the question whether the historical repurposing of a
medicines - as proposed above i.e., for sulphonamides - can be
compared with the development of traditional medicine through
cultural evolution. This includes many cultural practices such as
therapeutic applications and can - also in the case of synthetic
drugs - lead to the development of “off label uses” via the
described evolutionary processes. Their empirical use can
evolve in the same way as for herbal remedies, a form of
“short-term cultural evolution” that shall serve here as an
introductory example: 5-FU is a chemotherapeutic agent that
acts as a wrong base analogue based on its structural similarity
with the pyrimidine base cytosine and thymidine (DNA) and
uracil (RNA). It has been used as therapy for gastrointestinal
cancers since the 60s (Figure 8). Whereas most cases show
tumour regression upon 5-FU therapy, some cases react to
this agent with - as of yet unexplained - complete tumour
remission.

In order to understand these varying response rates, we might
look at alternative uses for 5-FU, namely as a mutagenic agent for
RNA viruses. The antiviral activity of 5-FU against the lymphocytic
choriomeningitis virus was demonstrated in an animal model and
has been interpreted to predict a potential efficacy for other
arenaviruses, such as Lassa fever (Ruiz-Jarabo et al., 2003). As 5-
FU boosts the rate of mutations via incorporation during viral RNA
synthesis it is a prime candidate for research into approaches for
anti-viral therapy based on the quasi-species model of RNA virus
evolution. This effect has been experimentally demonstrated, e.g., for
influenza viruses (Pauly and Lauring, 2015). As 5-FU is an anti-
mitotic agent which also inhibits thymidylate synthase, it further
prevents DNA synthesis. In this context it has been shown that for
noncancerous manifestations of human papilloma virus (HPV), a
group of DNA viruses of which certain strains cause common warts

(verruca vulgaris), local application is effective (Kollipara et al.,
2015).

The quasi-species model (Eigen, 1971; Eigen, 1996) proposes
that it should be possible to cure viral infections by boosting the
mutation rate of the viral genome above the selection rate of the
surrounding evolutionary pressure. Above this error threshold
(Biebricher and Eigen, 2005), nonsense mutants are generated
faster than they can be selected against, resulting in a meltdown of
the genetic information that is referred to as “error catastrophe”
(Eigen, 2002).

The bench to bedside research on potential therapeutic agents
that target the viral “error catastrophe” has not yet resulted in
approved drugs for clinical use. However, newer research into
human resistance mechanisms against HIV-AIDS indicate that
the human immune system itself applies precisely this antiviral
strategy in form of the APOBEC3G protein that initiates an
increased mutation rate in the viral genome (Malim, 2009). This
mechanism appears to be evolutionarily conserved and not just
active against HIV but also hepatitis B virus, simple retroviruses,
and even endogenous retroelements (Holmes et al., 2007).

Can we therefore assume, that those gastrointestinal tumours
which quickly and completely recede under 5-FU might be
caused by viral infection at the initial stages?

Could the viral “error catastrophe” or the APOBEC3G system
be a potential target of traditional antiviral plant drugs with as of
yet unknown mechanisms of action?

Similar reasoning also applies to numerous traditional
medicinal plants and their use.

One of the most impressive examples is certainly Artemisia
annua L. and its constituent artemisinine. Based on the
traditional application of the fresh plant juice in the treatment of
malaria as documented in the Zhou Hou Jiu Zu Fang (A Handbook
of Formulas for Emergencies), written in 340 AD by the Chinese
physician and Daoist philosopher Ge Hong, Tu You-you et al. (You-
you, 1982a; You-you et al., 1982b) isolated the active sesquiterpene
lactone artemisinine, that has since been marketed worldwide as a
treatment for malaria (Plasmodium falciparum). This research was
later honoured with the 2015Nobel Prize in Physiology orMedicine.
After their introduction however, artemisinine and its derivatives
like artesunate have proven effective in a number of ailments
seemingly unrelated to malaria. These “off label uses” include
most prominently the use of Artemisia annua and artemisinin
for cancer therapy (Efferth, 2017; Efferth, 2006), their activity
against viral infections (Efferth et al., 2008) even including
hepatitis C virus (HCV) infections (Efferth et al., 2008; Dai et al.,
2016), and their ability to attenuate arthritis (Lin et al., 2016). The
question, if and how these seemingly unrelated activities are
connected and if e.g., viral or protozoal infections might play a
role in the development of arthritis might be an interesting starting
point for future research.

Galantamine, an alkaloid isolated from Galanthus woronowii
Losinsk., has shown a similar broad therapeutic versatility. It was
originally developed based on the local use in the treatment of
poliomyelitis documented in an observational study in the Caucasus
Mountains (Heinrich, 2010). In 1951, Mashkovsky and Kruglikova-
Lvov (Mashkovsky and Kruglikova-Lvov, 1951) published the first
work that establishes the acetyl-choline esterase inhibiting properties

FIGURE 8 | Fluoruracil (5-FU).

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 7050777

Kuchta and Cameron Traditional Knowledge and Pathogenesis

52

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


of isolated galantamine. Its indication soon broadened to also
include myasthenia gravis and muscular dystrophy, residual
poliomyelitis paralysis symptoms, trigeminal neurologica, and
other forms of neuritis. The scientific rationale for using
cholinesterase inhibitors like galantamine in the management of
Alzheimer’s disease is based on the cholinergic hypothesis.
Impairment of the central cholinergic system is typically observed
in Alzheimer’s patients and is accompanied by a loss of cholinergic
neurons in the forebrain and a marked decrease in the activity of
choline acetyltransferase. Overall, galantamine represents an
example for the successful ethnobotanydriven development of a
natural product into a clinically important drug (Heinrich, 2010).

Bone Turnover Related to Improved
Testicular Functions
It is very striking that through numerous medicinal traditions
around the world, identical plants are used both for osteological
ailments like osteoporosis and for accelerating the healing of broken
bones, as well as for the treatment of male sexual dysfunctions like
infertility and decreasing sperm production. Whereas numerous
“aphrodisiac” effects are reported from local medicine worldwide,
this specific effect is most strongly correlated with the parallel use of
the same plant in osteology. E.g., in Sub-Saharan Africa and in India,
Cissus quadrangularis L. extracts are used in both of these indications
(Neuwinger, 1996). Typical constituents of these extracts are
stilbenoids like quadrangularin A and pallidol (Figure 9).
Extracts of C. quadrangularis have been experimentally
demonstrated to accelerate the healing of fractured jaw bones in

an animal model (Brahmkshatriya et al., 2015), to alleviate bone
deterioration in osteotomized rats via p38 MAPK signalling
(Kanwar et al., 2015), to up-regulate the matrix mineralization of
human osteoblast like SaOS-2 cells (Muthusami et al., 2011), and to
enhance biomineralization through up-regulation of MAPK-
dependent alkaline phosphatase activity in osteoblasts
(Parisuthiman et al., 2009). The validity of the traditional use of
the same plant for increasing sperm production has also been
experimentally validated (Neuwinger, 1996). Most recently,
extracts of C. quadrangularis were demonstrated to prevent
quinalphos induced male reproductive toxicity in an animal
model (Kokilavani et al., 2014). For the similarly used closely
related species Cissus populnea Guill.&Perr. a proliferation effect
on the sperm producing TM4 Sertoli cell line was observed (Osibote
et al., 2011).

In East Asia, we find several medicinal plant drugs with the
same pattern of dual traditional use. Especially for species of the
genus Epimedium (e.g., E. grandiflorum C. Morren) numerous
uses in both indications are known. A review of its uses in
osteoporosis therapy has been published by Zhai et al. (Zhai
et al., 2013). It was shown to induce bone neoformation, to reduce
osteocyte and osteoclast densities (Burim et al., 2016) and to
induce osteogenesis from bone marrow mesenchymal stem cells
(Kim et al., 2017). These effects have mainly been attributed to its
prenylated flavonol glycoside icariside II, which can enhance the
osteogenic differentiation of bone marrow stromal cells (Luo
et al., 2015), and icariin, which modulates the process of bone
formation via the BMP-2/Smad4 signal transduction pathway
(Figure 10) (Liang et al., 2012). Furthermore, in a mouse model,

FIGURE 9 | Cissus quadrangularis L. and its active constituents quadrangularin A and pallidol.
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significant increases of testicular weights, sperm counts and
sperm motility were observed under treatment with the total
flavonoid fraction of the drug (Yuan et al., 2014). In an in vitro
model, isolated icariin was shown to promote the proliferation of
Sertoli cells by activating the ERK1/2 signal pathway. In a parallel
study the prenylflavonoid (i.e., icariin derivatives) fraction of an
extract of leaves of the closely related species E. koreaum was
shown to exert powerful protective effects on ovariectomy
induced osteoporosis in rats by stimulating bone formation
and inhibiting bone turnover and bone resorption, suggesting
that the extract fraction could be an alternative to hormone
replacement therapy for the prevention of postmenopausal
osteoporosis (Zhao et al., 2016).

The above discussed case of the application of Epimedium
spec. for both osteoporosis and sexual dysfunction reflects the
symptom pattern in traditional East Asian medicine systems
referred to as “decreased kidney function.”

Yet another East Asian plant drug for which this dichotomy of
indications can easily be observed is Panax ginseng C.A.Mey
(Figure 11). In both, in vitro and animal models Korean Red
Ginseng was shown to prevent radiation-induced bone loss (Kim
et al., 2015) and to counteract glucocorticoid-induced osteoporosis
(Lee et al., 2013). In a trial with elderly rats, sperm number, germ cell
count, Sertoli cell count and Sertoli cell index were significantly
restored (Kopalli et al., 2015). In similar experiments, a significant
increase of testicle weight was observed (Kim et al., 2010) and

testicular damage through 2,3,7, 8-tetrachlorodibenzo-p-dioxin was
minimised (Kim et al., 1999).

One possible explanation for the described twofold activity of
numerous plant drugs on both the bone and the testicular system
may lie in the close ontological relation between the testicular
cells and the bone marrow cells in vertebrate ontogenesis
(Nayernia et al., 2006). This is especially true for bone marrow
cells, in the case of which a direct effect of P. ginseng extracts has
been experimentally observed (Kim et al., 2014).

The testicular functions are mainly regulated via androgenic
hormones like testosterone (Kopalli et al., 2015), whereas the
formation of bone tissue depends on the p38 MAPK signalling
(Kanwar et al., 2015). Recent research points to a regulatory
connection between the early steps of these two pathways (Jin et al.,
2010; Banerjee et al., 2016; Chen et al., 2016). It therefore seems likely
that the traditionally used plant extracts interact with pharmacological
targets early in the regulatory pathways. However, experimental data in
this regard are sparse and much further research is needed.

The presented insights into this field may not only give us a
deeper understanding of male reproductive problems but also
lead to “new” approaches in the treatment of common
osteological diseases like osteoporosis and further to adjuvant
treatments for bone fractures. Last but not least, the possibility of
prevention of bone loss may be of interest for deep space travel as
a pharmaceutical approach to prevent the ensuing bone loss from
microgravity.

FIGURE 10 | Epimedium grandiflorum C.Morrenv and its active constituents icariin and icariside II.
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CONCLUSION

Based on the above presented series of documented cases of dual use of
the samemedicinal plant for seemingly unrelated diseases from various
systems of traditional medicine worldwide, as well as by theoretical
considerations grounded on the principles of biological and cultural
evolution, we propose “Tradition to Pathogenesis” as a completely new
approach in medicinal plant research: Using the known
pharmacological properties of medicinal plants and the documented
empirical knowledge of their use, it is possible to gain a new
understanding of the pathogenesis of the treated diseases. The study
of the “disease symptom patterns” (Chin. Zheng) (Zhao et al., 2015)
that are traditionally associated with certain herbal drugs and drug
mixtures, may be an important guiding light for future discoveries.

In such traditional medicinal systems like in Traditional Chinese
Medicine (TCM), Ayurveda, and Kampomedicine the empirical use
of medicinal plants are traditionally not based on the modern
knowledge of physiology. However, they contain internally
consistent theories of pathogenesis. Anthropologically, these
theories of pathogenesis in traditional medicinal systems seem to
be based on the accumulation of empirical traditional knowledge
over the centuries that was later systematised. Empirical traditional
knowledge is - just as any other cultural tradition - subject to cultural
evolution. In the context of medicine, this means that successful
treatments are remembered and replicated whereas unsuccessful
treatment attempts are forgotten or discarded if toxic. However,
treatment success depends on 1) human physiology and 2) the
pathophysiology of the disease. These two factors form the
equivalent of Darwinian evolutionary pressure in the cultural
evolution of traditional medicine. Thus - although traditional
medicine is not based on the modern knowledge of human
physiology, biochemistry or genetics - underlaying information is
“imprinted” onto the traditional theories of pathogenesis by cultural
evolution. Traditional medical knowledge therefore exhibits an a
priori internal structure that corresponds to human pharmacology
and physiology, long before these were scientifically understood.

The idea that human cultures undergo a similar evolutionary
process as genetic evolution goes back at least to Darwin himself

(Darwin, 1871). The first dynamic model of gene-culture co-
evolution based on Darwin’s principles was published in 1976 by
Feldman and Cavalli-Sforza (Feldman and Cavalli-Sforza, 1976). For
example, the above discussed case of the traditional application of
Epimedium spec. for both osteoporosis and sexual dysfunction
reflects the symptom pattern in traditional East Asian medicine
systems referred to as “decreased kidney function”. I.e., these
applications of Epimedium spec. have a direct footing in human
physiology that was “imprinted” onto the traditional medicine
system by cultural evolution. This application of the previously
established concept of cultural evolution to traditional medicine and
pathophysiology is highlighted in our present work for the first time.
It is of note that in modern pathophysiology the suprarenal glands
are involved in both bone turnover (cortisol, zona fasciculata) and
the production of sexual hormones (zona reticularis).

Whilst the isolation and search for single acting compounds from
plants did not lead to a further boost of new chemical drugs, as was
seen for salicine, codeine, morphine, digitoxin, irinotecan,
vincristine, and taxol, the unlifted treasure lies in the clarification
of acting mechanisms of traditional herbal extracts. How the theory
of cultural evolution can be applied in order to correlate Traditional
to Modern pharmacology is an interesting topic for a wide array of
future research. Here, we are focusing on the modern understanding
of pathological processes based on traditional views on pathogenesis
as a first step towards this aim.
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Progress and Research Trends on
Catha edulis (Vahl) Endl. (Catha
edulis): A Review and Bibliometric
Analysis
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Catha edulis (Vahl) Endl., known as Catha edulis or Khat is a traditional and regional plant
for chewing, smoking and drinking, that has posed a worldwide public health problem due
to its recent emerging abused consumption. In the face of the massive use ofCatha edulis,
we reviewed related publications to analyze the progress and research trends through
bibliometric methods. After screening, a total of 514 scientific publications published from
1997 to 2020 were included by systematic retrieval from the Web of Science (WoS)
database. According to further scientometric analysis, the annual number of publications
output kept rising in most of the years. Ethiopia and the United States of America (USA)
have been devoting significant contributions to the field. Though the research emphasis
had been the chemical composition and pharmacological and toxicological effects for
several years, the hot spots were transferred; themechanism investigations ofCatha edulis
have been the focus in recent years, which might be continued in the future. Furthermore,
co-operations of multi-disciplinary researchers are needed to minimize abuse harms and
maximize the medicinal benefits of Catha edulis to human beings.

Keywords: bibliometric analysis, cathinone, chemical composition, toxicology, pharmacological effect,
mechanisms, Catha edulis (vahl) endl., Catha edulis

INTRODUCTION

Catha edulis (Vahl) Endl., usually called Catha edulis or Khat, is a native plant in parts of East Africa
and the Arabian Peninsula, and is commonly chewed as natural stimulants in local practice and
habits (Graziani et al., 2008). It is also frequently used in other countries with different names, like
“qat” in Yemen, “chat” in Ethiopia, “qaad” or “jaad” in Somalia, and “mirra” in Kenya (Kandari et al.,
2014). Initially, Catha edulis was traditionally governed in the regions for purpose of religious,
ritualistic, and medicinal use for several decades (Gebissa, 2004). In the early 1990s, Catha edulis
spread to Europe, North America, and Australia due to emigration from the Horn of Africa (Al-
Hebshi and Skaug, 2005; Gebissa, 2010). Nowadays, there are estimated to be over 20 million abusers
globally, including both male and female adults, and college and middle school students (Riyaz et al.,
2014; Odenwald and Al’Absi, 2017).

The main active ingredients of Catha edulis include phenylpropylamino alkaloids, cathine, and
cathinone, which are responsible for the pharmacological and toxicological effects. Among these, the
β-keto analogue of amphetamine from a structural perspective could lead to dependence via
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psychostimulatory effects on the nervous system (Elmai, 1983;
Morghemm and Rufatm, 1983; Kalix, 1987; Giannini et al., 1992;
Omar et al., 2015). Additionally, prolonged exposure to Catha
edulis could lead to dependence, psychosis, hypertension,
cardiovascular complications, sexual dysfunction,
hepatotoxicity, etc (Odenwald and Al’Absi, 2017). Therefore,
Catha edulis abuse has become one of the most serious public
health concerns. However, except for such adverse outcomes,
there are other reports suggesting potential medicinal benefits of
Catha edulis such as antibacterial activity (Al-Hebshi et al., 2006),
antidepressant-like activity (Alfaifi et al., 2017), adjunct treatment
of obesity (Hauner et al., 2017), and neural tissue substitutes
(Abdel Bary and Harmal, 2019a), which deserve comprehensive
analysis.

In this study, we aimed to elucidate the progress and hotspots
of Catha edulis research via a bibliometric analysis and aggregate
the opinions of effects and mechanisms, which would help relieve
the relative health concern (Zupic and Cater, 2015). This
bibliometric net analysis aims to give an overview of Catha
edulis research and reveal the directions and frontiers for
future development.

METHODS AND MATERIALS

The WoS database is the most frequently used for search in
various scientific fields and retrieving related literature. And the
WoS core collection indexes scientific journals exerting greater
impact. For accurate and representative search, we collected index

topics of Catha edulis fromMedical Subject Headings (MeSH) list
in PubMed and built an initial database from the WoS core
collection with the searching strategy: [(Topic � (“Khat”) OR
(“Khats”) OR (“Catha”) OR (“Catha eduli”) OR (“Catha edulis”)
OR (“edulis, Catha”) OR (“Qat Plant”) OR (“Qat Plants”) OR
(“Plant, Qat”) OR (“Plants, Qat”) OR (“Miraa”)]. Though
research on Catha edulis started in 1952, early publications
have proved to be of low impact and output, or published in
journals with no official IF or low SJR like local African journals
(Gaillard J, 1992). From 1997 to the present, a continuous
emergence of research productivity was observed, and critical
research performance related to Catha edulis has progressed
which deserves a scientometric analysis. Based on the retrieval
period between 1997 to Dec 21st, 2020, 843 records were
identified. Since English served as the language of worldwide
scientific communication, we excluded 11 non-English records
and narrowed 832 English studies for further analysis. To detect
original discoveries, we restricted document types to original
articles and obtained 645 science publications. After downloading
the raw data of these aforementioned articles, two investigators
individually checked and eliminated noise, any divergence was
reconciled, and a consensus was finally achieved through
discussion. Finally, 514 publications composed the “Catha
edulis” database (Figure 1). Statistical analyses of the variables
of the database were conducted by CiteSpace 5.7.R1 to generate
visualized graphs, including distribution of publication outputs,
collaborations between countries, and co-occurrence and burst
keywords for detection of research trends and frontiers (Chen,
2004; Chen, 2006; Chen et al., 2010).

FIGURE 1 | The flow chart of database construction.
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RESULTS

Publication Outputs and Growth Trend
The annual publication outputs had a fluctuating growth rate
during most times, and the fluctuation was periodic over the past
24 years according to the histogram. The number of annual
publications increased dramatically in 2020, by 10-fold from 6
in 1997 to 60 in 2020 (Figure 2). The Mann-Kendall (MK) test
was applied to the annual publication number, and the statistics
results (Z � 5.407 > 2.32>0) indicated a significant increasing
trend of the annual outputs related to Catha edulis with a 0.001
level of significance.

Contributed Countries and Institutions
According to the WoS, the retrieved publications on Catha edulis
were indicated to be contributed by 65 countries/regions with
intensive cooperation. From this sensitive indicator of reflecting
attention and strength commanded by a country/region in a
specific research area, the most productive countries were
Ethiopia (32.9%, 169/514), followed by the USA (16.7%, 86/
514), Saudi Arabia (12.6%, 65/514), and Yemen (12.3%, 63/
514) (Table 1; Figure 3). Half of the top ten most productive
countries were located in East Africa and the Arabian Peninsula,

including Ethiopia, Saudi Arabia, Yemen, Egypt, and Kenya,
which produced approximately two-thirds (67.7%) of the
publications on Catha edulis in total. In addition, North
American and European countries contributed several research
achievements in recent years.

The total number of citations for publications in this field was
7978, giving an average citation per article of 15.52 (7978/514).
The top three countries of citations per article were England
(33.57, 1,410/42), Germany (20.37, 774/38), and Norway (19.00,
418/22). Moreover, the average H-index of the retrieved papers
queried on the WoS was 42. Ethiopia with the highest H-index of
23 was the most effervescent, followed by the USA (20) and
Yemen (20). Furthermore, the core institutions in the countries,
such as Kenya (68.0%), Norway (63.6%), and Yemen (60.3%),
completed the majority of achievements.

Figure 3 also shows the cooperation between contributing
countries: Ethiopia, as the most collaborative country,
cooperating with 32 countries, followed by Saudi Arabia and
the USA, maintaining close cooperation with 27 and 20 countries,
respectively. These collaborations with other countries and
regions played a significant role in Catha edulis research.

Highly Cited Publications
In order to identify influential representative publications, we
listed the top 10 most cited articles (Table 2). This high-quality
scientific research was all published in authoritative journals
categorized in pharmacology (No.1), toxicology (No.2, 7, 9,
10), psychiatry (No.3), analytical chemistry (No.4), and public
health (No.5, 6, 8), with Impact Factor (IF, 2020), 5-Year Impact
Factor (IF5) and SCImago Journal Rank (SJR) retrieved. In these
interdisciplinary journals, the most-cited research involved
phyto-research and social issues. Germany, Ethiopia, and
Yemen contributed two of the top 10 articles, respectively; and
the IF5 and SJR of the top two countries were Germany (IF5:
10.249, SJR: 3.463) and Ethiopia (IF5: 5.706, SJR: 2.849).

Hot Spots of Catha Edulis Research
In order to analyze and visualize the network of keyword co-
occurrence, we excluded repeated and irrelevant keywords, and
prune-sliced and merged the networks using CiteSpace

FIGURE 2 | Annual number and accumulated number of Catha edulis
publications from 1997 to 2020.

TABLE 1 | The top 10 most productive countries and institutions for Catha edulis publications.

Country or
region

Articles (%a) Citations H-Index Citations per
article

Top Institutions Articles by
top Institutions (%b)

Ethiopia 169 (32.9%) 1759 23 10.41 Addis Ababa University 62 (36.7%)
USA 86 (16.7%) 1,200 20 13.95 University of Minnesota System 23 (26.7%)
Saudi Arabia 65 (12.6%) 514 14 7.91 Jazan University 33 (50.8%)
Yemen 63 (12.3%) 1,033 20 16.40 Sana’a University 38 (60.3%)
England 42 (8.2%) 1,410 16 33.57 University of London 21 (50.0%)
Germany 38 (7.4%) 774 13 20.37 Goethe University Frankfurt 6 (15.8%)
Egypt 26 (5.1%) 176 8 6.77 Assiut University 5 (19.2%)
Kenya 25 (4.9%) 337 11 13.48 University of Nairobi 17 (68.0%)
Norway 22 (4.3%) 418 14 19.00 University of Bergen 14 (63.6%)
Malaysia 20 (3.9%) 100 6 5.00 University Malaya 10 (50.0%)
East Africa and Arabian Peninsula 348 (67.7%) 3,819 25 10.97 Addis Ababa University 62 (17.8%)

aPercentage indicates the ratio of the number of articles on Catha edulis published in this country or region to that in the “Catha edulis” database (514).
bPercentage indicates the ratio of the number of articles on Catha edulis published by top institutions to that by their country or region.
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(threshold of occurrences frequency at 5, Figure 4). This map
illustrated the frequency and relevance of keywords according to
cross size and link. High frequency keywords included “catha
eduli” (frequency: 362, centrality: 0.13), “cathinone” (frequency:
141, centrality: 0.12), “risk factor” (frequency: 58, centrality: 0.09),
“abuse” (frequency: 57, centrality: 0.34), and “Ethiopia”
(frequency: 55, centrality: 0.17), represented by larger crosses.
Other keywords such as “prevalence” (frequency: 48, centrality:
0.05), “animal model” (frequency: 42, centrality: 0.20), “student”
(frequency: 36, centrality: 0.01), “psychosis” (frequency: 29,
centrality: 0.16), and “apoptosis” (frequency: 28, centrality:
0.13) showed a moderate frequency.

Scientific Landscapes of Research Trends
The co-cited references were clustered and identified via a
timeline map (Figure 5), which can help identify development
trends of the specific research field (Niazi and Hussain, 2011),
indicate the shift of research concerns, and shape the specialty
structure of knowledge. According to the timeline map of co-cited
references, 10 clusters were analyzed in depth, most of which were
concentrated in the period from 2003 to 2016. The earlier studies
were mainly devoted to oral fibroblasts (#4) and s-(-)-cathinone
(#7). Then the research focus shifted to regulation (#3),
neurotoxicity (#1), cortisol (#5), norephedrine (#8), social

consequences (#2), Ethiopia (#0), and hepatotoxicity (#9)
which were involved in chemical composition, toxicology and
global prevalence of Catha edulis. MDPV (#6), as one of the
synthetic cathinones with a similar structure of cathinone, a main
ingredient of Catha edulis, was focused on as well.

Keywords could summarize the subject and content of the
publication, which play an essential role in tracing hotspot
transfers in scientific research. A keyword burst map was
obtained for visualization of keywords with the strongest
bursts in scientific articles by CiteSpace algorithm-dependent
analytical tool and summarization of focus transfer according
to their time of appearance (Figure 6). Besides, burst keywords
can indicate prominent research topics studied over different
periods by reflecting the intensity and duration of hot spot issues,
while the latest burst keywords represent up-to-date transfers of
research focus (Kleinberg, 2003; Chen et al., 2014). Based on the
top 20 keywords with the strongest citation bursts, the early
research focus was to explore the chemical composition of Catha
edulis (cathinone), identification (high-performance liquid
chromatography), and prevalence. Then, the burst keywords
were transferred to 1) health harms (psychosis, carcinoma,
cardiovascular disease, and risk factor), 2) toxicology
(apoptosis) and pharmacology (alkaloid), and 3) mechanism
(antioxidant and dopamine). Besides, extract and animal

FIGURE 3 | Cooperation between contributed countries.
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model(s) played an essential role in scientific phyto-research. In
the last decade, the new designer drug started to be popular.
Students have become an emerging part of new abusers of this
medical plant.

DISCUSSION

This study conducts a visualized bibliometric analysis of the
literature regarding Catha edulis from 1997 to 2020. During

TABLE 2 | The characteristics of highly cited articles.

Rank Total
citations

Article title Journal Published
year

Country IF
2020

IF 5-
years

SJR
2020

1 147 Pharmacokinetics of cathinone, cathine and
norephedrine after the chewing of khat leaves

British Journal of Clinical Pharmacology 2003 Germany 4.335 4.902 1.216

2 128 Clinical characteristics of mephedrone toxicity
reported to the UK National Poisons Information
Service

Emergency Medicine Journal 2011 England 2.740 3.135 0.708

3 122 Khat use as risk factor for psychotic disorders: A
cross-sectional and case-control study in
Somalia

BMC Medicine 2005 Germany 8.775 10.249 3.463

4 107 Determination of cathinones and related
ephedrines in forensic whole-blood samples by
liquid-chromatography-electrospray tandem
mass spectrometry

Journal of Chromatography B:
Analytical Technologies in the
Biomedical and Life Sciences

2011 Denmark 3.205 3.068 0.729

5 87 Khat and alcohol use and risky sex behaviour
among in-school and out-of-school youth in
Ethiopia

BMC Public Health 2005 Ethiopia 3.295 4.003 1.230

6 87 The prevalence and socio-demographic
correlates of khat chewing in Butajira, Ethiopia

Acta Psychiatrica Scandinavica 1999 Ethiopia 6.392 5.706 2.849

7 82 Investigation into the toxicological effects of
Catha edulis leaves: a short term study in animals

Phytotherapy Research 2002 Yemen 5.878 5.286 1.019

8 79 Khat chewing is a risk factor for acute myocardial
infarction: a case-control study

British Journal of Clinical Pharmacology 2005 Wales 4.335 4.902 1.216

9 78 Khat (Catha edulis) consumption causes
genotoxic effects in humans

International Journal of Cancer 2001 Austria 5.145

10 75 Toxicological evaluation of Catha edulis leaves: a
long term feeding experiment in animals

J Ethnopharmacol 2002 Yemen 3.690

FIGURE 4 | Network of keywords co-occurrence. The cross size and the link each illustrated the frequency and relevance of keywords.
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FIGURE 5 |Co-cited references timeline map ofCatha edulis. Nodes on themap represent referenced documents. The size of nodes represents the frequencies of
cited references, and the location reflects the present time. And years are arranged horizontally at the top. The clusters are performed based on the themes of co-cited
references and the label of each cluster is shown at the end of the timeline.

FIGURE 6 | Top 20 keywords with the strongest citation bursts. Each blue or red short line represents a year, and a red line stands for a burst detected year.

TABLE 3 | The estimated percentage of users in different countries/regions of East Africa and southwestern Arabian Peninsula.

Countries/regions Percentage of Catha edulis users

Saudi Arabia Jazan Region 43% males 11% females
Yemen 80–90% males 35–60% females 12–15% under 12 years
Djibouti 90%
Ethiopia Harari (Hararghe) District 30–50%
Somalia 18–55% males 10–25% females
Kenya 36.8%
Kenya Coast & North Eastern District 88%
Uganda 32%
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the past 24 years, Catha edulis publications from Ethiopia and
Yemen increased due to the local prevailing major cash crops,
legal use, and commercial trading. Consumed for socialization
and leisure activities in East Africa and Arabian Peninsula, adults,
adolescent students, and even pregnant women use Catha edulis
daily; the estimated percentage of users in different countries and
regions of East Africa and the southwestern Arabian Peninsula
are extraordinarily high (Table 3) (Dimba et al., 2004; Al-
Mugahed, 2008; Feyissa and Kelly, 2008; Odenwald and
Al’Absi, 2017; Wondemagegn et al., 2017; Horn of Africa
map, 2018). Gradually, Catha edulis has become prevalent in
other parts of the world, such as Australia, Europe, North
American countries, China, and Malaysia, owing to immigrant
communities (Gebissa, 2010; Klein and Metaal, 2010),
development of air transport (Kalix, 1992; Al-Hebshi and
Skaug, 2005), and internet communication (Feyissa and Kelly,
2008). From the perspective of legislation, it is banned in the USA
but is available and legal in some countries in Europe, including
the UK, the Middle East, and Africa (Anderson and Carrier, 2009;
Lemieux et al., 2015). So far, there are over 20million Catha edulis
abusers all over the world (Riyaz et al., 2014; Odenwald and
Al’Absi, 2017), which causes emerging health concerns, such as
psychiatric disorders, oral and cardiovascular disease, as well as
corresponding research attention (Nichols et al., 2015).
Theoretically, a legal restriction as an illicit drug would partly
protect against the Catha edulis hazards in the USA (ACMD,
2013) and UK (Jones et al., 2014) compared to the producing
regions or countries with the impact of cultural and traditional
use (Gebissa, 2010). However, policies regarding the cultivation,
transfer, trafficking, and use of Catha edulis are needed to be
implemented. Public awareness should be launched to limit
Catha edulis use and improve individual primary prevention
activities.

For Ethiopia, the USA, Saudi Arabia, and Yemen, as leading
countries of the research output, the reasons could be possibly
different. Except for the large abuse population in these countries,
the USA, usually offering abundant research budgets to support
high-level research activities, acted as the main driving force with
a high academic reputation in scientific research and
characteristic H-index value, while the legal cultivation, trade,
and consumption of Catha edulis in Ethiopia and Yemen
facilitate scientific research productivity (Gebissa, 2010).

The productive countries’ cooperation and research output are
positive, especially among Ethiopia, the USA, and Saudi Arabia
(Bozeman and Corley, 2004; Wagner, 2005; Huamani, 2015).
Among these countries, Ethiopia and Saudi Arabia, also called the
Catha edulis belt countries as main areas of commercial
cultivation and consumption, could innately offer more
information and collaborative opportunities, and the USA
could be regarded as a financial grants and research
collaboration provider to achieve higher productivity (Adams
et al., 2014). With the prevalence of Catha edulis use, global
cooperation should be promoted to improve research quality, and
research outcomes should help recognize the necessity of legal
restrictions and control of addiction at national levels (Douglas
et al., 2011; Rahim et al., 2012).

The indicators, including the number of publications, citation
per article, and H-index by a country, can be regarded as the
quality of research activity in a specific field (Joshi, 2014; Luo
et al., 2015). Our results show that the average citation per article
on Catha edulis was 15.52, which was steadily increasing
compared with the previous bibliometric results (Zyoud,
2015). Such vital information resources indicated that more
attention was paid to the research related to Catha edulis.
Though the average citations per article on tobacco and
cannabis (25.27 and 27.23, retrieved by the WoS) were much
higher than on Catha edulis, the citation growth on tobacco or
cannabis were correspondingly declined compared to Catha
edulis during the same period. This indicated that the amount
of research focus on these two uncontrolled or divergent-
legalization substances was steady, however, the yields of
research attention poured into Catha edulis grew faster
(Clermont et al., 2021).

Generally, the most cited articles are published in influential
journals with high SJR or IF (Falagas et al., 2008; Kulkarni et al.,
2009; Santa et al., 2010; de Granda-Orive et al., 2013). Our results
show that more than half of the highly cited articles on Catha
edulis focused on the adverse effects, and others related to mental
health and harms to users and society were published in journals
with IF 2020 < 10 and SJR 2020 < 4. Moreover, these top 10 highly
cited articles were all published during 1999–2011. To some
degree, this could be interpreted as these research
performances gaining increasing attention in these years,
which might help develop effective policies to gain public
attention and prohibition measurements.

According to highly cited publications and keywords co-
occurrence network, the active research area, including
“prevalence”, “risk factor”, “chemical composition”,
“toxicology”, and “pharmacology” over the past 24 years, are
scoping and critical. According to these keywords, important
research was retrieved. Similarly to amphetamine, a powerful
psychotomimetic stimulant, Catha edulis produces various
mental distress and psychotic symptoms such as irritability,
insomnia, depression, reduced appetite, strange experiences,
and hallucinations (Lemieux et al., 2015; Widmann, 2017;
Abbay et al., 2018; Ongeri et al., 2019). The prolonged
anorexia leads to low body weight in Catha edulis chewers
and low birth weight of newborns in maternal users (Tesfay
et al., 2019). The main chemical compounds of Catha edulis,
cathinone, cathine, and norephedrine, account for all the
psychostimulatory effects (Szendri, 1980). Cathinone, the
natural amphetamine-like composition in Catha edulis with
the highest levels in stems and young leaves, was proved to
play a major role in this euphorising plant (Kalix, 1996; Alsanosy
et al., 2020; Dhabbah, 2020). Some studies identified mechanisms
of cathinone on the central nervous system in changing
presynaptic striatal dopamine system and interfering with
pituitary cell integrity in vervet monkeys (Nyongesa et al.,
2014; Nyongesa et al., 2015), altering levels of dopamine and
its metabolites and accelerating oxidative stress in limbic areas of
swiss albino mice (Sathi et al., 2014; Safhi et al., 2018), inhibiting
monoamine (dopamine, norepinephrine, etc) reuptake in human
nerve cells (Bredholt et al., 2013), inducing striatal c-fos
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expression in Siberian hamster (Jones et al., 2014), and other
complex mechanisms of psychosis caused by Catha edulis use
(Odenwald et al., 2005; Bredholt et al., 2013). The network,
combined with the co-occurring keywords, demonstrated the
progress and correlation of the original research of Catha
edulis at a global level via bibliometric mapping.

Besides, the highly cited article showed that researchers were
interested in the potential genotoxic effects of Catha edulis by
micronucleus assay with exfoliated cells in humans. In light of the
pronounced increase in micronucleated buccal mucosa cells of
volunteers who chewed Catha edulis regularly, it suggests that
Catha edulis chewing may cause genetic damage and further lead
to cancer in the oral cavity or other parts of the upper digestive
tract (Kassie et al., 2001). About 50% of Catha edulis chewers
develop keratosis of buccal mucosa, a pre-cancerous lesion, and
2–12% of individuals with such lesions develop oral cancer
(Ahmed et al., 2011). On the other side, Catha edulis extracts
have been shown to induce oral fibroblasts and keratinocytes
apoptosis and arrest in G1-phase in vitro, which further adds to
speculations about anti-carcinogenicity of Catha edulis (Al-
Maweri et al., 2018). Moreover, Catha edulis has been
implicated in causing other symptoms such as periodontitis,
caries, gastritis, hypertension, and acute myocardial infarction
(Al-Hebshi and Skaug, 2005). Other studies also proved that
genetic factors had an important role to greatly deepen the
understanding of toxicity. In all, such research focused on the
complex adverse effects to health over the past years, however,
these may provide potential targets for treatment in the future.

The co-cited clusters include “s-(-)-cathinone” and
“norephedrine” from 2003 to 2016. S-(-)-cathinone, one of the
enantiomers of cathinone, is more psychoactive than its R
antipode and is detected only in Catha edulis (Alsanosy et al.,
2020). Unstable cathinone in Catha edulis would mainly degrade
to cathine and norephedrine within 48 h after harvest (Alsenedi
and Morrison, 2018). Research revealed that norephedrine
extracted from Catha edulis could induce T-lymphocyte
proliferation in Swiss albino mice, which may result in liver
and kidney injury and immune-stimulation (Ketema et al., 2015).
Cathine and norephedrine can directly affect mammalian sperm
function, such as accelerating capacitation, inhibiting
spontaneous acrosome loss, and enhancing natural fertility at
appropriate doses (Adeoya-Osiguwa et al., 2005). Furthermore,
other constituents of Catha edulis such as tannic acid may be
mutagenic and carcinogenic in human buccal mucosa cells, which
might account for combining effects as well as other chemical
compounds like flavonoid and polyphenolics (Kassie et al., 2001).
Generally, this bibliometric result confirmed that more research
was performed to investigate the main components of Catha
edulis, like cathine and norephedrine, and quite a few noticed
others, including tannic acid, flavonoid, and polyphenolics.

According to the co-cited timeline of Catha edulis research
evolution, cortisol (#5) has been a focus for a long time (Liu et al.,
2016). Interestingly, the retrieved studies indicated contradictory
results that cortisol was reduced in male olive baboons with oral
administration of Catha edulis oil to regulate hormones (Mwenda
et al., 2006); by contrast, dose-dependent increase of cortisol in
male SD rats and male NZW rabbits was associated with Catha

edulis extract treatment (Nyongesa et al., 2008; Mohammed and
Engidawork, 2011). However, the elevation of cortisol in humans
was more obvious among chewers in the early evening than non-
chewers in a cross-sectional study (Al’Absi et al., 2013).
Additionally, Catha edulis-induced high serotonin levels in the
human brain were associated with decreased testosterone, which
can inhibit the release of cortisol (Muniyappa et al., 2010;
Montoya et al., 2012; Lovallo, 2013; Lovallo et al., 2015). All
the studies mentioned above on Catha edulis-induced cortisol
changes are inconclusive, which may be due to differences in
chemical components between the original plant and its extracts,
or different administration methods, frequencies, and doses, or
interaction between different drugs abused by addicts, or stress
induced by its use (Al’Absi et al., 2013). Based on these, further
research was recommended on cortisol regulation, like Catha
edulis caused sympathetic excitation (Alshagga et al., 2016).

Among the keywords with the strongest burst citation, the
“designer drug” burst since 2012 indicates another option of
synthetic cathinones compared with traditional Catha edulis
(Karila et al., 2015; Wang et al., 2020). Compared with mild
stimulants used for better concentration and performance during
trading, farming, socialization, and leisure activities, heavy use
and/or concomitant abuse of substances (poly-drug use behavior,
such as Catha edulis and a designer drug) due to stronger
psychostimulatory desire is rapidly growing (Ali, 2018). Except
for Catha edulis, the natural structural basis of emerging designer
drugs, synthetic cathinones, as a preferred constitution and/or
replacement, became increasingly abused (Anderson and Carrier,
2009; Risca et al., 2020). In face of such overwhelming social
problems induced by a complex combination of original plant
and structure-modified analogs, the research frontiers would be
transferred to pharmacological and toxicological effects and
abuse risks of synthetic cathinones such as methcathinone
(MC), mephedrone (MEPH), 4-methylmethcathinone (4-
MMC), 3-fluoromethcathinone (3-FMC), and
methylenedioxypyrovalerone (MDPV) (Carlsson et al., 2018;
Risca et al., 2020), or polydrug abuse.

Considering the keywords shared by Figures 4–6, researchers
have been exploring the therapeutic value of Catha edulis for
decades. In the past, Catha edulis was traditionally perceived to
treat headaches, common cold, and respiratory diseases (Al-
Hebshi and Skaug, 2005). In recent years, many medicinal
values of Catha edulis have been discovered gradually. Callus
of Catha edulis have “HIV-1” reverse transcriptase inhibition
effects and exhibit high antibacterial properties against both
gram-positive and gram-negative bacteria compared to plant
leaves (Kumari et al., 2015). Besides, the “medical plant”
induces apoptosis in human breast cancer MDA-MB-231 cells
via sustainable activation of C-Jun NH2-terminal kinase (JNK)
and MAPK, and mitochondrial-mediated apoptosis pathway,
which suggests that Catha edulis has substantial potential as a
source of anticancer agents (Bredholt et al., 2009; Lu et al., 2017).
Accordingly, the different effects of Catha edulis on different
types of cancer cells might be a future research direction for
medicinal potentials.

Moreover, the bibliometric results noticed other properties of
Catha edulis. High dose Catha edulis extract, cathinone, blocked
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the body weight gain of male mice on an obesity genic diet
through upregulating lipolytic genes activity in white adipose
tissue (Alshagga et al., 2020). Cathine in Catha edulis acted as an
effective weight loss agent for adjunct treatment of obesity with
significant weight loss in overweight and obese patients (Hauner
et al., 2017). Poly (vinyl alcohol) hydrogels by cellulose nanofibers
(CNFs) originated from Catha edulis have been prepared in the
field of tissue engineering applications. The hydrogels, with
favorable mechanical, thermal properties, biodegradation
nature, and antimicrobial activities against pathogenic bacteria,
are suitable for neural substitutes (Abdel Bary andHarmal, 2019a;
Abdel Bary and Harmal, 2019b). More similar scientific studies
could be future focus areas for more comprehensive medicinal
plant research.

CONCLUSION

Wemade a systematic bibliometric assessment of the literature on
Catha edulis from 1997 to 2020 and constructed a series of
visualized graphs to elucidate the progress and emerging
trends of the research. As an increasingly popular natural
stimulant, the research trend was to explore not only
phytochemical constituents and biological activities, but also
toxicological and pharmacological effects and abuse threats, as
well as the clinical therapeutic potential. This study is essential to
raise public awareness of limited use and primary prevention
activities of Catha edulis; furthermore, multidisciplinary efforts
will still be needed to understand the further mechanisms of
carcinogenic or antitumor effects, pathogenicity, and other
medical values in the future. Getajiu and Krikoriaand, 1983,
Kamdem et al., 2019, Miro et al., 2009, Regunath et al., 2012,
Zyoud et al., 2017.

LIMITATIONS

There were inevitable limitations to our study. First, the science
literature database (WoS) keeps constantly publishing from time
to time, and the time lag between the publication and the retrieval
of publications might affect the time-sensitivity of the research.
Second, in order to use the co-occurrence and co-citation analysis
methods by CiteSpace, only English studies were analyzed due to

the incompatibility of multiple languages in the software. Last but
not least, the full taxonomic name “Catha edulis (Vahl) Endl.”
was seldom used in previous publications; instead of “Catha
edulis”, it is not sufficient for a scientific name but suitable for
bibliometric research.
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Immunological and Preventive Effects
of Hochuekkito and Kakkonto Against
Coronavirus Disease in Healthcare
Workers: A Retrospective
Observational Study
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Mitsuyuki Takamura5, Tetsuya Hongawa6, Yasuyuki Hane7, Susumu Suzuki8,9,
Masaki Okajima10, Keita Mori 11, Masanori Ito12 and Akiyoshi Takami3

1Kampo Clinical Center, Department of General Medicine, Hiroshima University Hospital, Hiroshima, Japan, 2Department of
Molecular-Targeting Cancer Prevention, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Osaka,
Japan, 3Department of Internal Medicine, Division of Hematology, Aichi Medical University School of Medicine, Nagakute, Japan,
4Hirose Clinic, Kariya, Japan, 5Kampo Medicine Outpatient Clinic, Mie University Hospital, Tsu, Japan, 6Shizuoka Prefectural
Government Office Clinic, Shizuoka, Japan, 7Hane Pediatric Clinic, Toba, Japan, 8Department of Tumor Immunology, Aichi
Medical University School of Medicine, Nagakute, Japan, 9Research Creation Support Center, Aichi Medical University,
Nagakute, Japan, 10Department of Emergency and Disaster Medicine, Faculty of Medicine Institute of Medical, Pharmaceutical
and Health Sciences Kanazawa University, Kanazawa, Japan, 11Clinical Research Support Center, Shizuoka Cancer Center,
Shizuoka, Japan, 12Department of General Medicine, Hiroshima University Hospital, Hiroshima, Japan

Amid the global outbreak of coronavirus disease 2019 (COVID-19), it may be expected that
low-toxicity natural compounds, such as Kampo formulas, will have a preventive effect on
COVID-19. Although the biological properties and safety of the representative Kampo
compounds, hochuekkito (HET) and kakkonto (KKT), have been confirmed in various
animal model experiments, clinical studies, and a few human studies to induce biological
effects on various infectious diseases without significant toxicity, it is unclear whether HET
and KKT are safe and effective for COVID-19 prevention. The study population included
healthcare workers (HCWs), as they are at a higher risk of infection than the other
populations. We retrospectively investigated the immunological and preventive effects
of HET and KTT against COVID-19. We included 27 HCWs (aged 21–72 years, F:M � 18:9)
from hospitals and clinics of the Hokuriku-Tokai region. The HCWs received HET and KKT
for general fatigue and myalgia during this period for 28 days. We obtained patient clinical
data from electronic medical records. We analyzed the changes in immunomodulation
before and after the administration of the formulas from residual specimens based on the
expression of relevant surface markers. The specimens were also tested for the presence
of antibodies against severe acute respiratory syndrome coronavirus 2. The following side
effects were reported: abdominal discomfort in five patients, diarrhea in two, and loose or
soft stool in three. All 27 HCWs tested negative for COVID-19 antibodies. HET and KKT
administration significantly increased the absolute number of circulating lymphocytes
expressing the activating receptors NKp46, NKp30, and suppressing receptor
NKG2A. There was also a significant increase in the absolute number of circulating
lymphocytes expressing the receptors TLR4, OX40, 4–1BB, GITR, PD-1, and ICOS.
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These data indicate that HET and KKT can enhance and modulate NK activity in circulating
human immune cells. The immunomodulatory effects, such as activation and regulation of
T cells, are consistent with a putative improvement in infectious immunosurveillance. An
increase in the number of T cells and CD4/CD8-positive cells indicates an enhanced ability
to protect against infection. HET and KKT may prevent the onset or worsening of COVID-
19 through their immunomodulatory effects.

Keywords: Kampo medicine, immunomodulation, COVID-19, SARS-CoV-2, healthcare workers, Kampo formulas,
hochuekkito, kakkonto

INTRODUCTION

Healthcare workers (HCWs) may experience an increased risk
of severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) infection because of close contact with infected
patients. HCWs have emerged as a critical population
during the current coronavirus disease (COVID-19)
pandemic. During the pandemic, 138 patients, including 40
HCWs (29%), were admitted to Zhongnan Hospital in Wuhan
(Wang et al., 2020). Another retrospective analysis of 1099
patients with confirmed COVID-19 in 552 hospitals from 31
provinces found that the proportion of HCWs was 2.09%. It is
very important to safely protect frontline HCWs from
acquiring severe SARS-CoV-2 infections. The plight of
HCWs during the pandemic has been widely noted (Gao
et al., 2020; Kluytmans-van den Bergh et al., 2020).
Moreover, infection control requires a lot of effort and
time, and it is presumed that most HCWs become
exhausted and reach an immunocompromised state.
Between February and July 2020, hochuekkito (HET) and
kakkonto (KKT) were prescribed to patients who wanted
the HCWs to alleviate fatigue.

Hochuekkito (HET, Bu-Zhong-Yi-Qi-Tang in Chinese) is an
herbal formula of Kampo medicine that is widely used for the
treatment of severe weakness, loss of appetite, and indigestion in
elderly patients and for the prevention of opportunistic
infections. HET contains the following 10 crude drugs:
Astragali radix (Astragalus membranaceus var. mongholicus
(Bunge)), Atractylodis lanceae rhizoma (Atractylodes lancea
(Thunb.) DC.), Ginseng radix (Panax ginseng C. A. Mey.),
Angelicase radix (Angelica acutiloba (Siebold and Zucc.)
Kitag.), Bupleuri radix (Bupleurum falcatum L.), Zizyphi
fructus (Ziziphus jujuba var. inermis (Bunge) Rehder), Citri
Unshiu Pericarpium (Citrus unshiu (Yu.Tanaka ex Swingle)
Marcow.), Glycyrrhizae radix (Glycyrrhiza uralensis Fisch.),
Cimicifugae rhizoma (Betula dahurica var. maximowiczii
(Rupr.) Trautv.), and Zingiberis rhizome (Zingiber officinale
Roscoe) The therapeutic effects of HET have been reported in
terms of improving weakness in the elderly (Kuroiwa et al., 2004;
Satoh et al., 2005) and preventing chronic obstructive pulmonary
disease in the elderly (Tatsumi et al., 2009). HET has
demonstrated improvements in fungal infection (Abe et al.,
1999), protective action against Listeria monocytogenes
infection (Yamaoka et al., 2001), and antiviral action through
the activation of natural killer (NK) T cells (Yamaya M, 2007).

HET is expected to exert effectiveness for preventing infectious
diseases including COVID-19. HET promotes the production of
interferon and inhibits the production of interleukin (IL)-1α and
IL-6 (Tokura et al., 1998; Mori et al., 1999). In this study, HET
was used in the form of spray-dried decoction extracts of a
mixture of ten medicinal plants (manufactured by Tsumura
and Co., Tokyo, Japan).

Kakkonto (KKT), a traditional Japanese herbal medicine, is
commonly used in Japan. KKT contains the following seven
crude drugs: Cinnamomi cortex (Cinnamomum cassia (L.)
J. Presl), Zingiberis rhizome (Zingiber officinale Roscoe),
Paeonia lactiflora Radix (Paeonia lactiflora Pallas), Zizyphi
fructus (Ziziphus jujuba var. inermis (Bunge) Rehder),
Glycyrrhizae radix (Glycyrrhiza uralensis Fisch.), Ephedrae
Herba (Ephedra sinica Stapf) and Puerariae Radix (Pueraria
montana var. lobata (Willd.) Maesen and S.M.Almeida ex
Sanjappa and Predeep). KKT is considered to be a highly
effective and safe medicine for the treatment of the common
cold or influenza in Japan; the Ephedra herb in KKT contains
tannins, and they inhibit endosome acidification and influenza A
virus fusion to the cell membrane (Mantani et al., 1999).
Glycyrrhizin, an active component of glycyrrhiza, exerts its
effects by reducing the number of cells infected with the
influenza A virus and by inhibiting viral uptake through the
cell membrane during the early phase of infection (Wolkerstorfer
et al., 2009). Cinnamaldehyde, which is derived from cinnamon
bark, inhibits viral protein synthesis (influenza A virus) at the
post-transcriptional level. In one research carried out in mice,
inhalation and nasal inoculation of cinnamaldehyde after viral
infection increased the survival rate (Hayashi et al., 2007).
Puerarin, one of the bioactive compounds from Puerariae
Radix, is an isoflavonoid that exerts many pharmacological
effects such as anti-inflammatory, vasodilation,
neuroprotective, antioxidant, and anticancer effects (Zhou
et al., 2013). Kampo formulas including HET have been
approved by the Ministry of Health, Labor, and Welfare in
Japan as a prescription covered under the National Health
Insurance; therefore, HET can be easily used for the treatment
of patients.

In medical literature, there is accumulating evidence for the
biological properties and safety of HET and KKT, but it is unclear
whether HET and KKT are safe and effective for COVID-19
prevention. In this study, we intended to study the effectiveness of
the HET/KKT combination in improving immunity, which
explains the empirical use of these formulas based on Kampo
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diagnosis to clarify the clinical indications of HET for the
prevention of infectious diseases.

Therefore, we aimed to retrospectively determine the risk and
preventive effects of HET and KKT on COVID-19 and identify
immune response features through immunological investigation.
We conducted this study in HCWs who received HET and KKT.

MATERIALS AND METHODS

Study Design
A total of 27 HCWs (male, n � 9; female, n � 18; median age,
48 years (range, 21–72 years)] were enrolled in this retrospective
observational study, which was approved by the Kanazawa
University Review Board (approval no. 2020-015) and
conducted in accordance with the Declaration of Helsinki. All
subjects provided written informed consent to participate in this
study. The inclusion criteria were as follows: HCWs receiving
HET and KKT daily (5–7.5 g/ day, twice or three times a day
before meals, Tsumura, Tokyo, Japan) with standard insurance
coverage as patients, those whose blood samples were collected
before and approximately 14 or 28 days after taking the Kampo
formulas. In clinical practice, HET is often used for fatigue. On
the other hand, KKT is used for musculoskeletal pains that HCWs
often complain of, such as stiff shoulders, and is often used in
combination with HET in actual clinical practice. In this study,
many HCWs were prescribed these two prescriptions together

because the number of HCWs complaining of fatigue due to the
increased workload in the medical field following the COVID-19
pandemic.

The primary outcome of this study was to assess the
potential effects of HET and KKT on circulating
lymphocytes. The secondary outcome was to evaluate the
safety of HET and KKT. In Kampo Clinic, patients are
usually evaluated around 2 weeks to 1 month after the first
administration of Kampo formulas to investigate their drug
compliance and the incidence of adverse events; therefore, we
retrospectively evaluated the patients using their charts and
laboratory data.

Since therewerenocases in the groupof cases evaluated that developed
symptoms during the course of the disease, no PCR or other tests were
performed, and antibodymeasurementwas performedon the serumafter
1month by HISCLTM SARS-CoV-2 N-immunoglobulin G (N-IgG),
N-IgM, S-IgG, and S-IgM (Sysmecs, Kobe, Japan).

Sample Preparation and Pharmacokinetic
Evaluations
Residual blood samples with EDTA-2Na were centrifuged under
refrigeration (for 8 min, 3,000 × g) to isolate serum. Peripheral
blood mononuclear cells (PBMCs) were isolated from the
remaining blood by gradient centrifugation. A fraction of the
isolated PBMCs from each sample was cryopreserved for
further use.

FIGURE 1 | The effects of HET and KKT onwhole blood cell counts. HET and KKT administration resulted in a significant increase in the absolute lymphocyte count
in the blood.
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Whole-Blood Cell Counts
Whole-blood cell counts and individual leukocyte fractions
were analyzed individually at each hospital or clinic.
Absolute cell counts were calculated by multiplying the
leukocyte count.

Flow Cytometry
Isolated PBMCs were stained with antibodies specific to the cell
surface markers of NK lymphocytes, T cells, and B cells, including
anti-CD3, CD19, CD20, CD4, CD8, CD16, CD56, NKp46,
NKG2D, NKp30, TLR4, DNAM-1, NKG2A, 4-1BB, OX40,
ICOS, PD-1, CTLA4, GITR, LAG3, TIGIT, and TIM3
(BioLegend, San Diego, CA, United States). The stained cells
were analyzed using FACSCant II (BD Biosciences, San Jose, CA,
United States), and the data were analyzed using the FlowJo
software package (ver. 10; Tree Star, Ashland, OR, United States).
In the PBMC gating, CD3+CD56−cells were defined as T cells,
CD3−CD56 + cells were defined as NK cells, CD19 + CD20 + cells

were defined as B cells, and T cells were further divided into CD4+

T cells and CD8+ cells.

Statistical Analyses
Data are reported as median ± minimum and maximum values.
When comparisons were made between two different groups,
statistical significance was determined using Wilcoxon signed-
rank test. Statistical significance was set at p < 0.05.

RESULTS

Safety and Compliance of the Kampo
Formulas
Twenty-seven subjects who were enrolled in this study received 2-
3 packs of HET and KKT daily (5–7.5 g/ day, Tsumura, Tokyo,
Japan) for more than 28 consecutive days. All subjects had more
than 70% adherence rate for Kampo formulas.

FIGURE 2 | The effects of HET and KKT on circulating peripheral blood mononuclear cells (PBMCs). The administration of HET and KKT resulted in a significant
increase in the (A) T cell population; (B) NK cells; (C) CD8

+T cells, and (D) CD4
+ T cells. * p < 0.05, ** p < 0.01.
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Abdominal discomfort was found in five (3 females, 2 males),
diarrhea in two (1 female and 1 male), and loose or soft stool in
three (all of them are females) patients. No other serious side
effects were observed.

Effects of HET and KKT on Complete-Blood
Cell Counts
To assess the effects of the administration of KKT and HET
in HCWs, we first performed whole-blood cell counts at
baseline and after the administration of KKT and HET using
a blood cell counter. We observed significant changes in
the number of lymphocytes (median 532, range 175–1,145
before administration; median 797, range 345–1716 at
day 28, p < 0.01) in the blood (Figure 1).

Effects of HET and KKT on Circulating
PBMCs
Regarding changes in PBMC subsets, a significant increase in the
number of cells was observed in all fractions (total T cells, CD4+

T cells, CD8+ T cells, and NK cells) except for the number of B cells
28 days after the start of HET ad KKT (Figure 2). There was no
significant change in the CD4/CD8 ratio. Of note, there was a
significant increase in the number of lymphocytes expressing
activating receptors such as NKp46 (median 243, range 74.3–910
before administration; median 513, range 117–1,052 at day 28, p <
0.01; Figure 3A), NKp30 (median 61.6, range 9.69–319 before

administration; median 85.9, range 12.2–427 at day 28, p � 0.001;
Figure 3B), and suppressing receptor NKG2A (median 160, range
30.8–496 before administration; median 243, range 40.0–584 at
day 28, p < 0.01; Figure 3C). There was also an upregulation of
T-cell activation markers such as TLR4 (median 34.7, range 4.95–135
before administration; median 55.0, range 20.5–186 at day 28, p <
0.01; Figure 3D), OX40 (median 1.07, range 0–11.5 before
administration; median 2.73, range 0.526–17.0 at day 28, p < 0.05;
Figures 3E, 4-1BB (median 12.9, range 1.86–83.3 before
administration; median 20.7, range 6.84–92.8 at day 28, p <
0.01; Figure 3F) in T cells, which may suggest that naive
T cells increased after the start of HET and KKT treatment.
Notably, the administration of HET and KKT resulted in
changes in GITR (median 10.1, range 2.27–84.3 before
administration;; median24.6, range 3.57–457 at day 14, p < 0.05;
median 15.3, range 3.68–544 at day 28, p < 0.01; Figure 4A),
ICOS(median 4.79, range 0–82.6 before administration;; median
11.9, range 3.13–191 at day 14, p < 0.05; median11.9, range
4.04–198 at day 28, p < 0.01; Figure 4B), and PD-1 (median
1.58, range 0–6.75 before administration;; median1.87, range
0–4.27 at day 14, p < 0.05; median 2.47, range 0–12.6 at day 28,
p < 0.05; Figure 4C) on days 14 and 28.

DISCUSSION

In this study, we found immunological modulation, which has
some advantages regarding the prevention of infectious diseases
in HCWs who were treated with a combination of HET and KKT,

FIGURE 3 | The effects of HET and KKT on PBMC subsets. The 28 days administration of HET and KKT resulted in a significant increase in the (A) activator
receptors NKp46 (B) NKp30, and (C) suppressing receptor NKG2A. Expression of other cell surface markers including (D) TLR4; (E) OX40, and (F) 4-1BB also
significantly increased. * p < 0.05; ** p < 0.01.
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adjusting for comorbidities. The finding that HET and KKT
modulate immune cells in vivo provides further evidence that
Kampo medicines directly or indirectly modulate the immune
system. This finding is consistent with the immunomodulatory
effects proposed for some of these compounds (Mantani et al.,
1999; Hayashi et al., 2007; Wolkerstorfer et al., 2009; Zhou et al.,
2013).

Vaccination is certainly a powerful protective approach
against infection. However, because the effect of vaccination
against mutated viruses is still unknown, and it will take time
to produce vaccines in case of the spread of infections caused by
other viruses, Kampo medicine may be another option to
consider. HET and KKT may be able to prevent infection and
serious illness when vaccines cannot be supplied based on the
results of this study. Kampo medicine was invented thousands of
years ago when infectious diseases were rampant and had gained
experience over thousands of years. If we can make use of these

Kampo formulas in terms of prevention, then it may be one of the
best strategies for treating and managing infectious diseases.

Moreover, “Cytokine storm,” inflammation-mediated severe
lung damage, and defective hemostasis are the main underlying
causes for morbidity and mortality in COVID-19 patients
(Huang et al., 2020). Therefore, infections must be controlled
to prevent cytokine storms caused by excessive inflammation. We
have already shown that the administration of another Kampo
formula, juzentaihoto (JTT), modulates NK cell function. In other
words, the administration of JTT activated NK cells, but, at the
same time, it suppressed NK cells, thereby regulating NK cell
function (Ogawa-Ochiai et al., 2021).

This study also showed that the administration of the
HET–KKT combination increased the number of NK cells and
T cells, the cytotoxic activity of NK cells, the total number of
T cells, and CD4/CD8-positive cells, indicating that the infection
protection ability was enhanced.

FIGURE 4 | The effects of HET and KKT on PBMC subsets. The significant increase was observed in (A)GITR, (B)PD-1, and (C) ICOS at both 14 and 28 days after
administration. * p < 0.05; ** p < 0.01.
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NK cells are an essential component of the innate immune
system and play a major role in the elimination of virus-infected
cells. NK cells express multiple activation receptors such as
NKp46 and NKp30 on their cell surface, which are required to
recognize specific ligands on potential target cells. By contrast,
NKG2A plays an important role in the prevention of excessive
inflammation. Of particular interest is the finding of this study
that NK cells, mainly the NK subset, which expresses not only
NKp46 and NKp30 but also NKG2A receptors on their surface,
were significantly increased after the administration of HET and
KKT, which may suggest immunomodulation of NK cytotoxicity
following treatment with HET and KKT during the COVID-19
pandemic. Recent reports (Liao et al., 2020; Maucourant et al.,
2020; Zheng et al., 2020; Bjorkstrom et al., 2021) have showed that
NK cells exerted antiviral effects primarily in the lungs early after
SARS-CoV-2 infection, that decrease in NK cells was associated
with severity of COVID-19, and that expression of activating
receptors such as NKp46 and NKp30 on NK cells was associated
with antiviral effects, thus suggesting that an increase in the
number of circulating NK cells positive for NKp46 and NKp30
may have a protective effect on viral infections such as SARS-
CoV-2 in anti-COVID-19 antibody-negative health care workers.
However, unexpectedly, in this study, the increase in the number
of NKp46 and NKp30-positive circulating lymphocytes after the
use of HET / KKT was mainly caused by the increase in the
number of NKp46-positive T cells and NKp30-positive T cells.
The functions of human T cells that express such activated NK
cell receptors, also called a NK-like T cells, are not well
understood as well as their roles in COVID-19. Nevertheless,
previous studies (Brenchley et al., 2006; Tang et al., 2008; Cupedo
et al., 2009; Hudspeth et al., 2012; Hudspeth et al., 2013) have
demonstrated that such NK-like T cells are increased by
activation stimuli, are endogenous to tonsil tissue, and exert
antiviral activity against HIV, thus leading to a hypothesis that
an increase in NK-like T cells after the use with HET / KKT in
health care workers results in anti-SARS-CoV-2. This hypothesis
may be supported by the fact that the function of NKp46 and
NKp30 is speculated to be independent of their expressing cells
(Tang et al., 2008; Correia et al., 2009; Hudspeth et al., 2013). In
addition, in this study, the number of lymphocytes positive for the
inhibitory NK receptor NKG2A was also increased in health care
workers after using the HET / KKT. A recent report (Zheng et al.,
2020) has showed an increase in NKG2A-positive lymphocytes in
COVID-19 patients, suggesting that increased NKG2A
expression as seen in this study may lead to decreased
lymphocyte function in terms of anti-COVID-19. In contrast,
it has been reported that upregulation of NKG2A expression in
lymphocytes suppresses the excessive immune response of T cells
and leads to the maintenance of immunological homeostasis
(Jabri et al., 2002). Therefore it remains unclear whether the
increase in NKG2A-positive lymphocytes in health care workers
after using HET / KKT could act beneficial in preventing COVID-
19. These should be clarified in future studies.

There was also an upregulation of T-cell activation markers
such as TLR4, OX40, 4-1BB, and TIGIT in T cells, which may
suggest that naive T cells increased after the start of HET and

KKT treatment. The expression of T-cell activation markers was
increased, suggesting an increase in activated T cells as well.

The administration of HET and KKT also promotes T cell-
independent activation and interferon production in B cells. This
combination of Kampo medicines may be useful for infection
defense. On the contrary, along with the promotion of T-cell
activation and T-cell differentiation, markers involved in
regulation were also significantly increased, indicating
immunomodulate effect. Because this was an investigative
observational study, we did not have a control group of non-
treated or placebo-treated subjects, but a previous study
(Nakagami et al., 2019) has shown that there is little inter-
individual variation in these markers in placebo-treated subjects.

Since coronaviruses can enter cells in a short time, phagocytes
or antibodies alone cannot eliminate the virus. CD8+ killer T cells
(cytotoxic T cells) are important, as are NK cells, which destroy
virus-infected cells and deprive the virus of a place to multiply.
CD4+ helper T cells are also essential for differentiation of IgG
antibody-producing B cells and memory cells (Lucas et al., 2020).

Because the subjects were not infected, the significance of the
immunomodulatory functions of HET and KKT during actual
infection is not clear. However, the results suggest that they may
be effective in preventing infection or severe disease through
immunomodulatory changes.

This study had the following limitations. First, there is no
evidence that the drug actually increased T cell or NK cell
function as only a numerical increase in these immune cells
was observed without functional analysis. Second, there is no
direct evidence of efficacy of HET and KKT on SARS-CoV-2.
Finally, there is no theoretical reason for the increase in T cells or
activated NK cells following HET and KKT treatment as no
patient was actually infected with coronavirus infection. It is not
clear which components contained in these formulas have
immune activity, which must be analyzed in the future.

CONCLUSION

In conclusion, our findings showed that HET and KKT may
prevent the onset of COVID-19 through their
immunomodulatory effects. In the future, we would like to
clarify the preventive effects of HET and KKT by conducting
prospective studies on infected patients.
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Medicine Chapters in ICD-10 and
Kampo Pattern Diagnosis: A
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Masaru Mimura1† and Kenji Watanabe*† 1

1Center for Kampo Medicine, Keio University School of Medicine, Tokyo, Japan, 2School of Medicine, Johns Hopkins University,
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Objectives: The newest revision to the International Classification of Diseases, the 11th

edition (ICD-11) includes disease classifications from East Asian medicine, including
traditional Japanese medicine (Kampo medicine). These disease classifications allow
for comparisons between disease classifications from conventional medicine and
Kampo medicine.

Design/Location/Subjects/Interventions: This is an exploratory, cross-sectional study
exploring the relationship between conventional medicine diagnoses and Kampomedicine
diagnoses at a large Kampo clinic in Japan. Patients were seen from October 1st, 2014 to
June 30th, 2019 and were 20 years of age or older.

Outcomemeasures: Patients presented with one or more conventional medicine ICD-10
codes into the clinic and were given one descriptor from the ICD-11 within the heat-cold
module, excess-deficiency module, and an optional body constituents module. The
distribution of these Kampo medicine codes was examined in relation to conventional
medicine chapters.

Results: 1,209 patients were included in our final analysis. Patient number, ages, sex ratio,
and BMI varied within conventional medicine ICD-10 chapters and Kampo medicine
descriptor codes. Certain conventional medicine chapters are related to specific Kampo
medicine descriptor codes, such as chapter IV (endocrine, nutritional, and metabolic
diseases) with excess, heat, and kidney qi deficiency.

Conclusion: The advent of the ICD-11 allows for systematic, standardized comparisons
between Kampo medicine, and contemporary medicine. In this exploratory study, our
findings support the independence of Kampo medicine pattern descriptors with ICD-10
conventional medicine chapters. Code overrepresentations in relation to conventional
medicine diseases and by age and sex should be an area of future investigation to best
understand how to synergize and improve patient care.

Keywords: kampo, pattern diagnosis, international classification of diseases, traditional Japanese medicine,
conventional medicine, ICD-10, ICD-11
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INTRODUCTION

Traditional Japanese medicine (Kampo medicine) is widely used
in modern Japanese society. Physicians, regardless of specialty,
prescribe Kampo in daily practice as standalone treatment or
alongside conventional medicine (CM) (Moschik et al., 2012). In
particular, Kampo formulas have been found helpful in specific
diseases, such as pediatric emotional and behavioral disorders
and hiesho (cold disorder) (Watanabe et al., 2014). Research on
Kampo medicine has been increasing in recent years (Hyun et al.,
2019). One important concept in Kampo methodology is hosho
sotai (formula versus pattern). In other words, Kampo medicine
does not employ the treatment based on a disease name but rather
uses treatment on a set number of presenting symptoms, or a
“pattern” (Yakubo et al., 2014).

In the International Classification of Diseases (ICD-11)
traditional medicine (TM) chapter, patterns are defined as “the
complete clinical presentation of the patient at a given moment in
time including all findings” (WHO., 2019). Different Asian
traditional medicine modalities use their own subset codes in
their respective practices. In Kampo, the principle pattern used to
describe a patient’s presentation includes descriptors from three
modules: deficiency-excess, heat-cold, and optional body
constituents (Yakubo et al., 2014). Deficiency-excess and heat-
cold are essential and typically sufficient to describe most patient
disease states. However, body constituents modules can be added
for complicated health conditions and chronic diseases (detailed
explanation in Supplementary Figure S1).

Pattern diagnosis and disease diagnosis are made
simultaneously in Kampo clinic. Usually, a patient who visits a
modern Kampo clinic will have one or more CM diagnoses when
referred. After a Kampo-specific history and physical
examination a pattern diagnosis will be given. The treating
Kampo physician can also add several additional CM
diagnoses if specific unique Kampo symptoms or physical
exam signs are not covered within a patient’s previous CM
diagnoses. Thus, patients who visit a Kampo clinic in Japan
can end up with CM diseases diagnoses and a pattern
diagnosis together. This would include one or more CM
diseases from the ICD-10 and one Kampo pattern composed
of one descriptor from deficiency-excess, one from heat-cold, and
one or more optional descriptors from body constituents.

It has not been possible to compare standardized codes
between TM and CM before the advent of the ICD-11.
Historically, TM and CM are completely different medical
systems, and TM considers the holistic state of a patient
presentation rather than specific organ systems in CM.
Furthermore, TM and CM have differing theoretical
foundations, which suggests that there is no correlative overlap
between the two systems. When TM pattern diagnoses are given,
they do not include elements of a CM diagnosis.

However, modern-day Kampo clinical practice has evolved in
a way that utilizes some knowledge of CM, and especially since
physicians who specialize in Kampo medicine are required to be
licensed CM practitioners. Thus, we hypothesized there were
potential undiscovered relationships between the two medical
systems. To this end, we conducted an exploratory cross-sectional

study at the Kampo clinic of Keio University Hospital to
understand and compare the characteristics and relationships
between CM ICD-10 chapters and TM pattern descriptors.

METHODS

Study Design
This is an exploratory cross-sectional study conducted at Keio
University Hospital in Tokyo, Japan. Keio University Hospital is
one of the largest and well-known teaching hospitals in Tokyo
and houses a large and active Kampo clinic, making it an ideal
location to obtain a wide range of different patient presentations.
The Keio University School of Medicine Institutional Review
Board approved this study (Approval No. 20100144), and the
protocol is available at the UMIN clinical trials registry (unique
ID: UMIN000020478).

Participants
To avoid information bias from repeatedly collecting diagnostic
information in the medical record, we set our inclusion criteria as
first-visit patients aged 20 or older presenting to the Kampo clinic
at Keio University Hospital from October 1st, 2014 to June 30th,
2019. Exclusion criteria included records without CM diagnoses
or incomplete documentation of deficiency-excess or heat-cold.
Both deficiency-excess and heat-cold modules are essential in the
practice of Kampo medicine. There were 456 (37.7%) patients
with a single CM diagnosis, 428 (35.4%) with two, and 325
(26.9%) with more than three in our database (detailed
diseases and ICD-10 chapters distribution in Supplementary
Tables S1,S2). To reflect the real-world distribution of pattern
diagnose and obtain sufficient statistical power, we decided to
include data from patients with multiple CM diagnoses. Written
informed consent was obtained from participants. There was a
total of 10 physicians included in this study, who were the
practicing Kampo physicians at our institution. All the
participating physicians are board-certified specialists in
Kampo medicine who also have active conventional medicine
licenses. Inter-rater reliability of some of these physicians has
been shown previously (Maeda-Minami et al., 2021).

Procedure
Before seeing a Kampo physician, all patients completed a
standardized questionnaire, which assessed subjective
symptoms and collected demographic information at their first
visit. Based on the questionnaire, one Kampo physician would ask
additional clarifying questions and conduct a series of Kampo
physical examinations, such as tongue inspection, pulse
diagnosis, and abdominal palpation. The physicians would
then give their pattern diagnosis with three modules:
deficiency-excess, heat-cold, and optional body constituents. In
Kampo medicine, within the TM ICD-11 pattern chapter, the
deficiency-excess module included deficiency, medium, and
excess descriptors; the heat-cold module included heat,
tangled, moderate, and cold descriptors; and the body
constituents module included qi deficiency, qi stagnation, qi
counterflow, blood deficiency, blood stasis, fluid disturbance,
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fluid deficiency, and kidney qi deficiency descriptors
(Supplementary Figure S1). This pattern diagnosis was given
without regard to the CM diagnosis and was made independently
using the TM evaluation. We did consider pattern diagnosis
interrater reliability when considering our study’s wider internal
validity, however a study done previously by our group indicated
this was not a major concern (Maeda-Minami et al., 2021).

CM diagnoses for patients visiting the Kampo clinic were
coded using the ICD-10, released in 2013 by the Ministry of
Health, Labor and Welfare in Japan (Ministry of Health Labor
and Welfare., 2020). The number of conventional medicine
diagnoses in ICD-10 is over 14,000, with no classifications for
disease severity. Due to the difficulty in analyzing all >14,000
diseases in our analysis, CM diagnostic codes were grouped by
ICD-10 chapters.

Information abstracted for analysis includes answers from the
patient’s questionnaire, findings from Kampo physical
examination, and the final pattern diagnosis. Chart review was
also conducted to confirm the CM diagnosis and to record
demographic characteristics such as age and gender.

Statistical Analysis
All statistical calculations and analyses were performed using R
software (version 3.6.3, 2020-02-29). Descriptive statistics were
used in the patient’s demographic characteristics. The proportion
of pattern code distribution by each CM ICD-10 chapter was
illustrated by a bar plot. A test for equal proportions with
continuity correction was used to compare the participant
number distribution and sex distribution characteristics. Age
and body mass index (BMI) characteristics were summarized
as an interquartile range (IQR). Wilcoxon’s rank-sum test with
continuity correction was used to compare the age and BMI
characteristics due to non-normal distributions, comparing
groups with a specific code diagnosis against groups without
that code diagnosis. A p-value < 0.05 as statistically significant.

RESULTS

There were 1,568 potential study patients identified at the Keio
University Hospital Kampo clinic between October 1st, 2014, and
June 30th, 2019 (Supplementary Figure S2). Out of those 1,568,
1,319 patients (84.1%) agreed to participate in the study. There
were 110 patients (8.3%) excluded due to incomplete diagnosis
information, with 24 patients without deficiency-excess or heat-
cold module, 12 without CM diagnoses, and 74 without both.
There were 1,209 patients included in our final analysis.

Characteristics of Kampo Clinic Patients
Sex ratio of the 1,209 patients was 1:2.7 (327 males: 882 females).
Age of patients ranged from 20 to 92, and BMI from 12.8 to
52.5 kg/m2.

We report the distribution by each CM ICD-10 chapter
(Supplementary Table S3; with top three most frequent CM
diagnoses). The most common chapter was XVIII (n � 474,
39.2%), for symptoms, signs, and abnormal clinical and
laboratory findings. CM ICD-10 chapters showed different

distribution dependent on sex, age, and BMI. The proportion
of males was higher in diseases of the circulatory system (IX, 40.7
vs 25.6%, and p < 0.01), and lower in diseases of the genitourinary
system (XIV, 13.2 vs 30.54%, and p < 0.01). Age wasmore likely to
be older in chapter IX (median 67 vs 51, p < 0.01), and more likely
to be younger in chapter XII (diseases of the skin and
subcutaneous tissue, median 41 vs 54, and p < 0.01). BMI was
also more likely to be larger in chapter IX (median 23.1 vs 20.8,
p < 0.01).

For pattern diagnoses (Supplementary Table S4), the most
common descriptor within the deficiency-excess module was
deficiency (n � 485, 40.1%). Within heat-cold, cold was the
most common (n � 489, 40.4%). Within body constituents, qi
stagnation was the most common (n � 369, 30.5%).

Pattern descriptor had different distributions depending on
sex, age, and BMI (Supplementary Table S4). Within excess-
deficiency, deficiency was more likely to be coded in elderly
patients (median 57 vs 50, p < 0.01) and smaller BMI (median
19.2 vs 22.1, p < 0.01). Excess was greater in males (37.9 vs 24.1%,
p < 0.01) and larger BMI (median 24 vs 20.2, p < 0.01).

Within heat-cold, cold was less likely to be in male patients
(22.5 vs 30.1%, p < 0.01). Furthermore, patients with larger BMI
were more likely to be given a heat descriptor (median 23.9 vs
20.8, p < 0.01) and younger patients given a tangled descriptor
(median 49 vs 53, p < 0.01).

Within body constituents, qi deficiency was more likely to be
with smaller BMI (median 19.6 vs 21.3, p < 0.01). Qi stagnation
was more likely to be in younger patients (median 46 vs 55, p <
0.01). Blood stasis was more likely to be in younger patients
(median 45 vs 55, p < 0.01) and had fewer male patients (12.2 vs
31.8%, p < 0.01). Fluid disturbance was also less likely in males
(11.0 vs 30.1%, p < 0.01). Kidney qi deficiency tended to be in
older (median 70 vs 48, p < 0.01) and male patients (50.2 vs
21.2%, p < 0.01).

Relationship Between CM ICD-10 Chapters
and TM ICD-11 Pattern Codes
In general, while each CM ICD-10 chapter (minus those that are
not seen commonly in Kampo practice, such as chapter XX
External causes of morbidity) had a general distribution of all
deficiency-excess (Figure 1), heat-cold (Figure 2), and body
constituents descriptors (Figure 3), our analysis found certain
overrepresentations of specific Kampo pattern codes within each
chapter.

Figure 1 shows the proportion of the deficiency-excess by each
CM ICD-10 chapter, where scattered lines represent the average
value in each descriptor. The proportion of deficiency in chapter
XVIII (Symptoms, signs and abnormal clinical and laboratory
findings, and not elsewhere classified) exceeded the other
chapters (46.6 vs 35.9%, p < 0.01), in which cold
hypersensitivity, headache, dizziness, and giddiness represent
the majority of CM ICD-10 codes (Supplemental Table S3).
The proportion of excess in chapter IV (Endocrine, nutritional,
and metabolic diseases) and chapter IX (Diseases of the
circulatory system) exceeded the other chapters (34.4 vs
20.1%, p < 0.01 and 39.8 vs 19.3%, p < 0.01 respectively), in
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which diabetes and hyperlipidemia represent the majority of
codes in chapter IV and hypertension in chapter IX.

Figure 2 shows the proportion of the heat-cold by each CM
ICD-10 chapter. Compared to other chapters, chapter XVIII had
an excess of cold (50.6 vs 33.9%, p < 0.01). Chapter IV had an
excess of heat (18.9 vs 7.1%, p < 0.01).

We analyzed body constituents by CM ICD-10 chapter and
stratified each descriptor (Figure 3). There were three chapters
that were overrepresented with qi deficiency: chapter I (Certain
infectious and parasitic diseases, 51.4 vs 21.7%, p < 0.01), chapter
II (Neoplasms, 32.5 vs 20.6%, p < 0.01, and chapter XI (Diseases
of the digestive system, 33.5 vs 20.3%, p < 0.01). Infectious
gastroenteritis and colitis were the most common ICD-10
codes in chapter II. Malignant breast tumor, leiomyoma of the
uterus, and gastric tumor were the most common codes in
chapter II. Constipation, chronic gastritis, and
gastroesophageal reflux disease with esophagitis were the most
common codes in chapter XI.

There were five chapters that were overrepresented with
kidney qi deficiency: chapter IV (38.8 vs 18.8%, p < 0.5),
chapter IX (42.5 vs 18.0%, p < 0.01), chapter VII (Diseases of
the eye and adnexa, 52 vs 19.6%, p < 0.01), chapter VIII (Diseases
of the ear andmastoid process, 38 vs 19.5%, p < 0.01), and chapter
XIII (Diseases of the musculoskeletal system and connective
tissue, 34.4 vs 17.1%, p < 0.01). Glaucoma was the most

common CM ICD-10 code in chapter VII, tinnitus the most
common ICD-10 code in chapter VIII, and lower back pain,
shoulder stiffness and sicca syndrome the most common in
chapter XIII. Chapter XII (Diseases of the skin and
subcutaneous tissue) and XIV (Diseases of the genitourinary
system) were less associated with kidney qi deficiency (9.5 vs
21.8%, p < 0.01 and 14.0 vs 21.8% respectively, both p < 0.01). In
chapter XIV (menopausal and female climacteric states),
unspecified female infertility, and unspecified dysmenorrhea
were the most common ICD-10 codes represented.

There were two chapters that were overrepresented with qi
stagnation, chapter V (Mental and behavioral disorders, 67.9 vs
26.9%, p < 0.01), and chapter VI (Diseases of the nervous system,
42.5 vs 28.8%, p < 0.01). Depressive disorder and anxiety were the
most common CM ICD-10 codes represented in chapter V, and
insomnias, disorder of the autonomic nervous system, and
polyneuropathy in chapter VI.

There were two chapters overrepresented with qi counter flow,
chapter V (17.9 vs 7.3%, p < 0.01) and chapter XIV (14.4 vs 6.7%,
p < 0.01). Chapter XIII was less likely to be associated with qi
counter flow pattern (17.0 vs 33.6%, p < 0.01).

Chapter XIV diagnoses were more likely to be associated
with blood stasis (39.1 vs 20.6%, p < 0.01). Chapter XII
diagnoses were more likely to be associated with blood
deficiency (27.2 vs 15.2%, p < 0.01). Chapter V diagnoses

FIGURE 1 | Proportion of participants with deficiency-excess in each the 10th version of the International Classification of Diseases chapters. *p < 0.05 ICD �
International Classification of Diseases. I: Infection (35); II: Neoplasm (200); III: Hemotology/Immunology (13); IV: Endocrine/metabolism (90); V: Psychiatry (106); VI:
Neurology (146); VII: Ophthalmology (25); VIII:Audiology (50); IX: Circulatology (113); X: Pulmonology (70); XI: Gastroenterology (206); XII: Dermatology (147); XIII:
Musculoskeletal (224); XIV: Genitourology (243); XV: Obstetrics (3); XVII: Congenital (10); XVIII: Symptoms/signs (474); XIX: Injury/poisoning (22); XXI: Health
state (3).
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were less likely to be associated with fluid disturbance (6.6 vs
16.7%, p < 0.01).

DISCUSSION

This is the first study in the literature to systematically examine
the relationship between CM ICD-10 diagnoses and TM pattern
diagnoses using a standard classification scheme in real-world
clinical practice. Our results show that all pattern descriptors
were represented within the spectrum of CM ICD-10 chapters.
We report certain specific overrepresentations of pattern
descriptors within each ICD-10 chapter and when stratified by
age, sex, and BMI.

We found diseases relating to the eye or ear (ICD-10 chapter
VII or VIII) were more likely to be associated with kidney qi
deficiency. This relationship follows the Kampo theory that
kidney qi nourishes the eye and ear function at baseline, and
an absence of kidney qi is seen in eye and ear pathology. Another
trend noted was that the population of chapter XIV (Diseases of
the genitourinary system) was composed of two different groups:
older males in whom the prevalent disease was prostate
hypertrophy, and younger females in whom menopausal and
female climacteric states were the primary diseases. The pattern

descriptors distribution within chapter XIV also varied by sex
which may indicate an association between these CM diagnoses
and TM patterns—males were more likely to be associated with
kidney qi deficiency, while females were more likely to be
associated with blood stasis and fluid disturbance. We report
the characteristics of patients with similar CM and TM diagnoses
in Supplementary Tables S6–S8 and visually represent their
differences in Supplementary Figures S3–S5.

Reference guide of ICD-11 articulates that ICD-11’s
chapter on Traditional Medicine disorders and patterns is
designed to be integrated with coding of cases in conjunction
with the CM concepts of ICD Chapters. The relationship
between TM pattern descriptors and CM diagnosis has been
an established research topic within the East Asian TM
community (Lu and Chen, 2011; Lu et al., 2012). Studies
have shown the relationship of specific TM pattern
descriptors with a diverse array of CM presentations,
including knee osteoarthritis (Tian et al., 2016) and open-
angle glaucoma (Yang et al., 2018). However, before the
advent of the standardized TM ICD-11 pattern descriptors
as in this study, it has been difficult to conduct a comparative
analysis between differing medical traditions with unique
terminology and classifications, and such as between
Kampo and traditional Chinese medicine. These types of

FIGURE 2 | Proportion of participants with heat-cold pattern in each the 10th version of the International Classification of Diseases chapters. *p < 0.05 ICD �
International Classification of Diseases. I: Infection (35); II: Neoplasm (200); III: Hemotology/Immunology (13); IV: Endocrine/metabolism (90); V: Psychiatry (106); VI:
Neurology (146); VII: Ophthalmology (25); VIII:Audiology (50); IX: Circulatology (113); X: Pulmonology (70); XI: Gastroenterology (206); XII: Dermatology (147); XIII:
Musculoskeletal (224); XIV: Genitourology (243); XV: Obstetrics (3); XVII: Congenital (10); XVIII: Symptoms/signs (474); XIX: Injury/poisoning (22); XXI: Health
state (3).
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studies could be beneficial in-patient care. One study found
that in patients with colorectal cancer, patients with
deficiency descriptors had a higher survival rate than that
of patients with excess descriptors—the authors hypothesized
that patients diagnosed with excess could benefit from
postoperative adjuvant chemotherapy (Li et al., 2020).

The standardized terminology in ICD-11 is a tool that
allows for these cross-disciplinary comparisons to be made,
both within TM in the different Asian modalities and between
TM and CM. Regarding Kampo, while there exists much
research into the efficacy of Kampo herbal formulas
(Watanabe et al., 2011), much less is known about the
significance between pattern diagnoses and their
implications for CM diseases amongst TM patients. This
will be a research field not only for Kampo practitioners,
but for all TM practitioners in the future. The standardized
terminology in the ICD-11 has already been utilized in other

contexts by our group, such as in predictive modeling. Using
the standardized TM pattern descriptors, we made a
prediction model for cold-heat and deficiency-excess using
data from a nation-wide sample of Kampo patients, and with
the end goal to assist non-Kampo practitioners in making
these Kampo diagnoses (Maeda-Minami et al., 2019; Maeda-
Minami et al., 2020).

This study has some limitations. One limitation is its
single-institutional design, reducing generalizability to the
broader practice of Kampo in Japan and the world. It was also
difficult to conduct stratified analyses for specific CM
diagnoses due to our limited sample size. One future area
of further research would be comparing TM with different
CM disease severities–however there are no classifications for
the disease severity in the ICD-10. In the ICD-11, severity of
disease will be able to be classified using extension codes.
Furthermore, once the ICD-11 is officially launched in 2022,

FIGURE 3 | Proportion of participants with body constituents pattern in each the 10th version of the International Classification of Diseases chapters. *p < 0.05 ICD
� International Classification of Diseases. The facet of fluid deficiency is hidden due to its limited participant number (n � 4). I: Infection (35); II: Neoplasm (200); III:
Hemotology/Immunology (13); IV: Endocrine/metabolism (90); V: Psychiatry (106); VI: Neurology (146); VII: Ophthalmology (25); VIII:Audiology (50); IX: Circulatology
(113); X: Pulmonology (70); XI: Gastroenterology (206); XII: Dermatology (147); XIII: Musculoskeletal (224); XIV: Genitourology (243); XV: Obstetrics (3); XVII:
Congenital (10); XVIII: Symptoms/signs (474); XIX: Injury/poisoning (22); XXI: Health state (3).
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and future research could utilize larger datasets from multiple
countries for similar studies.

Our study was cross-sectional, not allowing us to capture
how TM patterns may change over time. Also, mild diseases
with short duration, such as the common cold or acute
gastroenteritis, are not commonly seen in our clinic due to
its affiliation in a university hospital—in our clinic, it is more
common to see complex, and chronic disease states. We did
not include adolescent and infant patients, limiting
generalizability to the population below age 20. Finally, in
this study, we only focused on the TM pattern descriptor
relationship with CM chapters in ICD-10. Considering the
holistic nature of TM and Kampo, future studies may seek to
investigate the interactive relationships between different
combinations of the three modules of Kampo patterns and
CM diseases (Hu et al., 2011).

CONCLUSION

We report Kampo pattern descriptors characteristics in TM
ICD-11 pattern descriptors and compare these with CM
chapters in ICD-10. Our findings show that certain Kampo
pattern descriptors are related to specific CM ICD-10
chapters, especially after stratified by age, sex, and BMI. In
the future, we hope that the results from this exploratory
study motivate further investigation into the relationships
between CM and TM diagnoses. This will be of importance to
understand the relationship not only between Kampo and
other TM modalities, but also the relationship between CM
and TM, and how CM and TM can together advance
patient care.
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The Japanese Herbal Medicine
Hangeshashinto Induces Oral
Keratinocyte Migration by Mediating
the Expression of CXCL12 Through the
Activation of Extracellular
Signal-Regulated Kinase
Kanako Miyano1,2, Seiya Hasegawa3, Noriho Asai2,3, Miaki Uzu4, Wakako Yatsuoka5,
Takao Ueno5, Miki Nonaka2, Hideaki Fujii 3 and Yasuhito Uezono2,6*

1Division of Cancer Pathophysiology, National Cancer Research Institute, Tokyo, Japan, 2Department of Pain Control Research,
The Jikei University School of Medicine, Tokyo, Japan, 3Laboratory of Medicinal Chemistry, School of Pharmacy, Kitasato
University, Tokyo, Japan, 4Vitrigel Project Research Team, Institute of Agrobiological Sciences, National Agriculture and Food
Research Organization, Tsukuba, Japan, 5Dental Division, National Cancer Center Hospital, 5-1-1, Tsukiji, Japan, 6Supportive
and Palliative Care Research Support Office, National Cancer Center Hospital East, Kashiwa, Japan

Several clinical studies have reported that Japanese herbal medicine Hangeshashinto
(HST) has beneficial effects on chemotherapy-induced oral ulcerative mucositis (OUM).
Our previous research demonstrated that HST improves chemotherapy-induced OUM
through human oral keratinocyte (HOK) migration, which was suppressed by mitogen-
activated protein kinase (MAPK) and C-X-C chemokine receptor 4 (CXCR4) inhibitors.
However, the association between thesemolecules and HOKmigration was unclear. Here,
we examined the effects of HST on the expression of CXCR4/CXCR7 and C-X-C motif
chemokine ligands 11 and 12 (CXCL11/CXCL12) in HOKs. Our results indicated that HST
upregulated CXCL12, but not CXCR4, CXCR7, nor CXCL11 in HOKs. HST-induced
expression of CXCL12 was significantly suppressed by an inhibitor of extracellular signal-
regulated kinase (ERK), but not of p38 and c-Jun N-terminal kinase (JNK). In addition, HST
induced phosphorylation of ERK in HOKs. These findings suggest that HST enhances
HOK migration by upregulating CXCL12 via ERK.

Keywords: hangeshashinto, oral ulcerative mucositis, oral keratinocytes, CXCL12, extracellular signal-regulated
kinase

1 INTRODUCTION

Cancer patients receiving chemotherapy, radiotherapy, hematopoietic stem cell transplant, or
terminal care often experience severe oral ulcerative mucositis (OUM), which evokes painful
inflammation and limits their basic day-to day activities, such as “eating, drinking, and talking”
(McGuire et al., 1993; Sonis, 1998; Dodd et al., 2000; Dörr et al., 2002; Sonis, 2004; Duncan et al.,
2005; Jones et al., 2006; Vera-Llonch et al., 2006; Barber et al., 2007; El-Housseiny et al., 2007; Vera-
Llonch et al., 2007; Bensinger et al., 2008; Sonis, 2010a; Sonis, 2010b; Miyano et al., 2016; Miyano
et al., 2020). Additionally, OUM increases the risk of systemic infection via opportunistic
microorganisms, which may lead to extension of hospitalization (Elting et al., 2003; Sonis, 2004;
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Elting et al., 2007; Yeoh et al., 2007; Lalla et al., 2014; Miyano
et al., 2016). Further, OUM often forces patients with cancer to
discontinue or modify their therapy regimen, which adversely
affects their prognosis (Elting et al., 2003; Trotti et al., 2003; Sonis,
2010a; Miyano et al., 2016). Therefore, effective management of
OUM is indispensable for improving both patient quality of life
and prognosis (Miyano et al., 2016).

Although chemotherapy-induced OUM is associated with the
use of various anti-cancer drugs, there are not many effective
prevention methods or therapeutic modalities (Miyano et al.,
2016). Hangeshashinto (HST), a traditional Japanese medicine
(Kampo medicine) that contains extracts of seven botanical
drugs, was approved by Japan’s Ministry of Health, Labour
and Welfare as a prescription treatment for OUM. From the
16th century to the present, HST has been used in Japan to treat
inflammatory diarrhea, gastritis, and oral mucositis (Uezono
et al., 2012; Miyano et al., 2016). A recent double-blind,
placebo-controlled, randomized study reported that the
repetitive use of HST-containing mouthwash effectively
improved chemotherapy-induced OUM in patients with
colorectal cancer or gastric cancer (Matsuda et al., 2015). Basic
research indicated that HST enhanced OUM healing through
multiple pharmacological actions, such as anti-oxidant, anti-
inflammatory, anti-bacterial, and analgesic activities
(Fukamachi et al., 2015; Matsumoto et al., 2015; Hiroshima
et al., 2016; Hitomi et al., 2016; Hitomi et al., 2017). With
regard to anti-inflammatory effects, we previously determined
that various ingredients in HST decrease interleukin 1β-induced
prostaglandin E2 (PGE2) production in human oral keratinocytes
(HOKs) with multi-targeting effects, such as dual suppression of
cyclooxygenase-2 expression and PGE2 metabolic activity (Kono
et al., 2014). Moreover, our recent in vitro and in vivo studies
revealed that HST directly affects OUM and enhances tissue
repair through migration of HOKs, involving activation of
mitogen-activated protein kinases (MAPKs), including
extracellular-signal-regulated kinase (ERK), p38, and c-Jun
N-terminal kinase (JNK), and C-X-C chemokine receptor 4
(CXCR4) (Miyano et al., 2020). In the present study, we
investigated the effects of HST on the expression of
endogenous CXCR4 agonists (C-X-C chemokine ligands
CXCL11 and CXCL12) and the receptors CXCR4 and CXCR7
to clarify how MAPKs and CXCR4 induce HOK migration. We
analyzed the effects of several MAPK inhibitors on the expression
of CXCL12, and also examined the effects of HST treatment on
MAPK phosphorylation in migrating HOKs.

2 MATERIALS AND METHODS

2.1 Chemicals and Reagents
The following reagents were used: fetal bovine serum (FBS) and
Keratinocyte-Serum Free Medium (SFM) (1X) (Gibco, Carlsbad,
CA, United States); trypsin and trypsin neutralizing solution
(TNS; Lonza, Basel, Switzerland); penicillin/streptomycin,
dimethyl sulphoxide (DMSO), and U0126 (Nacalai Tesque,
Kyoto, Japan); poly-L-lysine (PLL), SB202190 (Sigma-Aldrich,
St. Louis, MO, United States); Cellmatrix® I-P (Nitta Gelatin Inc.,

Osaka, Japan); phosphate-buffered saline (PBS; Nissui
Pharmaceutical Co., Osaka, Japan); BDPA-Zn (Fujifilm Wako
Pure Chemical, Osaka, Japan); and JNK inhibitor II (Calbiochem,
San Diego, CA, United States).

HST extract powder (Lot No. 2180014010), the base powder
without excipients, was obtained from Tsumura & Co.
(Ibaraki, Japan), manufactured as an aqueous extract
mixture of seven botanical drugs. All items prescribed in
Hangeshashinto are listed as in the Japanese
Pharmacopoeia: Pinellia tuber (5.0 g, tuber of Pinellia
ternate (Thunb.) Makino (Araceae)), Scutellaria root (2.5 g,
root of Scutellaria baicalensis Georgi (Lamiaceae)), Processed
ginger (2.5 g, rhizome of Zingiber officinale Roscoe
(Zingiberaceae)), Glycyrrhizae Radix (2.5 g, root of
Glycyrrhiza uralensis Fisch. ex DC. (Fabaceae) or
Glycyrrhiza glabra L. (Fabaceae)), Ziziphi Fructus (2.5 g,
fruit of Ziziphus jujuba Mill. (Rhamnaceae)), Ginseng Radix
(2.5 g, root of Panax ginseng C. A. Mey. (Araliaceae)), and
Coptis rhizome (1.0 g, rhizome of Coptis japonica (Thunb.)
Makino (Ranunculaceae), Coptis chinensis Franch.
(Ranunculaceae), Coptis deltoidei C. Y. Cheng and P. K.
Hsiao (Ranunculaceae) or Coptis teeta Wall.
(Ranunculaceae)). Briefly, the mixture of the seven raw
materials was extracted in boiling water for 1 h, and the
extract was then separated from insoluble waste. The
separated extract was concentrated under reduced pressure
and then spray-dried to produce the extract powder of HST.
The yield of the extract was about 24.3%. The three-
dimensional high-performance liquid chromatograph (3D-
HPLC) profile of HST was created by Tsumura & Co.,
showing at Supplementary Figure S1. For the analysis of
components, the dried extract (1.0 g) of HST was extracted
with methanol (20 ml) under ultrasonication for 30 min and
was centrifuged at 3,000 rpm for 5 min. The supernatants were
filtered with a membrane filter (0.45 μm) and then submitted
for HPLC analysis (30 μL). HPLC apparatus consisted of a
Shimadzu LC 10A (analysis system software: CLASS-M10A
ver. 1.64, Tokyo, Japan) equipped with a multiple wavelength
detector (UV 200–400 nm) (Shimadzu SPD-M10Avp, diode
array detector), an auto injector (Shimadzu CTO-10AC).
HPLC conditions were described as follows: column, ODS
(TSK-GEL 80TS, 250 × 4.6 mm i.d., TOSOH, Tokyo, Japan);
eluent, (A) 0.05M AcONH4 (pH 3.6) (B) 100% CH3CN. A
linear gradient of 90% of A and 10% of B changing over 60 min
to 0% A and 100% B was used. (And 100% B was continued for
20 min); temperature, 40°C; flow rate, 1.0 ml/min. The quality
of HST was confirmed to fulfill the standard of the Japanese
Pharmacopoeia. Specifically, the following marker compounds
were included in the extract within the parenthesized rages:
baicalin (70–210 mg), glycyrrhizic acid (22–66 mg), and
berberine (7–21 mg). All voucher specimens of raw
materials used were deposited in the herbarium of Tsumura
& Co., with batch numbers (Supplementary Table S1).

HST extract powder was suspended in DMSO at 100 mg/ml,
diluted 100 fold with culture medium, and filtered through a
0.45 μm membrane (ADVANTEC, Tokyo, Japan) to give a final
concentration of 100 μg/ml.
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2.2 Cell Culture
Primary HOKs (ScienCell Research Laboratories, Carlsbad, CA,
United States) were cultured on poly-L-lysine-coated dishes in
Keratinocyte-SFM (1X) supplemented with 10% FBS and
penicillin (100 U/mL).

2.3 Scratch-Induced Migration Assay
HOK migration was evaluated using the IncuCyte ZOOM®
system (ESSEN BioScience, Ann Arbor, MI, United States),
which enables real-time and quantitative live-cell analysis, as
previously described (Miyano et al., 2020). HOKs were seeded at a
concentration of 3.0 × 104 cells/0.1 ml/well onto a 96-well
ImageLock microplate (ESSEN BioScience), coated with
300 μg/ml CellmatrixⓇ I-P (Nitta Gelatin Inc., Osaka, Japan).
The following day, the cells were scratched using a 96-well
WoundMaker (ESSEN BioScience), and the culture medium
was changed to assay medium (Keratinocyte-SFM (1X)
containing 2% FBS). The cells were then treated with HST
(100 μg/ml) and visually monitored every 2 h for 72 h. The
area occupied by HOKs on the scratched area was quantified
using IncuCyte™ scratch wound cell migration software (ESSEN
BioScience).

2.4 Real-Time Quantitative PCR
HOKs were seeded at 6.5 × 105 cells/2 ml/well onto a 6-well
microplate (Thermo Fisher Scientific, Inc., Waltham, MA,
United States), coated with 300 μg/ml CellmatrixⓇ I-P. The
following day, the cells were scratched with a 1 ml syringe
(Terumo Corporation, Tokyo, Japan) and the culture medium
was changed to assay medium. The cells were then treated with
HST for 48 h. Total RNA was extracted using the AllPrep DNA/
RNA/Protein Mini Kit (QIAGEN, Hilden, Germany). Sample
RNA (1.5 µg) was reverse-transcribed using the High-Capacity
RNA-to-cDNA™ Kit (Thermo Fisher Scientific), according to the
manufacturer’s instructions. Real-time quantitative PCR (RT-
qPCR) analysis was conducted using LightCycler FastStart DNA
Master PLUS SYBR Green I (Roche, Basel, Switzerland) on a
LightCycler 2.0 system (Roche). Thermal cycling was initiated at
95°C for 1 min, followed by 50 cycles of 20 s at 95°C, 10 s at 58°C,
and 10 s at 72°C. The glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene was used as a reference gene to normalize
expression levels in RT-qPCR analysis. The primer sequences of
CXCR4, CXCR7, CXCL12, and GAPDH are listed in Table 1. The
PCR products were analyzed on 1.5% agarose gel and had the sizes
expected from the known cDNA sequences. CXCL11 primers were
purchased from Sino Biological (Beijing, China). RNA quantities of
target genes were calculated using the Ct method (Livak and
Schmittgen, 2001).

2.5 Western Blotting
Sample proteins were extracted using the AllPrep DNA/RNA/
Protein Mini Kit and diluted in sodium dodecyl sulfate (SDS)
sample buffer (Nacalai Tesque). After heating for 5 min at 95°C,
equal amounts of proteins were separated by SDS-polyacrylamide
gel electrophoresis and blotted onto polyvinylidene difluoride
(PVDF) membranes. The membranes were blocked with
Blocking One solution (Nacalai Tesque) for 1 h at room
temperature, and incubated overnight at 4°C with primary
rabbit IgG antibodies against ERK1/2 (1:1,000; Cell Signaling
Technology Inc., Danvers, MA, United States) and primary rabbit
IgG antibodies against phospho-ERK1/2 (1:1,000; Cell Signaling
Technology, Inc.). After washing, the membranes were further
incubated with horseradish peroxidase-linked anti-rabbit IgG
antibody (1:2,000; Cell Signaling Technology Inc.) for 2 h at
room temperature. Immunoreactivity was detected using the
Western Lightning ECL Pro system (Perkin Elmer Co., Ltd.,
Waltham, MA, United States). Finally, the band densities of both
pERK and ERK were measured using ImageJ software (National
Institutes of Health, Bethesda, MD, United States). ERK
expression was calculated using the ratio of the phospho-ERK-
specific band density/ERK-specific band density.

2.6 Statistical Analysis
All data are presented as the mean ± standard error of the mean
(SEM) for at least three independent experiments. Statistical
analysis was performed using one-way analysis of variance
(ANOVA), followed by the Bonferroni’s multiple comparisons
test (Figures 1, 2, 5) or unpaired t-test (Figures 2, 4), using
GraphPad Prism version 8 software (GraphPad Software, La Jolla,
CA, United States). A probability value (p) < 0.05 was considered
statistically significant.

TABLE 1 | Primer sequences of human CXCR4, CXCR7, CXCL12, and GAPDH.

Forward primers (59→39) Reverse primers (39→59)

CXCR4 CGTCTCAGTGCCCTTTTGTTC CTGAAGTAGTGGGCTAAGGGC
CXCR7 CTATGACACGCACTGCTACATC CTGTACGAGACTGACCACC
CXCL12 ACACTCCAAACTGTGCCCTT CTGTAAGGGTTCCTCAGGCG
GAPDH GCTCTCTGCTCCTCCTGTTC ACGACCAAATCCGTTGACTC

FIGURE 1 | Effect of MAPK inhibitors on Hangeshashinto (HST)-induced
migration of human oral keratinocyte (HOKs). HOKs were scratched and co-
treated with HST, CXCR4 inhibitor BDPA-Zn, ERK inhibitor U0126, JNK
inhibitor II, or p38 inhibitor SB202190 for 72 h. Data are expressed as
the mean ± SEM (bars, n � 12–50). *** indicates p < 0.001, compared with
vehicle; #, ##, #### indicates p < 0.05, p < 0.01, p < 0.001 compared with
HST alone. Bonferroni’s comparison test following ANOVA.
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3 RESULTS

3.1 HST Enhanced Scratch-Induced HOK
Migration via MAPKs and CXCR4
We previously reported that treatment with 1–100 μg/ml HST
enhanced scratch-induced wound healing in dose- and time-
dependent manners, which involved HOK migration (Miyano
et al., 2020). As shown in Figure 1, treatment with HST for 72 h
significantly induced HOK migration. Conversely, this effect was
significantly suppressed by treatment with a CXCR4 inhibitor
(BDPA-Zn, 3 µM), an ERK inhibitor (U0126, 10 µM), a JNK
inhibitor (JNK inhibitor II, 1 µM), and a p38 inhibitor (SB202190,
10 µM). Compared with vehicle treatment alone, treatment with
each inhibitor did not significantly affect HOK migration
(Figure 1).

3.2 HST Upregulated CXCL12, But Not
CXCR4, CXCR7, Nor CXCL11 in HOKs
To clarify the molecular mechanism responsible for HST-
induced HOK migration, we first investigated the effects of

HST on the expression of endogenous CXCR4 agonists
(CXCL11 and CXCL12) and the receptors CXCR4 and
CXCR7 in HOKs. As shown in Figure 2, treatment with
HST for 48 h significantly increased mRNA expression of
CXCL12, but not that of CXCR4, CXCR7, nor CXCL11,
compared with vehicle treatment.

3.3 HST Upregulated CXCL12 via ERK
Activation in HOKs
To elucidate the involvement of MAPKs in HST-induced
upregulation of CXCL12, we examined the effects of MAPK
inhibitors on HST-induced upregulation of CXCL12 in
HOKs. The ERK inhibitor (U0126, 10 µM) completely
suppressed HST-induced CXCL12 mRNA expression
(Figure 3A), but this phenomenon was not observed when
HOKs were treated with the JNK inhibitor (JNK inhibitor II,
1 μM, Figure 3B) nor with the p38 inhibitor (SB202190,
10 μM, Figure 3C). We then examined whether HST
affected phosphorylation of ERK in HOKs using western
blotting. The results indicated that HST treatment

FIGURE 2 | Effect of Hangeshashinto (HST) on the mRNA expression of CXCR4, CXCR7, CXCL11, or CXCL12 in human oral keratinocytes (HOKs). HOKs were
scratched and treated with vehicle or HST for 48 h mRNA expression was determined by RT-qPCR. (A) CXCR4 (n � 5), (B) CXCR7 (n � 6), (C) CXCL11 (n � 5), or (D)
CXCL12 (n � 6). Data are presented as the mean ± SEM (bars). * indicates p < 0.05, compared with vehicle; unpaired t-test.
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significantly increased ERK phosphorylation in HOKs
compared with vehicle treatment (Figure 4).

3.4 10-gingerol Upregulated CXCL12 in
HOKs
Our previous study revealed that 6-shogaol, 10-gingerol and
glycyrrhetinic acid, which are the typical components of HST,
enhanced the scratch-induced HOK migration (Miyano et al.,
2020). We examined the effects of these components on the level
of CXCL12 mRNA expression in HOKs. The doses of these
compounds used in the present study were determined
according to our previous study (Miyano et al., 2020), which
have highest efficacy in the scratch-induced migration. As shown
in Figure 5, 10-gingerol (10 µM) significantly induced CXCL12
expression, compared with vehicle. Although 6-shogaol (1 µM)

and glycyrrhetinic acid (10 µM) slightly increase CXCL12
expression, these responses were not significant.

4 DISCUSSION

In this study, we revealed for the first time that treatment with
100 μg/ml HST activated ERK and upregulated CXCL12 in HOKs,
which subsequently caused their migration. OUM treatment in
clinical practice involves dissolving HST in hot water to a final
concentration 50mg/ml, followed by mouth washing (Matsuda
et al., 2015). Our previous study determined that the doses of HST-
derived compounds required for effective HST-induced HOK
migration were higher than the concentrations of HST-derived
compounds found in patient plasma (Miyano et al., 2020).
However, the effective doses in the HST-induced HOK
migration assay were lower than those measured in the HST

FIGURE 3 | Involvement of MAPKs in Hangeshashinto (HST)-induced expression of CXCL12 mRNA in human oral keratinocytes (HOKs). HOKs were scratched
and co-treated with HST and inhibitors of (A) ERK (U0126; n � 3–5), (B) JNK (JNK inhibitor II; n � 3–5) or (C) p38 (SB202190; n � 3–8) for 48 h. mRNA expression was
determined by RT-qPCR. Data are expressed as the mean ± SEM (bars). *, ** indicates p < 0.05, p < 0.01 compared with vehicle, respectively; # indicates p < 0.05
compared with HST alone. Bonferroni’s comparison test following ANOVA (A–C). n.s. indicates not significant (B,C).
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solution used in clinical practice (Matsuda et al., 2015; Miyano
et al., 2020). Taken together, these findings suggest that HST-
induced CXCR12 expression via ERK activation is evoked by direct
action of HST on OUM, not following absorption in the blood.

Many studies have reported that MAPK, CXCR, and CXCL play
important roles in cell migration (Kukreja et al., 2005; Huang et al.,
2009; Yuan et al., 2013; Cui et al., 2016). Concurring with the results of

previous studies, our results demonstrated that ERK, JNK, p38, and
CXCR4 inhibitors significantly suppressed HST-induced HOK
migration (Figure 1). Shi et al. determined that CXCL12 was
upregulated via ERK activation (Shi et al., 2013). In addition, some
reports have shown that cell migration induced by the CXCL12/
CXCR4 axis is the result of ERK, JNK, and p38 activation (Sun et al.,
2002; Kukreja et al., 2005; Huang et al., 2009; Yuan et al., 2013; Cui
et al., 2016). We found that HST-induced CXCL12 expression was
involved in the activation of ERK, but not that of JNK and p38
(Figure 3). HST increased the phosphorylation level of ERK in HOKs
(Figure 4). Taken together, these data suggest that HST induces ERK
phosphorylation and upregulates CXCL12,which activates its receptor
CXCR4, and consequently induces cell migration through
phosphorylation of JNK and p38 (Figure 6). However, further
studies are needed to clarify the effects of CXCL12 on HOK
migration via JNK and/or p38.

Our previous study revealed that Scutellaria root (baicalein),
processed ginger (6-shogaol, 8-shogaol, 10-shogaol, 6-gingerol, 8-
gingerol, and 10-gingerol), and Glycyrrhiza (glycyrrhetinic acid)
were the active constituents among the seven botanical drugs
comprising HST, suggesting that these ingredients could
cooperatively enhance scratch-induced HOK migration (Miyano
et al., 2020). Some studies have reported that baicalein activates JNK
and/or p38 (Chao et al., 2007; Su et al., 2018), while 6-shogaol and
10-gingerol activate ERK, JNK, and p38 (Kim et al., 2009; Kim et al.,
2015; Ryu and Chung, 2015). These studies suggest that 6-shogaol
and 10-gingerol induce ERK phosphorylation, resulting in
production of CXCL12 in HOKs. In fact, our present study
revealed that 10-gingerol significantly induced mRNA expression
of CXCL12 in HOKs (Figure 5). Taken together, these data suggest
10-gingerol induced CXCL12 expression via activation of ERK in
HOKs. Further investigation is warranted to elucidate which
ingredients including 10-gingerol activate ERK, JNK, and p38.

Our previous study indicated that HST enhances tissue repair
using animal models of chemotherapy-induced OUM (Miyano
et al., 2020). The migration of keratinocytes is the basis for re-
epithelialization during wound healing (Castellano-Pellicena and
Thornton, 2020). In our wound healing assay using HOKs, the
scratched HOKs produced inflammatorymediators such as PGE2

FIGURE 4 | Effect of Hangeshashinto (HST) on ERK phosphorylation in
human oral keratinocytes (HOKs). HOKs were scratched and treated with
vehicle or HST for 48 h. ERK expression was calculated using the ratio of the
pERK-specific band density/ERK-specific band density determined by
western blotting (n � 3). Data are expressed as the mean ± SEM. (bars). *
indicates p < 0.05 compared with vehicle. Unpaired t-test.

FIGURE 5 | Effect of components of Hangeshashinto (HST) on the
expression of CXCL12 mRNA in human oral keratinocytes (HOKs). HOKs were
scratched and treated with vehicle, 6-shogaol (1 µM), 10-gingerol (10 µM), or
glycyrrhetinic acid (10 µM) for 48 h. mRNA expression was determined by
RT-qPCR. Data are expressed as the mean ± SEM. (bars). * indicates p < 0.05
compared with vehicle. Bonferroni’s comparison test following ANOVA.

FIGURE 6 | Schematic diagram showing the mechanism of the
Japanese herbal medicine HST inducing oral keratinocyte migration by
mediating the expression of CXCL12 through the activation of ERK. HST
induces ERK phosphorylation and upregulates CXCL12, which activates
its receptor CXCR4, and induces cell migration.
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(data not shown), which were elicited during chemotherapy and
such inflammatory mediators induced OUM (Miyano et al.,
2016). These data suggest that our cell culture model of HOK
migration reflects one of mechanism of chemotherapy-induced
OUM. However, further investigations are needed to reveal
relationship between HOK migration induced by HST and this
tissue repair using both in vitro and vivo assay.

In conclusion, the findings of the present study suggest that
treatment with HST enhances tissue repair through oral
keratinocyte migration likely induced by CXCR4 activation through
upregulation of CXCL12 via activation of ERK. In addition, we
identified 10-gingerol to induce CXCL12 expression in HOKs
among components of HST. However, it is not clear whether 10-
gingerol induces CXCL12 expression via ERK in HOKs. Further
investigations using in vivo and in vitro assay are needed to reveal
that 10-gingerol improves mucositis via the ERK-CXCL12-CXCR4
pathway.Nonetheless, this studyprovides scientific evidence supporting
the use of HST in patients with cancer and comorbid OUM.
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Cannabis sativa L. is an annual herb oldest cultivated plants as a source of fiber since about
5000 B.C. On the other hand, the cannabis flower and seed are listed in Shennong’s
classic Materia Medica approximately 2000 years ago. The formulas prescribed with
cannabis in Kampo medicine have been summarized. Cannabidiol (CBD) and
tetrahydrocannabinol (THC) are the major neurological and psychiatric cannabinoids,
and develop to drugs. It becomes evident that the therapeutic CBD and/or THC are
the important candidate of anti-dementia drugs having different mechanism for
Alzheimer’s patients. Two receptors and endocannabinoids are also discussed for
underlying mechanism of action. In order to promote the breeding of cannabis plant
containing higher concentration of target cannabinoid the biosynthetic enzymes were
isolated, cloning and the tertiary structure of THCA synthase determined by x-ray analysis
resulting in the possibility of molecular breeding for cannabinoids.

Keywords: Cannabis sativa, kampo medicine, cannabinoid biosynthetic enzyme, CB1 and CB2 receptor, anti-
dementia

INTRODUCTION

Cannabis sativa L. (family Cannabaceae, formerly Moraceae) is an annual herb, commonly called
marijuana or cannabis in addition to many regional names (Table 1). C. sativa L. is used by
approximately 3% of the global population as a relaxant (United Nations Office on Drugs and Crime,
2017). Tetrahydrocannabinol (THC) and cannabidiol (CBD) are the major constituents of cannabis,
known as cannabinoids, and both exhibit neurological and psychiatric activities (Cohen et al., 2019;
Friedman et al., 2019).

Cannabis is among the oldest cultivated plants as has been used as a source of fiber since about
5000 B.C. At present, cannabis is cultivated worldwide, as the plant is adaptable to a wide range of
temperatures. The cannabis seed is considered one of five grains together with bean, corn, millet, and
Japanese barnyard millet, and was first recorded in China around 1000 B.C. Three herbs, including
cannabis, safflower, and indigo, together with four trees, including the tea tree, mulberry plant,
lacquer plant, and paper mulberry, have been cultivated in Japan for at least 1,000 years. Among these
plants, cannabis is an important source of fiber, while safflower and indigo are used to obtain dyes for
the production of clothing. The cannabis flower and seed are listed among 120 safe medicinals in
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Shennong’s classic Materia Medica, composed during the Eastern
Han Dynasty (25–220 C.E.), which lists 365 species that are
divided into three categories: safe (120 items), medicinal use (120
items), and toxic substances (125 items). Therefore, cannabis can
be classified as a useful plant as a source of fiber and medicine.

Cannabis species contain 110 cannabinoids and 440 non-
cannabinoid compounds, including terpenoids, flavonoids, and
sterols (Solymosi and Köfalvi, 2017). Therapeutic studies suggest
that cannabis is clinically useful for the treatment of a wide range
of pathological conditions, including neurological and psychiatric
disorders (Cohen et al., 2019; Friedman et al., 2019). The major
cannabinoids of cannabis include CBD, THC, cannabinol, and
cannabichromene (Figure 1). Adams et al. (1940) were first to
describe the structure of cannabinol, while Mechoulam and Shvo

(1963) and Gaoni and Mechoulam (1964) determined the
structures of THC and CBD, including the positions of the
double bonds and stereochemistries. Turner et al. (1980) noted
the existence of 60 cannabinoids, which was increased to 70 in
2005. Elsohly et al. (2017) confirmed the isolation of 120
cannabinoids and elucidated the structures following the rapid
development of analytical technologies, such as high-sensitivity
mass spectrometry. It is believed that cannabinoids are sensitive
against autooxidation, high temperature, lite and so on. In fact
cannabinolic acid (CBNA) (Shoyama et al., 1970) and
cannabicyclolic acid (CBLA) (Shoyama et al., 1972) are
transformed from tetrahydrocannabinolic acid (THCA) and
cannabichromenic acid (CBCA), respectively by
photooxidation. However, recently Pacifici et al. (2017)
confirmed that major cannabinoids, THCA and CBDA which
are easily decarboxylated to give THC and CBD, respectively by
heating are still stable after 1 year storage as a plant form under
dark condition. This phenomenon might be occurred from the
evidence that THCA and CBDA are contained in the resin
composed of mainly essential oil in glandular trichomes on
leaves as a sealed form (Morimoto et al., 2007).

The cannabinoids THC and CBD are the only
pharmacologically active constituents of cannabis (Figure 1)
and are now widely used for the treatment of chemotherapy-
induced nausea and vomiting, and weight loss and intractable
seizure due to HIV/AIDS.

KAMPO MEDICINE PRESCRIBED WITH
CANNABIS

The cannabis flower is classified as a safe substance in the Chinese
medical text Shennong Ben Cao Jing for the treatment of trauma
and to activate memory. In appropriate amounts, cannabis has
psychological activities, but can cause mental illness excessive

TABLE 1 | Name of marihuana and its products in the world.

Country Name of marihuana
and its products

Algeria Kif
Brasil Diamba, Djamba, Liamba, Riamba, Maconha, Meconha
Edypt Kamonga
Greek Mavron
India Ganja, Bhang, Charas
Jamaica Ganga
Lebanon Hashish el Keif
Madagascar Rongony
Mexico Mariguana, Marihuana, Marijuana
Morocco Kif
Mozambique Bangue, Suruma
Northwest Africa Chira, Chiras
South Africa Dagga
Syria Hashish el Keif
Tunisia Takrouri
Turkey Kobak
United States Mariguana, Marihuana, Marijuana
West indies Mariguana, Marihuana, Marijuana

FIGURE 1 | Structures of major cannabinoids.
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amounts. Long-term intake of the seed and flower of cannabis has
been proposed to maintain health. The Compendium of Materia
Medica documented that the cannabis flower, called mafen, is
applied as a psychotropic medication to stabilize the spirit and
body to reach an immortal stage with a clear head when used in
suitable amounts whichmight be related to anti-dementia activity
as discussing in the next section. Leaves can be used for fiver and
malaria. Recently Brand and Zhao (2017) introduced the mental
effects of cannabis and long-term use linked to hallucinations and
psychotic behaviors reported by Li Shizhen sixteen century. He
Chinese surgeon Hua Tuo (140~208 C.E.) was recorded as the
first physician to use cannabis with alcohol and herbs, known as
mafeisan, as an anesthetic prior to surgery. The historical details
of the use of mafeisan as an anesthetic drug remain a mystery
(Rafe De Crespigny, 2007). However, recently Brand and Zhao
(2017) confirmed that the anesthetic prescription for decreasing
paint in China was the combination of cannabis and Datura
species flower documented in the text Heart Text of Bian Que
(1127–1270 AD).

The cannabis seed, known as mazi in Kampo medicine, is also
classified as a safe substance that can enhance visceral functions
and mood. When continuously consumed for prolonged periods,
body fat is reduced allowing the user to have a more youthful
appearance. Kampomedicines prescribed with cannabis seeds are
widely used for treatment of constipation.

Mashiningan is composed of the Shojokito formulation, which
includes immature orange, magnolia bark, peony root, and
rhubarb to promote excretion. The addition of cannabis seed
and apricot kernel, which are oily seeds, promotes smooth and
mild excretion. Junchogan resembles the Mashiningan
formulation with the addition of Japanese angelica root,
rehmannia root, scutellaria root, and grilled licorice, which is
used to promote fluid retention and mucus secretion in the large
intestine, especially in the elderly. Meanwhile, the Junchogan
formulation is used to treat habitual constipation in the elderly
with no side effects.

Junsoto is similar to the Junchogan formulation with the
addition of safflower to promote the circulation of body fluids
(oketsu) and has almost same pharmacological activity as the
Junchogan formulation. In these formulations, anthraquinone
glycosides in rhubarb promote peristalsis in the large intestine,
similar to sennosides, which can transfer a sugar moiety to
anthraquinone via intestinal bacteria, resulting in the
production of anthracene under anaerobic conditions.
Anthracene derivatives stimulate excretion by the large
intestine. In this formulation, cannabis seeds promote smooth
over stimulation of the intestine because of the relatively high oil
content.

On the other hand, Shakanzoto contains cannabis seed (to
moisten the intestine), ginseng, broiled licorice and cinnamon,
rehmannia root, ophiopogon tuber, and donkey-hide gelatin
without rhubarb, which is used for shortness of breath and
palpitations with constipation-like symptoms, lack of nutrients,
dry skin, and fatigue. In this formulation, cannabis seeds function
to moisten the intestine and induce detoxification. Long-term use
is believed to promote youthfulness and lucidness as with the
Shennong formulation.

THERAPEUTIC MARIJUANA AND
DEMENTIA

The increase in human life expectancy has led to a surge in the
prevalence of neurodegenerative disorders, especially dementia,
worldwide. The incidence of dementia is projected to reach 81.1
million by the year 2040 (Ferri et al., 2005). In Japan, the number
of dementia patients is expected to reach 7.3 million in the year
2025 and 10.2 million in 2050 (Figure 2) (National Institute of
Public Health, 2015). Due to the rapid increase in the number of
dementia patients, innovaventative strategies are urgently
needed.

Fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders, the major types of dementia are Alzheimer’s
disease (AD), vascular dementia, frontal lobe hyperdermia,
dementia with Lewy bodies, Parkinson’s disease, Huntington’s
disease, and mixed dementia. Among these disorders, AD is the
most common, followed by dementia with Lewy bodies and
vascular dementia. AD, which accounts for an estimated 30%
of dementia cases, affects 33 million people worldwide. Typical
causes of AD include neuroinflammation and oxidative stress in
the brain resulting in the accumulation of amyloid-β (Aβ) plaques
and tau hyperphosphorylation. It is clear that the risk of AD
increases with age, but lifestyle and dietary habits are closely
related to the development of dementia.

Many studies have identified various compounds with anti-
dementia activities, as determined by analysis of
acetylcholinesterase inhibitors (Ho et al., 2011; Natarajan
et al., 2013). However, galantamine (from Galanthus
caucasicus and G. woronowii) is the only natural
acetylcholinesterase inhibitor currently available for clinical
use. Recently, donepezil and rivistagmine have been approved
for clinical use as synthetic acetylcholinesterase inhibitors, and
memantine as a N-methyl-D-aspartate receptor antagonist for AD
patients (Mangialasche et al., 2010). However, the side effects of
acetylcholinesterase inhibitors include nausea, diarrhea, and
weight loss (Kaduszkiewicz et al., 2005), while those of
memantine include hallucinations, dizziness, and fatigue
(Parsons et al., 1999).

THC has been approved for medicinal use by the Food and
Drug Administration as a safe and effective treatment for nausea
and vomiting induced by chemotherapy, and weight loss due to
HIV/AIDS. THC is marketed under the names Dronabinol,
Adversa, Syndros, Marinol, and Reduvo for the treatment of
nausea, vomiting, weight loss, and sleep apnea. CBD under the
name Epidiolex was approved in the United States and European
Union in 2018 and 2019, respectively, for the treatment of
intractable seizures, especially intractable epilepsy.

THC inhibits acetylcholinesterase activity and prevents
aggregation of Aβ-plaques in vitro (Eubanks et al., 2006). On
the other hand, CBD might have antioxidant activities that could
affect the metabolism of anandamide, although the underlying
mechanism and receptor remain unclear (Campillo and Paez,
2009; Iuvone et al., 2009; Iuvone et al., 2009). Aβ-induced
neurotoxicity was protected by CBD in vitro. Furthermore,
following challenge with Aβ proteins in vitro, CBD inhibited
intracellular signaling pathways and suppressed tau protein
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hyperphosphorylation (Esposito et al., 2006a) and nitric oxide
production (Esposito et al., 2006b). When the mouse
hippocampus was injected with Aβ proteins, CBD induced
dose-dependent suppression of the proinflammatory factors
interleukin-1β and nitric oxide (Esposito et al., 2007).

Therefore, CBD may act against oxidative stress and tau
phosphorylation in AD without the risk of the psychological
side effects of THC.

A recent study assessed CBD for the prevention and treatment
of AD (Georgia et al., 2017). An in vivo study conducted by Watt
and Karl (2017) reported that CBD has therapeutic potential for
treatment of AD. CBD exhibited anti-oxidative, neuroprotective,
anti-inflammatory activities in mice injected with human Aβ
proteins, while transgenic APPxPS1 mice developed Aβ plaques
in the hippocampus and cortex. CBD decreased Aβ plaque-
induced reactive gliosis and decreased iNOS and interleukin-
1β protein levels, resulting reduced inflammation of neuronal
tissues and subsequent neurogenesis, while preventing cognitive
deficits in an animal model of AD.

Moreover, administration of a combination of CBD and THC
resulted in greater therapeutic activity than with CBD alone,
likely due to the antagonistic response of CBD. Based on these
findings, CBD is strong candidate as a prophylactic for AD
because the pharmacological mechanism and efficacy are
completely different than those of current drugs. Furthermore,
CBD can be used clinically without the psychological side effects
of THC and no concern about potential abuse.

Recently several systematic reviews have been reported. Kim
et al. (2019) reviewed the publications related to the use of
cannabinoid for dementia and evaluated that CBD was useful
for the treatment and prevention for AD. For example CBD
protects PC-12 cells against Aβ neurotoxicity and oxidation
stress. Moreover, CBD inhibit acetylcholinesterase to promote
memory, stimulate the neurogenesis of the hippocampus,
strengthen cell survival by reducing ROS production and lipid
peroxidation and so on. They concluded that the combination of
CBD and THC was more effective in memory than CBD or THC
alone although the psychotropic activity of THC appeared,
Twelve studies were associated with inclusion criteria. Study

designs were relatively scattered such as randomized
controlled trials (50%) and the drug of cannabinoids,
dronabinol (33%), nabilone (25%) or THC (42%). Among
them dronabinol and THC were associated with significant
improvements in a range of neuropsychiatric scores. The
most common side effect reported was sedation. Studies
under low doses of cannabinoids were evaluated to be not
enough efficacy.

Although it was not proven in a randomized control trial, the
observational studies showed promising results for patients
having refractory symptoms. The safety evidence is good and
mild. Authors suggested that dose increase and formulations
having appropriated bioavailability will be needed in future
(Hillen et al., 2019).

Ten female demented patients with severe behavior problems
received an oral intact of higher dosages of THC and CBD likely
increasing to 9.0 mg THC/18.0 mg CBD after 2 months
compared to the other studies, and were well tolerated and
improved behavior problems, rigidity, and daily care in
severely demented patients (Broers et al., 2019).

A systematic review of randomized controlled trials reported
that THC is effective against the cognitive symptoms of dementia,
although evidence was less than convincing (Charernboon et al.,
2021).

POTENTIAL BENEFITS

Cannabis, which can be classified as a fiber, grain, oil, and/or
medicine, is used by only 3% of the global population. The
cannabis flower and seed have been successfully used for the
treatment of psychological disorders. As mentioned above,
ligands for the two types of THC receptors, CB1 (Matsuda
et al., 1990) and CB2 (Munro et al., 1993) identified in the
brain and macrophage, respectively, were identified as
anandamide (Devane et al., 1992) and 2-arachidony glyceride
(Sugiura et al., 1995). These findings have promoted the medical
use of cannabinoids directly and further research of drug
development from the cannabinoids THC and CBD.

FIGURE 2 | Increases of dementia patients in Japan.
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Long-term use of marijuana can result in “cannabis
psychosis,” which is characterized by the development of
psychotomimetic and psychiatric disorders and mental
instability. Also, decreased short-term potentiation and a
motivational syndrome have been reported in younger people
who repeatedly use marijuana (George, 2017).

However, since decriminalization policy against marihuana
have been spread worldwide, the potentiality of marihuana for
therapeutic use are growing louder (World drug report, 2021). In
fact Brunetti et al. suggested the appropriate dosages, the
analytical way of cannabinoids and the concentration of
cannabinoids in marihuana prepared from different sources of
herbal cannabis for prescribing doctors (Brunetti et al., 2020).

CANNABINOID RECEPTORS AND
ENDOCANNABINOID

Two receptors and endocannabinoids will be discussed for
underlying mechanism of action of cannabinoids. The ligands
of two types of THC receptors, CB1 (Matsuda et al., 1990) and
CB2 (Munro et al., 1993) in the brain and macrophage,
respectively, were identified as arachidonoylethanolamide
(anandamide) (Devane et al., 1992) and two- arachidony
glyceride (Sugiura et al., 1995). It became evident that 2-
arachidony glyceride is a potent ligand with high affinity for
both the CB1 and CB2 receptors and the content is higher in rat
brain than that of anandamide (Murielle et al., 1994). In 1998
Murielle et al. (1998) identified a selective antagonist for the CB2
receptor.

CB1 Receptor: Matsuda et al. (1990) was first to isolate, clone,
and sequence a central cannabinoid receptor. Gerard et al. (1990)
reported that cannabinoid receptors of the human and rat shared
a 98% amino acid homology. The human cannabinoid receptor,
which belongs to the seven trans-membrane spanning receptor
family, assumes a three-dimensional conformation with 1) seven
helices spanning from one side of the cell, 2) three extra-cellular
and three intracellular loops, 3) a glycosylate extra-cellular
N-terminal domain, and 4) an intracellular C-terminal domain
involved in interactions with a G protein, which is responsible for
the trans-membrane transduction of the receptor-mediated
signal. Hua et al. (2016) elucidated the crystal structure of
human CB1 and, Moldrich and Wenger (2000) used an
immunohistochemical technique to identify a CB1 receptor in
the rat brain and to elucidate the distribution in several other
organs.

CB2 Receptor: A peripheral cannabinoid receptor, named
CB2, was identified in the human spleen and was also
identified as a G protein coupled 7-trans-membrane spanning
receptor with 44% sequence identity with the CB1 receptor
(Munro et al., 1993).

Recent advancements in endocannabinoid research have
shown that most of pharmacological properties of anandamide
are similar in the central nervous system (CNS) and peripheral
systems with THC and other active cannabinoids, especially in
regard to 1) the inhibitory effects on memory, motor activity and
turning behavior (Lichtman et al., 1995; Romero et al., 1995;

Terranova et al., 1995), 2) ocular blood pressure and heart rate
(Varga et al., 1995; Weidenfeld et al., 1994, 3) regulation of
hormones involved in the hypothalamus-pituitary-adrenal axis
(Giannikou et al., 1995; Wenger et al., 1995), 4)
neurotransmission mediated by dopamine, acetylcholine,
noradrenalin, endorphin, glutamate, and gamma-aminobutyric
acid (Wickens and Pertwee, 1993; Ishac et al., 1996, and 5) the
immune response (Schuel et al., 1994; Schwarz et al., 1994). Since
some of these functions are closely related to the CNS, therapeutic
cannabinoids were discussed previously.

CANNABINOID METABOLIC PATHWAYS

THC is transformed to the oxidative metabolites quickly as
indicated in Figure 3 and their activities are changeable
(Watanabe et al., 2000). To detect various kind of metabolites
against THC a monoclonal antibody (mAb) against THCA was
prepared in our lab (Goto et al., 1994; Tanaka and Shoyama,
1999). Interestingly, the anti-THCA mAb was cross-reactive
against all metabolites of THC (Figure 3), CBD, and
cannabinol. Furthermore, in vitro and in vivo analyses revealed
rapid oxidation of THC occurred at several sites and the molecule
was metabolized into hydroxyl, epoxide, aldehyde and carboxylic
acid derivatives in the body. Fortunately, the mAb recognized
only limited cannabinoids, but not lipophilic compounds, such as
cholesterol, testosterone, β-carotene, and androstene- 3,17-dione,
or the endogenous cannabinoid anandamide (Watanabe et al.,
2000). An eastern blotting system will allow for one-step analysis
of cannabinoid metabolites, which would be useful for
pharmacological and biological analyses of cannabinoids (Shan
et al., 2001). Metabolites of THC in the body are important for the
bioavailability and affinity of enzymes and/or receptors. The THC
metabolic pathway is shown in Figure 3 (Watanabe et al., 2005).

Elmes et al. (2015) reported a new finding related to
cannabinoid metabolism that THC and CBD are carried by

FIGURE 3 | Metabolic pathway of tetrahydrocannabinol.
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fatty acid-binding proteins (FABP1). Further, it becomes evident
that FABP1 carries and preserves THC in ligand binding pocket
temporarily, then transports to intracellular CYP450 enzymes for
THC metabolism (Elmes et al., 2019) as described previously.

CANNABINOID BIOSYNTHESIS PATHWAY

Recently Luo et al. (2019) succeeded to fix the biosynthetic matrix
for preparation of CBGA, CBDA, THCA,
tetrahydrocannabivarinic acid (CBDVA) and cannabidivarinic
acid (CBDVA) (Shoyama et al., 1977) in yeast. However, since the
molecular breeding for cannabinoids is needed in future, the
biosynthetic enzymes of cannabinoids including isolation,
cloning and the tertiary structure of THCA synthase will be
discussed for further investigation based on the newly developed
methodology called as missile type molecular breeding (Putalun
et al., 2003; Sakamoto et al., 2012; Putalun et al., 2015).

Studies on the biosynthesis of cannabinoids started in the
1960s with the use of isotope tracers. Cannabinoids are
biosynthesized via the conjugation of acetyl-malonate and
mevalonate (Shoyama et al., 1994). Stout et al. (2012)
confirmed that the hexanoyl-CoA formed by the acyl-
activating enzyme was a precursor of cannabinoids. The
conjugation of olivetorate and monoterpene moiety was
occurred by a transferase to yield CBGA, the key precursor of
CBDA and THCA (Fellermeier and Zenk, 1988). Further it
become evident that olivetol synthase, a polyketide synthase
was an essential enzyme for the biosynthesis of cannabinoids
(Taura et al., 2009).

Since the biosynthetic pathway was confirmed in the 1990s,
three enzymes related to cannabinoid biosynthesis were isolated

and purified from cannabis plants: THCA synthase (Taura et al.,
1995), CBDA synthase (Taura et al., 1996), and
cannabichromenic acid (CBCA) synthase (Morimoto et al.,
1998). cDNA cloning of THCA synthase produces a
transgenic protein (Sirikantaramas et al., 2004; Taura et al.,
2007a), which is an important finding. THCA synthase is a
flavoenzyme with high homology with the berberine bridge
enzyme (Dittrich and Kutchan, 1991), which catalyzes
oxidative cyclization of reticuline to scoulerine in the
biosynthesis of benzylisoquinoline alkaloids (Zenk, 1985).
These findings were confirmed by overexpression of
recombinant enzymes using a baculovirus-insect cell system
(Sirikantaramas et al., 2004; Sirikantaramas et al., 2005; Taura
et al., 2009). CBDA synthase was also cloned and expressed as a

FIGURE 4 | Biosynthetic pathway of CBDA and THCA [Furthermore, recently cannabinoid prenyltransferase 4 was found in C. sativa (Luo et al., 2019)].

FIGURE 5 | Structure of THCA synthase by X-ray crystallography.

Frontiers in Pharmacology | www.frontiersin.org March 2022 | Volume 12 | Article 7132286

Wenger et al. Cannabis, Kampo, Biosynthetic Pathway, Receptor, Dementia

101

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


recombinant enzyme (Taura et al., 2007b; Taura et al., 2007c).
The cannabinoid biosynthetic pathway involves direct
biosynthesis of THCA and CBDA from CBGA by CBDA
synthase and THCA synthase, respectively (Figure 4).

Information on biosynthesis of cannabinoids has resulted in
the crystallization and structure of THCA synthase. The enzyme
was overproduced in baculovirus, and crystalized (Shoyama et al.,
2005; Taguchi et al., 2008). Then, the tertiary structure was
determined by X-ray crystallography at 0.75 �A resolution
(Figure 5) (Shoyama et al., 2012).

The most typical characteristic of the THCA synthase
molecule is a residue that binds flavin adenine dinucleotide
(FAD). Based on this analysis, CBGA was identified as a
substrate and THCA as a product that competed to fit into
the pocket of the active site (Figure 3). Mutation experiments
at the active site resulted decreased enzymatic activity of THCA
synthase, but not complete inhibition. These findings suggest that
the active site may function by binding with CBGA as a substrate.
Therefore, the tertiary structure explains the enzymatic reaction
of THCA formation from CBGA (Figure 2).

Luo et al. (2019) succeeded to set up the biosynthetic system
using yeast for CBGA, CBDA, THCA, tetrahydrocannabivarinic
acid (CBDVA) (Shoyama et al., 1977) and cannabidivarinic acid
(CBDVA) (Shoyama et al., 1977) production without the organic
synthesis and/or Cannabis plant. This methodology may open a
new platform for preparation of natural products. Further the
authors reviewed biochemistry and biotechnology on
cannabinoids including new advance (Taura et al., 2019).

Cannabis can be divided into CBDA- and THCA-type strains
(Kushima et al., l980). Authors group previously successfully bred
a CBDA strain by the repeated crossing that mainly produced
CBDA as a precursor of CBD, which was simply transformed by
hort-term heating, during 5 min (Shoyama, 1993). Moreover, a
mutation to THCA synthase could completely inhibit THCA
synthesis and increase the CBDA content (Sirikantaramas et al.,
2004). The “missile-type molecular breeding”method is a unique
breeding technology in which a single chain fragment variable
(scFv) gene is transformed into the host plant (CBDA strain)
resulting in a three-fold increase in antigen molecules (Putalun
et al., 2003; Sakamoto et al., 2012; Putalun et al., 2015). In this
case, the scFv gene targeted by an anti-CBDA mAb was induced
into the CBDA strain, resulting in an increased the concentration
of CBDA by up to three-fold as compared to that of the original
plant. These technologies strongly support the development of
CBD as a drug to prevent AD as documented previously.

CONCLUSION

C. sativa are listed as safe substances in the Chinese medical text
Shennong Ben Cao Jing to maintain health and brain function at
suitable dosages. The Kampo medicine such as Daiokanzoto
prescribed with rhubarb and licorice can be used for the
treatment of constipation in healthy persons as this formulation
can cause diarrhea in the frail and elderly. Mashiningan

formulation promotes milder defecation, although the high
concentration of oil might be affected by the CNS to maintain
mental stability without any adverse side effects.

CBD is an effective drug for the treatment of intractable
seizures, especially intractable pilepsy. A recent neuronal
investigation (Georgia et al., 2017) found that CBD blocked
Aβ-induced neurotoxicity, tau protein hyperphosphorylation,
and the activities of iNOS and interleukin-1β, highlighting a
unique pharmacological mechanism as compared to currently
approved anti-dementia drugs, resulting in reduced inflammation
in neuronal tissues and neurogenesis for the treatment of dementia.

Two receptors, CB1 and CB2, and endocannabinoids,
anandamide and 2-arachidony glyceride are discussed for
underlying mechnism of action of cannabinoids in the brain.
It became evident that 2-arachidony glyceride is a potent ligand
with high affinity for both the CB1 and CB2 receptors.
Endocannabinoid research have shown that most of
pharmacological activities of anandamide are similar with
THC and CBD in the CNS and peripheral systems. Metabolic
pathway of THC is discussed because the metabolic speed is faster
and the activity of THC decrease rapidly.

In order to make evident the biosynthetic enzyme system
which has possibility for the production of higher concentration
of cannabinoids, their enzymes were isolated and cloned. THCA
synthase is a flavoenzyme that efficiently catalyzes oxidative
cyclization of CBGA. The tertiary structure THCA synthase
was determined by X-ray crystallography (Shoyama et al.,
2012). This finding suggests the potential of molecular
breeding of cannabis plants. For example, the cleavage of FAD
from THCA synthase in the CBDA strain enhances biosynthesis
of CBDA. This technology can increase the CBDA content in
cannabis plants and further the development of new CBD-based
drugs without the risks of psychological disorders and abuse for
the prevention of dementia, especially AD.
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Preventing Dementia Using Saffron,
The Kampo Medicine, Kamiuntanto,
and Their Combination,
Kamiuntantokabankoka
Kenny Kuchta1, Kosuke Aritake2, Yoshihiro Urade2, Nguyen Huu Tung3, Chun-Su Yuan4,
Yui Sasaki 5, Koichi Shimizu5 and Yukihiro Shoyama6*
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Plant Sciences, Georg August University, Göttingen, Germany, 2Daiichi University of Pharmacy, Fukuoka, Japan, 3Faculty of
Pharmacy, Phenikaa University, Hanoi, Vietnam, 4Department of Anesthesia and Critical Care, The University of Chicago,
Chicago, IL, United States, 5Association for Health Economics Research and Social Insurance and Welfare, Tokyo, Japan,
6Faculty of Pharmacy, Nagasaki International University, Sasebo, Japan

The objective of this review is to evaluate the anti-dementia activities of saffron and its
combination with Kampo medicine. The Kampo formula Kamiuntanto composed of 13
crude drugs is well known for its anti-dementia activity. A significant increase in choline
acetyltransferase activity and mRNA levels were observed. Polygala radix was identified as
the most essential component drug in Kamiuntanto, probably due to the saponins,
tenuifolin, and sinapinic acid. Ginseng was also identified as an essential Kamiuntanto
component in terms of its synergistic functions with Polygala radix. Saffron, which was
recommended in the Bencao Gangmu for memory and dementia, and is used as an anti-
spasmodic, anti-catarrhal, and sedative herbal drug. Saffron and its major constituent,
crocin were shown to enhance learning-memory, non-rapid eye movement (rem) sleep,
and inhibit depression and neuronal cell death due to strong anti-oxidant and anti-
inflammation activities. In addition based on the epidemiological studies such as the
treatment of sleeping disorders and the clinical trials of saffron for Alzheimer patients, we
demonstrated the indirect and direct anti-dementia activities of crocin and saffron.

Keywords: kamiuntanto, saffron, kamiuntantokabankoka, kampo (traditional Japanese herbal medicine), dementia
prevention and control

INTRODUCTION

Globally, the incidence of neurodegenerative disorders such as dementia has increased with
increased life expectancy. Previously, it was estimated there could be 81.1 million dementia
patients by 2040 (Ferri et al., 2005). In Japan, 7.3 million cases are speculated by 2025, and by
2050, 10.2 million cases are expected (National Institute of Public Health, 2015). Consequently,
speedy and rapid dementia innovations and prevention methods are required.
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The Diagnostic and Statistical Manual of Mental Disorders
(Battle, 2013) indicates that major dementia cases are classified as
Alzheimer’s disease, vascular dementia, frontal lobe
hyperthermia, dementia with Lewy bodies, Parkinson’s disease
with dementia, Huntington’s disease with dementia, or a
combination of the above. Of these conditions, Alzheimer’s
disease is the most common, with aging the most important
single risk factor. However, epidemiological studies have
identified that lifestyle and eating habits influence the
condition, suggesting that wine (Orgogozo et al., 1997) or fish
(Kalmijn et al., 1997) reduce the probability of developing
Alzheimer’s disease in old age. Similarly, Kampo medicine or
other herbal remedies may also prevent dementia. Several studies
have shown, via acetylcholine esterase inhibitor assays, that
numerous pure compounds have anti-dementia activities (Ho
et al., 2011; Natarajan et al., 2013), but no compounds have been
clinically approved. In this review, phytochemicals such as
Kamiuntanto and saffron which have anti-dementia activities
are discussed.

Anti-Dementia Active Compounds From
Medicinal Plants
The alkaloid galantamine (brand name: Razadyne and
GalantaMind™) was originally isolated from Galanthus nivalis
L., but is now produced by chemical synthesis, and is a global
anti-dementia drug for mild and moderate Alzheimer’s disease.
Since 2016, Polygala tenuifolia Willd. root extract is also
marketed as an over the counter (OTC) drug for memory
improvement in Japan. Another similar product, Ginkgo
biloba L. extract fraction (EGb761), which contains 24%
flavonoid glycosides and 6% diterpene lactones, is an OTC
drug for vascular dementia prevention in Europe (Clostre,
1999). Interestingly, Valeriana officinalis L. root, an OTC
medicine for sleep disorders traditionally used in Europe, is
reported to exert anti-dementia activity (Chen, 2016).

Of the many plants that exhibit pharmacological activities
(e.g., acetylcholine esterase and monoamine oxidase inhibition)
related to anti-dementia effects, anti-inflammatory activities, and
learning and memory effects in animal models (Natarajan et al.,
2013; Ho et al., 2011), the following are also commonly found in
Kampo prescriptions: Acorus gramineusAiton, Angelica dahurica
(Hoffm.) Benth. & Hook.f.ex Franch. & Sav., Aralia cordata
Thunb., Codonopsis pilosula (Franch.) Nannf., Crocus sativus
L., Curcuma longa L., Epimedium brevicornu Maxim.,
Gardenia jasminoides J. Ellis, Glycyrrhiza glabra L., Lycium
chinense Mill., Magnolia officinalis Rehder & E.H.Wilson,
Panax ginseng C.A.Mey., Perilla frutescens (L.) Britton,
Polygala tenuifolia Willd., Zingiber offinale Roscoe, Rhodiola
rosea L., Salvia miltiorrhiza Bunge and Uncaria rhynchophylla
(Miq.) Miq. (Li and Zhang, 2009).

Kampo Formulas for Dementia
Kampo theory was originally based on Ancient Chinese Medicine
(ACM) from the fifth and sixth centuries in China and Korea. ACM
was primarily based on ancient empirical knowledge of diseases and
treatments, that was collected in classics such as the Shānghán Lùn

(傷寒論, Jap. Shokanron) and the Shénnóng Běn Cǎo Jīng (神農本

草経, Jap. Shinnohonzokyo). ACM is the base of all later forms of
East Asian Traditional Medicine such as Korean Medicine,
contemporary Traditional Chinese Medicine (TCM), and Japanese
Kampo Medicine. Currently, 148 Kampo formulas as finished
pharmaceutical products (FPP) are covered by the Japanese
National Health Insurance and widely used for many diseases. In
traditional Kampo philosophy, dementia is caused by “Oketsu” (瘀
血) or “blood stagnation,” which may be interpreted as circulatory
disorders of the brain. Thus, therapies that enhance blood circulation
are important for dementia therapy and prevention.

As indicated (Table 1), Kamiuntanto (Yabe et al., 1996; Yabe and
Yamada, 1997a; Yabe and Yamada, 1997b; Yabe et al., 1997),
Tokishakuyakusan (Kim and Cho, 2020),
Yokukansanchinpihange (Okamoto, 2017), Hachimijiogan
(Iwasaki et al., 2004), Chotosan (Terasawa et al., 1997), and
Orengedokuto (Fujiwara et al., 2018) have been used for
dementia therapy and/or prevention in Japan. Of these
medicines, Kamiuntanto has been the most studied.

Kamiuntanto
Kamiuntanto is traditionally used for neurosis, insomnia,
gastroptosis, gastroparesis, and weakness after a major illness.
Kamiuntanto formula (Table 1) (Yabe et al., 1996; Yabe and
Yamada, 1997a; Yabe and Yamada, 1997b; Yabe et al., 1997)
enhances nerve growth factor (NGF) secretion and choline
acetyltransferase (ChAT) activity. In a cell culture model of rat
embryo basal forebrain cells cultured in medium containing
Kamiuntanto extract, a significant increase in ChAT activity
and mRNA levels was recorded (Yamada et al., 1997; Yabe
and Yamada, 1997a). Furthermore, Kamiuntanto ameliorated
cholinergic shortages in aging rats (Yabe et al., 1996) and
subsequent investigations reported that cAMP and c-fos
mRNA were closely related to NGF biosynthesis (Yabe and
Yamada, 1997b). To make clear the mechanism for the
memory improving activity of Kamiuntanto, Hong et al.
confirmed the expressions of protein kinase B, cAMP response
element-binding protein, brain-derived neurotrophic factor and
doublecortin in the hippocampal CA1 and dentate gyrus regions
in mice by immunohistochemical and blotting techniques (Hong
et al., 2011). Interestingly, while a variant extract of Kamiuntanto
without Polygala radix displayed no increased ChAT activity, an
oral administration of Polygala radix extract alone induced ChAT
activity. Subsequently, onjisaponin and sinapinic acid were
independently tested and generated the same results as
Kamiuntanto formulas (Yabe et al., 1997). In studies, the 13
Kamiuntanto components were individually removed so the
effects of the remaining 12 could be assayed. This
methodology is similar to knockout extract strategies which
remove a target compound (antigen) from crude extracts using
one step immunoaffinity separation techniques (Shoyama, 2011;
Uto et al., 2012; Hsu et al., 2020).

The P. tenuifolia Willd. constituent, tenuifolin also inhibited
β-amyloid secretion both in vivo and in vitro (Lv et al., 2009).
Furthermore, tenogenic reduced antibody production by
inhibiting β-secretase activity (Jia et al., 2004). Recently,
multiple neuroprotective effects induced by P. tenuifolia Willd.
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were reported as a potential preventative therapy for Alzheimer’s
disease (Deng et al., 2020). Thus, since 2016, P. tenuifolia Willd.
root extract has been marketed as an OTC drug for memory
preservation in Japan.

Approximately 2000 years ago, P. ginseng C.A.Meyer, P.
tenuifolia Willd., A. gramineus Aiton, and P. cocos Wolf were
listed in the Shennong Ben Cao Jing (神農本草経) as having
memory enhancement and related psychological effects. Among
the characteristic constituents of ginseng, ginsenoside was shown to
exhibit a wide pharmacological activity spectrum, including
analgesic, cholesterol biosynthesis and neural lipid synthesis, and
adrenal cortex hormone enhancing activities. Furthermore, it
improves memory and learning, central nervous system
excitation, and promotes DNA and RNA synthesis (Leung and
Wong, 2010). Ginseng also promotes neuronal cell growth and
survival, and was shown to rescue neuronal cell death both in vivo
and in vitro (Lee et al., 2001). Ginseng increases in vivo choline
acetyltransferase levels suggesting that ginsenosides strengthen
central cholinergic functions, and could be used to treat dementia
(Rudakewich et al., 2001). Furthermore, Yamaguchi et al. reported
that ginsenosides enhanced learning and memory performances in

both brain damaged and/or aging mice (Yamaguchi et al., 1996).
Itoh et al. reported that ginsenosides activated norepinephirine and
dopamine in the cerebral cortex, to facilitate increased attention,
processing cognition, and motor function activation (Itoh et al.,
1989). Ginsenoside Rg1 increased neuronal precursors and was
mechanically important in terms of its anti-aging activity effects,
such as learning and memory (Shen and Zhang, 2003). Zhang et al.
demonstrated that the anti-apoptosis activity of ginsenoside-Rg2
counteracted vascular dementia in an in vivo animal model (Zhang
et al., 2008). Huang et al. showed that ginsenoside Rc activated
SIRT1, which protected neurons from mitochondrial damage
(Huang et al., 2021). Hence, not only P. tenuifolia, but also
ginseng and its constituents displayed anti-dementia activities.

Ginseng, ginsenoside, and ginsenoside Rg3 also increased the
postoperative life span of patients with non-small cell lung cancer
(Lu et al., 2008). Within this therapeutic context, Yang et al.
reviewed 257 dammarane-type ginsenosides from numerous
Panax species, many of which showed promising
pharmacological activities (Yang et al., 2014). For example,
since ginsenoside Rc has anti-dementia activity (see above) but
its concentration as determined by eastern blotting fingerprint for

TABLE 1 | Clinically used anti-dementia Kampo formulae in Japan.

Type of
dementia

Kampo prescription Raw drugs in kampo formulas (scientific names are incorporated from
Japanese pharmacopoeia)

References

Alzheimer’s
disease

Kamiuntanto (加味温胆湯) Pinellia ternata Breitenbach (Araceae), Polygala tenuifolia Willd. (Polygalaceae),
Zizyphus jujuba Miller var. spinosa (Bunge) Hu ex H. F. Chou (Rhamnaceae),
Processed Rhemania glutinosa Liboschitz (Scrophulariaceae), Panax ginseng C.A.
Meyer (Alariaceae), Z. jujuba var. inermis Rehder (Rhamnaceae), Bambusa tuldoides
Munro (Gramineae),Poria cocosWolf (Polyporaceae), ImmatureCitrus aurantium Linn.
var. daidai Makio or C. natsudaidai Hayata (Rutaceae), C. unshiu Markovich or C.
reticulata Blanco (Rutaceae), Glycyrrhiza glabra Linn. or G. uralensis Fisher
(Leguminosae), Zingiber offinale Roscoe (Zingiberaceae), Scrophularia ningpoensis
Hemsl. (Scrophulariaceae)

Yabe et al. (1997)
Yabe and Yamada
(1997b)
Yabe and Yamada
(1997a)
Yabe et al. (1996)

Alzheimer’s
disease

Tokishakuyakusan (当帰芍薬散) Angelica acutiloba (Siebold and Zucc.) Kitag. (Umbelliferae), Cnidium offcinaleMakino
(Umbelliferae), Paeonia lactiflora Pallas (Paeoniaceae), Atractylodes lancea De
Candolle or A. chinensis Koidzumi (Compositae), Alisma orientale Juzepczuk
(Alismataceae)

Kim and Cho (2020)

Vascular
dementia

Chotosan (釣藤散) Uncaria rhynchophyla Miquel. or U. macophylla Wallich (Rubiacerae), P. ginseng C.A.
Meyer (Alariaceae), P. cocos Wolf (Polyporaceae), P. ternata Breitenbach (Araceae),
Ophiopogon japonicus Ker-Gawler (Liliaceae), C. unshiu Markovich (Rutaceae),
Saposhnikovia divaricata Schischkin (Umlelliferae), G. glabra Linn. or G. uralensis
Fisher (Leguminosae), Gypsum, Z. offinale Roscoe (Zingiberaceae), Chrysanthemum
morifolium Ramatulle or C. indicum Linn. (Compositae)

Terasawa et al. (1997)

Vascular
dementia

Yokukansanchinpihange (抑肝散加陳

皮半夏)
A. lancea De Candolle (Compositae), P. cocos Wolf (Polyporaceae), A. acutiloba
(Siebold and Zucc.) Kitag. (Umbelliferae), C. offcinale Makino (Umbelliferae), U.
rhynchophyla Miquel. or U. macophylla Wallich (Rubiacerae), Bupleurum falcatum
Linn. (Umbelliferae), G. glabra Linn. or G. uralensis Fisher (Leguminosae), P. ternata
Breitenbach (Araceae), C. unshiu Markovich or C. reticulata Blanco (Rutaceae)

Okamoto (2017)

Vascular
dementia

Orengedokuto (黄連解毒湯) Coptis japonica Makino or C. chinensis Franchet (Ranunculaceae), Phellodendron
amurense Ruprecht or P. chinense Schneider (Rutaceae), Gardenia jasminoides
J.Ellis, Scutellaria baicalensis Georgi (Labiatae)

Fujiwara et al. (2018)

Mix of the above Hachimijiogan (八味地黄丸) R. glutinosa Liboschitz (Scrophulariaceae), Cornus officinalis Siebold et Zuccarini
(Cornaceae), Dioscorea japonica Thunberg or D. batatas Decaisne (Dioscoreaceae),
P. cocos Wolf (Polyporaceae), A. orientale Juzepczuk (Alismataceae), P. lactiflora
Pallas (Paeoniaceae), Cinnamon cassia Blume (Lauraceae), Aconitum japonicum
Thunberg or A. carmichaeli Debeaux (Ranunculaceae)

Iwasaki et al. (2004)
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various Panax spp. (Sasaki et al., 2021) is quite low, it might be
interesting to develop a method to induce the transformation of
other minor ginsenosides into ginsenoside Rg3 in order to
develop antidementia drugs.

We discussed the anti-dementia activities of two major crude
drugs in the Kamiuntanto prescription, P. tenuifoliaWilld. and P.
ginseng C.A. Meyer previously. It became evident that the other
crude drugs prescribed in Kamiuntanto showed anti-dementia
activities as follows. G. glabra Linn. (Licorice root) is known to
promote light movements, extend life span, and improve both
physical andmental health as described in the Shennong Bao Jing.
The pharmacological activities of licorice root can also improve
mental function in patients with dementia, including AD. In fact
aqueous extract of licorice root enhanced learning andmemory in
different type of models. Among its components, glycyrrhizin is
used as a therapeutic drug for the treatment of liver disease and
allergies in Japan. Regarding dementia Soo et al. investigated that
glycyrrhizin significantly attenuated mitochondria-mediated cell
death and decrease of glutathione due to neurotoxin, 1-methyl-4-
phenylpyridinium resulting in the protective effect of glycyrrhizin
on mitochondrial damage and cell death in PC-12 cells associated
with dementia (Yim et al., 2007). The constituents of licorice root,
especially flavones and isoflavones such as liquiritin, isoliquiritin,
and coumestrol, are naturally occurring bioactive compounds
although the ability of flavonoid glycosides to pass through the
blood brain barrier (BBB) and reach the central nervous system is
unclear. Therefore, several flavonoid glycosides and aglycones in
Glycyrrhiza species root might be developed as functional
compounds for the treatment of dementia. Liquiritigenin
shows a selective estrogen receptor-β which are distributed in
the brain centers of learning and memory, agonist (Mersereau
et al., 2008). Further, liquiritigenin has neuroprotective activity
against β-amyloid peptide (Aβ) in rat hippocampal neurons
indicating that the pretreated neurons with liquiritigenin in
the presence of Aβ increased cell viability and the treatment
decreases Aβ-induced intracellular Ca2+ concentration and ROS
level resulting in the decrease of apoptotic rate (Liu et al., 2009).
Regarding P. cocos Smriga et al. showed that a single oral
administration of P. cocos significantly intensified the
formation of long-term potentiation (LTP) which is deeply
involved to memory in the dentall gyrus (Smriga et al., 1995).
Ban et al. reported that the rat cortical neurons pretreated by
young Phyllostachys nigra (Bambu tree) methanol extracts were
protected from Aβ-induced increase of cytosolic calcium
concentration resulting that P. nigra prevents Aβ-induced
neuronal cell damage in vitro (Ban et al., 2005). Pretreatment
with C. unshu immature peel and its component, nobiletin
inhibited individually cell death due to hydrogen peroxide
induced the expression of phospho-Jun N-terminal kinases
and p-p38 proteins in HT22 cells although the peel and
nobiletin suppressed p-JNK and p-p38 without changing JNK
or p38. These evidences confirm that the peel and nobiletin can
protect against hydrogen peroxide-induced cell death in HT22
neurons via mitogen-activated protein kinases and apoptotic
pathways (Cho et al., 2015). When rats were injected with
Aβ1-40 into the hippocampus, the ability of spatial learning
and memory decreased. However, the treatment with

harpagoside, a constituent of Scrophularia ningpoensis
improved Aβ1-40-induced behavioral damage (Li et al., 2015).
The human monocytic cell line resemble human microglial cells
(THP-1 cells) was incubated with ginger extract or with LPS,
TNF-α, IL-1β or Aβ-protein resulted that the addition of ginger
extract prohibited the expression of TNF-α, IL-1β, COX-2 and
MCP-1. From this result the ginger extract could be used for
delaying the onset and the progression of neurodegenerative
disorders (Wang et al., 2015). When the methanol extract of
dry ginger was tested for DPPH assay and FRAP assay,
respectively to show the antioxidant activity and the Ellman’s
assay for the extract indicated the cholinesterase inhibition.
Furthermore, the extract ameliorated the cell survival for Aβ-
induced toxicity in primary rat hippocampal cell culture. This
result together with the above evaluation suggested that the
extract of dry ginger is effective for Alzheimer’s disease (Mathew
and Subramanian, 2014). The extract of steamed R. glutinosa
Liboschitz root was investigated daily dose for rats injected
scopolamine before 1 h for 14 days. The results were evaluated
by a passive avoidance test and the Morris water maze test, and
the activities of choline acetyltransferase and
acetylcholinesterase in the hippocampus. The extract
improved memory dysfunction behaviorally and
cholinergicaly resulted that the extract could be used to
improve cognitive function by activation of cholinergic
enzyme (Lee et al., 2011).

The effect of spinosin isolated from the seeds of Z. jujubaMiller
var. spinosa (Bunge) Hu ex H. F. was investigated on cholinergic
induced memory dysfunction and behavioral task using the passive
avoidance, Y-maze, and Morris water maze tasks. Spinosin
significantly improved scopolamine-induced cognitive
performance on behavioral tasks. In order to confirm the
mechanism for improving activity of spinosyn, the survey of
receptor antagonism and Western blotting were examined
resulted that the improving effect of spinosin on scopolamine-
induced memory impairment was significantly antagonized by 8-
hydroxy-2-(di-N-propylamino) tetralin, a 5-HT1A receptor agonist
and spinosin significantly increased the expression levels of
phosphorylated extracellular signal-regulated kinases and cAMP
response element-binding proteins in the hippocampus. From
these results it became clear that the memory-improving activity
of spinosin might be depend on the serotonergic neurotransmitter
system. Therefore, spinosin and/or Z. jujuba Miller var. spinosa
(Bunge) Hu ex H. F. could be applied for cognitive dysfunction like
Alzheimer’s disease (Jung et al., 2014). The crude drugs except
Pinellia ternate and Citrus aurantium prescribed in Kamiuntanto
formula have been surveyed their pharmacological activities
regarding cognitive performance. They all indicated the activities
for solving cognitive problem. So that their synergistic effects might
be important for the documented effects of the Kamiuntanto
formula.

Saffron Pharmacological Activities
Crocus sativus L. (Iridaceae; a perennial herb) was documented as
cultivated on Crete approximately 3,500 years ago, but today, it is
widely cultivated in Iran, Greece, Spain, Morocco, and
domestically in Japan, for its red stigmata and saffron (Figure 1).
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As far back as 1578 AD, saffron was identified in the Bencao
Gangmu (本草綱目) for its neurological functions on memory
and dementia. Saffron is known for its anti-convulsion, sedative,
and heart-blood disorder qualities (Rigobello et al., 2002; Lee
et al., 2005; Aung et al., 2007). The major constituent, crocin was
shown to exert anti-cancer (Aung et al., 2007; Chryssanthi et al.,
2007), anti-hypolipidemic (Lee et al., 2005; Sheng et al., 2006),
anti-atherosclerotic (Xu et al., 2005; Xu et al., 2006; Xu et al.,
2009), and anti-inflammatory effects (Ochiai et al., 2007;
Naghizadeh et al., 2008). Crocin’s neuro-protective activities
related to dementia were investigated using cerebral ischemia,
(Papandreou et al., 2006), memory impairment (Sugiura et al.,
1994; Sugiura et al., 1995a), and N-methyl-D-aspartate receptor
(NMDA) malfunction models (Abe et al., 1998).

The medical used of imported saffron in Japan has been
documented since the start of the Edo-Bakufu in the early
1600s. In 1886, the first Japanese Pharmacopoeia accepted
saffron as a non-prescription drug, a status that has remained
unchanged to the present. Between 1830 and 1844, domestic
saffron cultivation commenced in Oita-ken in western Japan
(Figure 1).

The blooming period of the crocus is once a year and the
stigma harvest time is very short; therefore, saffron prices are very
high when compared with other herbal medicines (Morimoto

et al., 1994). Moreover, saffron quality depends on weather
conditions, however to alleviate this, indoor cultivation
systems were developed in Japan in the early 20th century
(1910) (Figure 1). Under these conditions, approximately
90,000–100,000 flowers generate 5.0 kg fresh saffron, in turn
generating 1.0 kg dried drug. Indoor cultivation systems
facilitate the easy collection of saffron adjusting most suitable
full blooming season, therefore indoor cultivation is less labor
intensive and advantageous for quality control measures
(Morimoto et al., 1994).

The dominant components of saffron are carotenoids,
picrocrocin, and safranal (Figure 2). Recently, the novel
crocetin glycoside trans-crocetin-1-al 1-O-β-gentiobiosyl ester
was isolated in our laboratory (Tung and Shoyama, 2013).
Drying saffron should be completed within 30–45 min; β-
glucosidase remains active as long as moisture is contained in
the plant material and may destroy the typical ester glycoside
conjugation of carotenoid pigments, e.g., crocetin-diglucoside, -2,
-3, -4 and crocetin di-(β-D-digentiobiosyl)-ester. The dried
saffron is then chilled and preserved free from moisture, as β-
glucosidase remains active under moisture conditions thereby
causing hydrolysis (Morimoto et al., 1994). High performance
liquid chromatography (Morimoto et al., 1994) and monoclonal
antibody (MAb) (Xuan et al., 1999) technologies are commonly

FIGURE 1 | Crocus sativus L. (A) and saffron (B). Indoor crocus cultivation in Oita-ken, Japan (C).
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used for saffron quality control. Crocin levels in official saffron
extracts are approximately 30% higher than other components.
Crocin is a major contributor to the pharmacological activity of
saffron as identified by extract fractionation bioactivity assays
(Morimoto et al., 1994).

Saffron may be used as an anti-spasmodic and anti-catarrhal
therapy in neuronal and heart-blood disorders (Rigobello et al.,
2002; Lee et al., 2005; Aung et al., 2007). Crocin exerts anti-
oxidant (Rigobello et al., 2002; Ochiai et al., 2004; Lee et al., 2005),
anti-cancer (Aung et al., 2007; Chryssanthi et al., 2007),
hypolipidemic (Lee et al., 2005; Sheng et al., 2006), anti-
atherosclerotic (Xu et al., 2005; Xu et al., 2006; Xu et al.,
2009), and anti-inflammatory effects (Ochiai et al., 2007;
Naghizadeh et al., 2008). Brain dysfunction models performed
the protection of neuronal function such as cerebral ischemia
(Papandreou et al., 2006), Alzheimer’s disease (Lechtenberg et al.,
2008), NMDA receptor (Abe et al., 1998), and memory
impairment (Sugiura et al., 1994; Sugiura et al., 1995a), which
are closely related to dementia. It is accepted that learning and
memory processes via long-term potentiation (LTP) occur in the
hippocampus (Abe et al., 1991).

Previously, several studies investigated saffron extracts and
crocin in mice with learning behaviors (Zhang et al., 1994;
Sugiura et al., 1995b; Dashtira et al., 2009; Akbari et al., 2019;
Roustazade et al., 2021), and LTP in the CA1 region of the rat
hippocampus (Zhang et al., 1994; Sugiura et al., 1995b).

Crowe et al. reported that programmed cell death (apoptosis)
in neurons occurred in the brains stripped of oxygen by stroke

(Crowe et al., 1997), trauma (Hill et al., 1995), and patients with
Alzheimer’s disease (Pettmann and Henderson, 1998). Although
the value of this approach is not yet proven beyond reasonable
doubt, the prevention of neuronal apoptosis could become a
therapeutic strategy for neurodegenerative disease.

Learning and Memory Activities Induced by
Saffron and Crocin
We observed that mice with saffron extract and the control group
on memory and learning behavior were nothing of differences
supporting no effect of saffron for healthy control mice but
improving potentiality time induced by ethanol (Sugiura et al.,
1995b). Saffron extracts prevented impairments in memory
induced by ethanol in passive avoidance studies (Zhang et al.,
1994). Saffron also dose-dependently and significantly
ameliorated increased memory errors induced by ethanol
(Sugiura et al., 1995b). As an active constituent in saffron
extracts it is easily suggested to be crocin because higher
concentration. In fact, approximately 15% of crocin is
contained in fresh dried saffron and results in 30% crocin
levels in ethanol extracts (Morimoto et al., 1994). The activity
of saffron extract appeared from 125 mg/kg which contained
nearly 40 mg of crocin and dose-dependently increased (Sugiura
et al., 1995b). Further studies have indicated that the oral
administration of at least 50 mg/kg crocin improved impaired
memory induced by ethanol (Sugiura et al., 1995c). Thus, crocin
is a major active component of saffron and exerts similar
pharmacological effects as saffron extract, although its activity
is slightly different (Sugiura et al., 1995c).

Saffron and Crocin Activities Against LTP
In LTP studies, the intracerebroventricular injection of saffron
extract dose-dependently decreased the negative effects of ethanol
on LTP (Sugiura et al., 1995a; Sugiura et al., 1994). A crocin
injection (50 mg/kg) at 5 min before ethanol treatment exhibited
84% LTP when compared with controls. As previously discussed,
several crocetin glucose esters were isolated, and included crocin
with 2-gentiobiose ester, crocetin gentiobiose glucose ester, and
crocetin di-glucose ester (Figure 2) in molecules. When
compared with the LTP blocking effects of ethanol the others
rather than crocin were lower resulting that the improvement
effect against blocking by ethanol was relatively reflected to the
sugar number. This tendency was reported that the saponin’s
haemolytic activity of di- and triglycoside saponins were higher
than that of monoglycoside (Voutquenne et al., 2002). Also, the
hemolytic activity of saikosaponins was dependent on sugar
numbers (Abe et al., 1978). From these observations, crocin
appears to be the major active component in saffron in terms
of its impact on learning and memory.

Crocin Activity on Pheochromocytoma Cell
Death Induced by Serum/Glucose
Deprivation in PC-12 Cells
To confirm crocin incorporation on PC-12 cells, a MAb against
crocin was generated for immunostaining (Xuan et al., 1999). The

FIGURE 2 | The major saffron phytochemical constituents.
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method confirmed crocin incorporation into PC-12 cells when
compared with control cells (Ochiai et al., 2004).

When cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) containing glucose and serum (DMEM+), a
normal morphology was observed after 24 h culture. However,
cells cultured in serum- and glucose-free medium (DMEM-) for
24 h were rounded, causing a necrotic or apoptotic morphology
and 60% cell death. However, this was recovered to 85% cell
survival by crocin (10 μM) addition to DMEM-, and was
reportedly via TNF-α inhibition, in a dose-dependent manner
(Soeda et al., 2001). However, it is accepted that serum (Batistatou
and Green, 1991; Oppenheim, 1991; Rukenstein et al., 1991) or
NGF (Mesner et al., 1992; Pittman et al., 1993) removal induces
apoptosis in PC-12 cells. It was reported that serum elimination
from culture medium increased intracellular ceramide levels in
undifferentiated HN9.10e cells and induced apoptosis
(Colombaioni et al., 2002). In fact, when PC-12 cells were
cultured for 3 h in DMEM-media, ceramide levels increased
3.5-fold when compared with DMEM+ conditions. Although
fumonisin B1 (FB1) inhibits the de novo synthesis of ceramide
at 10–30 μM (Wang et al., 1991; Merrill et al., 1993), FB1 exerted
no decrease in ceramide levels. This phenomenon may have
occurred via the combinatorial function of sphingomyelin
(SM) and SAPK/JNK signaling pathways in the stress-induced
apoptosis of U937 and BAE cells (Verheij et al., 1996). However,
this hypothesis requires further investigation.

The Anti-apoptotic Activities of Crocin
Previously, PC-12 cells in DMEM-media displayed
morphological changes and membrane peroxidation leading to
decreased superoxide dismutase (SOD) activity (Ochiai et al.,
2004). Annexin V is typically used to stain phosphatidylserine
(PS) lipids in peroxidized membrane lipids. While PS lipids are
usually fixed to inner membranes, they become morphologically
altered and bind to outer membranes under oxidative stress. PS
externalized membranes are detected by annexin V as ring-like
staining reflective of apoptotic activity. PC-12 cells cultured in
DMEM-for 6 h exhibited 1.8-fold increased peroxidized
membrane lipid levels, whereas SOD activity had decreased to
14% when compared with control cells in DMEM+.

To confirm the anti-oxidant activity of crocin, peroxidized
membrane lipids and restored SOD activity in PC-12 cells in
DMEM-plus crocin were analyzed and compared to α-tocopherol
as a positive control. Crocin significantly weakened peroxidized
membrane lipid formation and preserved SOD activity when
compared with α-tocopherol treated cells (Soeda et al., 2001).

The Effects of Crocin on Neural
Sphingomyelinase in PC-12 Cells
PC-12 cell homogenate supernatants after substituting the
reaction medium for 50 mM sodium acetate buffer (pH 5.6)
were investigated to search the activity of magnesium-
dependent neural sphingomyelinase for the determination of
origin of accumulated ceramide. It became evident that the
activity in DMEM-cells reached a maximum 1 h culturing and
3 h late backed to the revel of control cells without the time

dependent change. This phenomenon indicated no effects of
serum and glucose withholding for 3 h. In contrast, crocin
supplementation to the medium dose-dependently inhibited
enzyme activities at 1 and 2 h of culturing. When 1 or 10 μM
crocin was added to DMEM-medium and cultured for 2 h, no
inhibition of neural sphingomyelinase activity occurred in this
medium. Previously, we had indicated that GSH functioned as a
physiological inhibitor of magnesium-dependent neural
sphingomyelinase in plasma membranes (Ochiai et al., 2004),
1 and 10 mM GSH added in the medium inhibited the enzyme
activity dose-dependently.

Increased Intracellular GSH Levels in Serum
and Glucose Deprived PC-12 Cells
We investigated intracellular GSH levels in serum and glucose
deprived PC-12 cells and observed that GSH levels 3 h decreased
by 50% when compared with control cells, and recovering to the
constant revel. In contrast, 10 μM crocin significantly boosted
intracellular GSH levels and maintained high levels to inactivate
neural sphingomyelinase. To make sure the mechanism of
increasing GSH level by crocin, the addition of 10 μM crocin
in PC-12 cells cultured in DMEM-induced the higher GC activity
time-dependently although the GR activity in PC-12 cells in
EMEM-decreasing time-dependently. Nakajima et al. (2002)
suggested that NGF increased c-GCS activity at the
transcription level and extended the half-life of c-GCS mRNA.
Urata et al. (1996) indicated that GSH synthesis was regulated by
c-GCS, whose activity was related to increased TNF-α or
interleukin (IL)-1β in mouse endothelial cells, and further
related to mRNA expression. IL-6 also stimulated c-GCS
mRNA expression and increased enzyme activity resulting in
increased GSH levels in PC-12 cells. These data showed that
crocin had no significant effects on GPx activity in cells. Ten μM
crocin increased the c-GCS mRNA expression twice in PC-12
cells cultured in DMEM-inducing the higher enzyme activity in
the cells although the mRNA levels in the control PC-12 cells did
not increase. From this evidences, crocin increased GSH levels in
PC-12 cells in DMEM-media, resulting in survival against the
PC-12 cell death.

Non-Rapid Eye Movement Sleeping Effects
of Crocin
Saffron and Kampo medicines promoted sleep during mental
disorder therapy. The combination of saffron and
Saikokaryukotsuboreito or Sansoninto was previously used as a
sleep promoter in Japan (Matsuhashi, 1993). Therefore, we
investigated the sleeping efficacy of crocin in mice after
intraperitoneal administration with crocin at 20:00 in the
evening. Wakefulness, non-REM sleep, and REM sleep after
prescribed crocin (100 mg/kg) or vehicle were compared
(Figure 3). Non-REM sleep occurred due to 100 mg/kg crocin
administration and the intensity increased immediately after
injection and the efficacy was statistically significant during 4 h
after the injection. The extension of non-REM sleeping times was
induced by the reduction of wake continuing 4 h after injection.

Frontiers in Pharmacology | www.frontiersin.org March 2022 | Volume 12 | Article 7798217

Kuchta et al. Kamiuntantokabankoka: Saffron in Kampo Dementia Prevention

112

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


However, crocin did not affect REM sleep. In contrast, mice
treated with the vehicle were awake for longer between 20:00 and
01:00. From these data, crocin induced non-REM sleep with no
typical side effects, such as rebound insomnia. When a 30 mg/kg
crocin injection was administered, the same evidence occurred
with shorter non-REM sleeping term for 1–2 h after the injection.
The total time of non-REM and REM sleep and wakefulness in
the 4 h period after crocin injection was calculated; crocin at
10 mg/kg had no effect on the cumulative amount of non-REM
and REM sleep and wakefulness at 4 h after injection. However,
30 and 100 mg/kg crocin injections significantly increased total
non-REM sleep to 160 and 270%, respectively, and significantly
decreased total wakefulness to 20 and 50%, respectively, without
changing REM sleep levels during 4 h as compared with the
control (Masaki et al., 2012).

Clinical Trials on the Effects of Saffron on
Sleep Architecture
To confirm increased sleep quality during saffron therapy, a
double-blinded clinical trial using 21 healthy adults randomly
assigned to either a saffron extract group (0.6 mg/day) or a
placebo group was conducted. The trial demonstrated a
significant reduction in Pittsburgh Sleep Quality Index scores
in the saffron group. Furthermore, a significant positive effect of
the saffron extract on daytime dysfunction appeared in the extract
group when compared with the placebo group (Nishida et al.,
2018).

The Relationship Between Sleep and
Dementia
Recent evidence has suggested that sleep disturbance may lead to
increased inflammatory processes, which in turn may lead to
Alzheimer’s disease (Irwin and Vitiello, 2019). Several meta-
analyses and systematic reviews indicated that sleep disturbance
may be an important risk factor, and thus an important target for
Alzheimer’s disease prevention (Bubu et al., 2017; Shi et al., 2018;
Livingston et al., 2020). Furthermore, the Hisayama

epidemiological study in Fukuoka, Japan provided clear
evidence that sleep disorders and the concomitant use of
hypnotic drugs resulted in an increased risk of dementia in
elderly patients. When patients with daily sleep durations
shorter than 5.0 h were compared with those reporting more
than 10 h, the risk of dementia, such as vascular dementia and
Alzheimer’s disease for the short duration cohort, was increased 2-
fold when compared with the 10 h cohort. To explain this, poor
sleep quality may induce brain aging and lead to β-amyloid
accumulation and Alzheimer’s disease. Alternatively, sleep
disturbance may promote inflammation and induce dementia
and depression (Ohara et al., 2018). As saffron and crocin
improve sleep quality (Masaki et al., 2012), this sleep duration
extension may critically decrease the risk of dementia. A recent
survey reported a connection between sleep disorders and
dementia (Livingston et al., 2020). In our saffron research, we
observed a 3-fold stronger anti-oxidant activity for crocin when
compared with α-tocopherol (Ochiai et al., 2004). We further
showed that previously proven crocin activity against colorectal
cancer in mice was based on its strong anti-inflammatory activities
(Kawabata et al., 2012). These observations suggested that the anti-
dementia activities of saffron may be based on the same anti-
inflammatory activities in mice. Lastly, crocin also exerted direct
effects on hippocampal neurons via the NMDA receptor (Abe
et al., 1998) and may therefore exert direct anti-dementia activities.

In Japan, combinations of classical Kampo formulas with
saffron have been used in several clinical disciplines such as
obstetrics and gynecology, psychiatry, and cardiology. For
example, saffron (100mg–1 g/day) was clinically used for
patients with sleep disorders, together with Kampo formulas
such as Saikokaryukotsuboreito, Hangekobokuto, Sansoninto,
Daijokito, and Chotosan (Matsuhashi, 1993) or combinations
thereof. Therefore, these Kampo-saffron combinations offer new
and interesting avenues to develop future anti-dementia therapies.

Saffron and Crocin Activities for
Anti-Depression Therapy
The neuroprotective activities of crocin were investigated using
several brain disorder models, such as cerebral ischemia (Ochiai
et al., 2007), Alzheimer’s disease (Akhondzadeh et al., 2010a),
depression (Hausenblas et al., 2013), and memory impairment
(Sugiura et al., 1994; Sugiura et al., 1995c) which are all closely
related to dementia. Depression—depending on the specific
variant and physiological mechanism—may be closely related
to early stage dementia. Depression was identified as a risk factor
for dementia after 2–17 years of meta-analysis (Prince et al.,
2014). In the Whitehall Study in the United Kingdom, in a
follow-up of 10,189 patients, depression increased dementia
risk later in life (Almeida et al., 2017). A 14-years study,
including 4,922 initially cognitive healthy men of 71–89 years
old, reported that depression induced a significant incidence of
dementia (Kelly et al., 2017).

Since sleeping disorders and depression are closely associated
with dementia, the indirect relationship between saffron and
crocin and dementia via sleeping disorders or depression was
correctly determined.

FIGURE 3 | The effect of crocin on sleep architecture in a mouse model.
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Saffron in Anti-dementia Therapy
A double-blinded, phase II study on 55 year old or older
Alzheimer’s patients (54 patients) was performed over
22 weeks. Patients randomly received a 30 mg saffron capsule/
day or 10 mg donepezil/day as a positive control. Saffron showed
almost similar efficacy as donepezil in mild to moderate
Alzheimer’s patients, and vomiting side effects were much
lower than the donepezil group (Akhondzadeh et al., 2010).
Furthermore, these authors also investigated the effects of
saffron on mild to moderate Alzheimer’s patients in a
placebo-controlled trial to confirm the effects of saffron when
compared to placebo. The double-blinded randomized clinical
trial compared saffron with memantine and showed almost the
same effects and no side effects (Farokhnia et al., 2014).

Furthermore, combined saffron and Kamiuntanto—or
Kamiuntantokabankoka in Kampo terminology—should be
used to limit dementia.

CONCLUSIONS AND PERSPECTIVES

Kamiuntanto activity against dementia was determined by
in vitro and in vivo model systems. Based on these findings,
the major Kamiuntanto constituents were assayed for their
contribution to these activities. For the Polygala radix drug,
onjisaponin (Figure 1) and sinapinic acid were identified as
major chemical contributors to Kampo activity. Furthermore,
numerous anti-dementia related activities of the P. ginseng root
drug in Kamiuntanto were also supported by experimental
evidence. Thus, both drugs may play important synergistic
roles in Kamiuntanto formulas.

For 3,500 years, saffron has not only been used as a medical
drug but also as a food spice, and is “Generally Recognized as
Safe” by the American Food And Drug Administration (FDA)
(Department Of Health And Human Services; Subchapter
B—Food For Human Consumption (Continued); Part
182—Substances Generally Recognized as Safe/https://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?
fr�182.20).

Crocin increased intracellular glutathione levels and prevented
cell death in PC-12 cells cultured in DMEM-in a brain ischemia
model. In these cells, reactive oxygen species generation activated
neural sphingomyelinase resulting in ceramide production,
which induced cell death as ceramide-release activates the
caspase system. However, glutathione directly inhibited neural
sphingomyelinase activation. We hypothesize that crocin may
prevent neural sphingomyelinase activation in PC-12 cells
cultured in DMEM- via a GSH-dependent inhibitionmechanism.

As indicated, crocin is a major active constituent of saffron
which improves learning and memory and prevents LTP
blockade by ethanol in an in vivo mouse model. However, the
oral administrations of saffron and crocin had no effect on
memory acquisition in control mice. Naghibi et al. investigated
the effects of saffron extracts on morphine-induced memory
impairment and concluded saffron extracts attenuated this
impairment (Naghibi et al., 2012). We also demonstrated, for

the first time, that crocin selectively antagonized the inhibitory
effects of ethanol on NMDA-receptor-mediated responses in
hippocampal neurons (Abe et al., 1998). We observed that the
efficacy of individual crocetin glycosides toward the inhibition of
LTP blocking activity by ethanol was directly proportional to the
number of sugar moieties in the respective molecules with
crocin—containing four glucose moieties—exhibiting the
strongest overall effect (Abe et al., 1998). Interestingly,
increased bioactivity levels proportional to the number of
sugar moieties in a series of related glycosides were previously
reported for several other natural product classes, such as cardiac
steroids (Shimada et al., 1986), streptozotocin (Gunnarsson et al.,
1974), ginsenosides (Takemoto et al., 1984), saikosaponins (Abe
et al., 1978), and hemolytic saponins (Voutquenne et al., 2002).

Currently in Japan, 25% of the population has reported
occasional sleeping problems for which saffron could be
prescribed in combination with Kampo. Saffron has been
tested as a sleep promoter and increased total time for non-
REM sleep. Thus, the accumulated evidence suggests the clinical
benefit of saffron. The indirect relationship between saffron and/
or crocin and dementia, via sleeping or depression disorders, was
characterized. Furthermore, the evidence suggests that saffron
improves Alzheimer’s disease symptoms in clinical trials where
market medicines were used as controls. Importantly, in 2006,
crocin was approved by the Chinese State FDA for clinical trials
and became an officially registered drug for angina.
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In vitro Suppression of SARS-CoV-2
Infection by Existing Kampo Formulas
and Crude Constituent Drugs Used for
Treatment of Common Cold
Respiratory Symptoms
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Keiko Ogawa-Ochiai 1,4, Hiroki Ohge2, Masanori Ito1 and Takemasa Sakaguchi 3*

1Department of General Internal Medicine, Hiroshima University Hospital, Hiroshima, Japan, 2Department of Infectious Disease,
Hiroshima University Hospital, Hiroshima, Japan, 3Department of Virology, Graduate School of Biomedical and Health Sciences,
Hiroshima University, Hiroshima, Japan, 4Kampo Clinical Center, Department of General Internal Medicine, Hiroshima University
Hospital, Hiroshima, Japan

Several traditional Japanese Kampo formulas are known to have inhibitory effects on
infections with viruses that cause respiratory symptoms. Although some herbs and their
components have been reported to suppress SARS-CoV-2 replication in vitro, it is difficult
to compare effective Kampo formulas because of the different methods used in studies.
Thus, we carried out in vitro experiments on the suppression of SARS-CoV-2 infection by
Kampo formulas and crude drugs used for the common cold to compare their suppressive
effects on virus infection. After infecting VeroE6/TMPRSS2 cells with SARS-CoV-2, lysates
of the Kampo formulas and crude drugs were added, and after 24 h, the infectious titer in
the medium was measured by the TCID50 method. Maoto was the most effective among
the Kampo formulas, and Ephedrae herba was the most effective among the constituent
crude drugs. However, a comparison of the suppressive effects of Ephedrae herba and
Kampo formulas containing Ephedrae herba showed that the suppressive effect on virus
infection did not depend on the content of Ephedrae herba. Based on the results, we
believe that the use of Maoto among Kampo formulas is suitable as a countermeasure
against COVID-19.

Keywords: anti-viral, COVID-19, SARS-CoV-2, herbal medicine, kampo medicine, crude drug

INTRODUCTION

In September 2021, the cumulative number of SARS-CoV-2 infection cases worldwide was more
than 200 million and the number of deaths from SARS-CoV-2 infection was more than 4.5 million.
There has been no apparent reduction in the number of new infections or deaths (World Health
Organization, 2021). Although the efficacy of vaccines has been recognized and vaccination has been
accelerated in many countries worldwide, there are still many unclear issues about vaccines as the
efficacy of vaccines against emerging mutant strains (Liu et al., 2021). On the other hand, there are
few drugs that can be expected to have antiviral effects and most of the drugs are expensive (Hsu,
2020). Therefore, there is an urgent need to find new anti-viral drugs or alternative treatments with
drug repositioning.
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Kampo medicine is a systematized medical system based on
traditional East-Asian medicine and unique drugs. Kampo
medicine originated in traditional Chinese medicine, which
was introduced to Japan around the 5th century and was
refined from the 17th century to the currently used Kampo
medicine in Japan. Kampo formulas are mixtures of crude
drugs, which are extracts of herbs, insects, minerals, fungi, and
other substances (Tsumura and Co., 2016). All Kampo formulas
were approved as drugs for humans by Japan’s Ministry of
Health, Labour and Welfare in 1986 and are regulated by the
National Institute of Health andWelfare (STORK, 2020). Among
the medications certified by the Ministry of Health, Labour and
Welfare, medical Kampo formulas are comparatively
inexpensive, and many of them have versatility in use. On the
other hand, herbal medicines themselves are also used as folk
remedies not only in Japan but also in many other countries.

Influenza and respiratory syncytial viruses are RNA viruses
and the primary symptoms of infections with these viruses are
respiratory symptoms that are similar to the symptoms of SARS-
CoV-2 infection. In Japan, two Kampo prescriptions, Maoto and
Saikokeishito, have been approved for treatment of influenza
infection. There have been in vitro studies showing suppression of
infection with these viruses by Kampo formulas and crude drug
extracts (Mantani et al., 1999; Nomura et al., 2019; Hou et al.,
2020). There seems to be a relationship between the clinical
effects of Kampo formulas and inhibition of influenza virus
growth in cultured cells.

In this study, we examined the suppressive effects of Kampo
formulas on SARS-CoV-2 infection using VeroE6/TMPRSS2
cells, which are highly susceptible to SARS-CoV-2 infection
(Matsuyama et al., 2020). We selected eight Kampo formulas
that have been shown to be effective against influenza virus
infections and common cold symptoms and examined their
inhibitory effects on SARS-CoV-2 infection. We also
investigated the inhibitory effects of six crude constituent
drugs constituting those Kampo formulas on SARS-CoV-2
infection.

MATERIALS AND METHODS

Cells and Viruses
VeroE6/TMPRSS2 cells [African green monkey kidney-derived
cells expressing human TMPRSS2, purchased from Japanese
Collection of Research Bioresources (JCRB) Cell Bank, JCRB
1819] were propagated in Dulbecco’s modified Eagle’s minimum
essential medium (DMEM, Invitrogen) supplemented with 10%
fetal calf serum (FCS; Biosera, Kansas City, MO, United States),
penicillin G (100 units/ml, Meiji Seika Pharma, Tokyo, Japan),
and streptomycin (100 μg/ml, Meiji Seika Pharma). The cells
were cultured at 37°C in 5% CO2. SARS-CoV-2/JP/Hiroshima-
46059T/2020 (Yamamotoya et al., 2021; B1.1.1, GISAID
accession ID: EPI_ISL_6289932, GenBank/DDBJ/EMBL
accession number: MZ853926) was used as the test virus.

To prepare virus suspensions, VeroE6/TMPRSS2 cells were
infected with the virus and incubated in DMEM. When
cytopathic effects were fully developed, the culture supernatant

was harvested and filtered through a 0.45-µm filter after low-
speed centrifugation. The virus titer was determined by the
standard 50% tissue culture infectious dose (TCID50) method.
Briefly, a 10-fold serial dilution of the virus was inoculated into
cells in a 96-well plate in tetraplicate or octuplicate and incubated
for 7 days to check for CPE. Based on this result, infectivity was
calculated and expressed as TCID50/ml, as described previously
(Nomura et al., 2021).

Reagents
Extract powders of Kampo formulas including Maoto,
Saikokeishito, Shomakakkonto, Kakkonto, Shoseiryuto,
Senkyuchachosan, Bakumondoto, and Hochuekkito were
kindly provided by Tsumura & Co. (Tokyo, Japan) (Table 1).
Crude drugs including Glycyrrhiza uralensis Fisch. ex DC
[Fabaceae] (Glycyrrhizae radix), Ephedra sinica Stapf
[Ephedraceae] (Ephedrae herba), Paeonia lactiflora Pall
[Paeoniaceae] (Paeoniae radix), Ligusticum officinale (Makino)
Kitag [Apiaceae] (Cnidii rhizoma), Scutellaria baicalensis Georgi
[Lamiaceae] (Scutellariae radix), and Bupleurum falcatum L
[Apiaceae] (Bupleuri radix) were purchased from Tsumura &
Co. The Kampo formulas used in this study and their constituent
crude drugs (generic name, scientific name, and percentage
included) are shown in detail in Table 1.

Solutions of the Kampo formulas for testing were prepared as
described previously (Nomura et al., 2019). The powder of each
Kampo formula was mixed with DMEM to a concentration of
20 mg/ml. The powder was dissolved at 50°C for 1 h and the
mixture was centrifuged at a low speed and then the supernatant
was filter-sterilized through a 0.22-μm filter. The crude drugs
were prepared in a similar way. For both the Kampo formulas and
the crude drugs, little insoluble material was found after low-
speed centrifugation, and the weight of the initial powder was
therefore used as the weight of the solute.

Cytotoxicity Assay
VeroE6/TMPRSS2 cells were cultured in DMEM with the
specified concentrations of reagents for 24 h, and lactate
dehydrogenase (LDH), which was released from the cells into
the medium, was assayed with a colorimetric method using the
Cytotoxicity LDH Assay Kit-WST (Dojindo Laboratories,
Kumamoto, Japan) by measuring absorbance at 490 nm in the
TriStar LB 941 plate reader (Bertohold Technologies, Wildbad,
Germany). The cytotoxicity of the reagents was calculated from
the absorbance measurements as 100% for the high control (cell
lysis by surfactant) and 0% for the low control (culture medium
only).

Replication of SARS-CoV-2 in vitro
Confluent monolayers of VeroE6/TMPRSS2 cells in a 96-well
plate were infected with 50 µl/well of the virus at an input
multiplicity of infection (m.o.i.) of 0.05 or 10. After adsorption
for 2 h, the inoculated viruses were removed, and the cells were
further cultured in 100 µl/well of DMEM containing different
concentrations of Kampo formulas or crude drugs. The
conditions of m.o.i. and virus adsorption time were based on
the conditions used in a previous study for effective infection of
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TABLE 1 | The Kampo medicines used in this study and their constituent crude drugs.

Maoto
Indications Common cold, Influenza (Acute), Rheumatoid arthritis
Crude drugs
(Latin name)

Armeniacae semen Ephedrae herbaa Cinnamomi cortex Glycyrrhizae radix*

Scientific name Prunus armeniaca var. armeniaca [Rosaceae] Prunus
armeniaca L. [Rosaceae]

Ephedra sinica Stapf [Ephedraceae] Neolitsea cassia (L.) Kosterm.
[Lauraceae]

Glycyrrhiza uralensis Fisch. ex DC. [Fabaceae]

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

32.3% 32.3% 25.8% 9.7%

Saikokeishito
Indications Common cold, Influenza, Feverish diseases such as pneumonia and pulmonary tuberculosis

Gastric ulcer, Duodenal ulcer, Cholecystitis, Gallstone, Pain in liver dysfunction and pancreatitis
Crude drugs
(Latin name)

Bupleuri radixa Pinelliae Tuber Scutellariae
radixa

Glycyrrhizae
radixa

Cinnamomi
cortex

Paeoniae radixa Ziziphi fructus Ginseng
radix

Zingiberis rhizoma
—

Scientific name Bupleurum
falcatum L.
[Apiaceae]

Pinellia ternata
(Thunb.)
Makino
[Araceae]

Scutellaria
baicalensis
Georgi
[Lamiaceae]

Glycyrrhiza
uralensis Fisch.
ex DC.
[Fabaceae]

Neolitsea
cassia (L.)
Kosterm.
[Lauraceae]

Paeonia lactiflora
Pall.
[Paeoniaceae]

Ziziphus jujuba Mill.
[Rhamnaceae]

Panax
ginseng
C.A.Mey.
[Araliaceae]

Zingiber officinale Roscoe [Zingiberaceae]
—

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

22.7% 18.2% 9.1% 9.1% 9.1% 9.1% 9.1% 9.1% 4.6%
—

Kakkonto
Indications Common cold, Early stage of febrile disease, Inflammatory diseases (conjunctivitis, keratitis, otitis media, tonsillitis, mastitis, lymphadenitis)

Stiff shoulders, Neuralgia in the upper body, Urticaria
Crude drugs
(Latin name)

Puerariae Radix Ziziphi fructus Ephedrae herbaa Glycyrrhizae radixa Cinnamomi cortex Paeoniae radixa Zingiberis rhizoma

Scientific name Pueraria montana
var. lobata (Willd.)
Maesen &
S.M.Almeida ex
Sanjappa &
Predeep
[Fabaceae]

Ziziphus jujuba
Mill.
[Rhamnaceae]

Ephedra sinica i
[Ephedraceae]

Glycyrrhiza uralensis
Fisch. ex DC.
[Fabaceae]

Neolitsea cassia (L.)
Kosterm.
[Lauraceae]

Paeonia lactiflora Pall.
[Paeoniaceae]

Zingiber officinale Roscoe [Zingiberaceae]

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

22.2% 16.7% 16.7% 11.1% 11.1% 11.1% 11.1%

Shomakakkonto
Indications Common cold (early stage), Dermatitis
Crude drugs
(Latin name)

Puerariae Radix Paeoniae radixa Cimicifugae Rhizoma Glycyrrhizae radixa Zingiberis rhizoma

(Continued on following page)
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TABLE 1 | (Continued) The Kampo medicines used in this study and their constituent crude drugs.

Scientific name Pueraria montana var. lobata
(Willd.) Maesen &
S.M.Almeida ex Sanjappa &
Predeep [Fabaceae]

Paeonia lactiflora
Pall.
[Paeoniaceae]

Actaea dahurica (Turcz. ex Fisch. & C.A.Mey.)
Franch. [Ranunculaceae]・ Actaea heracleifolia
(Kom.) J.Compton [Ranunculaceae]・ Actaea
cimicifuga L. [Ranunculaceae]

Glycyrrhiza uralensis Fisch. ex DC.
[Fabaceae]

Zingiber officinale Roscoe [Zingiberaceae]

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

41.7% 25.0% 16.7% 12.5% 4.2%

Shoseiryuto
Indications Common cold, Bronchitis, Bronchial asthma, Rhinitis, Allergic Rhinitis, Allergic conjunctivitis
Crude drugs
(Latin name)

Pinelliae tuber Paeoniae
radixa

Zingiberid
rhizoma
processum

Glycyrrhizae
radixa

Cinnamomi
cortex

Asiasari radix Schisandrae fructus Ephedrae herbaa

Scientific name Pinellia ternata
(Thunb.) Makino
[Araceae]

Paeonia
lactiflora Pall.
[Paeoniaceae]

Zingiber
officinale Roscoe
[Zingiberaceae]

Glycyrrhiza
uralensis Fisch.
ex DC.
[Fabaceae]

Neolitsea
cassia (L.)
Kosterm.
[Lauraceae]

Asarum
heterotropoides
F.Schmidt
[Aristolochiaceae]

Schisandra chinensis (Turcz.)
Baill. [Schisandraceae]

Ephedra sinica Stapf [Ephedraceae]

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

22.2% 11.1% 11.1% 11.1% 11.1% 11.1% 11.1% 11.1%

Senkyuchachosan
Indications Common cold, automatic imbalance syndrome peculiar to women resembling climacteric disturbance, and headache
Crude drugs
(Latin name)

Cyperi rhizoma Cnidii
rhizomaa

Notopterygii
rhizoma

Schizonepetae
spica

Menthae
herba

Angelicae
dahuricae radix

Saposhnikoviae
radix

Glycyrrhizae
radixa

Camelliae sinensis folium
—

Scientific name Cyperus rotundus L.
[Cyperaceae]

Ligusticum
officinale
(Makino)
Kitag.
[Apiaceae]

Hansenia
weberbaueriana
(Fedde ex
H.Wolff)
Pimenov &
Kljuykov
[Apiaceae]

Nepeta
tenuifolia
Benth.
[Lamiaceae]

Mentha
canadensis
L.
[Lamiaceae]

Angelica
dahurica (Hoffm.)
Benth. & Hook.f.
ex Franch. & Sav.
[Apiaceae]

Saposhnikovia
divaricata (Turcz. ex
Ledeb.) Schischk.
[Apiaceae]

Glycyrrhiza
uralensis
Fisch. ex
DC.
[Fabaceae]

Camellia sinensis (L.) Kuntze [Theaceae]

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

20.0% 15.0% 10.0% 10.0% 10.0% 10.0% 10.0% 7.5% 7.5%

Bakumondoto
Indications Coughing with a hard, Obstructive sputum, Bronchitis, and bronchial asthma
Crude drugs
(Latin name)

Ophiopogonis radix Oryzae fructus Pinelliae tuber Ziziphi fructus Glycyrrhizae radixa Ginseng radix
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TABLE 1 | (Continued) The Kampo medicines used in this study and their constituent crude drugs.

Scientific name Ophiopogon
japonicus (Thunb.) Ker
Gawl. [Asparagaceae]

Oryza sativa L.
[Poaceae]

Pinellia ternata
(Thunb.) Makino
[Araceae]

Ziziphus jujuba Mill.
[Rhamnaceae]

Glycyrrhiza uralensis Fisch. ex DC.
[Fabaceae]

Panax ginseng C.A.Mey. [Araliaceae]

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

37.0% 18.5% 18.5% 11.1% 7.4% 7.4%

Hochuekkito
Indications Common cold, Summer thinness, Loss of appetite, Gastroptosis, Hemorrhoids, Anal prolapse, Drooping uterus, Pubic atrophy, Hyperhidrosis
Crude drugs
(Latin name)

Astragali radix Atractylodis
Lanceae
Rhizoma

Ginseng radix Angelicae
acutilobae radix

Bupleuri
radixa

Ziziphi fructus Aurantii nobilis
pericarpium

Glycyrrhizae
radixa

Cimicifugae Rhizoma Zingiberis
rhizoma

Scientific name Astragalus
mongholicus
Bunge [Fabaceae]

Atractylodes
lancea
(Thunb.) DC.
[Asteraceae]

Panax ginseng
C.A.Mey.
[Araliaceae]

Angelica
acutiloba
(Siebold &
Zucc.) Kitag.
[Apiaceae]

Bupleurum
falcatum L.
[Apiaceae]

Ziziphus jujuba
Mill.
[Rhamnaceae]

Citrus deliciosa Ten.
[Rutaceae]

Glycyrrhiza
uralensis
Fisch. ex
DC.
[Fabaceae]

Actaea dahurica (Turcz. ex
Fisch. & C.A.Mey.) Franch.
[Ranunculaceae]・ Actaea
heracleifolia (Kom.)
J.Compton
[Ranunculaceae]・ Actaea
cimicifuga L.
[Ranunculaceae]

Zingiber
officinale Roscoe
[Zingiberaceae]

Rate of crude
drugs
configuring
Kampo extracts
(excluding
additives)

16.7% 16.7% 16.7% 12.5% 8.3% 8.3% 8.3% 6.3% 4.2% 2.1%

Kampo medicines used in this study and their constituent crude drugs are shown with indications of the Kampo medicines. The ratio of constituents included in Kampo drugs of extract powder and crude drugs referred to the website of
Tsumura & Co.
aThe crude drugs investigated are marked.
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cells (Wang et al., 2020). The medium was harvested after 24 h,
and viral infectivity was assayed by the TCID50 method. The
logarithm of infectivity titer and reagent concentration in the
medium were plotted and an approximation straight-line was
drawn to calculate the 50% inhibitory concentration (IC50), as
described previously (Nomura et al., 2021).

We conducted infection experiments under two conditions: m o.i.
of 0.05 and m.o.i. of 10. At m.o.i. of 10, all cells are infected at once,
allowing us to observe the process of virus entry and replication (one-
step replication). When m.o.i. of 0.05, on the other hand, 20 cells are
infected with a single virus. In addition to the entry and replication of
the virus into the cell, the progeny virus is released from the cell and
further infects the surrounding cells (multi-step replication).

Assay for Inactivation of Viral Particles
For the Kampo formulas, the solution was mixed with 90 µl of the
drug at a concentration of 20mg/ml and 10 µl of the virus solution at
2.0 × 109 TCID50/ml and incubated for 3min at room temperature.
The mixture was then serially diluted 10-fold in DMEM, and
adsorbed on VeroE6/TMPRSS cells for 1 h. The inoculum was
removed, and cell culture medium was added and incubated for
7 days. The infectivity of the solution was determined by the TCID50

method. For crude drugs, reagents at 1.25–10mg/ml concentrations
were used considering their cytotoxicity. Phosphate-buffered saline
(PBS) was used as an untreated control, and 70% (w/w) ethanol was
used as an inactivation control as described previously (Nomura et al.,
2021).

RESULTS

Suppressive Effects of Kampo Formulas on
SARS-CoV-2 Infection
Eight Kampo formulas used to treat respiratory symptoms,
including respiratory symptoms of influenza and common
cold infections, were investigated for their inhibitory effects on
SARS-CoV-2 infection in vitro. Table 1 shows the clinical
indications of each Kampo formula, the crude drugs included,
and the proportions of the crude drugs.

Initially, the cytotoxicity of eachKampo formula was examined by
an LDH assay, and the values were plotted on a graph (Figure 1, △
marker, right Y-axis). Twenty mg/ml of each Kampo formula of
Maoto (Figure 1A), Saikokeishito (Figure 1B), Kakkonto
(Figure 1C), and Shomakakkonto (Figure 1D) showed more than

FIGURE 1 | Inhibition of SARS-CoV-2 replication by Kampo formulas. (A-H) The Kampo formula used is noted at the top of each panel. VeroE6/TMPRSS2 cells
were infected with SARS-CoV-2 at an m.o.i. of 0.05. After 2-h adsorption, the inoculum was removed and the cells were cultured in DMEM containing different
concentrations of Kampo formulas for 24 h. The viral infectivity in the medium was assayed by the TCID50 method. The left y-axis of the graph is the infectivity for each
concentration. An exponential approximation was made by Excel to calculate the drug concentration that reduces the infectivity in the absence of a drug to 50%
(IC50). The IC50 values and approximation equations are shown in the graph. If there is no decrease, the IC50 is not shown (Panel 1). VeroE6/TMPRSS2 cells were
incubated in DMEM supplemented with the designated concentrations of a Kampo formula for 24 h, and LDH values in the media were then measured to evaluate
cytotoxicity. The LDH value from detergent-treated cells was set at 100%, and the right y-axis is the percent inhibition of cytotoxicity for each concentration.
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30% cytotoxicity. However, at concentrations below 10mg/ml, none
of the Kampo formulas showed apparent cytotoxicity. The results at
concentrations below 10mg/ml could be interpreted without
considering the effect of cytotoxicity, while at 20mg/ml, the
results should be interpreted with caution.

VeroE6/TMPRSS2 cells were infected with SARS-CoV-2 at an
m.o.i. of 0.05, and each Kampo formula was added to the medium.
After 24 h, the infection titer was measured by the TCID50 method
and plotted on a graph against the concentration of the Kampo
formula (Figure 1, ○ marker, left Y-axis). In the case of Maoto, viral
replication was inhibited as the concentration was increased and was
almost completely inhibited at a concentration of 10mg/ml
(Figure 1A). An approximate line of these points was drawn, and
the equation is shown in the graph. The 50% inhibitory concentration
(IC50) that was calculated from the equation is also shown in the
graph (Figure 1A). In the case ofHochuekkito, there was little change
even when the drug concentration was increased (Figure 1H).
According to the IC50 data shown in Figure 1, both Maoto and
Senkyuchachosan had strong suppressive effects on SARS-CoV-2
infection. On the other hand, no suppressive effects of Bakumondo
and Hochuekkito on virus infection were observed.

The cytotoxicity of Saikokeishito at 20 mg/ml was 44.7%, and
we cannot deny the possibility that its suppressive effect on virus
infection is due to its cytotoxicity. Since Kakkonto and Maoto
showed even higher cytotoxicity at a concentration of 20 mg/ml,
it was difficult to clearly determine their suppressive effects on
virus infection at that concentration. Still, it can be considered
that they have clear suppressive effects on virus infection at
concentrations below 10 mg/ml.

When the highest concentration (20 mg/ml) of each Kampo
formula was mixed with the virus and the infectious titer was
measured, none of the Kampo formulas decreased the infectious
titer. This suggests that there was no direct inactivating effect of
each Kampo formula on the virus particles (Figure 2).

In this experiment, the virus was inoculated into cells at an
m.o.i. of 0.05. If the virus is inhibited by the Kampo formula, then

the virus may be suppressed at one of the following stages:
intracellular multiplication, release from the cell, or reinfection
of neighboring cells. From the results of the experiment described
above (Figure 2), it is unlikely that the viral particles are directly
inactivated, and intracellular proliferation or release from the cell
may therefore be impaired.

Suppressive Effects of Crude Drugs on
SARS-CoV-2 Infection
We investigated the suppressive effects on virus infection of the
available crude drugs with high percentages of composition
among the crude drugs constituting Maoto, Senkyuchachosan,
and Saikokeishito, which had strong inhibitory effects on SARS-
CoV-2 infection. The crude drugs tested were Ephedrae herba,
Glycyrrhizae radix, Scutellariae radix, Paeoniae radix, Bupleuri
radix, and Cnidii rhizoma (Figure 3). Ephedrae herba showed
cytotoxicity at concentration of 2.5 mg/ml and above, Bupleuri
radix showed cytotoxicity at concentrations of 10 mg/ml and
above, and Scutellariae radix showed cytotoxicity at
concentrations of 5 mg/ml and above. Therefore, the effects of
these crude drugs at lower concentrations were evaluated.

The cells were infected with the virus at an m.o.i. of 0.05, and
the infectious titer was measured by the TCID50 method
(Figure 3). Ephedrae herba showed a strong inhibitory effect
on virus infection, while Paeoniae radix, Scutellariae radix, and
Glycyrrhizae radix showed weaker inhibitory effects (Figure 3).

To investigate the mechanisms by which the crude drugs
suppress virus infection, we conducted infection experiments
using crude drugs (Ephedrae herba, Scutellariae radix,
Paeoniae radix, Glycyrrhizae radix) at an m.o.i. of 10 so that
all of the cells would be infected (Figure 3). Ephedrae herba
showed a strong suppressive effect on virus infection even at an
m.o.i. of 10, and Paeoniae radix and Scutellariae radix also
showed suppressive effects (Figure 3). These results suggest
that Ephedrae herba, Paeoniae radix, and Scutellariae radix act
on virus-infected cells to inhibit viral replication in the cells. On
the other hand, Glycyrrhizae radix showed little inhibitory effect
in the infection experiment with an m.o.i. of 10 (Figure 3),
suggesting that the antiviral effect of Glycyrrhizae radix is due to
its inhibition of spread of the virus to neighboring
uninfected cells.

The inactivating effect of each of the crude drugs on virus particles
was investigated by mixing the crude drug at the highest
concentration used in the virus infection experiment and
measuring the infectivity titer (Figure 4). Ephedrae herba
decreased the infections titer by 2.5 Log10 (TCID50/ml) compared
to the control, suggesting that Ephedrae herbamay act directly on the
virus particles to inactivate them. The other crude drugs did not
reduce the infectious titer, indicating that they did not inactivate the
virus particles (Figure 4).

Contribution of Epherae Herba in Kampo
Formulas
In this study, we found that Ephedrae herba has a strong inhibitory
effect on SARS-CoV-2 infection. Ephedrae herba is found in several

FIGURE 2 | Effects of Kampo formulas on virus particle inactivation. A
solution of the Kampo formula (20 mg/ml, 90 µl) and 10 µl of the virus solution
at 2.0 × 109 TCID50/ml was incubated for 3 min at room temperature. The
mixture was then serially diluted 10-fold in DMEM, and the infectivity was
determined by the TCID50 method. Phosphate-buffered saline (PBS) was
used as an untreated control, and ethanol [70% (w/w)] was used as an
inactivation control. The dotted line indicates the detection limit (DL) of the
infectivity assay.
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Kampo formulas, and to verify the role of Ephedrae herba in
inactivation of SARS-CoV-2 by the herbal medicines, we
recalculated the effect of Ephedrae herba on SARS-CoV-2 based
on the amount of Ephedrae herba in each Kampo formula.

The IC50 value of Ephedrae herba alone was 61.1 μg/ml
(Figures 3A, 5A). Maoto contains 32.3% of Ephedrae herba
(Table 1), and the IC50 value was calculated by plotting the
amount of Ephedrae herba in Maoto on the horizontal axis of the
graph (Figure 5B) to be 163.6 μg/ml (Figure 5B). Thus, although
it should be the same amount of Ephedrae herba, Ephedrae herba
in the form of Maoto was weakened, suggesting that other
components of Maoto may be inhibiting the effect Ephedrae
herba. The IC50 value of Maoto itself was calculated to be 0.5 mg/
ml (Figure 1A), being consistent with this hypothesis.

Similarly, in the case of Kakkonto containing 16.7% of Ephedrae
herba (Table 1), the IC50 value was calculated to be as high as
517.3 μg/ml based on the amount of Ephedrae herba (Figure 5C).
The IC50 value of Kakkonto itself was 2.7 mg/ml (Figure 1C).
Shoseiryuto contained 11.1% of Ephedrae herba (Table 1), and
the IC50 value of Ephedrae herba was as high as 450.4 μg/ml
based on Ephedrae herba (Figure 5D). The IC50 value of
Shoseiryuto itself was 4.9mg/ml (Figure 1E). These results suggest
that the inhibitory effect of Ephedrae herba in the Kampo formulas
on SARS-CoV-2 infection is weakened by other components.

DISCUSSION

Kampo formulas consist of various combinations of crude drugs,
traditionally regarded as units, and are often used on the base of
ancient experience (Tanaka et al., 1995; Odaguchi et al., 2019). In
Japan, Kampo formulas are covered by the national health

FIGURE 3 | Inhibition of SARS-CoV-2 replication by crude drugs. (A-F) The crude drug used is noted at the top of each panel. VeroE6/TMPRSS2 cells were
infected with SARS-CoV-2 at an m.o.i. of 0.05 or 10. After 2-h adsorption, the inoculum was removed and the cells were cultured in DMEM containing different
concentrations of crude drugs for 24 h. The viral infectivity in the medium was assayed by the TCID50 method. The left y-axis of the graph is the infectivity for each
concentration. An exponential or linear approximation wasmade by Excel to calculate the drug concentration that reduces the infectivity in the absence of a drug to
50% (IC50). The IC50 values and approximation equations are shown in the graph. If there is little or no decrease, the IC50 is not shown (E,F). VeroE6/TMPRSS2 cells were
incubated in DMEM supplemented with the designated concentrations of a Kampo fomula for 24 h, and LDH values in the media were then measured to evaluate
cytotoxicity. The LDH value from detergent-treated cells was set at 100%, and the right y-axis is the percent inhibition of cytotoxicity for each concentration.

FIGURE 4 | Effects of crude drugs on virus particle inactivation. A
solution of a crude drug (90 µl) and 10 µl of the virus solution at 2.0 × 109

TCID50/ml was incubated for 3 min at room temperature. Reagents at
1.25–10 mg/ml concentrations were used considering their cytotoxicity.
The mixture was then serially diluted 10-fold in DMEM, and the infectivity was
determined by the TCID50 method. Phosphate-buffered saline (PBS) was
used as an untreated control, and ethanol [70% (w/w)] was used as an
inactivation control. The dotted line indicates the detection limit (DL) of the
infectivity assay.
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insurance system and are prescribed by doctors under the
condition of government subsidies. Some Kampo formulas are
also available as over-the-counter drugs that can be purchased at
pharmacies without a doctor’s prescription. The extensive
experience of using Kampo formulas in Japan has led to their
safe and easy use in medical practice. In recent years, scientific
analysis of the effects of Kampo formulas has provided evidence
of their clinical benefits, and their clinical usefulness for the
treatment of COVID-19 has also been suggested (Motoo et al.,
2014; Takayama et al., 2021).

Some advantages of Kampo formulas are that they can be
taken orally, are relatively inexpensive, and can be taken at an
early stage. For example, Maoto, one of the Kampo formulas
examined in this study, can be used to treat common colds in
infants even before the onset of cold symptoms such as fever
and nasal discharge (Kubo and Nishimura, 2007; Nagai et al.,
2014). On the other hand, antivirals, as shown in clinical trials
for influenza (Muthuri et al., 2014; Dobson et al., 2015), need
to be taken after the onset of illness and before the peak of viral
replication. The clinical course of COVID-19 is longer than
that of influenza, and viral replication in patients with
COVID-19 likely to continue for a long time. Although
existing antivirals such as remdesivir may be effective if

treatment with the antivirals started after the diagnosis of
COVID-19, consideration should be given to the use of Kampo
formulas, which can be administered earlier.

Kampo formulas that are used for the treatment of influenza
have been reported to inhibit the growth of influenza viruses in
cultured cells (Mantani et al., 1999; Nomura et al., 2019; Hou
et al., 2020). Although the relationship between inhibition of
influenza virus replication in cultured cells and clinical efficacy
is not entirely clear, the therapeutic effect of Kampo formulas
may be elicited by suppression of the ability of the virus of
replicate in the human respiratory tract. In addition, Lian hua
qing wen, which contains Ephedrae herba and is one of the
therapeutic agents used for influenza viruses in traditional
Chinese medicine, has been shown in vitro experiments to have
an inhibitory effect on SARS-CoV-2 infection and has also
been sown to be effective for COVID-19 in a clinical setting,
(Su et al., 2020; Hu et al., 2021). Therefore, we investigated the
effects of Kampo formulas on SARS-CoV-2 infection in vitro
experiments.

Since commercial Kampo formulas contain additives and
the types and amounts of additives are not uniform, we used
the same concentrations of Kampo formulas without additives
in this study. We found that virus infection was inhibited by

FIGURE 5 | Inhibition of SARS-CoV-2 replication based on the amount of Ephedrae herba contained. (A-D) The origin of Ephedra herba is noted at the top of each
panel. The results for growth inhibition of SARS-CoV-2 by Ephedrae herba and Kampo formulas containing Ephedrae herba (Figure 1) are re-plotted in a graph based on
the amount of Ephedrae herba contained. An exponential approximation was made by Excel to calculate the drug concentration that reduces the infectivity in the
absence of a drug to 50% (IC50). The IC50 values and approximation equations are shown in the graph.
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the Kampo formulas Maoto, Saikokeishito, and
Senkyuchachosan but not by the Kampo formulas
Bakumondoto and Hochuekkito. We also examined the
viral inhibitory effects of crude drugs as constituents of the
Kampo formulas that had strong inhibitory effects on SARS-
CoV-2 infection. Ephedrae herba had the strongest inhibitory
effect on SARS-CoV-2 infection. Among the six crude drugs
examined, Ephedrae herba, Paeoniae radix, Scutellariae radix,
and Glycyrrhizae radix had the strongest inhibitory effects in
that order.

Ephedrae herba showed direct inactivating effects on virus
particles as well as on infected cells. Previous studies have
shown that tannins, which are components of Ephedrae herba,
inhibit influenza virus infection (Mantani et al., 1999) and
that tannins extracted from plants such as persimmon have
inactivating effects on various viruses (Ueda et al., 2013). In
the present study, it was also thought that tannins in Ephedrae
herba may have direct inhibitory effects on virus infection.
However, in the infection experiments to investigate the
suppressive effects of crude drugs, on virus infection, it was
found that Ephedra herba had a suppressive effect even
under the condition of an m.o.i. of 10, in which all cells
were infected at once, and no virus particle formation process
was involved. Therefore, Ephedrae herba may have both a
direct inactivation effect on virus particles and a suppressive
effect on infection of cells, suggesting a combined virus
suppression mechanism.

However, it was found that Kampo formulas containing
Ephedrae herba had little direct inactivation effect on virus
particles. The contents of Ephedrae herba in the Kampo
formulas used in the virus direct inactivation test (20 mg/ml)
were 6.45 mg/ml in Maoto, 3.33 mg/ml in Kakkonto, and
2.22 mg/ml in Shoseiryuto. These concentrations were higher
than the concentration of Ephedrae herba tested as a crude drug
(1.25 mg/ml), which was found to be effective in the virus particle
direct inactivation test. Furthermore, when the IC50 values of
Kampo formulas containing Ephedrae herba and Ephedrae herba
alone were compared on the basis of the content of Ephedrae
herba, the effects of all Kampo formulas were weaker than the
effect of Ephedrae herba alone. These results suggest that the
combination of Ephedrae herba with other crude drugs in Kampo
formulas has a weaker antiviral effect than that of Ephedrae
herba. Ephedra herba has various side effects, and Kampo
formulas are shown to contain crude drugs that alleviate the
side effects of the strong Ephedra herba (Odaguchi et al., 2019).
The reduced suppressive effect of Ephedra herba on virus
infection may mean that its side effects on the human body
are reduced.

Among the Kampo formulas that do not contain Ephedrae
herba, Saikokeishito and Senkyuchachosan showed efficacy.
These Kampo formulas have been reported to inhibit
influenza virus in vitro (Shirayama et al., 2016; Nomura
et al., 2019), and the Ministry of Health, Labour, and
Welfare has approved Saikokeishito for treatment of
influenza. Therefore, it would not be surprising if these
Kampo formulas also have inhibitory effects on SARS-
CoV-2 infection. Furthermore, viral inhibitory effects of

Glycyrrhizae radix, Paeoniae radix, and Scutellariae radix
as crude drugs contained in these Ephedrae herba-free
Kampo formulas were confirmed. It was shown in an
in vitro study that rhizoma had an inhibitory effect on
influenza virus infecion (Nomura et al., 2019), but it had
no inhibitory effect on SARS-CoV-2 infection.

Glycyrrhizae radix is a crude drug in many Kampo
formulas. All of the Kampo formulas used in this study
contained Glycyrrhizae radix (Maoto: 9.7%, Saikokeishito:
9.1%, Kakkonto: 11%, Shomakakkonto: 12.5%, Shoseiryuto:
11%, Senkyuchachosan: 7.5%, Bakumondoto: 7.4%,
Hochuekkito: 6.3%; Table 1). Although a suppressive effect
of Glycyrrhizae radix alone on SARS-CoV-2 infection was
shown in a previous study (van de Sand et al., 2021), not all of
the Kampo formulas containing Glycyrrhizae radix showed
suppressive effects on virus infection, and some Kampo
formulas showed no effect at all. Therefore, other crude
drug components in the Kampo formulas may weaken the
effect of Glycyrrhizae radix. Alternatively, the amount of
Glycyrrhizae radix in the Kampo formulas may have been
too small to reach the threshold for suppression of virus
infection.

Paeoniae radix was suggested to be effective against SARS-
CoV-2 infection by molecular modeling predictions (Ma et al.,
2020). It was also shown to be effective against influenza virus
infection in cell infection experiments (Ho et al., 2014).
Scutellariae radix is one of the crude drugs contained in
Saikokeishito, which was effective against SARS-CoV-2
infection. In addition, Baicalin, a component of Scutellariae
radix, has been shown to have an inhibitory effect on SARS-
CoV-2 infection in cell and animal experiments (Song et al.,
2021). In the present study, Glycyrrhizae radix, Paeoniae radix,
and Scutellariae radix showed inhibitory effects on SARS-CoV-2
infection, but their effects were inferior to the effect of
Ephedrae herba.

CONCLUSION

We performed in vitro experiments to determine the inhibitory
effects on SARS-CoV-2 infection of Kampo formulas and their
constituent crude drugs that are used to treat respiratory
symptoms including influenza and common cold symptoms.
We found that Maoto among the Kampo formulas and
Ephedrae herba among the crude drugs had the strongest
inhibitory effects on SARS-CoV-2 infection. Some other
Kampo formulas and crude drugs also showed suppressive
effects on virus infection. Although further analysis and
evidence are needed, Kampo formulas might contribute to the
treatment of COVID-19.
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Kampo Formula-Pattern Models: The
Development of 13 New Clinically
Useful Standard Abdominal Pattern
Models in the Fukushin Simulator
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1Department of Clinical Kampo Medicine, Meiji Pharmaceutical University, Tokyo, Japan, 2Oriental Medicine Research Center,
Kitasato University, Tokyo, Japan, 3Department of Kampo Medicine, Aizu Medical Center, Fukushima Medical University,
Fukushima, Japan, 4Department of Japanese-Oriental (Kampo) Medicine, Graduate School of Medicine, Chiba University, Chiba,
Japan, 5Department of Kampo Medicine, Tokai University School of Medicine, Kanagawa, Japan, 6Division of Oriental Medicine,
Jichi Medical University, Tochigi, Japan, 7Department of Japanese Oriental Medicine, Graduate School of Medicine and
Pharmaceutical Sciences, University of Toyama, Toyama, Japan, 8Division of Kampo Diagnostics, Institute of Natural Medicine,
University of Toyama, Toyama, Japan

Aim: In Kampomedicine, there exists an important system of diagnosis called Fukushin, or
abdominal diagnosis or palpation. By applying pressure to the abdomen of the patient, the
physician can gain important information on the patient’s physical state and use those
indications to choose a suitable Kampo formulation. We have previously developed a
Fukushin simulator, a teaching tool that reproduces the important abdominal patterns that
doctors will encounter in clinical practice and that has received favourable feedback for
students and practitioners. In order to make diagnosis and prescription easier, it is
desirable to have matched formula–pattern pairings. The present study aims to
develop such pairings.

Methods:With the previously developed models as a foundation, in the present study the
production team (twomembers) usedmaterials such as urethane foam and silicone rubber
to build an additional 13 standard abdominal pattern models matched to Kampo herbal
formulas commonly used by practitioners in Japan. Subsequently, the evaluation team (the
remaining 10 authors) investigated the viability of these models.

Results: The evaluation team determined that abdominal pattern models matched to the
following typical Kampo formulas were created successfully: Dai-saiko-To (大柴胡湯), Dai-
joki-To (大承気湯), Shigyaku-San (四逆散), Saiko-ka-ryukotsu-borei-To (柴胡加竜骨牡蛎

湯), Keishi-bukuryo-Gan (桂枝茯苓丸), Hachimi-jio-Gan (八味地黄丸), Hange-shashin-To
(半夏瀉心湯), Sho-saiko-To (小柴胡湯), Hochu-ekki-To (補中益気湯), Sho-kenchu-To (小
建中湯), Toki-shakuyaku-San (当帰芍薬散), Ninjin-To (人参湯), and Dai-kenchu-To (大建

中湯).

Conclusion:We suggest that these new formula-pattern models can make an important
contribution to the standardization of abdominal diagnosis and prescription and to Kampo
education.
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Keywords: Kampo (traditional Japanese herbal medicine), simulator, abdominal diagnosis, medical education,
training, standardisation, abdominal palpation

INTRODUCTION

A diagnostic method favored in Kampo medicine, one that
originated in ancient China but has been developed
independently in Japan, is called Fukushin, or abdominal
palpation (Figure 1). It is used in clinical practice with all
kinds of conditions. The physician applies gentle pressure to
the abdomen of the patient, gauging the resistance presented by
the patient both overall and at specific sites, and using that
information to derive an abdominal pattern, which the
physician uses to decide on a suitable Kampo formulation
(Terasawa, 1993; The Japan Society for Oriental Medicine,
2005; Ushiroyama, 2005; Protnikoff and WatanabeYashiro,
2008; Arai et al., 2017).

There have been attempts to evaluate abdominal palpation
through various medical tests, and some researchers have even
attempted to develop equipment especially for that purpose (Tosa
et al., 1982; Arichi et al., 1983; Shintani et al., 1989; Yasaka, 1994;
Miyamoto and Okita, 2005; Nishida et al., 2012), but these
attempts have generally foundered.

Because it is not possible to communicate with precision the
sensations in an experienced practitioner’s hands when
performing abdominal palpation, it has been established
that education in abdominal palpation is challenging. To
help that cause, as previously reported, we have developed a
Fukushin simulator consisting of a set of models that
reproduce the most important abdominal patterns that
students will encounter in their future clinical practice
(Figure 2) (Yakubo et al., 2008).

The simulator includes five models representing overall
abdominal strength: the obvious excess model, the slight
excess model, the intermediate model, the slight deficiency
model, and the obvious deficiency model (Table 1) (Figure 3)
(Yakubo et al., 2013).

Based on the intermediate abdominal strength model, we
also developed the Fullness in the chest and hypochondrium
model, the Stuffiness and rigidity below the heart model, the
Rectus muscle tension model, the Lower abdominal fullness
model, and the Lower abdominal numbness model (Yakubo
et al., 2015). To the deficiency models, we also added models
incorporating an Abdominal fluid congestion system and an
Abdominal palpitation system (Table 2) (Yakubo et al.,
2014a).

Because the abdominal patterns uncovered through
abdominal palpation leads to prescriptions of standardized
Kampo formulas, we have added new models, which we might
call formula-pattern models, targeted at popular formulas,
such as the Keishi-bukuryo-Gan (桂枝茯苓丸) and Toki-
shakuyaku-San (当帰芍薬散) formula-pattern models, both
corresponding to formulas frequently prescribed to women. In
this spirit, a new model representing a woman’s body
incorporating an Oketsu tenderness system was developed
(Figure 4) (Baba et al., 2019).

The present paper describes recent development work
conducted on the foundation of the work described above.
We have developed a new version of the simulator that consists
of 13 abdominal models, including the recently developed
Keishi-bukryo-Gan and Toki-shakuyaku-San formula-
pattern models, all of female bodies, representing standard
abdominal patterns corresponding to well-known formulas
(Table 3).

MATERIALS AND METHODS

As shown in Table 3, Yakubo and Baba, the production team,
created 13 formula-pattern models. These are all female models
corresponding to 13 standard formulas, based on the female
models previously mentioned.

They first created two models representing obvious excess. For
the Dai-saiko-To (大柴胡湯) formula-pattern model, they
inserted urethane foam and silicone rubber widely in the
hypochondriac and epigastric regions (Figure 5A). For the
Dai-joki-To (大承気湯) pattern model, they further increased
the amount of urethane in the abdomen centered around the
umbilical region (Figure 5B).

The next three models all represent patterns of slight excess.
For the Shigyaku-San (四逆散) formula-pattern model, they
inserted urethane foam and silicone rubber in the lower
hypochondrial and epigastric regions and to represent the
abdominal rectus muscle (Figure 6A). For the Saiko-ka-

FIGURE 1 | The Fukushin method. In Fukushin, the physician applies
gentle pressure to the abdomen of the patient with knees stretched, guaging
the resistance presented by the patient both overall and at specific sites, and
using the information to derive an abdominal pattern. Written informed
consent was obtained from the individual(s) for the publication of any
identifiable image or data included this article.
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ryukotsu-borei-To (柴胡加竜骨牡蛎湯) formula-pattern
model, they also inserted urethane foam and silicone rubber
in the lower hypochondrial and epigastric regions and added
the Abdominal palpitation model previously mentioned
(Figure 6B). For the Keishi-bukuryo-Gan formula-pattern
model, they added urethane foam parts to the lower
abdomen and also the previously mentioned Oketsu
tenderness system (Figure 6C).

The next three models represent intermediate abdominal
strength patterns. For the Hachimi-jio-Gan (八味地黄丸)
formula-pattern model, they decreased the amount of urethane
foam in the midline of the lower abdomen (Figure 7A). For the
Hange-shashin-To (半夏瀉心湯) formula-pattern model, they
added silicone rubber to the urethane foam in the epigastric
region (Figures 7B, 8A). For the Sho-saiko-To (小柴胡湯)
formula-pattern model, they added silicone rubber to the
urethane foam in the lower hypochondrium and the epigastrium
(Figure 7C).

The next three models represent slight deficiency. For the
Hochu-ekki-To (補中益気湯) formula-pattern model, they
added silicone rubber to the urethane rubber in the lower
hypochondriac region (Figures 8B, 9A). For the Sho-kenchu-
To (小建中湯) formula-pattern model, they added silicone
rubber to the urethane foam in the area representing the
abdominal rectus muscle (Figures 8C, 9B. For the Toki-
shakuyaku-San formula-pattern model, they added an
Oketsu tenderness system as with the Keishi-bukuryo-Gan
formula-pattern model (Figure 9C).

Finally, they created two obvious deficiency models. For the
Ninjin-To (人参湯) formula-pattern model (Figure 10A), they
added silicone rubber to the urethane foam in the epigastric
region. For the Dai-kenchu-To (大建中湯) formula-pattern
model, they packed cotton into an elastic tubular bag 5 cm in
diameter to realize the expanded area of tension in the intestinal
tract area characteristic of this abdominal pattern (Figure 10B).

Subsequently, the 10 members of the evaluation team
investigated the new models by palpating them, judging
whether the models were representations of the 13 standard
Kampo formula abdominal patterns.

RESULTS
In the present research, the production teamworked on 13 female
abdominal models corresponding to 13 clinically significant
Kampo formulations, and then the evaluation team
investigated the models by palpating them.

With the two obvious excess models, the evaluators found
that the Dai-saiko-To formula-pattern model featured

TABLE 1 | Abdominal strength pattern models.

Obvious excess abdominal strength pattern model: strongest resistance of
abdominal wall and obvious abdominal distension
Slight excess abdominal strength pattern model: somewhat strong resistance of
abdominal wall
Intermediate abdominal strength pattern model: neither strong nor weak resistance
of abdominal wall
Slight deficiency abdominal strength pattern model: somewhat weak resistance of
abdominal wall
Obvious deficiency abdominal strength pattern model: weakest resistance of
abdominal wall and retraction of abdomen

FIGURE 2 | Fukushin simulator female body model. (A) Interior of Fukushin simulator female body model. (B) Exterior of Fukushin simulator female body model.
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increased resistance over a wide area in the hypochondrium
and epigastrium, and the Dai-joki-To formula-pattern model
featured swelling and increased resistance in the
umbilical area.

With the three slight excess models, the evaluators found that:
the Shigyaku-San formula-pattern model featured increased
resistance to the touch in the lower hypochondrium, the
epigastrium, and the abdominal rectus muscle; the Saiko-ka-
ryukotsu-borei-To formula-pattern model featured increased
resistance in the hypochondriac and epigastric regions; and the
Keishi-bukuryo Gan formula-pattern model featured increased
resistance in the lower abdomen and Oketsu tenderness.

With the intermediate strengthmodels, the evaluators found that:
the Hachimi-jio-Gan formula-pattern model featured decreased

TABLE 2 | Specific abdominal pattern models.

Stuffiness and rigidity below the heart model: Increased resistance in the
epigastric region
Fullness in the chest and hypochondriummodel: Increased resistance on both sides
of the hypochondriac region
Rectus muscle tension model: Increased resistance in the area corresponding to the
abdominal rectus muscle
Lower abdominal fullness model: A horseshoe-shaped area of markedly increased
resistance in the lower abdomen
Lower abdominal numbness mode: Diminished resistance in the center of the lower
abdomen
Abdominal fluid congestion model: A splashing sound is heard on tapping the
abdomen
Oketsu tenderness model: Increased resistance and tenderness in the lower
abdomen and peri-umbilical region
Abdominal palpitation model: A pulsating sensation can be felt in the abdomen

FIGURE 3 | Interior of abdominal strength models. (A) An obvious excess abdominal pattern model. (B) A slight excess abdominal pattern model. (C) An
intermediate excess abdominal pattern model. (D) A slight deficiency abdominal pattern model. (E) An obvious deficiency abdominal pattern model.
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resistance in the medial lower abdomen; the Hange-shashin-To
formula-patternmodel featured increased resistance in the epigastric
region; and the Sho-saiko-To formula-pattern model featured
increased resistance in the lower hypochondrium and the
epigastrium.

In the case of the slight deficiency models, the evaluators
found that: the Hochu-ekki-To formula-pattern model
featured increased resistance in the lower hypochondrium;
the Sho-kenchu-To formula-pattern model featured increased
resistance in the abdominal rectus muscle area; and that the
Toki-shakuyaku-San formula-pattern model was similar to
the Sho-kenchu-To formula-pattern model but also featured
Oketsu tenderness in the lower abdomen.

With the two obvious deficiency models, the Ninjin-To formula-
pattern model was fond to feature increased resistance in the
epigastric region, and the Dai-kenchu-To formula-pattern model
featured an extended area of resistance over the intestinal tract.

The evaluators determined that the producers were successful
in creating the above 13 formula-pattern models, corresponding
to standard Kampo formulations.

DISCUSSION

It does not appear to be feasible to use laboratory testing equipment
to substitute for abdominal diagnoses performed by physicians;
therefore, our approach is to create standard models that
correspond to the patterns that physicians will encounter in
clinical practice. In an earlier study, when clinical practitioners
were asked to evaluate our abdominal strength models, 96.1%

found them useful, which suggests that this approach has
promise (Baba et al., 2018).

Reports of the usefulness of simulators in medical training
exist (Ewy et al., 1987; Woolliscroft et al., 1987; Butter et al., 2010;
Schubart et al., 2012). The models in the first generation of our
Fukushin simulator were inferior to the present ones and gave a
far from perfect reproduction of abdominal patterns, yet 149
practitioners taking our workshop on abdominal palpation said
that the models were useful and had helped deepen their

FIGURE 4 | Keishinbukuryo-Gan pattern model. (A) The interior of the Keishi-bukuryo-Gan pattern model. (B) The reverse of the Keishi-bukuryo-Gan
pattern model.

TABLE 3 | 13 Important formula abdominal pattern models.

1. Obvious excess abdominal strength models
(a) Dai-saiko-To formula-pattern model
(b) Dai-joki-To formula-pattern model

2. Slight excess abdominal strength models
(a) Shigyaku-San formula-pattern model
(b) Saiko-ka-ryukotsu-borei-To formula-pattern model
(c) Keishi-bukuryo-Gan formula-pattern model

3. Intermediate abdominal strength models
(a) Hachimi-jio-Gan formula-pattern model
(b) Hange-shashin-To formula-pattern model
(c) Sho-saiko-To formula-pattern model

4. Slight deficiency abdominal strength models
(a) Hochu-ekki-To formula-pattern model
(b) Sho-kenchu-To formula-pattern model
(c) Toki-shakuyaku-San formula-pattern model

5. Obvious deficiency abdominal strength models
(a) Ninjin-To formula-pattern model
(b) Dai-kenchu-To formula-pattern model
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understanding of abdominal patterns (Yakubo et al., 2009a).
With regard to the various static models included in the
current Fukushin Simulator, 78.6% of educators judged them
to be very useful or useful (Yakubo et al., 2009b). In general, the
simulator is judged to be useful by both trainers and trainees
(Yakubo et al., 2012). More recently, we conducted a practical
session on abdominal diagnosis using the current version of the

Fukushin simulator with medical students, and 98.4% of the
students gave positive feedback (Yakubo et al., 2014b).

Arita et al. developed an education program including a
general lecture on physical examination in Kampo medicine,
followed by a pre-test assessment involving palpation of the
simulators, a specific lecture about abdominal palpation, and
finally a post-test assessment (Arita et al., 2019). Their education

FIGURE 7 | Intermediate abdominal strength models. (A) Hachimi-jio-Gan pattern model. (B) Hange-shashin-To pattern model. (C) Sho-saiko-To pattern model.

FIGURE 5 | Obvious excess abdominal strength models. (A) Dai-saiko-To formula-pattern model. (B) Dai-joki-To pattern model.

FIGURE 6 | Slight excess abdominal strength models. (A) Shigyaku-San pattern model. (B) Saiko-ka-ryukotsu-borei-To pattern model. (C) Keishi-bukuryo-Gan
pattern model.
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FIGURE 9 | Slight deficiency abdominal strength models. (A) Hochu-ekki-To pattern model. (B) Sho-kenchu-To pattern model. (C) Toki-shakuyaku-San
pattern model.

FIGURE 10 | Obvious deficiency abdominal strength models. (A) Ninjin-To pattern model. (B) Dai-kenchu-To pattern model.

FIGURE 8 | The interior of the Fukushin simulators. (A) The interior of the Hange-shashin-To formula-pattern model. (B) The interior of the Hochu-ekki-To formula-
pattern model. (A) The interior of the Sho-kenchu-To formula-pattern model in the process production.
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FIGURE 11 | The abdominal palpation learning system in Kampo style (Abpalle Kampo). (A) Using an abdominal model in a lecture on Fukushin. (B) Placement of
abdominal models and monitors.

FIGURE 12 | A system of Abpalle KAMPO for students. (A) Arrangement of abdominal strength pattern models and abdominal specific pattern models. (B)
Student’s quiz paper.
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program using simulators for Kampo abdominal palpation can be
effective and useful for beginners in Kampo medicine.

Also recently, we have developed a teaching system for abdominal
diagnosis featuring our abdominal models, called the Abdominal
palpation learning system in Kampo style (Abpalle Kampo) (Yakubo
et al., 2021a), which appears to have benefit in making it easier for
participants to understand abdominal patterns and the
corresponding herbal formulas and to learn the technique of
abdominal palpation. Figure 11A demonstrates the use of an
abdominal model in a lecture on Fukushin and Figure 11B
shows the placement of abdominal models and monitors.

Formedical students, some ofwhomare reluctant to take an active
part, we prepared Abdominal strength pattern models (five
gradations) and eight Abdominal specific pattern models with the
Fukushin simulator, labeled not with the name of the model but a
number or letter and arranged at random around the room
(Figure 12A) (Yakubo et al., 2021b). Students are required to go
around the room and perform abdominal diagnosis on the different
models, attempting to write the correct diagnosis for each one
(Figure 12B). We think that it is desirable to incorporate this
type of training (Abpalle KAMPO for students) as a standard part
of Fukushin education for students.

For the present research, we created 13 formula-pattern models
representing 13 abdominal patterns each matched to a standard
Kampo formula. Using these models, it should become possible for
participants to really understand the explanations of the abdominal
patterns as well as the required technique. The participants can then
perform diagnosis themselves on the models, which should lead to
deepening their practical understanding.

Although we do not currently have case reports that list the chief
complaint, history of present illness, and medical history alongside
the results of abdominal diagnosis, one idea we are exploring
currently is to prepare case reports featuring the results of tongue
and pulse diagnosis and other available information and give them to
workshop participants with an abdominal model whose name has
been obscured. Participants would attempt to perform abdominal
palpation and prescribe the Kampo formula that best matches the
case.We can expect that this will contribute to educating practitioners
with greater practical expertise. Accordingly, we believe that these 13
new models have a major contribution to make.

The World Health Organization, in its International
Classification of Diseases 11th Revision, now includes mention of
the standardization of traditional medical practices (Yakubo et al.,
2019; World Health Organization, 2020). Abdominal diagnosis is
one of the traditional medical practices mentioned, and its
standardization has become an important issue. It is our hope

that the models in the Fukushin simulator described in this
paper will make a significant contribution to this effort.

CONCLUSION

The diagnostic method known as abdominal palpation is of
great importance in Kampo medicine, enabling a Kampo
practitioner to determine the most suitable formulation for
a patient. Based on our previous work developing a Fukushin
simulator consisting of a set of abdominal models recreating
important abdominal patterns, the present research describes
13 new standard female models reproducing clinically
important abdominal patterns matched to Kampo
formulations, which we have called formula-pattern
models. These are expected to make a significant
contribution to the education and standardization of
abdominal palpation.
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