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The management of skin wound healing problems is a public health issue in which
traditional herbal medicines could play a determining role. Kampo medicine, with
three traditionally used ointments, provides interesting solutions for these
dermatological issues. These ointments named Shiunkd, Chudkd, and Shinsen
taitsukd all have in common a lipophilic base of sesame oil and beeswax from
which herbal crude drugs are extracted according to several possible manufacturing
protocols. This review article brings together existing data on metabolites involved in
the complex wound healing process. Among them are representatives of the
botanical genera Angelica, Lithospermum, Curcuma, Phellodendron, Paeonia,
Rheum, Rehmannia, Scrophularia, or Cinnamomum. Kampo provides numerous
metabolites of interest, whose content in crude drugs is very sensitive to different
biotic and abiotic factors and to the different extraction protocols used for these
ointments. If Kampo medicine is known for its singular standardization, ointments are
not well known, and research on these lipophilic formulas has not been developed
due to the analytical difficulties encountered in biological and metabolomic analysis.
Further research considering the complexities of these unique herbal ointments
could contribute to a rationalization of Kampo's therapeutic uses for wound healing.
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1 Introduction

Eight million people suffer from chronic wounds worldwide, and the annual wound care
products’ market is expected to reach $15-22 billion by 2024 (Sen, 2019; Bowers and Franco,
2020). These dermatological lesions have a significant impact on public health and have
psychological consequences (Tzaneva et al., 2016). The ineffectiveness of topical treatments
derived from synthetic chemistry, the occurrence of antibiotic resistance, and the predominant
use of surgery (mostly debridement methods) to treat skin ulcers challenged the therapeutic
solutions that could be offered to patients suffering from chronic wounds or severe burns
(Elraiyah et al., 2016).

In this publication, we review the solutions brought by the Japanese traditional medicine,
named Kampo (EJ7EE%). Kampo is largely inspired by traditional Chinese medicines
(TCMs) since its history begins in Japan in the sixth century when it was imported from
China. Over the centuries and with practice, it has become more specific and different from
Chinese medicines, having its own identity. Kampo uses its own diagnostic techniques and
therapeutics where plants have a predominant role. The remedies involve several crude drugs,
such as parts of plants, mushrooms, animals, and minerals, combined in remedies named
formulas (77>77R=). These formulas are numerous and prescribed according to the
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uniqueness of the patient and their symptoms. Thus, Kampo is
considered a holistic and integrative medicine. The traditional
of herbal
encourage interest in research in areas where modern medicine

approach and unique compositions crude drugs
may be insufficient in terms of therapeutic solutions offered to

patients. There are several hundred Kampo formulas and
variations. Out of them, 148 formulas are approved as prescription
drugs and are covered by the Japanese health insurance system
(Watanabe et al, 2011). Among these traditional therapeutics,
there are three formulas for topical use: Shiunko (LS A ZS; &
EE), Chuoko (BW 58S Z5; HEE), and Shinsen taitsuké (L
ABATZWDZS; XK ZE). They are traditionally been used
on wound healing processes ranging from hemostasis and
inflammation to proliferation and remodeling phases (Lu et al,
2008; Chak et al., 2013).

Wound healing is a natural physiological response to tissue
damage. This complex biological process implicates different cell
types and chemical interactions involving cytokines and other
mediators. Experimental works have revealed the general steps in
the wound healing process. This complex process is organized into
four sequential steps. Hemostasis is the first stage, triggered by the
body to stop the excessive loss of blood. Then, the inflammatory phase
mediated by macrophages and growing factors is also initiated to fight
any possible infection. Once the wound is stable, the proliferation
phase, which is longer and can last several weeks, starts and comprises
granulation, re-epithelialization, and neovascularization. To finish,
there is the maturation and remodeling phase (Cafiedo-Dorantes and
Canedo-Ayala, 2019; Wallace et al.,, 2022). In chronic injuries, these
mechanisms are impaired. This category of lesions including vascular
ulcers, arterial ulcers, pressure ulcers, and chronic ulcerations in
diabetic mellitus has common causal factors such as aging,
hypoxia, or bacterial colonization. These factors will influence the
inflammatory step with modifications to the number of cells involved
(more neutrophils and macrophages) and the mediators and cytokines
secreted. Chemical modulations include an increase in pro-
inflammatory cytokines, metalloproteases, reactive oxygen species
(ROS) and a decrease in growth factor availability. All of these
unfavorable parameters lead to cell death and destruction of the
extracellular matrix (Zhao et al., 2016). Indeed, for chronic diabetic
wounds, some disturbances in angiogenesis, neovascularization, cell
function or failure in matrix metalloproteinases (MMPs), and
keratinocyte and fibroblast functions may affect wound healing
mechanisms a lot (Ghaisas et al., 2014).

The use of topical products from the Kampo traditional medicine
may play a beneficial role in the therapeutic management of chronic
wounds and in the wound healing process. However, these remedies
have so far been little studied. If Kampo medicine is recognized for its
innovative standardization with regards to a large number of drinkable
extracts, this is not yet the case for therapeutic forms related to
dermatological uses. Therefore, research on Kampo ointments
could lead to a better understanding of the metabolites and
therapeutic mechanisms involved.

2 Materials and Methods

We reviewed the wound-healing Kampo ointments, the oily
excipients and crude drugs used, and their wound-healing
therapeutic activities related to specific metabolites. We consulted
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the PubMed database, and the keywords favored for the bibliographic
searches were the following: Kampo, wound healing, skin, chronic
wounds, ulcers, diabetic foot ulcers, burns, keratinocytes, fibroblasts,
endothelial cells, epithelialization, common or Latin names of the
plants included, and major metabolites involved in the wound healing
process.

Moreover, information about crude drugs from Kampo-related
databases such as the Center for Kampo Medicine, Keio University
School of Medicine, and the KampoDB, along with metabolites data,
enhanced our research work (Sawada et al.,, 2018; Keio University
Kampo Department). All the metabolites mentioned are important for
future research studies based on metabolomic analyses. They are
presented with their molecular formula and exact mass with four
digits after the decimal point (Kim et al., 2023).

3 Wound-healin

herbal topical
therapies from

ampo
3.1 Introduction about the Kampo ointments

There are mainly two topical preparations used in Kampo
medicine to treat chronic wounds and burns. A third, coming from
TCM, can be added to the list. Both Japanese formulas were created
during the Edo period (1603-1867) by the medical doctor Hanaoka
Seisht (1760-1835). These two remedies are named Shiunké and
Chuoko. Each of the two formulas includes two herbal crude drugs
extracted into a lipophilic base composed of sesame seed oil. Both
contain beeswax but Shiunko has the specificity of a lard addition.
Beeswax is added before or after the herb extraction step according to
manufacturing protocols. The third topical formula is called Shinsen
taitsuko. This one is characterized by a larger number of herbal
ingredients and the absence of lard. All crude drugs are described
in Table 1 (The society of Japanese pharmacopeia, 2016). These three
multiherbal topical preparations are used by Kampo health
professionals to treat dermatological disorders. The application
fields are similar for all formulas that are dedicated to wounds and
burns care, thanks to a wound healing action. These therapeutic
indications are detailed in Table 2.

These ointments have singular, bright colors: purplish-red for
Shiunko, bright yellow for Chuoko, and greenish-yellow for Shinsen
taitsuko. This color aspect is important from an ethnopharmacological
point of view because Kampo health professionals attribute it to potent
antioxidant beneficial actions. To our knowledge, these considerations
for Kampo ointments have not been validated while using analytical
methods.

The Shiunko formula contains roots from purple gromwell
(Lithospermum erythrorhizon Siebold & Zucc.; Boraginaceae) and
Japanese angelica (Angelica acutiloba Siebold & Zucc. Kitag./A.
acutiloba Kitag. var. sugiyamae; Apiaceae). Regarding the relative
concentration of herbal crude drugs, purple gromwell root
constitutes 75% of the herbal mixture and 25% of Japanese
angelica root (Japan Pharmaceutical Manufacturers Association,
2005). Shiunko is a standardized formula that has been covered by
National Health Insurance (NHI) since June 1984 and is widely
produced by Tsumura & Co., leader of the production of Kampo
health products in Japan. Like all Kampo preparations produced by
Tsumura, Shiunko has its own identification number (T501)
(Tsumura & Co, 2017). The formula is distinguished from Chuoko
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TABLE 1 Herbal medicines from Kampo topical ointments: Japanese and Latin denominations, plant organ used, and botanical family for each plant.

Kampo ointments Herbs Organ Botanical family Japanese names
Shiunko Angelica acutiloba (Siebold & Zucc.) Kitag. Yamato-toki (¥ X ~ kD) Root Apiaceae o+ E|
KEF or Angelica acutiloba var. Sugiyamae Hikino Hokkai-toki (7Y 4 NJF) toki I
L3ACZS
Lithospermum erythrorhizon Siebold et Zucc. Boraginaceae >ar ES
shikon 8
Chuoko Curcuma longa L. Rhizome Zingiberaceae DY 2
hEE ukon £
595865525
Phellodendron amurense Rupr. or P. chinense C.K.Schneid Bark Rutaceae FIOND #®
obaku iz
Shinsen taitsuko Angelica acutiloba (Siebold & Zucc.) Kitag. Root Apiaceae ~o* E|
#ILKZE -y =
toki %
LABA 1WDCZ5
Angelica dahurica (Hoffm.) Benth. & Hook.f. ex Franch. & Sav. Root Apiaceae Evyo> =]
byakushi E
Cinnamomum cassia (L.) J. Presl (synonym: Cinnamomum cassia Nees ex Blume) Bark Lauraceae TA4E =
keihi &
Paconia lactiflora Pall. Root Paceoniaceae Y oYY 5]
shakuyaku =
Rehmannia glutinosa (Gaertn.) DC. (synonym: R. glutinosa var. Purpurea Makino also known as R. glutinosa f. Purpurea Matsuda) | Root Orobanchaceae P iy
jio ﬁ
Rheum palmatum L., R. tanguticum Maxim., R. officinale Baill,, and R. coreanum Nakai or their interspecific hybrids Root Polygonaceae LA FD R
daio =
Scrophularia ningpoensis Hemsl. or S. buergeriana Miq. Root Scrophulariaceae T EA
genjin Ed

‘le 1@ zesianed] -jned

0929TTT'$202 1eyd}/6855 0T
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TABLE 2 Kampo ointments and their therapeutic indications regarding dermatology.

Traditional therapeutic indications

Shiunko

‘ Chuoko

Wounds, burns, hemorrhoidal lesions, eczema and dermatitis, cracks, and chilblains

Surgical wounds, sprain, and cutaneous infections such as furuncles ‘

‘ Shinsen Taitsuko

Wounds, burns, insect bites, itching, and pressure ulcers ‘

TABLE 3 Ingredients in Kampo ointments and corresponding quantities and fractions for excipients and herbs.

Quantities of ingredients (g)

Chuoko Shinsen Taitsuko
Sesame oil 1,000 1,000 1,000
Beeswax 340 380 400
Lard 20 - -
Herb a L. erythrorhizon ‘ 120 C. longa ‘ 40 -
Herb b A. acutiloba ‘ 60 Phellodendron sp. ‘ 20 -
Mix of herbs - - A. acutiloba, A. dahurica, and C. cassia, ‘ 32

P. lactiflora, R. glutinosa, Rheum sp., and Scrophularia sp. ‘

Fractions (%)

Percentage of excipients 88.3

95.8

86.2

Percentage of herbs 11.7

4.2

[ Sesame oil + beeswax ]

Powdered crude drugs

L‘«l})"
V/

Metabolites*

Biotic factors

*Kampo herbs metabolites are
sensitive to several factors:

Abiotic factors

- Botanical species or varieties
Growing conditions, age of the
specimen or harvest time

Treatments on the crude drugs

Kampo herbs and excipients

HEE
H'S
= Curcuma rhizome
+ Phellodendron
bark

STEP 1
Sesame oil
polymerization

about 10 min
EH200EE

Shinsen taitsuko

HAKZE

Add beeswax and lard
+ (step 2a) 5 min 170 °C (LH) (M)
Angelica root Low Maceration
- filtration with gauze Heating no heating
+ (step 2b) 5 min
thhospermum root
30 min 7 days at room
at 80 °C temperature
herb
@ Shiunks : powder sifted @ Shiunks h
e |00 pm mesh)
A Chudks A Chusks
@ Shinsen taitsuké )

STEP 3 - Filtration with folded gauze
(except for Chuokd in high heating protocol)

Angelica (acutiloba + dahurica) roots
+ Cinnamomum bark
+ Paeonia, Rheum, Scrophularia and

Rehmannia roots

Cooling/mixing + package ]

: Shinsen taitsuko

LH

M

(steaming or cork layers peeling)

Kampo ointments appearances depending of herb extraction protocol in oil : maceration 7 days (M), 80 °C - S;Omin (LH) and High Heating (HH)

FIGURE 1

on herb metabolites and ointments appearances.

Descriptive diagram presenting the traditional manufacturing process for Kampo ointments (Shiunké, Chudkd, and Shinsen taitsukd) and its implications
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by the presence of an additional ingredient, which is lard. It is used in
small amounts (1.3%) and in some extraction protocols only. Shiunko
is traditionally involved in the treatment of wounds, burns,
hemorrhoidal lesions, eczema, dermatitis, cracks, and chilblains
(Fukurodo Pharmacy).

Chuoko formula contains a mixture of turmeric (Curcuma longa L.;
Zingiberaceae) and Amur cork tree bark (Phellodendron amurense Rupr.
or P. chinense C.K.Schneid,; Rutaceae). The relative concentration of
herbal crude drugs in the ointment is 75% for turmeric and 25% for Amur
cork tree bark, extracted in similar lipophilic extraction conditions as for
Shiunko. Chuoko is used to care for surgical wounds, sprains, and
cutaneous infections such as furuncles (Fukurodo Pharmacy).

The Shinsen Taitsuko formula is the most complex with seven crude
drugs mixed in equal quantities. It includes roots from Japanese angelica
(Angelica acutiloba (Siebold & Zucc.) Kitag.), Dahurian angelica (Angelica
dahurica (Hoffm.) Benth. & Hook. f. ex Franch. & Sav.), Chinese peony
(Paeonia lactiflora Pall.), Chinese rhubarb (Rheum palmatum L., R.
tanguticum Maxim., R. officinale Baill, and R. coreanum Nakai or their
interspecific hybrids.), figwort (Scrophularia ningpoensis Hemsl. or S.
buergeriana Miq.), Chinese foxgloves (Rehmannia glutinosa (Gaertn.)
DC.), and Chinese cinnamon bark (Cinnamomum cassia (L.) J. Presl).
All these herbs are listed in the Japanese pharmacopoeia except the two
species from the Scrophularia genus, which are more connected to TCM
and related to the Shinsen Taitsuko Chinese origin. Shinsen Taitsuko is
traditionally used in the care of wounds, burns, insect bites, itching, and
pressure ulcers (Fukurodo Pharmacy).

About herbal ingredients and their taxonomic aspects (Table 1), two
main inconsistencies are raised between the Latin names mentioned in the
17th edition of the Japanese Pharmacopoeia and those recognized as
being up-to-date by World Flora Online (WFO), a project of the United
Nations Convention on Biological Diversity (WFO, 2022). First,
taxonomic ambiguity concerns Angelica acutiloba and the variety A.
acutiloba var. sugiyamae, presented as distinct in the Japanese
Pharmacopeia (The society of Japanese pharmacopeia, 2016). The
second ambiguity is related to Rehmannia glutinosa (Gaertn.) DC. and
its variety, R. glutinosa var. purpurea Makino (now named Rehmannia
glutinosa f. purpurea Matsuda) (WFO, 2022). Indeed, the Japanese
Pharmacopeia prefers to consider the old nomenclature while
distinguishing R. glutinosa Liboschitz var. purpurea Makino from R.
glutinosa Liboschitz (The society of Japanese pharmacopeia, 2016). These
taxonomic ambiguities add further complexity to the collection of
accurate information about crude drugs’ botanical origin. In addition,
for the more traditional and artisanal ointments manufacturing processes,
there are important variations in the use of botanical crude drugs.
Examples are the possible replacement of Lithospermum erythrorhizon
root by Arnebia euchroma root or the fact that figwort roots can be
derived indifferently from Scrophularia ningpoensis or S. buergeriana.
These specificities are not mentioned in the Japanese Pharmacopoeia,
which underlines the necessity of developing more exhaustive
monographs in the future.

3.2 Extraction methods for Kampo topical
remedies

The making process of these three Kampo ointments is, for the
most part, traditional and devoid of consensual information regarding
dosages and extraction protocols. Preparation processes dating from
the Edo period (1603-1867) do not mention any precise timing or
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temperature of extraction in sesame oil. Nevertheless, organizations
related to the Japanese Pharmacopoeia offer handbooks that can serve
as a reference for these making protocols. Some official
recommendations reference the manufacturing processes and the
quantities of herbal drugs needed (Table 3) (Japan Pharmaceutical
Manufacturers Association, 2005). All information regarding the
manufacturing process is summarized in Figure 1.

For Shiunké preparation, the most common making protocol
(HH) consists of successive 5 min extractions in sesame oil at 170°C
(step 2a) for the Japanese angelica root and then at 140°C for the
Lithospermum root (step 2b). For 1,000 g of sesame oil, 120 g of
Lithospermum root and 60 g of Japanese angelica root are used.
Extraction is carried out in previously obtained polymerized sesame
oil at high temperature (220°C-230°C) for one hour (step 1). Beeswax
and lard are added before the extraction process. After extraction,
crude drugs are filtered (step 3). Cotton gauze pads are used for
filtration. According to the protocols, melted beeswax is added after
extraction and filtration (step 4). During the cooling process, the
mixture is homogenized on a glass plate and then packaged (step 5).

Regarding Chuoko, recommendations advise a hot temperature
extraction protocol (HH) with polymerized oil as well but for a shorter
period (about 10 min at 200°C) (step 1). Extraction is carried out in a
mixture of sesame oil and beeswax heated to 200°C until cooling (step
2). Powdered herbs could be sifted (using a 100-um mesh) first, and
then there is no filtration after extraction and no lard added. This
optional filtration step is a factor of variability in the final composition.
Indeed, the larger particles of powdered crude drugs, such as the cortex
of C. longa or fibers from Phellodendron sp., would be less represented
in the final product. To finish, the mixture is cooled, homogenized on a
glass plate, and packaged (steps 4-5). For 1,000 g of sesame oil, 40 g of
turmeric and 20 g of Phellodendron bark are used.

For the Shinsen taitsuko formula, there is no fixed established
protocol. Only the quantities are mentioned (Japan Pharmaceutical
Manufacturers Association, 2013). Protocols use lower temperatures
(step 2): 30 min at 80°C (LH) or room temperature for 7 days of
maceration (M) followed by filtration (step 3) and the addition of
beeswax. Mixture is then cooled and homogenized on a glass plate
before packing (step 4-5). By extension, this lower extraction
temperature protocol can be applied to Shiunko and Chuoko
formulas (LH and M).

While the Japanese pharmaceutical industry favors high-
temperature extractions that respect traditional recipes as they were
conceived in the Edo period, the gentler ways of extraction using
one week of room temperature oil maceration (M) or extraction at
80°C for 30 min (LH) are also used. These making protocols at milder
temperatures are recommended and studied by some health
professionals’ members from the Nihon Kampo Kyokai, HZNEJ
e, a Japanese association created in 1970 which contributes to the
improvement and promotion of Kampo from the manufacturing
process, distribution and dispensing of Kampo medicines (Nihon
Kampo Kyokai).

Considering these different manufacturing methods, where the
extraction temperature varies from room temperature to 170°C, we
could imagine that the composition must certainly be different. These
contrasting parameters such as the extraction temperatures or
polymerization step will affect the ointment’s appearance. Indeed, for
the Shiunko formula, the higher the temperature, the darker the color of
the ointment (Figure 1). These contrasts in color and consistency are
surely correlated to differences regarding the chemistry of pigments or
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polyphenols. Little is known about the natural compounds extracted by
those traditional processes using sesame oil. Since the several extraction
methods lead to differences in the chemical composition of the
ointments, the question arises as to how to control the quality of the
Kampo ointments and how to regulate the manufacturing protocols.
However, no proper standardization can be envisaged at the present
time in view of the traditional and multi-faceted nature of the Kampo
ointments manufacturing processes.

3.3 Lipophilic products from Kampo
ointments

In Kampo ointments, there are two categories of compounds that
could be related to a wound-healing action: lipophilic ones including
fatty acids or ceramides and metabolites extracted from herbal crude
drugs. Table 3 shows the weights and percentage ratios for the
composition of Kampo ointments, with an average mass ratio close
to 90% for the fatty excipients.

3.3.1 Sesame oil

Fatty acids are associated with strong anti-inflammatory and
antioxidant effects (Lin et al, 2017). Sesame oil obtained from
Sesamum indicum L. (Pedaliaceae) seeds contains 45% of linoleic
acid, 40% of oleic acid, 10% of palmitic acid, and 5% of stearic acid
(Moore et al., 2020).

Linoleic acid 18:2 (w-6) is a common polyunsaturated fatty acid
present in plant oils. It is considered as an essential omega-6 fatty acid,
a precursor of arachidonic acid 20:4 (n-6), prostaglandins, and
leukotrienes well implicated in the inflammation process (Moore
et al., 2020).

Oleic acid is a monounsaturated fatty acid called omega-9. It can be
used to enhance the topical delivery of drugs and improve the trans-
epithelial distribution of compounds present in the mixtures. Oleic acid
could, however, cause some form of toxicity to the skin cells. This has been
studied on keratinocytes even at low concentrations. In contrast, when oleic
acid was applied to reconstructed human epidermis or injured skins, no
alteration in morphology was observed. This is related to the modulation of
the thickness of the stratum corneum, the outermost layer of the epidermis,
in the control of oleic acid-induced toxicity. Low amounts of oleic acid are
sufficient to cause modulation of local cytokines production without
affecting skin morphology while inducing skin irritation in vivo
(Boelsma et al., 1996). In addition, palmitic and stearic acids also have
effects on the wound healing process since they can modulate cell migration,
proliferation, and the production of inflammatory mediators (Silva et al,,
2018).

To conclude about fatty acids content, oils with high content
of linoleic acid 18:2 (n—6) (such as sunflower oil, Helianthus sp.,
and sesame oil) are more favorable for treating skin disorders
than those with high content of oleic acid 18:1 (n-9) (such as olive
oil, Olea europaea) (Moore et al., 2020). Due to its important
presence in Kampo ointments, sesame oil plays a decisive role. It
influences the extraction of herbs and has a therapeutic
emollient role.

3.3.2 Oil polymerization and influences on herbs
extraction

Several physicochemical steps will affect the molecular structure of
sesame oil due to exposure to high temperatures (at 200°C for 10 min
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for Chuoko to 1h for Shiunko at 220°C-230°C). One of the main
transformations is the polymerization step mentioned in the Japanese
reference books for Kampo formulas (Japan Pharmaceutical
Manufacturers Association, 2005).

The polymerization process results in the formation of non-
volatile polar compounds, triacylglycerol dimers, and polymers.
Also, hydrolysis and oxidation influence the properties of the oil
(Choe and Min, 2007). Dimerization and polymerization in heated oils
are radical reactions that produce dimers and polymers, respectively
(Khor etal., 2019). The smoke point reflects the breakdown of fats into
glycerol and free fatty acids (Ramroudi et al., 2022). It depends on the
free fatty acids content and the refining process used. The smoke point
of sesame oil is between 184°C and 242°C, depending on the study
(Ramroudi et al.,, 2022). The more unsaturated the vegetable oil is, the
more carbon-carbon bonds it contains, and the quicker the oil will
polymerize.

Thus, the polymerization of oleic acid leads to the production of
acyclic polymers which will probably influence the extraction of
metabolites from herbs. Linoleic acid is more easily polymerized at
high temperatures than oleic acid (Choe and Min, 2007). As a result,
sesame oil is subject to these changes. The interesting polymerization
process, by changing the polarity of the oil, will probably influence the
extraction of the crude drugs.

3.3.3 Fatty acid esters and long-chain alcohols from
beeswax

Beeswax has been used since ancient times for its antimicrobial
properties in European and Asian traditional medicines (Cornara
et al,, 2017). It includes a mixture of more than 300 components such
as hydrocarbons (chain length of 27-33 carbons), free fatty acids, fatty
acid alcohols and esters, and exogenous substances such as propolis or
pollen.

Several studies carried out on the hive products proved an
antibacterial effect with an important intensity for propolis and a
lighter intensity for beeswax although significant (Fratini et al., 2016).
Beeswax showed in vitro antimicrobic effectiveness against some
infectious germs tested with zone of the inhibition assay using the
agar diffusion method. Among the germs tested favorably in the
higher zones of inhibition, we find Candida albicans,
Staphylococcus aureus, and Bacillus subtilis (Ghanem and Arabia,
2011). Also, the extracts of beeswax in methanol or ethanol have
been evaluated using the zone of inhibition of the development of
microorganisms. The results showed a significant inhibition zone for
the beeswax methanolic extract on S. enterica and C. tropicalis. For
70% methanol extract, the most sensitive germs were E. coli, C. albican,
C. tropicalis, and Aspergillus niger (Kacédniova et al., 2012). Research
works hold in vitro also demonstrated that the inhibitory effect is
enhanced synergistically with other natural products such as propolis
or olive oil (Fratini et al., 2016). Therefore, it can be assumed that it
would be the same with sesame oil and herbs used for Kampo
ointments. Concerning the mechanism of action and specific
properties of beeswax, its antibacterial mode of action is still
however poorly studied (Fratini et al., 2016). Moreover, beeswax is
a difficult to standardize product and very sensitive to biotic and
abiotic factors during its production by bees.

Topical application of preparations containing beeswax forms a
protective barrier against several external factors by forming a film on
the skin surface. Main compounds such as squalene (CsoHsp;
410.3912), 10-hydroxy-trans-2-decenoic acid (named queen bee
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acid; C;oH;503; 186.1256), and flavones such as chrysin (C;5H;0O4;
254.0579) and apigenin (C;5H;¢Os; 270.0528) are influential for
wound care, atopic dermatitis, or psoriasis. Also, some compounds
such as sterols reduce the water loss on skin wounds and are beneficial
for treating atopic dermatitis. The presence of squalene, omega-
hydroxy amino acids such as queen bee acid, and specific flavones
such as chrysin are responsible for the antiseptic activity. Additionally,
it contains a-carotene (C4oHse; 536.8726), source of retinol (C,yH3(O;
286.2297), which delays collagen degradation and stimulates mitotic
division in the epidermis and as a result wound healing (Kurek-
Gorecka et al., 2020).

3.3.4 Compounds from lard

The Shiunké formula contains a small quantity of lard (1.3%
mass). It is therefore only used in high-temperature extraction
protocols. However, this ingredient should be taken into account,
especially during the extraction process, while changing the fatty acids
composition a little. Lard does not contain trans-unsaturated fatty
acids but triglycerides with a high rate of saturated fatty acids such as
oleic (Cy3H340,; 282.2559), palmitic (C;6H3,0,; 256.2402), stearic
(C1gH3605; 284.2715), and linoleic acids (C,;gH3,0,; 280.2402).

Only regarding the therapeutic properties of lard, some studies
have investigated the impact of skin applications of animal fat blends
on atopic dermatitis lesions. Results showed that the lard mixture
significantly ameliorated the macroscopic and microscopic signs and
reduced skin thickness and mastocyte incorporation in mice skin
lesions. The mixture also had an anti-allergic effect by reducing the
involvement of interleukins and E-type immunoglobulins (Lee et al.,
2020).

In vivo, use of a lard-based ointment on inflamed rat feet reduced
In addition,

inflammatory markers of circulating neutrophils were reduced. A

paws inflammation. antioxidant enzymes and
beneficial action of lard is induced by several components such as 5-
dodecanolide (C,H,,0,; 198.1620), oleamide (C,;3H35NO;
281.2719), and resolvin D1 (C,,H3,0s5; 376.2250). This anti-
inflammatory effect occurs via neutrophils and peripheral
mononuclear cells stimulated by lipopolysaccharides, decreasing
the production of TNFa and the activity of pro-inflammatory
enzymes (Capoé et al,, 2021). These favorable actions suggest that
the addition of lard to the Shiunké formula is potentially related to
therapeutic activity of interest for skin wound healing and chronic
wound treatments. Nevertheless, the low concentration of lard raises
questions about its real usefulness as an excipient in the Shiunko
formula, especially as it is not present in the other two topical

formulas.

3.4 Metabolites from Kampo herbal crude
drugs involved in wound healing

3.4.1 In Shiunké
3.4.1.1 Purple gromwell root

Purple gromwell root comes from Lithospermum erythrorhizon
Siebold & Zucc. (Boraginaceae) (The society of Japanese
pharmacopeia, 2016). The plant is named shikon (2 2; ¥4R)
or murasaki (T4 F; #8) in Japanese. The purple gromwell has
long been used as a medicinal plant but also as a dye plant. The
pigment produced from the roots is laborious to obtain because of the
difficulty of cultivation. It is associated with the most prestigious color
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considered in Japan. This singular color even indicates the highest
grade on “the twelve grades of cap rank,” a classification for court
dignitaries established during the Asuka period (592-645).

The cortical part of the roots includes this precious purple pigment
with alkannin and shikonin (C,¢H;¢Os5; 288.0998) which are chiral
pairs of hydroxynaphthoquinones. Shikonin has been described as
hydroxy-1,4-naphthoquinone (Andujar et al., 2013). With alkannin,
both are pigments for food and textiles. These compounds have been
studied for their
antimicrobial, antioxidant,

well wound-healing,  anti-inflammatory,

antithrombotic, and antitumor
properties (Papageorgiou et al, 2008; Andujar et al., 2013). The
gromwell pigment comprises acetylshikonin (C;gH;30s; 330.1103)
and f, f-dimethylacrylshikonin (C;H,,06 370.1416) (Keio
University Kampo Department; Cheng et al., 2008). The two
shown in vitro anti-inflammatory properties resulting from an
inhibition of inducible nitric oxide synthase (iNOS) protein
expression and a downregulation of nuclear factor kappa-light-
thanks to the
suppression of phosphorylation of extracellular signal-regulated
kinases (ERKs) (Cheng et al., 2008).

The root also includes cyanide glycosides such as lithospermoside
(C14H19NOg; 329.1111) and polysaccharides. In addition, they

promote the migration and proliferation of human keratinocytes

chain-enhancer of activated B cells (NF-xB),

and dermal fibroblasts with an increased level of lipid synthesis
crucial in the wound healing process (Kim et al., 2012). These
metabolites, however, would probably not be in oily extracts
because of their hydrophilicity.

Some other compounds from the roots are lithospermic acid
(Cy7H2,015; 538.1111) and caffeic acid (CoHgOy4 180.0423) (Keio
University Kampo Department; Thuong et al., 2009). A methanolic
extract of the root has shown an effect on serine palmitoyltransferase
(SPT) in vitro on human keratinocytes (HaCaT cells). This enzyme is
crucial for sphingolipid biosynthesis. As a result, purple gromwell root
could thus improve the permeability barrier by stimulating the protein
level of SPT and could be related to the protective effect on the skin
(Thuong et al,, 2009). Regarding cosmetical properties, a 5% emulsion
containing gromwell root showed moisturizing effects on skin
hydration in dose- and time-dependent ways (Chang et al., 2008).
Also, the aqueous methanolic extract showed efficiency in the
oxidation process because of phenolic and flavonoid compounds. It
proves its efficiency in vitro against the oxidative stress induced by
H,O0, and ultraviolet radiation on human keratinocytes and neonatal
dermal fibroblasts (Yoo et al., 2014). These skin-protective properties
suggest that gromwell root is a source of active ingredients for
improving wound healing.

3.4.1.2 Pink Arnebia root as a substitute of purple gromwell

During meetings with pharmacists specialized in the manufacturing
of Kampo medicines in Kanagawa Prefecture, we came to understand
that gromwell root could sometimes be replaced by pink Arnebia root
(A. euchroma 1. M.Johnst.; Boraginaceae) (LR ETF - T U0OXN).
The plant grows naturally in extreme cold and arid environments in the
Himalayas, at altitudes of 3,500-4,000 m, and it is an endangered
species. The large number of endophytic fungi and bacteria found
on the roots and their role in metabolite production suggest the
significant variety of metabolites observable (Jain et al, 2021). This
crude drug, not listed in the Japanese Pharmacopoeia, has similar
attributes to purple gromwell root with the same characteristic
purplish color even if they are related to different botanical genera
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(The society of Japanese pharmacopeia, 2016). A. euchroma root is not
only visually similar to purple gromwell root but also has many
common compounds and therapeutic indications such as wound
healing, antimicrobial, and antibacterial properties in Ayurvedic
medicine and TCM (Kumar et al., 2021; Ning et al., 2022).

The use of A. euchroma root in the preparation of Shiunko
ointment will result in a darker-colored formula with the same
texture. As far as we know, this variant of the Shiunké formula is
not produced with high-temperature extraction protocols and is
mostly related to traditional practices rather than large scale
production.

In regard to phytochemistry, A. euchroma contains coumarins,
shikonin derivatives, and also some specific compounds such as
arnebinone (C;3sH,,04 302.1518), deoxyshikonin (also known as
arnebin 7, Cy¢H;604 272.1049), and stigmasterol (C,oH,50;
412.3705) (Kumar et al, 2021). About therapeutic properties
studied in vitro, naphthazarins such as alkannin, shikonin, and
their
methicillin-resistant S. aureus and vancomycin-resistant Enterococci

derivatives are strong antibacterial components on
(Shen et al., 2002). Interesting effects proven on mice have also shown
a positive effect of the application of pink Arnebia gel (10%) on
induced excisional wounds. This study revealed the healing effect of
the A. euchroma root extract on these wounds and suggested a
therapeutic application for chronic wound care (Mohsenikia et al.,
2017). The beneficial effect does not only apply to chronic wounds but
also burns. An outcome was also evaluated in vivo on the mouse
model. A. euchroma root ointments (with a concentration of 5% or
10%) have shown interesting therapeutic results for burn wound
healing compared to 1% silver sulfadiazine topical application
(Nasiri et al, 2015). These therapeutic healing and antibacterial
properties are of interest to find new possible topical remedies for
these diseases and should be further explored.

The fact that some Kampo pharmacists allow themselves to
replace purple gromwell root with A. euchroma root demonstrates
the diversity of Kampo and TCM practices and the interest from a
pharmacological point of view. Nonetheless, the geographical
origin and scarcity of this product raise concerns of supply and
lead us to consider the management of this natural resource in
future research.

3.4.1.3 Japanese angelica root

According to the Japanese Pharmacopeia, Japanese angelica is
Angelica acutiloba (Siebold & Zucc.) Kitag. or A. acutiloba Kitagawa
var. sugiyamae Hikino (Apiaceae) (The society of Japanese
pharmacopeia, 2016). The second one could nevertheless be
considered as a synonym of the first one, but specific literature
makes the distinction between the two varieties (WFO, 2022). This
has been analyzed according to the sequence of the spacer region
between the atpF and atpA genes, which is different among the two
varieties (Hosokawa et al., 2006). Also, trnK gene sequences are
slightly different for acutiloba and sugiyamae varieties. The study
of trnK and ITS regions in A. acutiloba could give information about
the origin of Japanese angelica root and describe which variety is closer
between A. acutiloba var. acutiloba and A. acutiloba var. sugiyamae
(Matsubara et al., 2012).

The angelica roots are used as a Kampo crude drug after being
passed through hot water (The society of Japanese pharmacopeia,
2016). This ingredient is commonly named toki ( ;s 7 3F; 2 %), more
precisely Hokkai-toki and Yamato-toki for the one historically
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harvested in Hokkaido and Yamato areas, respectively. The plant is
perennial and has been cultivated in Japan and China. The color of the
stems from Yamato-toki is purplish, while those from Hokkaido-toki
are green. The different localities, in addition to the slightly different
varieties, reinforce the differences among the metabolites found in
Angelica roots (Katoh et al., 2011).

Japanese angelica root is traditionally used in Kampo medicine for
its immunity activation, analgesic and anti-inflammatory effects. The
root contains an essential oil rich in ligustilide (Cy,H;40; 190.0994),
3-butylidenephthalide (C;,H;,0,; 188.0837), and lactone and safrole
(C10H100,; 162.0681) (Keio University Kampo Department). The root
has monoterpenoid compounds such as a-pinene or a-phellandrene
(CyoHje; 136.1252), both phellandrene cyclic monoterpenes with
double bond isomers. These two compounds have been studied
in vitro and in vivo on mice and present strong wound-healing
activity with better structure and collagen deposition in scar tissue
(Salas-Oropeza et al., 2021).

Coumarin derivatives are also in the root such as decursinol
angelate (C;oH,0Os; 328.1311), decursin (C;oH,00s; 328.1311),
bergapten (C;,HgOy4; 216.0423), or scopoletin (CyoHgOy4; 192.0423)
(Sowndhararajan et al., 2017). Decursin and decurinol angelate were
tested in vitro and demonstrated improved wound healing through
upregulated transcription of genes encoding extracellular matrix
remodeling proteins, inflammatory cytokines, and growth factors in
HaCaT human keratinocytes (Han et al., 2018).

The roots include palmitic acid (C;sH3,0,; 256.2402) and linoleic
acid (C;3H3,0,; 280.2402) which could easily reach the lipophilic
phase during the oily extraction process. Polyacetylene compounds
such as falcarinol (C,;H,,O; 244.1827), falcarindiol (C,;H,405;
260.1776), or falcarinolone (C;;H»,0,; 258.1620) are also part of
the metabolites. Several types of hydrophilic metabolites such as
senkyunolide E (C;,H;,03; 204.0786), F (C;,H;403, 206.0943), H
(C12H1604; 224.1049), and T (C,,H ;404 224.1049) and vitamins B,
(CesHgsCON14014P; 1354.5674) and B; (C4HsNO,, 123.0320) are
found in the root (Keio University Kampo Department; Jeong
et al, 2015). Finally, ferulic acid (C;oH;oO4 194.0579), as a
derivative of cinnamic acid, is a liposoluble organic acid with
antioxidant properties related to the hydroxy and phenoxy groups
that can give electrons to quench the free radicals (Srinivasan et al.,
2007). Because of its protective role on keratinocytes, fibroblasts,
collagen, or elastin, it is a well-known anti-aging compound in the
cosmetic industry (Zdunska et al., 2018). Moreover, ferulic acid is
particularly beneficial for chronic wounds and diabetic ulcers (Liu
et al, 2022). Its effects, whether oral or topical, were tested on
streptozotocin-induced diabetic rats using the excision wound
model. The treatments strongly influenced the healing process
inhibiting  the
peroxidation, and elevating the catalase, superoxide dismutase,
glutathione, and nitric oxide (NO) levels (Ghaisas et al., 2014).

Extracts from Angelica sp. roots are known to induce wound

while increasing the epithelialization, lipid

healing, thanks to the modulation of the production of reactive oxygen
species (ROS), increased cell migration, fibroblast proliferation, and an
inhibition of apoptosis (Hsiao et al., 2012). Lipophilic phthalide
derivatives like ligustilide or its enantiomer, Z-ligustilide, are
crucial given the in vitro studies conducted on human
keratinocytes. It suppresses ROS generation through nuclear factor
erythroid 2-related factor 2/heme (Nrf2/HO-1)
upregulation and inflammation by suppressing the NF-kB pathway
(Wu et al., 2015).

oxygenase-1
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With regard to the variability and inhomogeneity of metabolites
between individuals, the type of treatment carried out on it (such as the
temperature and duration of the water boiling treatment on the root)
will have an influence. Same goes for the root part used for the extract.
Indeed, some metabolites of interest, such as Z-ligustide, will vary
according to the type of root part used: high content for the lateral root
and low for the root head. Thus, the difference in Z-ligustilide content
among Japanese angelica whole root is related to the balance between
the root head part and the root other than the head part (Kudo et al.,
2021). Consequently, the content of metabolites for wound healing
inside the root is sensitive to some factors that are important to
consider.

3.5 In Chudké

3.5.1 Turmeric

According to the Japanese Pharmacopeia, turmeric, ukon in
Japanese (J12; 8#), is the rhizome of Curcuma longa L.
(Zingiberaceae) (The society of Japanese pharmacopeia, 2016;
WEFO, 2022). It can be prepared with or without cork layers,
usually with a blanching step (The society of Japanese
pharmacopeia, 2016). Originally from India, the plant arrived in
Japan a few centuries ago and started to be cultivated in southern
prefectures such as Kyushu or Okinawa. Turmeric is the dried rhizome
harvested after the flowering period in summer. The rhizome contains
not less than 1.0% and not more than 5.0% of total curcuminoids (The
society of Japanese pharmacopeia, 2016). This group includes
curcumin (Cy;H,0Og; 368.1260), demethoxycurcumin (C,0H;5O0s;
338.1154), (C1oH 604  308.1049).
Rhizome also contains sesquiterpenes such as caryophyllene

and bisdemethoxycurcumin

(Ci5H,y; 204.1878), monoterpenes such as eucalyptol (CioH;50;
154.1358), steroids and lignans (Keio University Kampo Department).

The therapeutic properties of turmeric are well known for topical
wound treatments. Curcumin is an asset for remedies containing it, as
this molecule acts on the different phases of the wound healing
process, from the inflammatory phase to re-epithelialization
(Vollono et al,, 2019). Studies involving murine models to qualify
the wound healing properties were conducted on induced wounds,
severe burns, or diabetic ulcers. For burns, a strong influence on the
hydroxyproline levels in the skin of the mice treated with turmeric has
been proven. Improved collagen deposition, angiogenesis, granulation
tissue formation, and epithelialization were demonstrated in vitro
(Kulac et al,, 2013). The same results have been observed on the
murine model for induced wounds with a better maturation and cross
linking of collagen, increased stability of acid-soluble collagen,
aldehyde content, shrinkage temperature, and tensile strength
(Panchatcharam et al, 2006). Topical applications of curcumin-
enriched remedies also accelerate wound healing in mice by
regulating the levels of various cytokines (Yen et al, 2018).
Regarding diabetic ulcers, curcumin application increased wound
healing and decreased the expression of inflammatory cytokines
such as tumor necrosis factor (TNF-a), interleukin 13 (IL-1f), and
matrix metallopeptidase 9 (MMP-9). Curcumin also increased the
levels of anti-inflammatory modulators such as IL-10, superoxide
dismutase, catalase, and glutathione peroxidase. The curcumin
with
effective

application tissue
fibroblast

epithelialization (Kant et al, 2014). These interesting properties

provided granulation improvement

proliferation, collagen  deposition, and
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have been the subject of other studies, notably on the effectiveness
of gel forms for the topical application of curcumin-based medicines
(Mohanty and Sahoo, 2017).

In a nutshell, curcumin acts on the key phases of the healing
process such as inflammation (inhibiting the activity of NF- kB, TNF-
a, and IL-1 cytokines, action on ROS, and a dose-dependent
antioxidant effect), proliferation (increased fibroblast migration,
granulation, collagen deposition, and re-epithelialization), and
remodeling (increased production of transforming growth factor-f
(TGF) and fibroblast proliferation) (Akbik et al., 2014). All these
interesting properties for wound healing need to be considered in
Kampo ointments as curcumin is a lipophilic polyphenol substance.

Turmeric also includes terpene-class compounds such as
sesquiterpene ketones: ar-turmerone (C;sH,,0; 216.1514), a-
turmerone (C;5H,,0; 218.1671), and (+)-p-turmerone (C;sH,,0;
218.1671). Monoterpenes such as a-phellandrene are also found
(Avanco et al., 2017). These ketones, as secondary metabolites, are
of great interest because of their bacteriostatic and antibacterial
properties. Such properties are obviously recognized in the
management of chronic wounds where recurrent infections and
bacterial resistance are issues. Moreover, a study carried out on
turmeric essential oil in vitro showed antioxidant, antifungal, and
antimycotoxigenic actions on Fusarium verticillioides cultures
(Avango et al, 2017). Finally, curcumin has a rather complex
biological action on dermatological cell lines with ambivalence
regarding apoptosis and wound healing since cell death can be
induced while favorable biological effects on wound healing are
clearly demonstrated (Mehta et al., 2016). Additionally, studies on
the biological effects of Kampo extracts on wound healing should
include not only the evaluation of cell proliferation and migration but
also the antibacterial component, which is strongly involved in
chronic wound management.

3.5.2 Amur cork tree bark

The Amur cork tree, Phellodendron sp., is named kihada in
Japanese (F/\&; BEEE). Its bark, named obaku (F7/\ND; &),
is largely used and studied in Asia and is also one of the
50 fundamental herbs known as hudng bdi (E4H) in Chinese
(Ergil et al, 2002). According to the Japanese Pharmacopeia, the
bark comes from Phellodendron amurense Rupr. or P. chinense
C.K.Schneid. (Rutaceae), with the periderm removed, revealing a
characteristic yellow color (The society of Japanese pharmacopeia,
2016; WFO, 2022). The bark has been traditionally used for its
digestive properties for oral intakes and as an anti-inflammatory
and antibacterial remedy for topical uses (Li et al, 2006). Amur
cork trees are at least 12 years old when the bark is collected
during the summer. The inner bark contains at least 1.2% of
berberine (C,oH;sNO,*; 336.1236) (The
pharmacopeia, 2016). It is a hydrophobic alkaloid isoquinoline of

society of Japanese

the protoberberine class, a quaternary ammonium salt, and a
hydrophilic yellow pigment (Leitao da-Cunha et al.,, 2005; Patel, 2021).

While berberine is the most distinctive compound, jatrorrhizine
(C20H20NO,*; 338.1392), palmatine (C,;H,,NO,* 352.1549), and
coptisine (C;9H;4NO,* 320.0923) are some of the other typical
secondary metabolites (Kamimura et al., 2019). The bark contains
bitter taste elements such as obacunone (CyH30O;; 454.1991),
limonin (also known as obaculactone C,4H30Og; 470.1941), and
phytosteroids (CoH500; 414.3862) or
campesterol (Keio  University Kampo

such as
(Cp5Hys0;

B-sitosterol
400.3705)
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Department). In a recent study, the therapeutic action of berberine was
evaluated using both in vitro and in vivo models, first, in a cell model
with hyperglycemic treatment and, second, in diabetic rats’ wounds
infected via streptozotocin induction. These experiments clarified the
action of berberine on thioredoxin reductases (TrxR1), a key enzyme
in redox homeostasis. This was carried out by suppressing c-Jun
N-terminal kinase (JNK) signaling, thereby inhibiting oxidative
stress and apoptosis. By taking this action, better cell proliferation
was observed. Accelerated wound healing was also correlated with a
decrease in the action of MMP-9 and regulation of TGF-{1 and tissue
inhibitors of MMP-1 (TIMP1). In vitro, treatments with berberine
caused an acceleration of wound healing and an improved synthesis of
the extracellular matrix. In vitro, there was also an inhibition of cell
damage induced by hyperglycemic treatments. In vivo, for diabetic
rats, topical treatment enriched with berberine led to an acceleration of
wound healing by stimulation of the TrxR1 enzyme (Zhou et al., 2021).
For palmatine, therapeutic actions with the modulation of
inflammation through a reduction in the actions of IL-6 and TNF-
a have been demonstrated and antibacterial actions on Gram-positive
and Gram-negative bacteria. These actions suggest that a beneficial
effect could be demonstrated on wound healing cell models (Long
et al., 2019).

Regarding metabolites levels of interest in the bark of the Amur
cork tree, berberine and palmatine contents differ significantly
depending on the botanical origin (P. chinense or P. amurense),
with a lot of berberine and no palmatine for P. chinense, lower
concentrations of berberine and the presence of palmatine for P.
amurense (Li et al., 2006). Again, these variabilities suggest that one of
the levers for rationalizing Kampo’s use of ointments is a better
understanding of the influencing factors on herbal crude drugs’
chemical composition. Here, the botanical species used will be
decisive for the composition of therapeutic metabolites in the
Kampo ointments.

3.6 In Shinsen taitsuko

Unlike the two previous formulas containing two herbal crude
drugs, the Shinsen taitsuké formula contains a mixture of seven herbal
crude drugs in equal parts. The presence of A. acutiloba root is
common with the Shiunké formula. One interesting point is the
presence of an herbal crude drug derived from a different species
of angelica as the one in Shiunko formula.

3.6.1 Dahurian angelica root

Dahurian angelica root comes from Angelica dahurica (Hoffm.)
Benth. & Hook. f. ex Franch. & Sav. (Apiaceae) (The society of Japanese
pharmacopeia, 2016; WFO, 2022). Dahurica refers to the mountainous
region beyond Lake Baikal (Transbaikalia), to the east of it, in Russia.
The crude drug is named byakushi (£ + ©</; B1E) in Japanese. Its
flavor is characteristic and slightly bitter (The society of Japanese
pharmacopeia, 2016). The root was used by Kampo medical doctor
Hanaoka Seishi (who created the two remedies Shiunko and Chuoko)
for the preparation of anesthetic medication (Tsisensan or Mafutsu-to)
used for surgery (Izuo, 2004). Hanaoka Seisha was the first doctor to
perform a breast tumor resection under this kind of anesthesia. The use
of Dahurian angelica root in this preparation suggests analgesic
properties from the crude drug, which is of great interest from an
ethnopharmacological perspective.
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The root contains more than 300 compounds including
150 coumarins. Among them, there are furanocoumarins such as
imperatorin  (C;6H;404 270.0892), byakangelicin (C,,H;307;
334.1052), and oxypeucedanin (C;sH;405 286.0841). These
furanocoumarins are lipophilic compounds and would thus be
highly represented in the Kampo oily extracts (Deng et al., 2015).
A. dahurica root also contains volatile oils (terpenoids, aromatic
compounds, and aliphatic compounds) with, for example, a-pinene
(CioH1e; 136.1252), myrcene (CyoH;g 136.1252), (+)-terpinen-4-ol
(C10H;50; 154.1358), and 1-dodecanol (C;,H,0; 186.1984). In the
same way as in the roots of A. acutiloba, there is lipophilic ferulic acid
(C10H 1904 194.0579), which is an important phenolic compound.
Typical psoralens such as byakangelicol (C,;H;60s; 316.0947)
compose the root. This kind of metabolites is photosensitizing, and
its presence as an ingredient should be monitored (Keio University
Kampo Department; Zhao et al., 2022).

Studies carried out on A. dahurica root extract for topical uses
(also combined to the Chinese rhubarb root extract, another
ingredient from Shinsen taitsuko) demonstrated significantly
wound closure with more inflammatory cell infiltration, collagen
fibers, and myofibroblasts a few days after the treatment on rats. It
manifested an accelerated wound healing process during the
inflammation and proliferation phases (Yang et al, 2017). Other
studies made in vitro demonstrated an accelerated proliferation of
fibroblasts and an upregulated expression of collagen I and III,
inducing a better wound healing status (Zhi et al., 2012). Angelica
dahurica root ethanolic extracts led to an increased proliferation of
keratinocytes. Real-time fluorescent quantitative PCR revealed that
the cyclin D1 and caspase-3 mRNA levels were downregulated,
indicating that apoptosis was inhibited (Bai et al., 2012).

Associated treatment with Chinese rhubarb and A. dahurica roots
has been studied in more specific chronic wound models with diabetic
rats. The mix of herbal extracts improved wound healing in diabetic
conditions while increasing vascular endothelial growth factor
(VEGF) activities (Chao et al., 2021).

By the way, oral intake of the ethanolic extract from A. dahurica
roots accelerated diabetic wound healing as well through induced
angiogenesis and granulation tissue formation in streptozotocin-
induced diabetic rats (Zhang et al., 2017). Angiogenesis is a pivotal
process in wound repair, and this therapeutic property of A.
dahurica root makes its use relevant for wound healing. The
oral intake of A. dahurica also regulates the polarization of
M1 and M2 subtypes of macrophages and thus inflammation
(Hu et al., 2021). On the diabetic mice model, oral intake of the
A. dahurica root extract activated the phosphoinositide 3-kinase/
protein kinase B signaling pathway (PI3K/AKT). In vitro, the
promotion of the hypoxia-inducible factor-la/platelet derived
growth factor f§ pathway (HIF-1a/PDGE-f) efficiently enhanced
This
neovascularization and PDGEF-f8 expression thus facilitated
wound healing (Guo et al., 2020).

The benefits brought by A. dahurica root oral intake suggest that

vascularization in  regenerated tissue. increased

the topical use may be beneficial, especially its effects on vessel injury-
related wounds through the modulation of PDGF- and VEGF.

3.6.2 Cinnamon bark
Cinnamon bark comes from the trunk of Cinnamomum cassia

Blume (Lauraceae) with or without the periderm removed (The
society of Japanese pharmacopeia, 2016). This species is a synonym
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of Cinnamomum cassia (L.) J. Presl (WFO, 2022). The tree is endemic
from Southwest China and North Vietnam, and the bark started to be
imported into Japan in the 8th century. Named keihi (7 1 &; £ &)
in Japanese, it presents a characteristic aromatic, sweet, and pungent
taste which is then mucilaginous and slightly astringent (Keio
University Kampo Department). Traditionally, the bark is used for
its stomachic, hypoglycemic, hypotensive, sedative, and antipyretic
activities (Keio University Kampo Department). The bark contains
essential oil with aldehydes and esters such as cinnamaldehyde
(CoHgO;  132.0575), 2-methoxy cinnamaldehyde (C;oH;00,;
162.0681), and cinnamyl acetate (C;;H;,0,; 176.0837) as main
compounds (Keio University Kampo Department). There are also
diterpenoids such as cinncassiol A (Cy0H3007; 382.1991), cinncassiol
E (Cy0H300s; 398.1941), and cinnzeylanol (CyoH3,07; 384.2148). The
bark contains several sesquiterpenoids such as cinnamosides and
sugars. Tannins are found in the bark such as (-)-epicatechin
(C15H1406; 290.0790) or proanthocyanidins such as procyanidin
B2 and procyanidin B4 (Cs;oH»6012; 578.1424) (Keio University
Kampo Department; Daemi et al., 2019).

The most well-known compound from cinnamon is probably
cinnamaldehyde, which has been largely studied in vitro and in vivo
for its wound healing properties. Studies carried out on human
umbilical endothelial cells (HUVECs) showed that
cinnamaldehyde stimulated cell migration and proliferation. It

vein

induced a wound healing effect by promoting angiogenesis through
activation of the phosphatidylinositol 3-kinase (PI3K) and mitogen-
activated protein kinase (MAPK) pathways. Cinnamaldehyde induced
in vivo, an angiogenic effect on the zebrafish model pre-treated with
PTK787 which is a selective inhibitor for VEGFR (Yuan et al., 2018).
Cinnamaldehyde as well presented a favorable activity with regards to
wound healing in Pseudomonas aeruginosa-infected mice. Daily
topical application on these induced wounds promoted wound
healing and reduced bacteria load. Looking at biochemical
parameters, lower IL-17, VEGF, and NO levels have been observed
in the cinnamaldehyde-treated wounds (Ferro et al., 2019). In a same
way, wound healing activity from the Cinnamomum genus has been
studied in C. verum. Topical application of a hydroethanolic extract
enhanced re-epithelialization and keratin  biosynthesis in
streptozotocin-induced diabetic mice (Daemi et al., 2019).

Epicatechin, a well-known flavonoid from tea leaves, has been
tested on radiation-induced cellular damage in vitro on fibroblasts and
in vivo in a zebrafish model. The metabolite increased, in vitro, the
survival rate and restored the migration ability of the fibroblasts after
irradiation. The mechanism is an inhibition of ROS generation,
mitochondrial dysfunction, and cell death. Epicatechin reduced the
expression of protein kinase p-JNK, p-38 MAPKs, and cleaved
caspase-3. In addition, it lowered the cellular damage, improved
wound healing after stress such as radiation exposure, and reduced
the reprotoxicity in the zebrafish model (Shin et al, 2014). The
epicatechin content in cinnamon bark, therefore, suggests that it
has important effects on the wound healing process.

3.6.3 Paeonia lactiflora root

Peony root from Shinsen taitsuko is the root of Paeonia lactiflora
Pall. (Paconiaceae) (The society of Japanese pharmacopeia, 2016; WFO,
2022). It contains not less than 2.0% of paeoniflorin (Cy3H,50,1;
480.1632) (The society of Japanese pharmacopeia, 2016). The plant
is originally distributed from Northeast China to the eastern part of
Siberia, and medicinal hybrids are cultivated in Japan, in Nara and
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Hokkaido prefectures. P. lactiflora root, named shakuyaku (2 ¥ 2
27; %7%8), should not be mistaken for the tree peony, P. suffruticosa
Andrews, whose root cortex is used as a different crude drug. P. lactiflora
root is traditionally harvested after 5 years of cultivation and then used
for its sedative, immunomodulatory, and anti-inflammatory activities
(Keio University Kampo Department; He and Dai, 2011).

More distinctive metabolites from the root are monoterpene
glycosides such as the isomers, paeoniflorin and albiflorin
(Cy3Ho5041; 480.1632), oxypaeoniflorin (Cy3H,50,5; 496.1581), or
(C30H3,015; 584.1894).
periderm treatments made on the raw material lead to a loss of

benzoylpaeoniflorin Furthermore, root
bioactive constituents such as paeoniflorin and albiflorin. This has
been demonstrated using MALDI MSI studies (Li et al., 2021). Some
other important compounds are phenylpropanoids such as paeonol
(CoH1003; 166.06299), hydrolyzable tannins including casuariin
(C34H240,,; 784.0759), glycosides such as paeonoside (C;5H,0Og;
328.1158), and sucrose (C;;H»;0py; 342.1162) (Keio University
Kampo Department; Parker et al., 2016). Some other compounds
such as f-glucogallin (C;3H16010; 332.0743), a gallate ester, and
benzoic acid (C;HgOy; 122.0368) characterize the P. lactiflora root
(Sawada et al.,, 2018). Majority of them are water-soluble sugars, but
they will not be included in Kampo oily extracts. Therefore, these
compounds mostly represent the singularity of this crude drug. Hence,
one of the challenges will be to better understand how oil extraction
will influence the composition of the final ointments, especially for
sugar-rich crude drugs like this one.

Paeoniflorin  has shown effective anti-inflammatory and
immunosuppressive activities in a large number of studies. The
active mechanisms are associated with regulation of lymphocytes
and dendritic cells with an enhancement of several pathways. Thus,
protein kinase B (Akt), peroxisome proliferator-activated receptor
(PPARYy), protein kinase (PKA), IL-4, IL-10, and TGF-f through an
inhibition of INK, ERK, iNOS, cyclooxygenase 2 (COX-2), IL-13, IL-6,
IL-17, and interferon y (IFN-y) are intensified by paeoniflorin. Some
other signaling pathways such as the G protein-coupled receptor
(GPCR), NF-kB, MAPK, and PI3K/Akt are also involved (Zhou
et al., 2020). Regarding specific therapeutic actions on chronic
wounds, paeoniflorin has been tested on streptozotocin-induced
diabetic rat models and high-glucose-treated HaCaT cells. In this
study, paeoniflorin improved wound healing in diabetic rat models
(diabetic foot ulcer, DFU) and activated the expression of nuclear
factor-E2-related factor 2 (Nrf2). In vitro experiments showed that
paeoniflorin accelerated wound healing through this Nrf2 pathway
and an increased expression of VEGF and TGF-fl. It reduced
oxidative stress, increased cell proliferation and migration, and
decreased apoptosis levels (Sun et al, 2020). A similar study on
streptozotocin rat models using skin biopsy punches and high-
glucose-treated HaCaT showed a downregulation of IL-f3, IL-18,
and TNF-«
decreased the expression levels of the chemokine receptor C-X-C
motif chemokine receptor 2 (CXCR2), NF-kB, and p-IkB (Ser36) and
increased the IkappaB kinase (IkB) level (Sun et al., 2021).

Paeoniflorin has also been tested with topical applications coupled

in paeoniflorin-treated DFU rats. Paeoniflorin

with hyaluronic acid gel. The metabolite promoted a modulation of
macrophages which are well involved in diabetic wounds. The topical
better

re-

application of the paeoniflorin-enriched gel brought

inflammation ~ management,  improved  angiogenesis,
epithelialization, and collagen deposition (Yang et al., 2021). Other

studies using a paeoniflorin-sodium alginate-gelatin skin scaffold for
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treating diabetic wounds in a rat model gave positive results on
macrophage modulation as well (Yu et al., 2022).

Oxypaeoniflorin, a metabolite found in P. lactiflora root, has been
studied for its antioxidative and anti-inflammatory activities when it
has been associated with paeoniflorin. Observed effects modulated
glycation end products and induced inflammatory and oxidative stress
responses (Zhanghua et al., 2013). On another note, f-glucogallin
reduces the expression of lipopolysaccharide-induced inflammatory
markers by inhibiting aldose reductase. Moreover, because fS-
glucogallin reduces LPS-induced activation of JNK and p38, we
could imagine that this kind of plant metabolite may have a
positive action on dermatological inflammation (Chang et al., 2013).

All these interesting therapeutic properties for wound healing
deserve further research studies, especially a better understanding of
what metabolites of interest would pass into the oil fraction during
extraction.

3.6.4 Rehmannia glutinosa root

Rehmannia root is one of the 50 fundamental herbs in TCM, and it
is cultivated in the Yamato Valley in Japan and in Northern China
(Ergil et al., 2002). According to the Japanese Pharmacopeia, accepted
species are Rehmannia glutinosa Liboschitz var. purpurea Makino and
R. glutinosa Liboschitz. However, the purpurea variety might be
considered as a synonym, and nowadays, only the R. glutinosa
(Gaertn.) DC. (Orobanchaceae) denomination is accepted (The
society of Japanese pharmacopeia, 2016; WFO, 2022). The species
name comes from the word glutinous because of the sticky aspect of
the root (Zhang et al., 2008). Two processes could be used to prepare
the crude drug, with the application of steaming (processed: juku-jio)
or without it (non-processed: kan-jio) (The society of Japanese
pharmacopeia, 2016). The plant is also known as Chinese fox glove
and in Japanese jio (¥ 7"J; #th B). An interesting fact in relation to R.
glutinosa is that the plant is sensitive to phytoviruses. Because its
reproduction is realized through vegetative propagation, it may
facilitate the spread of viral infections (Wu et al, 2002). For
of
Rehmannia is therefore important. Regarding pharmacognosy, the

Kampo manufacturers, producing virus-free root stocks
virological status of Rehmannia plants may be considered an
influential factor of metabolites diversity (Matsumoto et al., 1989).
The root is traditionally used for its effects on cardiovascular, digestive,
and immune systems (Keio University Kampo Department; Zhang
et al.,, 2008).

It contains monoterpenoids, phenethylalcohol glycosides, and
triterpenes. Some metabolites are characteristic of the Rehmannia
botanical genus such as catalpol (C;5H»,01¢; 362.1213) and acteoside
(named verbascoside, C,oH350,5; 624.2054) (Zhou et al., 2018). These
secondary metabolites are sensitive to growing conditions, processing
treatments carried out after cultivation, and also the type of virus
contamination (Matsumoto et al., 1989; Chang et al., 2006). Among
the iridoids, monotermenes and glycosides which distinguish R.
glutinosa root are the catalpol, dihydrocatalpol (C;5H4010;
364.1369), ajugol (named leonuride, C;5H,,04; 348.1420), aucubin
(CysH,09;  346.1264), melittoside  (C,H3,0;5  524.1741),
rehmaglutin A (CoH;40s; 202.0841), rehmaglutin B (CoH;53ClOs;
236.0451), rehmaglutin C (CyH;,0s; 200.0685), rehmaglutin D
(CoH,5ClO,; 220.0502), rehmannioside A (C, H3,0;5; 524.1741),
rehmannioside B (C,;H3,0,5 524.1741), rehmannioside C
(C51H34014 510.1949), and rehmannioside D (C,;H4050
686.2269) (Zhang et al., 2008). Moreover, the root is rich in
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saccharides with three types of monosaccharides extracted (glucose,
galactose, and fructose) and five kinds of oligosaccharides. Amino
acids like arginine (CsH;4N4O,; 174.1117) and organic acids like
benzoic, linoleic, and stearic acids are also a part of the root (Keio
University Kampo Department). In a way, the compounds present in
Rehmannia root are either hydrophilic with the wide variety of
compounds such as glycosides or more lipophilic with the organic
acids.

Iridoids are a metabolites group characteristic of the Rehmannia
botanical genus and the Rubiaceae and Scrophulariaceae botanical
families. This group presents anti-inflammatory activity that may be
beneficial in the treatment of inflammation (Viljoen et al.,, 2012).
Moreover, the wound-healing activity of acylated iridoid glycosides
was shown in vitro to stimulate the growth of human dermal
fibroblasts (Nishimura et al., 1989; Stevenson et al., 2002). Amino
acids in the root, even at low concentration, could therefore have a
positive action on wound strength and collagen deposition. These
therapeutic effects brought about by oral supplementation have been
tested in artificial incisional wounds in animal models (Stechmiller
et al., 2005).

In the same way, as discussed earlier for the compounds present in
sesame oil, R. glutinosa root is rich in omega 6. It has favorable
properties such as modulation of cell migration and proliferation,
phagocytic capacity, and the production of inflammatory mediators
(Silva et al,, 2018). The underground parts of Rehmannia therefore
include both lipophilic and hydrophilic compounds (with the iridoids
in particular). Further research may reveal the metabolites present in
Kampo oil extracts and thus provide a better understanding of the
therapeutic actions of Kampo ointments.

3.6.5 Chinese rhubarb root

Chinese rhubarb root usually comes from species Rheum
palmatum L., R. tanguticurn Maxim. ex Balf,, R. officinale Baill., or
R. coreanum Nakai (Polygonaceae) (The society of Japanese
pharmacopeia, 2016; WFO, 2022). The plant also spreads to
Eastern Europe, Northern America, and the cold regions of Asia.
Since ancient times, it has been used as a remedy in these areas. The
plant is named daié (5 4 7t"J; % %) in Japanese. Roots are usually
used after a few years of cultivation. The interspecific hybrids made
from Rheum coreanum Nakai x R. palmatum, named shinsyu-daio, are
now largely cultivated in Japan.

Chinese rhubarb root is one of the most commonly used Kampo
ingredients, traditionally chosen for its laxative and tonic properties
(Keio University Kampo Department). The crude drug presents
digestive,
antitumor activities (Xiang et al., 2020).

At least 30 compounds could be identified in the Chinese rhubarb
root. From anthraquinones and associated glucosides, dianthrones,

antibacterial, anti-inflammatory, anti-fibrosis, and

phenylbutanones, stilbenes, flavan-3-ols, procyanidins, glucogallin,
acyl-glucoses, gallic acid, or polymeric procyanidins were identified.
Major differences regarding compounds concentrations exist
depending on the botanical and geographical origins of the plant
(Komatsu et al., 2006). According to the Japanese Pharmacopeia, the
Chinese rhubarb root contains not less than 0.25% of sennoside A
(Cy2H350,0; 862.1956) (The society of Japanese pharmacopeia, 2016).
This sennoside is from the anthraquinones group, but some other
representatives are part of the root such as emodin (C;5H;(Os;
270.0528), rhein (C,;5HgOq; 284.0321), aloe-emodin (Cy5H;¢Os;
270.0528), chrysophanol (C;5H;0O4 254.0579),

or physcion
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(C16H ,05; 284.0685). The root contains diantrone compounds such
as sennoside F (C44H330,3; 934.1804) or sennidin A (C3oH;30,0;
538.0900) (Koyama et al., 2007). Other metabolites, such as tannins or
other glycosides, are also typical, but they will not be easily extracted
with sesame oil. The tannin group from Chinese rhubarb includes
(+)-catechin and (—)-epicatechin (C;5H;406; 290.0790). Both of these
enantiomeric compounds are antioxidant flavonoids. Furthermore,
some other glycosides such as lindleyin (C,3H,60,,; 478.1475), trans-
stilbene (C;4H;,; 180.0939), naphthalene (C;oHg; 128.0626), and
phenylbutanone are representatives of Chinese rhubarb root (Keio
University Kampo Department). An important compound from the
root is gallic acid, a trihydroxybenzoic acid (C;HgOs; 170.0215).

Anthraquinones have broad biological activities that do not
concern therapeutic applications for the digestive sphere. Indeed,
emodin, a trihydroxyanthraquinone, has shown in vitro action on
the NF-kB and phosphoinositide 3-kinase/Akt pathways, which are
well implicated in the cell cycle. In vitro and in vivo studies have
shown an anti-fibrosis action at the skin level via treatments of
hypertrophic scars involving fibroblast deregulation (Mehta et al.,
2016). This was confirmed in another study conducted on rats with
topically applied emodin that enhanced the repair of excisional
wounds. In this study, tissue regeneration stimulation implicated
the SMAD-mediated TGF- signaling pathway (Tang et al., 2007).
According to recent in vitro studies, some other anthraquinone
metabolites such as rhein stimulate HaCaT cell proliferation
through the activation of the estrogen signaling pathway. This
induces the expression of proto-oncogene c-myc in collaboration
with the protein FosB and proto-oncogene JunD. Together, these
activations accelerate re-epithelialization, an important step in the
wound healing process (Xu et al., 2022).

In addition to this, gallic acid showed a beneficial role in wound
healing. Thanks to the regulation and activation of the wound healing
mechanisms surrounding the fibroblasts which are observed in vivo
after per os treatment in experimentally induced hyperglycemic
animals. The favorable factors observed included better wound
edge cohesion, a smaller wound area, and a shorter time to reach
re-epithelialization after wound induction (Liu et al., 2022).

The fact that Chinese rhubarb contains such compounds favorable
for wound healing deserves metabolomics analyses of these
compounds which are lipophilic (rhein or gallic acid) or
amphiphilic (emodin) to understand their distribution in Kampo
oily extracts.

3.6.6 Scrophularia root

The genus Scrophularia gathers more than 100 species of
herbaceous flowering plants commonly known as figwort
(Scrophulariaceae). There are two main species used in TCM and
Kampo. First one is the Scrophularia ningpoensis Hemsl, with a
species’ name which is refering to Ningbo, a city from Zhejiang
province in China, also named Ningpo in the past. The second is S.
buergeriana Miq. (WFO, 2022). Both species are named genjin (7>
225 %) in Japanese. The root part is essential in traditional
medicine from East Asia and has been used there for 2,000 years
(Zhang et al, 2021). According to the Chinese Pharmacopoeia,
Scrophularia roots are used to treat inflammatory and infectious
pathologies. The crude drug is however not referenced by the
Japanese Pharmacopoeia (The society of Japanese pharmacopeia,
2016). The name of the genus Scrophularia is also related to its

topical use on scrofula lesions (tuberculous cervical lymphadenitis)
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(Luetal., 2019). This suggests its properties as a relevant ingredient for
skin wound healing treatments and as herbal antiseptic. Moreover,
both S. ningpoensis and S. buergeriana have shown anti-inflammatory
effects in in vitro and in vivo studies (Lee et al., 2021).

The Scrophularia botanical genus is a rich source of iridoids,
terpenes, phenolic glycosides, alkaloids, and flavonoids (Pasdaran and
Hamedi, 2017; Zhang et al.,, 2021). These compounds play a role as
antioxidants, as proven in vivo through metabolomic approaches (Lu
et al, 2019). Therapeutic applications of S. ningpoensis root, in
addition to those for infectious lesions, have shown an effect on
skin inflammations caused by allergic reactions in mice (Zhang
et al,, 2021). The anti-inflammatory properties studied in aqueous
extracts affected the MAPK pathway and inhibited the NF-«xB pathway
(Shen et al,, 2012). However, these are not easily extrapolated to
Kampo extracts made with sesame oil.

Another characteristic compound is 6’-O-cinnamoylharpagide
(C4H300,1; 494.1788), which has been isolated from the ethanolic
extracts made using the roots of S. ningpoensis. It is accompanied by
other metabolites such as harpagide (C;sH,4040; 364.1369),

harpagoside  (Cy4H300q15  494.1788),  8-O-feruloylharpagide
(CysH3,053;  540.1843),  8-p-coumaroylharpagide  (Cp4H30012;
510.1738), 6-O-methylcatalpol (C;sH,4010; 376.1369), aucubin
(C15H2,09;  346.1264), buergerinin B (CoH;405;  202.0841),
teuhircoside  (C;sH,0O9;  344.1107), and  6-O-cinnamoyl-

d-glucopyranose (CyoHyO15 310.1052) (Niu et al, 2009). The
properties of acylated iridoid glycosides from S. nodosa, a close
species, were studied in vitro and showed a beneficial, dose-
dependent effect on human fibroblasts (Stevenson et al., 2002).

The history of herbal medicines’ uses from the genus Scrophularia
and its specific metabolites suggest that the root plays an important
role in wound healing and the management of dermatological
superinfections.

4 Discussion

To our knowledge, there is no literature describing the
composition and mode of action of Kampo ointments extracted via
oily base. Only a few clinical trials have been conducted on these
specific traditional remedies (Huang et al., 2004; Lu et al., 2008; Chak
et al., 2013; Nakase et al., 2019). It can be assumed that the reason for
this is certainly due to the experimental difficulties encountered both
in biological testing and in metabolomic analysis. Testing oily based
herb extracts represents practical challenges of solubility and
homogeneity related to chemical and biological experiments. For
chemical analysis, the oily and waxy nature of Kampo ointments
poses a problem of solubility within the analytical solvents used in
liquid chromatography. In addition, the fouling of the source in liquid
chromatography coupled to mass spectrometry induces disturbances
in the collected signal. These problems lead to more complex
metabolomic analyses. Concerning biological analyses aiming at
evaluating the therapeutic action of Kampo products on cellular
models, other obstacles are encountered. The solvents usually used
such as ethanol, non-ionic surfactants (polysorbates 20 or 80), or
dimethyl sulfoxide (DMSO) do not allow effective suspension of the
compounds and generate toxicity in the cell types tested.

Nonetheless, if the biomechanisms of the Kampo ointments are
not yet elucidated possibly because of these challenging analysis
difficulties, the metabolites present in the crude drugs have already
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been evaluated for dermatological applications. This is the case for
oleic acid which is known to be anti-inflammatory, and the fact that
Western medicines generally use fatty topical products for their
protective effects (Lin et al., 2017). This supports the interest in
using such lipophilic ointments. In the same way, some plants
found in Kampo ointments, such as figwort (genus Scrophularia),
are also used in other folk and traditional remedies for the
treatment of skin pathologies (Pasdaran and Hamedi, 2017).
This convergence of knowledge suggests that there is a lot to
discover about the therapeutic modes of action involving
Kampo ointments and wound healing.

During this bibliographic work, we found a lot of information
on the herbal medicines included in the three Kampo remedies, but
we came up against two obstacles. First, many of the publications
considered different routes of administration than the topical one.
Also, for some of the topical applications of herbal extracts
evaluated, the type of extraction was different from the
characteristic oily extraction used for Kampo ointments. The
remedies we are studying are indeed used dermally and are
derived from herbal extracts produced in an oily medium.
Therefore, much of the information from the literature is not
directly applicable. Second, very few publications or sources
mention Kampo directly, whereas we found more information
for other traditional medicines such as TCM.

This review gathers information on three ointments that
traditional Japanese Kampo uses, namely, Shiunko, Chuoko,
and Shinsen taitsuko. Although the biological activities of
commercial Kampo extracts are not known, tradition has
validated them. This is nuanced since ethnopharmacology
refers to some traditional uses that persist independently of a
proven therapeutic effect.

Considering the herbal medicines involved in Kampo ointments,
several important secondary metabolites are lipophilic products such
longa),
furanocoumarins

as curcumin (Curcuma shikonin  (Lithospermum

erythrorhizon), such as imperatonin and
byakangelicin (Angelica acutiloba), and anthraquinones such as
If the
composition of Kampo oily extracts has not yet been described to

our knowledge, there is good reason to believe that the molecules

rhein or gallic acid (Rheum palmatum). chemical

described in this review may be present.

With regard to the rationalization of the use of Kampo
there
understanding the biotic and abiotic factors influencing their

ointments, is much to be carried out in terms of
chemistry. Indeed, botanical species and varieties (for the genera
or Scrophularia), growing

conditions, type of crude drugs used, and processing types are

Angelica, Phellodendron, Rheum,

important vectors of metabolites variability among herb batches.
Therefore, a better understanding of the factors influencing the
levels of metabolites of interest in medicinal plants and hence in
crude drugs and ointments is needed.

These natural therapeutics are based on tradition, and in vitro and
then in vivo evidences would be crucial arguments for a possible
rationalization of these traditional remedies. In the case of Kampo
ointments for dermatological uses, an additional constraint comes
from the herbs extraction type in oil. This requires adaptations by
biologists and chemists to achieve a good understanding of these
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unique remedies. Adapted metabolomic approaches and specific
biological assays should allow us to learn more about the Kampo
ointments used for skin wound healing.

Author contributions

All authors have read and agreed to the published version of the
manuscript. MS and FS participated in the writing process in equal
measure.

Funding

This research was supported by the French National Research
Agency in the framework of the “Investissements d’avenir”
programs ANR-15-IDEX-02 and CBH-EUR-GS, ANR-17-
EURE-0003. Univ. Grenoble Alpes (France), IRIG-BGE CEA
(France), and Yokohama University of Pharmacy (Japan)
supported this research.

Acknowledgments

For this review, the authors thank all the collaborators and
structures involved in the recent academic collaboration between
the French and Japanese universities: the Yokohama University of
Pharmacy (YUP, Japan) and the University Grenoble Alpes
(UGA, France) as well as the partner laboratories of the
project: TIMC-IMAG EPSP UMR 5525 (UGA, France), the
Biomics IRIG-BGE (CEA, France) laboratory, the Analytical
Platform of the Faculty of Pharmacy (Université Libre de
Bruxelles, Belgium), and the Laboratory E31 Kampo Natural
Products Chemistry (YUP, Japan). They also thank the
Japanese Kampo health professionals who provided them a
better understanding of the practical uses of these remedies:
KW, Prof. Iwao Sakakibara, Dr. Aki Ito, and Dr. Jun Imai.
They kindly thank Dr. Cecile Vanhaverbeke for reviewing the
article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1116260

Paul-Traversaz et al.

References

Akbik, D., Ghadiri, M., Chrzanowski, W., and Rohanizadeh, R. (2014). Curcumin as a
wound healing agent. Life Sci. 116 (1), 1-7. doi:10.1016/;.1fs.2014.08.016

Andujar, I, Rios, J. L., Giner, R. M., and Recio, M. C. (2013). Pharmacological properties
of shikonin - a review of literature since 2002. Planta Med. 79 (18), 1685-1697. doi:10.
1055/5-0033-1350934

Avango, G. B,, Ferreira, F. D., Bomfim, N. S., Santos, P. A. de S. R. dos, Peralta, R. M.,
Brugnari, T., et al. (2017). Curcuma longa L. essential oil composition, antioxidant effect,
and effect on Fusarium verticillioides and fumonisin production. Food control. 73,
806-813. doi:10.1016/j.foodcont.2016.09.032

Bai, X., Hu, D, Wang, Y., Su, Y., Zhu, X,, and Tang, C. (2012). Effects of Angelica
dahurica extracts on biological characteristics of human keratinocytes. Zhongguo Xiu Fu
Chong Jian Wai Ke Za Zhi 26 (3), 322-325.

Boelsma, E., Tanojo, H., Boddé, H. E., and Ponec, M. (1996). Assessment of the potential
irritancy of oleic acid on human skin: Evaluation in vitro and in vivo. Toxicol Vitro 10 (6),
729-742. doi:10.1016/s0887-2333(96)00053-7

Bowers, S., and Franco, E. (2020). Chronic wounds: Evaluation and management. Am.
Fam. Physician 101 (3), 159-166.

Cafiedo-Dorantes, L., and Cafedo-Ayala, M. (2019). Skin acute wound healing: A
comprehensive review. Int. J. Inflam. 2019, 3706315. doi:10.1155/2019/3706315

Capé, X., Martorell, M., Tur, J. A., Sureda, A., and Pons, A. (2021). 5-Dodecanolide, a
compound Isolated from pig lard, presents powerful anti-inflammatory properties.
Molecules 26 (23), 7363. doi:10.3390/molecules26237363

Chak, K. F., Hsiao, C. Y., and Chen, T. Y. (2013). A study of the effect of Shiunko, a
traditional Chinese herbal medicine, on fibroblasts and its implication on wound
healing processes. Adv. Wound Care (New Rochelle) 2 (8), 448-455. doi:10.1089/
wound.2012.0368

Chang, K. C,, Laffin, B., Ponder, J., Enzsély, A., Németh, J., LaBarbera, D. V., et al.
(2013). Beta-glucogallin reduces the expression of lipopolysaccharide-induced
inflammatory markers by inhibition of aldose reductase in murine macrophages and
ocular tissues. Chem. Biol. Interact. 202 (1-3), 283-287. doi:10.1016/j.cbi.2012.12.001

Chang, M. J., Huang, H. C, Chang, H. C, and Chang, T. M. (2008). Cosmetic
formulations containing Lithospermum erythrorhizon root extract show moisturizing
effects on human skin. Arch. Dermatol Res. 300 (6), 317-323. doi:10.1007/s00403-008-
0867-9

Chang, W. T, Thissen, U., Ehlert, K. A., Koek, M. M., Jellema, R. H., Hankemeier, T.,
et al. (2006). Effects of growth conditions and processing on Rehmannia glutinosa using
fingerprint strategy. Planta Med. 72 (5), 458-467. doi:10.1055/s-2005-916241

Chao, Y. H, Yang, W. T,, Li, M. C, Yang, F. L., and Lee, R. P. (2021). Angelica
dahurica and Rheum officinale facilitated diabetic wound healing by elevating
Vascular Endothelial Growth Factor. Am. J. Chin. Med. 49 (6), 1515-1533. doi:10.
1142/S0192415X21500713

Cheng, Y. W,, Chang, C. Y,, Lin, K. L, Hu, C. M,, Lin, C. H,, and Kang, J. J. (2008).
Shikonin derivatives inhibited LPS-induced NOS in RAW 264.7 cells via downregulation
of MAPK/NF-kappaB signaling. J. Ethnopharmacol. 120 (2), 264-271. doi:10.1016/j.jep.
2008.09.002

Choe, E., and Min, D. B. (2007). Chemistry of deep-fat frying oils. J. Food Sci. 72 (5),
R77-R86. doi:10.1111/j.1750-3841.2007.00352.x

Cornara, L., Biagi, M., Xiao, J., and Burlando, B. (2017). Therapeutic properties of
bioactive compounds from different honeybee products. Front. Pharmacol. 8, 412. doi:10.
3389/fphar.2017.00412

Daemi, A, Lotfi, M., Farahpour, M. R,, Oryan, A., Ghayour, S.J., and Sonboli, A. (2019).
Topical application of Cinnamomum hydroethanolic extract improves wound healing by
enhancing re-epithelialization and keratin biosynthesis in streptozotocin-induced diabetic
mice. Pharm. Biol. 57 (1), 799-806. doi:10.1080/13880209.2019.1687525

Deng, G. G., Yang, X. W,, Zhang, Y. B., Xu, W., Wei, W,, and Chen, T. L. (2015).
Chemical constituents from lipophilic parts in roots of Angelica dahurica var. formosana
cv. Chuanbaizhi. Zhongguo Zhong Yao Za Zhi 40 (11), 2148-2156.

Elraiyah, T., Domecg, J. P., Prutsky, G., Tsapas, A., Nabhan, M., Frykberg, R. G., et al.
(2016). A systematic review and meta-analysis of débridement methods for chronic
diabetic foot ulcers. J. Vasc. Surg. 63, 375-45S.e12. doi:10.1016/j.jvs.2015.10.002

Ergil, K. V., Kramer, E. J., and Ng, A. T. (2002). Chinese herbal medicines. West J. Med.
176 (4), 275-279.

Ferro, T. A. F,, Souza, E. B., Suarez, M. A. M., Rodrigues, J. F. S., Pereira, D. M. S,,
Mendes, S. J. F., et al. (2019). Topical application of cinnamaldehyde promotes faster
healing of skin wounds infected with Pseudomonas aeruginosa. Molecules 24 (8), E1627.
doi:10.3390/molecules24081627

Fratini, F., Cilia, G., Turchi, B., and Felicioli, A. (2016). Beeswax: A minireview of its
antimicrobial activity and its application in medicine. Asian Pac J. Trop. Med. 9 (9),
839-843. doi:10.1016/j.apjtm.2016.07.003

Fukurodo Pharmacy. Fukurudo Pharmacy online store [Internet]. Available at: http://
www.hukuroudou.jp/. Adachi, Tokyo: < 2> EEFZ Y NIRZE/E.

Ghaisas, M. M., Kshirsagar, S. B., and Sahane, R. S. (2014). Evaluation of wound healing
activity of ferulic acid in diabetic rats. Int. Wound J. 11 (5), 523-532. doi:10.1111/j.1742-
481X.2012.01119.x

Frontiers in Pharmacology

15

10.3389/fphar.2023.1116260

Ghanem, N., and Arabia, S. (2011). The antimicrobial activity of some honey bee
products and some saudi folkloric plant extracts. In.

Guo, J.,, Hu, Z,, Yan, F., Lei, S., Li, T., Li, X, et al. (2020). Angelica dahurica promoted
angiogenesis and accelerated wound healing in db/db mice via the HIF-1a/PDGF-B
signaling pathway. Free Radic. Biol. Med. 160, 447-457. doi:10.1016/j.freeradbiomed.2020.
08.015

Han, J,, Jin, W,, Ho, N. A,, Hong, J., Kim, Y. J., Shin, Y., et al. (2018). Decursin and
decursinol angelate improve wound healing by upregulating transcription of genes
encoding extracellular matrix remodeling proteins, inflammatory cytokines, and
growth factors in human keratinocytes. Biochem. Biophysical Res. Commun. 499 (4),
979-984. doi:10.1016/j.bbrc.2018.04.031

He, D. Y., and Dai, S. M. (2011). Anti-inflammatory and immunomodulatory effects of
Paeonia lactiflora Pall,, a traditional Chinese herbal medicine. Front. Pharmacol. 2, 10.
doi:10.3389/fphar.2011.00010

Hosokawa, K., Hishida, A., Nakamura, I, and Shibata, T. (2006). The sequences of the
spacer region between the atpF and atpA genes in the plastid genome allows
discrimination among three varieties of medicinal Angelica. Planta Med. 72 (6),
570-571. doi:10.1055/s-2005-916257

Hsiao, C. Y., Hung, C. Y., Tsai, T. H., and Chak, K. F. (2012). A study of the wound
healing mechanism of a traditional Chinese medicine, Angelica sinensis, using a proteomic
approach. Evid. Based Complement. Altern. Med. 2012, 467531. doi:10.1155/2012/467531

Hu, Y., Lei, S., Yan, Z., Hu, Z., Guo, J., Guo, H., et al. (2021). Angelica dahurica regulated
the polarization of macrophages and accelerated wound healing in diabetes: A network
pharmacology study and in vivo experimental validation. Front. Pharmacol. 12, 678713.
doi:10.3389/fphar.2021.678713

Huang, K. F,, Hsu, Y. C, Lin, C. N,, Tzeng, J. I, Chen, Y. W., and Wang, J. J. (2004).
Shiunko promotes epithelization of wounded skin. Am. J. Chin. Med. 32 (3), 389-396.
doi:10.1142/50192415X04002041

Izuo, M. (2004). Medical history: Seishu Hanaoka and his success in breast cancer
surgery under general anesthesia two hundred years ago. Breast Cancer 11 (4), 319-324.
doi:10.1007/BF02968037

Jain, R., Bhardwaj, P., Pandey, S. S., and Kumar, S. (2021). Arnebia euchroma, a plant
species of cold desert in the Himalayas, harbors beneficial cultivable endophytes in roots
and leaves. Front. Microbiol. 12, 696667. doi:10.3389/fmicb.2021.696667

Japan Pharmaceutical Manufacturers Association (2005). Handbook for pharmacy

preparations (#ifE 2 T &k 5 FEFHEHF). Bunkyo, Tokyo: ZE H#tt, 134.

Japan Pharmaceutical Manufacturers Association (2013). New guide to general Kampo

prescriptions (3 — M FE 875 D F 5| & ). Bunkyo, Tokyo: L& S, 360.

Jeong, S. Y., Kim, H. M., Lee, K. H,, Kim, K. Y., Huang, D. S,, Kim, J. H,, et al. (2015).
Quantitative analysis of marker compounds in Angelica gigas, Angelica sinensis, and
Angelica acutiloba by HPLC/DAD. Chem. Pharm. Bull. (Tokyo) 63 (7), 504-511. doi:10.
1248/cpb.c15-00081

Kacéniova, M., Vukovic, N., Chlebo, R., Hascik, P., Rovna, K., Cubon, J., et al. (2012).
The antimicrobial activity of honey, bee pollen loads and beeswax from Slovakia. Arch.
Biol. Sci. (Beogr). 64 (3), 927-934. d0i:10.2298/abs1203927k

Kamimura, S., Nishihara, M., Osumi, Y., and Shiota, H. (2019). Simultaneous
quantitative analysis of berberine and other alkaloids in powdered Phellodendron bark.
Yakugaku Zasshi 139 (11), 1471-1478. doi:10.1248/yakushi.19-00097

Kant, V., Gopal, A., Pathak, N. N., Kumar, P., Tandan, S. K., and Kumar, D. (2014).
Antioxidant and anti-inflammatory potential of curcumin accelerated the cutaneous
wound healing in streptozotocin-induced diabetic rats. Int. Immunopharmacol. 20 (2),
322-330. doi:10.1016/j.intimp.2014.03.009

Katoh, A., Fukuda, S., Fukusaki, E., Hashimoto, T., Hayasaki, T., Kanaya, S., et al. (2011).
Systems biology in a commercial quality study of the Japanese angelica radix: Toward an
understanding of traditional medicinal plants. Am. J. Chin. Med. 39 (4), 757-777. doi:10.
1142/50192415X11009172

Keio University Kampo Department. Japanese Kampo Medicine class, Kampo Igaku
Center Keio University Medical School [Internet]. Available at: https://www.keio-kampo.
jp/vc/catalog/herbs/index.html.

Khor, Y. P, Hew, K. S., Abas, F,, Lai, O. M., Cheong, L. Z., Nehdi, I. A, et al. (2019).
Oxidation and polymerization of triacylglycerols: In-depth investigations towards the
impact of heating profiles. Foods 8 (10), 475. doi:10.3390/foods8100475

Kim, H., Kim, J., Park, J., Kim, S. H., Uchida, Y., Holleran, W. M., et al. (2012).
Water extract of gromwell (Lithospermum erythrorhizon) enhances migration of
human keratinocytes and dermal fibroblasts with increased lipid synthesis in an
in vitro wound scratch model. Skin. Pharmacol. Physiol. 25 (2), 57-64. doi:10.1159/
000330897

Kim, S., Chen, J., Cheng, T., Gindulyte, A., He, J., He, S., et al. (2023). PubChem 2023
update. Nucleic Acids Res. 51 (D1), D1373-D1380. doi:10.1093/nar/gkac956

Komatsu, K., Nagayama, Y., Tanaka, K., Ling, Y., Cai, S. Q., Omote, T, et al. (2006).
Comparative study of chemical constituents of rhubarb from different origins. Chem.
Pharm. Bull. (Tokyo) 54 (11), 1491-1499. doi:10.1248/cpb.54.1491

Koyama, J., Morita, I, and Kobayashi, N. (2007). Simultaneous determination of
anthraquinones in rhubarb by high-performance liquid chromatography and capillary

frontiersin.org


https://doi.org/10.1016/j.lfs.2014.08.016
https://doi.org/10.1055/s-0033-1350934
https://doi.org/10.1055/s-0033-1350934
https://doi.org/10.1016/j.foodcont.2016.09.032
https://doi.org/10.1016/s0887-2333(96)00053-7
https://doi.org/10.1155/2019/3706315
https://doi.org/10.3390/molecules26237363
https://doi.org/10.1089/wound.2012.0368
https://doi.org/10.1089/wound.2012.0368
https://doi.org/10.1016/j.cbi.2012.12.001
https://doi.org/10.1007/s00403-008-0867-9
https://doi.org/10.1007/s00403-008-0867-9
https://doi.org/10.1055/s-2005-916241
https://doi.org/10.1142/S0192415X21500713
https://doi.org/10.1142/S0192415X21500713
https://doi.org/10.1016/j.jep.2008.09.002
https://doi.org/10.1016/j.jep.2008.09.002
https://doi.org/10.1111/j.1750-3841.2007.00352.x
https://doi.org/10.3389/fphar.2017.00412
https://doi.org/10.3389/fphar.2017.00412
https://doi.org/10.1080/13880209.2019.1687525
https://doi.org/10.1016/j.jvs.2015.10.002
https://doi.org/10.3390/molecules24081627
https://doi.org/10.1016/j.apjtm.2016.07.003
http://www.hukuroudou.jp/
http://www.hukuroudou.jp/
https://doi.org/10.1111/j.1742-481X.2012.01119.x
https://doi.org/10.1111/j.1742-481X.2012.01119.x
https://doi.org/10.1016/j.freeradbiomed.2020.08.015
https://doi.org/10.1016/j.freeradbiomed.2020.08.015
https://doi.org/10.1016/j.bbrc.2018.04.031
https://doi.org/10.3389/fphar.2011.00010
https://doi.org/10.1055/s-2005-916257
https://doi.org/10.1155/2012/467531
https://doi.org/10.3389/fphar.2021.678713
https://doi.org/10.1142/S0192415X04002041
https://doi.org/10.1007/BF02968037
https://doi.org/10.3389/fmicb.2021.696667
https://doi.org/10.1248/cpb.c15-00081
https://doi.org/10.1248/cpb.c15-00081
https://doi.org/10.2298/abs1203927k
https://doi.org/10.1248/yakushi.19-00097
https://doi.org/10.1016/j.intimp.2014.03.009
https://doi.org/10.1142/S0192415X11009172
https://doi.org/10.1142/S0192415X11009172
https://www.keio-kampo.jp/vc/catalog/herbs/index.html
https://www.keio-kampo.jp/vc/catalog/herbs/index.html
https://doi.org/10.3390/foods8100475
https://doi.org/10.1159/000330897
https://doi.org/10.1159/000330897
https://doi.org/10.1093/nar/gkac956
https://doi.org/10.1248/cpb.54.1491
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1116260

Paul-Traversaz et al.

electrophoresis. J. Chromatogr. A 1145 (1-2), 183-189. doi:10.1016/j.chroma.2007.
01.076

Kudo, Y., Ando, H., and Sasaki, Y. (2021). Quality evaluation of Angelicae acutilobae
radix: Individual differences and localization of (Z)-ligustilide in angelica acutiloba root.
J. Nat. Med. 75 (1), 1-10. doi:10.1007/s11418-020-01438-1

Kulac, M., Aktas, C., Tulubas, F., Uygur, R,, Kanter, M., Erboga, M., et al. (2013). The
effects of topical treatment with curcumin on burn wound healing in rats. . Mol. Histol. 44
(1), 83-90. doi:10.1007/s10735-012-9452-9

Kumar, A., Shashni, S., Kumar, P., Pant, D., Singh, A., and Verma, R. K. (2021).
Phytochemical constituents, distributions and traditional usages of Arnebia euchroma: A
review. J. Ethnopharmacol. 271, 113896. doi:10.1016/j.jep.2021.113896

Kurek-Goérecka, A., Gorecki, M., Rzepecka-Stojko, A., Balwierz, R., and Stojko, J. (2020).
Bee Products in dermatology and skin care. Molecules 25 (3), E556. doi:10.3390/
molecules25030556

Lee, H. ., Kim, H. L, Lee, D. R,, Choi, B. K., and Yang, S. H. (2021). Scrophulariae radix:
An overview of its biological activities and nutraceutical and pharmaceutical applications.
Molecules 26 (17), 5250. doi:10.3390/molecules26175250

Lee, Y. S,, Yang, W. K,, Jo, E. H., Ho Shin, S., Lee, Y. C,, Park, M. C,, et al. (2020). NCM
1921, a mixture of several ingredients, including fatty acids and choline, attenuates atopic
dermatitis in 1-chloro-2,4-dinitrobenzene-treated NC/Nga mice. Nutrients 12 (1), 165.
doi:10.3390/nu12010165

Leitao da-Cunha, E. V., Fechine, I. M., Guedes, D. N., Barbosa-Filho, J. M., and Sobral da
Silva, M. (2005). “Protoberberine alkaloids,” in The alkaloids: Chemistry and biology.
Editor G. A. Cordell (Academic Press), 1-75.

Li, B, Ge, ], Liu, W., Hu, D, and Li, P. (2021). Unveiling spatial metabolome of Paeonia
suffruticosa and Paeonia lactiflora roots using MALDI MS imaging. New Phytol. 231 (2),
892-902. doi:10.1111/nph.17393

Li, C.Y,, Lu, H.J, Lin, C. H,, and Wu, T. S. (2006). A rapid and simple determination of
protoberberine alkaloids in cortex phellodendri by 1H NMR and its application for quality
control of commercial traditional Chinese medicine prescriptions. J. Pharm. Biomed. Anal.
40 (1), 173-178. doi:10.1016/j.jpba.2005.06.017

Lin, T. K., Zhong, L., and Santiago, J. L. (2017). Anti-inflammatory and skin barrier
repair effects of topical application of some plant oils. Int. J. Mol. Sci. 19 (1), 70. doi:10.
3390/ijms19010070

Liu, E., Gao, H.,, Zhao, Y., Pang, Y., Yao, Y., Yang, Z, et al. (2022). The potential
application of natural products in cutaneous wound healing: A review of preclinical
evidence. Front. Pharmacol. 13, 900439. Available at: https://www.frontiersin.org/articles/
10.3389/fphar.2022.900439. doi:10.3389/fphar.2022.900439

Long, J., Song, J., Zhong, L., Liao, Y., Liu, L., and Palmatine, Li X. (2019). Palmatine: A
review of its pharmacology, toxicity and pharmacokinetics. Biochimie 162, 176-184.
doi:10.1016/j.biochi.2019.04.008

Lu, F,, Zhang, N,, Ye, T., Zhao, H., Pang, M., and Liu, S. min (2019). High throughput
metabolomics-proteomics investigation on metabolic phenotype changes in rats caused by
Radix Scrophulariae using ultra-performance liquid chromatography with mass
spectrometry. RSC Adv. 9 (31), 17791-17800. doi:10.1039/c8ra10443¢c

Lu, P.J,, Yang, C, Lin, C.N,, Li, C. F,, Chu, C. C.,, Wang, J. ], et al. (2008). Shiunko and
acetylshikonin promote reepithelialization, angiogenesis, and granulation tissue
formation in wounded skin. Am. J. Chin. Med. 36 (1), 115-123. doi:10.1142/
$0192415X08005631

Matsubara, K., Shindo, S., Watanabe, H., and lkegami, F. (2012). Identification of
Angelica acutiloba and related species by analysis of inter- and intra-specific sequence
variations in chloroplast and nuclear DNA sequences. Am. J. Plant Sci. 3 (9), 1260-1265.
doi:10.4236/ajps.2012.39152

Matsumoto, M., Shoyama, Y., Nishioka, L, Iwai, H., and Wakimoto, S. (1989).
Identification of viruses infected in Rehmannia glutinosa Libosch. var purpurea
Makino and effect of virus infection on root yield and iridoid glycoside contents.
Plant Cell Rep. 7 (8), 636-638. doi:10.1007/BF00272048

Mehta, M., Branford, O. A., and Rolfe, K. J. (2016). The evidence for natural therapeutics
as potential anti-scarring agents in burn-related scarring. Burns Trauma 4, 15. doi:10.
1186/541038-016-0040-1

Mohanty, C., and Sahoo, S. K. (2017). Curcumin and its topical formulations for wound
healing applications. Drug Discov. Today 22 (10), 1582-1592. doi:10.1016/j.drudis.2017.
07.001

Mohsenikia, M., Khakpour, S., Azizian, Z., Ashkani-Esfahani, S., Razavipour, S. T., and
Toghiani, P. (2017). Wound healing effect of Arnebia euchroma gel on excisional wounds
in rats. Adv. Biomed. Res. 6, 2. doi:10.4103/2277-9175.199260

Moore, E. M., Wagner, C., and Komarnytsky, S. (2020). The enigma of bioactivity and
toxicity of botanical oils for skin care. Front. Pharmacol. 11, 785. doi:10.3389/fphar.2020.
00785

Nakase, K., Tashiro, A., Yamada, T., Ikoshi, H., and Noguchi, N. (2019). Shiunko and
Chuoko, topical Kampo medicines, inhibit the expression of GehA encoding the
extracellular lipase in Cutibacterium acnes. J. Dermatol 46 (4), 308-313. doi:10.1111/
1346-8138.14810

Nasiri, E., Hosseinimehr, S. J., Azadbakht, M., Akbari, J., Enayati-Fard, R., Azizi, S., et al.
(2015). The healing effect of Arnebia euchroma ointment versus silver sulfadiazine on burn
wounds in rat. World J. Plast. Surg. 4 (2), 134-144.

Frontiers in Pharmacology

16

10.3389/fphar.2023.1116260

National Library of Medicine. PubChem [Internet]. Available at: https://pubchem.ncbi.
nlm.nih.gov/.

Nihon Kampé Kyokai. The Japan Kampo Medicine Association website ( B 4~% 75 1
4£) [Internet]. Available at: http://www.nihonkanpoukyokai.com/index.php.

Ning, S., Zang, J., Zhang, B., Feng, X,, and Qiu, F. (2022). Botanical drugs in traditional
Chinese medicine with wound healing properties. Front. Pharmacol. 13, 885484. doi:10.
3389/fphar.2022.885484

Nishimura, H., Sasaki, H., Morota, T., ChinChen Zhengxiong), M., and Mitsuhashi, H.
(1989). Six iridoid glycosides from Rehmannia glutinosa. Phytochemistry 28 (10),
2705-2709. doi:10.1016/s0031-9422(00)98072-5

Niu, Z.R,, Wang, R. F,, Shang, M. Y., and Cai, S. Q. (2009). A new iridoid glycoside from
Scrophularia  ningpoensis. Nat. Prod. Res. 23 (13), 1181-1188. doi:10.1080/
14786410802386344

Panchatcharam, M., Miriyala, S., Gayathri, V. S., and Suguna, L. (2006). Curcumin
improves wound healing by modulating collagen and decreasing reactive oxygen species.
Mol. Cell Biochem. 290 (1-2), 87-96. doi:10.1007/s11010-006-9170-2

Papageorgiou, V. P., Assimopoulou, A. N., and Ballis, A. C. (2008). Alkannins and
shikonins: A new class of wound healing agents. Curr. Med. Chem. 15 (30), 3248-3267.
doi:10.2174/092986708786848532

Parker, S., May, B., Zhang, C., Zhang, A. L, Lu, C, and Xue, C. C. (2016). A
pharmacological review of bioactive constituents of Paeonia lactiflora Pallas and
Paeonia veitchii Lynch. Phytother. Res. 30 (9), 1445-1473. doi:10.1002/ptr.5653

Pasdaran, A., and Hamedi, A. (2017). The genus Scrophularia: A source of iridoids and
terpenoids with a diverse biological activity. Pharm. Biol. 55 (1), 2211-2233. doi:10.1080/
13880209.2017.1397178

Patel, P. (2021). A bird’s eye view on a therapeutically ‘wonder molecule’: Berberine.
Phytomedicine Plus 1 (3), 100070. doi:10.1016/j.phyplu.2021.100070

Ramroudi, F., Yasini Ardakani, S. A., Dehghani-tafti, A., and Khalili Sadrabad, E. (2022).
Investigation of the physicochemical properties of vegetable oils blended with sesame oil
and their oxidative stability during frying. Int. J. Food Sci. 2022, 3165512. doi:10.1155/
2022/3165512

Salas-Oropeza, J., Jimenez-Estrada, M., Perez-Torres, A., Castell-Rodriguez, A. E.,
Becerril-Millan, R., Rodriguez-Monroy, M. A, et al. (2021). Wound healing activity of
a-Pinene and  a-Phellandrene.  Molecules 26 (9), 2488. doi:10.3390/
molecules26092488

Sawada, R., Iwata, M., Umezaki, M., Usui, Y., Kobayashi, T., Kubono, T, et al. (2018).
KampoDB, database of predicted targets and functional annotations of natural medicines.
Sci. Rep. 8 (1), 11216. doi:10.1038/s41598-018-29516-1

Sen, ChandanK. (2019). Human wounds and its burden: An updated compendium of
estimates. Adv. Wound Care (New Rochelle) 8 (2), 39-48. doi:10.1089/wound.2019.0946

Shen, C. C, Syu, W. ], Li, S. Y, Lin, C. H,, Lee, G. H, and Sun, C. M. (2002).
Antimicrobial activities of naphthazarins from Arnebia euchroma. J. Nat. Prod. 65 (12),
1857-1862. doi:10.1021/np010599w

Shen, X., Eichhorn, T., Greten, H. J., and Efferth, T. (2012). Effects of Scrophularia
ningpoensis Hemsl. on inhibition of proliferation, apoptosis induction and NF-«B
signaling of immortalized and cancer cell lines. Pharm. (Basel) 5 (2), 189-208. doi:10.
3390/ph5020189

Shin, H. A, Shin, Y. S, Kang, S. U, Kim, J. H,, Oh, Y. T., Park, K. H,, et al. (2014).
Radioprotective effect of epicatechin in cultured human fibroblasts and zebrafish.
J. Radiat. Res. 55 (1), 32-40. doi:10.1093/jrr/rrt085

Silva, J. R, Burger, B., Kiihl, C. M. C,, Candreva, T., dos Anjos, M. B. P., and Rodrigues,
H. G. (2018). Wound healing and omega-6 fatty acids: From inflammation to repair.
Mediat. Inflamm. 2018, 2503950. doi:10.1155/2018/2503950

Sowndhararajan, K., Deepa, P., Kim, M., Park, S. J., and Kim, S. (2017). A Review of the
composition of the essential oils and biological activities of Angelica species. Sci. Pharm. 85
(3), 33. doi:10.3390/scipharm85030033

Srinivasan, M., Sudheer, A. R,, and Menon, V. P. (2007). Ferulic acid: Therapeutic
potential through its antioxidant property. J. Clin. Biochem. Nutr. 40 (2), 92-100. doi:10.
3164/jcbn.40.92

Stechmiller, J. K., Childress, B., and Cowan, L. (2005). Arginine supplementation
and wound healing. Nutr. Clin. Pract. 20 (1), 52-61. doi:10.1177/
011542650502000152

Stevenson, P. C., Simmonds, M. S. J., Sampson, J., Houghton, P. J., and Grice, P. (2002).
Wound healing activity of acylated iridoid glycosides from Scrophularia nodosa. Phytother.
Res. 16 (1), 33-35. d0i:10.1002/ptr.798

Sun, X, Wang, X, Zhao, Z., Chen, J., Li, C., and Zhao, G. (2020). Paeoniflorin accelerates
foot wound healing in diabetic rats though activating the Nrf2 pathway. Acta histochem.
122 (8), 151649. doi:10.1016/j.acthis.2020.151649

Sun, X,, Wang, X., Zhao, Z., Chen, J., Li, C., and Zhao, G. (2021). Paeoniflorin inhibited
nod-like receptor protein-3 inflammasome and NF-kB-mediated inflammatory reactions
in diabetic foot ulcer by inhibiting the chemokine receptor CXCR2. Drug Dev. Res. 82 (3),
404-411. doi:10.1002/ddr.21763

Tang, T., Yin, L., Yang, J., and Shan, G. (2007). Emodin, an anthraquinone derivative
from Rheum officinale Baill, enhances cutaneous wound healing in rats. Eur. J. Pharmacol.
567 (3), 177-185. doi:10.1016/j.¢jphar.2007.02.033

frontiersin.org


https://doi.org/10.1016/j.chroma.2007.01.076
https://doi.org/10.1016/j.chroma.2007.01.076
https://doi.org/10.1007/s11418-020-01438-1
https://doi.org/10.1007/s10735-012-9452-9
https://doi.org/10.1016/j.jep.2021.113896
https://doi.org/10.3390/molecules25030556
https://doi.org/10.3390/molecules25030556
https://doi.org/10.3390/molecules26175250
https://doi.org/10.3390/nu12010165
https://doi.org/10.1111/nph.17393
https://doi.org/10.1016/j.jpba.2005.06.017
https://doi.org/10.3390/ijms19010070
https://doi.org/10.3390/ijms19010070
https://www.frontiersin.org/articles/10.3389/fphar.2022.900439
https://www.frontiersin.org/articles/10.3389/fphar.2022.900439
https://doi.org/10.3389/fphar.2022.900439
https://doi.org/10.1016/j.biochi.2019.04.008
https://doi.org/10.1039/c8ra10443c
https://doi.org/10.1142/S0192415X08005631
https://doi.org/10.1142/S0192415X08005631
https://doi.org/10.4236/ajps.2012.39152
https://doi.org/10.1007/BF00272048
https://doi.org/10.1186/s41038-016-0040-1
https://doi.org/10.1186/s41038-016-0040-1
https://doi.org/10.1016/j.drudis.2017.07.001
https://doi.org/10.1016/j.drudis.2017.07.001
https://doi.org/10.4103/2277-9175.199260
https://doi.org/10.3389/fphar.2020.00785
https://doi.org/10.3389/fphar.2020.00785
https://doi.org/10.1111/1346-8138.14810
https://doi.org/10.1111/1346-8138.14810
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
http://www.nihonkanpoukyokai.com/index.php
https://doi.org/10.3389/fphar.2022.885484
https://doi.org/10.3389/fphar.2022.885484
https://doi.org/10.1016/s0031-9422(00)98072-5
https://doi.org/10.1080/14786410802386344
https://doi.org/10.1080/14786410802386344
https://doi.org/10.1007/s11010-006-9170-2
https://doi.org/10.2174/092986708786848532
https://doi.org/10.1002/ptr.5653
https://doi.org/10.1080/13880209.2017.1397178
https://doi.org/10.1080/13880209.2017.1397178
https://doi.org/10.1016/j.phyplu.2021.100070
https://doi.org/10.1155/2022/3165512
https://doi.org/10.1155/2022/3165512
https://doi.org/10.3390/molecules26092488
https://doi.org/10.3390/molecules26092488
https://doi.org/10.1038/s41598-018-29516-1
https://doi.org/10.1089/wound.2019.0946
https://doi.org/10.1021/np010599w
https://doi.org/10.3390/ph5020189
https://doi.org/10.3390/ph5020189
https://doi.org/10.1093/jrr/rrt085
https://doi.org/10.1155/2018/2503950
https://doi.org/10.3390/scipharm85030033
https://doi.org/10.3164/jcbn.40.92
https://doi.org/10.3164/jcbn.40.92
https://doi.org/10.1177/011542650502000152
https://doi.org/10.1177/011542650502000152
https://doi.org/10.1002/ptr.798
https://doi.org/10.1016/j.acthis.2020.151649
https://doi.org/10.1002/ddr.21763
https://doi.org/10.1016/j.ejphar.2007.02.033
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1116260

Paul-Traversaz et al.

The society of Japanese pharmacopeia (2016). JP XVII - The Japanese pharmacopoeia
seventeenth edition [Internet]. 2016. Available at: https://www.mhlw.go.jp/file/06-
Seisakujouhou-11120000-Iyakushokuhinkyoku/JP17_REV_1.pdf.

Thuong, P. T., Kang, K. W., Kim, J. K,, Seo, D. B,, Lee, S. J., Kim, S. H,, et al. (2009).
Lithospermic acid derivatives from Lithospermum erythrorhizon increased expression of
serine palmitoyltransferase in human HaCaT cells. Bioorg Med. Chem. Lett. 19 (6),
1815-1817. doi:10.1016/j.bmcl.2009.01.052

Tsumura & Co (2017). Tsumura Kampo preparation 501 Shiunko ointment [Internet].
Available at: https://www.tsumura.co.jp/english/products/pi/JPR_T501.pdf.

Tzaneva, V., Mladenova, 1., Todorova, G., and Petkov, D. (2016). Antibiotic treatment
and resistance in chronic wounds of vascular origin. Clujul Med. 89 (3), 365-370. doi:10.
15386/cjmed-647

Viljoen, A., Mncwangi, N., and Vermaak, I. (2012). Anti-inflammatory iridoids of
botanical origin. Curr. Med. Chem. 19 (14), 2104-2127. doi:10.2174/092986712800229005

Vollono, L., Falconi, M., Gaziano, R., Iacovelli, F., Dika, E., Terracciano, C., et al. (2019).
Potential of curcumin in skin disorders. Nutrients 11 (9), 2169. d0i:10.3390/nu11092169

Wallace, H. A., Basehore, B. M., and Zito, P. M. (2022). Wound healing phases. StatPearls
Publishing. StatPearls [Internet]. Treasure Island (FL). Available at: http://www.ncbi.nlm.
nih.gov/books/NBK470443/.

Watanabe, K., Matsuura, K., Gao, P., Hottenbacher, L., Tokunaga, H., Nishimura, K.,
et al. (2011). Traditional Japanese Kampo medicine: Clinical research between
modernity and traditional medicine-the state of research and methodological
suggestions for the future. Evid. Based Complement. Altern. Med. 2011, 513842.
doi:10.1093/ecam/neq067

WFO (2022). The World Flora Online [Internet]. Available at: http://www.
worldfloraonline.org/.

Wu, Z., Uchi, H.,, Morino-Koga, S., Shi, W., and Furue, M. (2015). Z-ligustilide
ameliorated ultraviolet B-induced oxidative stress and inflammatory cytokine
production in human keratinocytes through upregulation of Nrf2/HO-1 and
suppression of NF-kB pathway. Exp. Dermatol 24 (9), 703-708. doi:10.1111/exd.12758

Wu, Z, Xie, H., Feng, W., Chen, L., Li, H., and Li, J. (2002). Study on the technique of
Rehmannia glutinosa virus-free. Zhong Yao Cai 25 (6), 383-385.

Xiang, H., Zuo, J., Guo, F., and Dong, D. (2020). What we already know about rhubarb:
A comprehensive review. Chin. Med. 15, 88. doi:10.1186/s13020-020-00370-6

Xu, N, Chen, Y., Guo, D, Deng, Y., Guo, W, Liu, X,, et al. (2022). Rhein promotes the
proliferation of keratinocytes by targeting oestrogen receptors for skin ulcer treatment.
BMC Complementary Med. Ther. 22 (1), 209. doi:10.1186/s12906-022-03691-1

Yang, H., Song, L., Sun, B,, Chu, D., Yang, L., Li, M., et al. (2021). Modulation of
macrophages by a paeoniflorin-loaded hyaluronic acid-based hydrogel promotes diabetic
wound healing. Mater Today Bio 12, 100139. doi:10.1016/j.mtbi0.2021.100139

Yang, W. T., Ke, C. Y., Wu, W. T, Harn, H. ], Tseng, Y. H., and Lee, R. P. (2017). Effects
of Angelica dahurica and Rheum officinale extracts on excisional wound healing in rats.
Evid. Based Complement. Altern. Med. 2017, 1583031. doi:10.1155/2017/1583031

Yen, Y. H,, Pu, C. M,, Liu, C. W,, Chen, Y. C,, Chen, Y. C, Liang, C. ], et al. (2018).
Curcumin accelerates cutaneous wound healing via multiple biological actions: The

Frontiers in Pharmacology

17

10.3389/fphar.2023.1116260

involvement of TNF-a, MMP-9, a-SMA and collagen. Int. Wound J. 15 (4), 605-617.
doi:10.1111/iwj.12904

Yoo, H. G., Lee, B. H,, Kim, W., Lee, J. S., Kim, G. H., Chun, O. K, et al. (2014).
Lithospermum erythrorhizon extract protects keratinocytes and fibroblasts against
oxidative stress. J. Med. Food 17 (11), 1189-1196. doi:10.1089/jmf.2013.3088

Yu, H., Gong, W., Mei, J., Qin, L., Piao, Z,, You, D,, et al. (2022). The efficacy of a
paeoniflorin-sodium alginate-gelatin skin scaffold for the treatment of diabetic wound: An
in vivo study in a rat model. Biomed. Pharmacother. 151, 113165. doi:10.1016/j.biopha.
2022.113165

Yuan, X, Han, L., Fu, P, Zeng, H,, Lv, C,, Chang, W, et al. (2018). Cinnamaldehyde
accelerates wound healing by promoting angiogenesis via up-regulation of PI3K and
MAPK signaling pathways. Lab. Invest. 98 (6), 783-798. doi:10.1038/s41374-018-0025-8

Zdunska, K., Dana, A., Kolodziejczak, A., and Rotsztejn, H. (2018). Antioxidant
properties of ferulic acid and its possible application. Skin. Pharmacol. Physiol. 31 (6),
332-336. doi:10.1159/000491755

Zhang, Q., Liu, A., and Wang, Y. (2021). Scrophularia ningpoensis Hemsl: A review of its
phytochemistry, pharmacology, quality control and pharmacokinetics. J. Pharm.
Pharmacol. 73 (5), 573-600. doi:10.1093/jpp/rgaa036

Zhang, R. X, Li, M. X,, and Jia, Z. P. (2008). Rehmannia glutinosa: Review of botany,
chemistry and pharmacology. J. Ethnopharmacol. 117 (2), 199-214. doi:10.1016/j.jep.2008.
02.018

Zhang, X. na, Ma, Z. jun, Wang, Y., Sun, B., Guo, X., Panging, C., et al. (2017). Angelica
dahurica ethanolic extract improves impaired wound healing by activating angiogenesis in
diabetes. PLoS One 12 (5), €0177862. doi:10.1371/journal.pone.0177862

Zhanghua, M., Feng, L., Zhumao, M., Gufei, J., Wu, C., and Jia, X. bin (2013).
Antioxidative and anti-inflammatory activities of paeoniflorin and oxypaeoniflora on
AGEs-induced mesangial cell damage. Planta Med. 79 (14), 1319-1323. doi:10.1055/s-
0033-1350649

Zhao, H., Feng, Y. L., Wang, M., Wang, J. ], Liu, T,, and Yu, J. (2022). The Angelica
dahurica: A review of traditional uses, phytochemistry and pharmacology. Front.
Pharmacol. 13, 896637. doi:10.3389/fphar.2022.896637

Zhao, R,, Liang, H., Clarke, E., Jackson, C., and Xue, M. (2016). Inflammation in chronic
wounds. Int. J. Mol. Sci. 17 (12), 2085. doi:10.3390/ijms17122085

zhi, Bai X., Huhai, D., Wang, Y. chuan, Liugi, J., Shihong, J., and Tangwu, C. (2012).
Effects of Angelica dahurica extract on biological behavior of dermal fibroblasts. Zhonghua
Wai Ke Za Zhi 50 (4), 357-360.

Zhou, R, Xiang, C.,, Cao, G., Xu, H,, Zhang, Y., Yang, H., et al. (2021). Berberine
accelerated wound healing by restoring TrxR1/JNK in diabetes. Clin. Sci. (Lond). 135 (4),
613-627. doi:10.1042/CS20201145

Zhou, Y., Yang, K., Zhang, D., Duan, H,, Liu, Y., and Guo, M. (2018). Metabolite
accumulation and metabolic network in developing roots of Rehmannia glutinosa reveals
its root developmental mechanism and quality. Sci. Rep. 8, 14127. doi:10.1038/s41598-018-
32447-6

Zhou, Y. X,, Gong, X. H, Zhang, H,, and Peng, C. (2020). A review on the

pharmacokinetics of paeoniflorin and its anti-inflammatory and immunomodulatory
effects. Biomed. Pharmacother. 130, 110505. doi:10.1016/j.biopha.2020.110505

frontiersin.org


https://www.mhlw.go.jp/file/06-Seisakujouhou-11120000-Iyakushokuhinkyoku/JP17_REV_1.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-11120000-Iyakushokuhinkyoku/JP17_REV_1.pdf
https://doi.org/10.1016/j.bmcl.2009.01.052
https://www.tsumura.co.jp/english/products/pi/JPR_T501.pdf
https://doi.org/10.15386/cjmed-647
https://doi.org/10.15386/cjmed-647
https://doi.org/10.2174/092986712800229005
https://doi.org/10.3390/nu11092169
http://www.ncbi.nlm.nih.gov/books/NBK470443/
http://www.ncbi.nlm.nih.gov/books/NBK470443/
https://doi.org/10.1093/ecam/neq067
http://www.worldfloraonline.org/
http://www.worldfloraonline.org/
https://doi.org/10.1111/exd.12758
https://doi.org/10.1186/s13020-020-00370-6
https://doi.org/10.1186/s12906-022-03691-1
https://doi.org/10.1016/j.mtbio.2021.100139
https://doi.org/10.1155/2017/1583031
https://doi.org/10.1111/iwj.12904
https://doi.org/10.1089/jmf.2013.3088
https://doi.org/10.1016/j.biopha.2022.113165
https://doi.org/10.1016/j.biopha.2022.113165
https://doi.org/10.1038/s41374-018-0025-8
https://doi.org/10.1159/000491755
https://doi.org/10.1093/jpp/rgaa036
https://doi.org/10.1016/j.jep.2008.02.018
https://doi.org/10.1016/j.jep.2008.02.018
https://doi.org/10.1371/journal.pone.0177862
https://doi.org/10.1055/s-0033-1350649
https://doi.org/10.1055/s-0033-1350649
https://doi.org/10.3389/fphar.2022.896637
https://doi.org/10.3390/ijms17122085
https://doi.org/10.1042/CS20201145
https://doi.org/10.1038/s41598-018-32447-6
https://doi.org/10.1038/s41598-018-32447-6
https://doi.org/10.1016/j.biopha.2020.110505
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1116260

	Kampo herbal ointments for skin wound healing
	1 Introduction
	2 Materials and Methods
	3 Wound-healing herbal topical therapies from Kampo
	3.1 Introduction about the Kampo ointments
	3.2 Extraction methods for Kampo topical remedies
	3.3 Lipophilic products from Kampo ointments
	3.3.1 Sesame oil
	3.3.2 Oil polymerization and influences on herbs extraction
	3.3.3 Fatty acid esters and long-chain alcohols from beeswax
	3.3.4 Compounds from lard

	3.4 Metabolites from Kampo herbal crude drugs involved in wound healing
	3.4.1 In Shiunkō
	3.4.1.1 Purple gromwell root
	3.4.1.2 Pink Arnebia root as a substitute of purple gromwell
	3.4.1.3 Japanese angelica root

	3.5 In Chuōkō
	3.5.1 Turmeric
	3.5.2 Amur cork tree bark

	3.6 In Shinsen taitsukō
	3.6.1 Dahurian angelica root
	3.6.2 Cinnamon bark
	3.6.3 Paeonia lactiflora root
	3.6.4 Rehmannia glutinosa root
	3.6.5 Chinese rhubarb root
	3.6.6 Scrophularia root


	4 Discussion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


