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Abstract

Dangkwisoo-san (DS) is a traditional Korean herbal medicine used to treat traumatic diseases, including pulmonary
contusions, traumatic pneumothorax, bruising, and ankle sprain. Quality control (QC) biomarkers for DS can help
ensure its safety and efficacy. Although chemical quality assessments are performed to ensure consistent efficacy

of DS, the identity and quantity of the compounds contained within a given natural product is a frequent complica-
tion. We conducted a literature review to identify biological assays that support the chemical QC of DS. The results
of our investigation confirmed that in vitro experiments with aqueous and alcoholic extracts of DS exhibited positive
effects on many aspects of treatment. With 80% EtOH extraction, a low concentration of DS (1 ug/ml) significantly
diminished the expression of inflammatory factors, such as nitric oxide (NO), TNF-q, IL-13, and IL-6, in the Raw264.7
cell line. MeOH extracts activated NRF2 and antioxidant activities in response to the inflammatory inducer LPS,

and water extracts of DS remarkably reduced proinflammatory cytokine levels compared to dexamethasone

and cyclosporin treatments. Aqueous extracts of DS at a moderate dose of 125 pg/ml supported bone regeneration,
recovered ischemic injury in an eNOS-dependent manner, and prevented metabolic disorders (TRPM7 channel inhibi-
tion). Cytokines, NO, and immunoglobulins are potential biological QC biomarkers to assess the anti-inflammation
and immune response to DS. Future quality evaluation studies of herbal medicines (herbal prescriptions) should aim
to select the mechanism-based in vitro efficacy evaluation methods that can estimate consistent clinical effects.
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Introduction
The use of complementary and alternative medicines,
including herbal medicines, has been increasing world-
wide [1, 2]. Distinguished from synthetic drugs, which
are targeted toward specific acute disease symptoms and
pathologies, botanical drugs target a wide range of physi-
ological processes for long-term therapies [3, 4]. Many
traditional therapy systems have recorded theoretical
knowledge and practical applications, such as prevention,
diagnosis, and management of physical and mental dis-
orders. Overall, 80% of the world’s population residing in
developing countries relies on herbal products as a pri-
mary source of pharmaceutical drugs [5-7].

Although significantly consumed worldwide, herbal
medicines are facing difficulties to reach the new
drug application (NDA) step of the Food and Drug
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Administration (FDA) [8]. To put this into perspec-
tive, the key issue of botanical products is to guarantee
“therapeutic consistency” and present clinical evidence
consistent with standard treatments in phase III clinical
trials [9]. Since the FDA approval of Veregen, a green tea-
derived drug, for genital wart treatment [8], few botanical
drugs have met these criteria. Traditional herbal medi-
cines contain certain extracts and compounds that affect
multiple targets [10, 11], and many of them may not be
identified. Typical pharmacokinetic studies cannot cover
the active combinations and conflicts among them. To
address this difficulty, the co-treatment of herbal medi-
cines with commercialized drugs has been established.
Recently, the combination of nelfinavir, an FDA-approved
drug that effectively inhibits SARS-CoV-2, and the natu-
ral origin drug cepharanthine showed enhanced efficacy
[12, 13]. Another line of research is the study of the active
components of herbal remedies to eliminate potential
risks. Exelon and Razadyne are herb-derived compounds
that are FDA-approved for clinical trials against Alzhei-
mer’s disease [14].

For the widespread use of natural origin prescriptions,
the mode of action of these drugs demands supporting
scientific rationale. Unlike the vertebrate immune sys-
tem, plants use phytochemical metabolites as a defense
mechanism. They are rich in phenolic compounds, such
as alkaloids, coumarins, flavonoids, polyphenols, and
tannins, which exhibit efficacy against health disorders
and pathogenic organisms [15]. These herbal substances
stimulate secondary messenger systems, resulting in the
activation of transcription factors of certain genes in
response to specific stimulants against illness or diseases
[16]. Secondary messengers, including cyclic nucleo-
tides, lipid derivatives, ions, and intracellular signals, are
small and rapidly broadcasting molecules present during
signal transduction [17]. Among them, the agonist—G-
protein-coupled receptor (GPCR) complex activates the
adenosine 3’,5”-cyclic monophosphate (cAMP) pathway
[18] and leads to the formation of phosphatidylinositol
3,4,5-trisphosphate (PIP;) in response to growth factors
and receptor tyrosine kinase (RTK) binding [19], forming
a notable messenger system that amplifies the signal fol-
lowing intracellular and extracellular stimulation.

Chemical quality control (QC) refers to the assess-
ment of the chemical composition and purity of a drug
or herbal medicine. Although chemical QC is impor-
tant for ensuring the safety and efficacy of drugs, it has
some limitations [20]. Chemical analysis does not always
reflect biological activity: a compound may be present
in high concentrations in a sample, but it may not be the
active ingredient responsible for the biological effects of
the drug. Therefore, relying solely on chemical analysis
may not provide an accurate assessment of the biological
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activity of a drug. Chemical analysis may miss important
components; some active ingredients or biomolecules
may be present in small quantities or may not be ame-
nable to detection by chemical methods. Therefore, rely-
ing solely on chemical analysis may miss the important
components of the drug that contribute to its biological
activity [20, 21]. Chemical analysis may not detect con-
taminants or adulterants, particularly if they are struc-
turally similar to the active ingredients of the drug.
Therefore, relying solely on chemical analysis may not
provide an accurate assessment of drug safety and quality.

To overcome these limitations, biological QC can be
performed in addition to chemical QC. Biological QC
refers to the assessment of the biological activity of a drug
or herbal medicine using in vitro or in vivo methods [22].
It can provide a more accurate assessment of the biological
activity of a drug and can help detect potential contami-
nants or adulterants that may not be detected by chemical
analysis. Therefore, the mechanism-based biological QC
is an important complement to chemical QC for ensuring
the safety and efficacy of drugs and herbal medicines.

Dangkwisoo-san (DS) is a herbal medicine used to
treat various pathological conditions, such as qi move-
ment stagnation and static blood primarily caused by
trauma, such as contusions or falls [23]. This prescrip-
tion was first described in Introduction to Medicine by
Li Chan, a Confucian scholar of the Ming Dynasty of
China. According to the composition of the prescrip-
tion, Angelicae Gigantis Radix Palva had the highest
dose among the nine herbs, followed by Paeoniae Radix,
Linderae Radix, Cyperi Rhizoma, and Sappan Lignum in
equal amounts, and Carthami Flos, Persicae Semen, Cin-
namomi Cortex, and Glycyrrhizae Radix et Rhizoma.
Clinically, these herbs are boiled with water and medi-
cated wine at a ratio of 1:1 and provided in the form of
decoction preparations; however, they are also used in
various formulations, such as powder preparations [24].
DS exerts various pharmacological effects on the car-
diovascular system [25], inflammatory diseases [26, 27]
and cancers [28, 29]. Regarding the potential benefits
and safety of natural origin medicines, including DS, in
human and animal diseases, bioactive components have
been verified, followed by probable modes of action and
adverse reactions. To eliminate the undesired effects
of the extracts, chemical modifications are employed
to optimize and expand their scope of therapeutic use.
In addition, dereplication methods are applied to serve
proper biological functions and exclude the known active
constituents of complex natural products [30].

Because obtaining a renewable supply of active com-
pounds from biological sources can be challenging, we
need a general and complete knowledge of DS compo-
nent properties. This scoping review aimed to confirm
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how the effects of DS were evaluated in various diseases
in addition to extending the knowledge of DS component
properties. This was achieved through the process of
identifying and comprehensively summarizing and ana-
lyzing in vitro, in vivo, and ex vivo experiments and clini-
cal studies on DS through a systematic methodology. Our
research can be expected to suggest biological assays to
assess biomarkers that support chemical QC.

Search strategy and selection criteria

This review introduces the current state of cell-, animal-
based, and clinical studies on target diseases and efficacy
of DS by collecting, identifying, and classifying the litera-
ture with a pilot search-based search strategy. Consider-
ing that DS prescription is known by various scientific
names, the following search terms were set through
related reviews and databases: “dangguisoo,” “dangguisu,’
“dangguixu,” “danggwisoo,” “danggwisu,” “dangkisoo,’
“dangkisu,” “dangkwisoo;” “dangkwisu,” “X4JF4EAY and
“LYIZNEN” A literature search was conducted on six
databases: EMBASE, CNKI, ScienceON, KISS, RISS, and
OASIS up to August 8, 2022, and there were no restric-
tions on language during the search process. These clas-
sification criteria were included in the review of clinical
and basic laboratory studies evaluating effects based on
the original regimen of DS only without other compo-
nents. Studies were excluded for the following reasons.
(1) research unrelated to traditional East Asian medi-
cine; (2) studies not related to DS; (3) studies in which
it is difficult to confirm the effect of DS alone (e.g., case
reports in which DS and other interventions were applied
simultaneously); (4) studies that included only chemical
analysis without data on the effectiveness of DS; (5) non-
original research (e.g. conference abstracts, editorials,
letters). As for the search strategy, researchers indepen-
dently reviewed and evaluated the title, abstract, and full
text qualifications of the thesis, extracted data on certain
items from the literature, and other researchers indepen-
dently verified the results. Disagreements that occurred
in the process of literature selection and data extraction
were resolved through discussions among researchers.
Afterward, the extracted data was summarized and pre-
sented in a table with a narrative description. Among
a total of 298 articles, 35 articles (6 clinical studies, 2
ex vivo studies, 15 in vivo studies, 10 in vitro studies, and
2 in vivo and in vitro studies) were selected and included
in the analysis using mentioned search strategy (Fig. 1).

Clinical studies on DS

Six clinical studies [27, 31-35] on DS were analyzed,
including three randomized controlled trials (RCTs) [27,
31, 35] and three case reports [32—-34] (Table 1). DS was
used as a treatment for traumatic diseases, including
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pulmonary contusion, traumatic pneumothorax, bruis-
ing, and ankle sprain, in all studies except for one case
series of peptic ulcers. In the RCT for pulmonary con-
tusion [31], the use of DS in the form of a decoction in
addition to usual care ameliorated inflammation-related
indicators and reduced hospitalization times significantly
compared to the control group. In two RCTs on ankle
sprains, DS powder capsules were [27, 35] more effective
in alleviating pain, functional abnormalities, and edema
and improving quality of life than the placebo control
group [27].

The preparation form of DS used in the six clinical
studies was primarily a decoction of medicinal herbs
(n=3) or powder encapsulation (n=2), and one study did
not describe the form of the prepared medicine [34]. In
the case of decoction, only one case mentioned preparing
the herbal decoction using alcohol and water together as
in the original prescription [33]. In another study using
decoction [31, 32] and two studies using commercialized
powdered capsules, water extraction was performed [27,
35].

The composition of the DS prescriptions used in the
six clinical studies was slightly different. The content of
Angelicae Gigantis Radix Palva was the highest, con-
sistent with the composition of the original prescrip-
tion. However, the proportions of the remaining herbs,
including the four herbs listed as the second-highest
proportions in the original prescription (Paeoniae Radix,
Linderae Radix, Sappan Lignum, and Cyperi Rhizoma),
were heterogeneous in the literature. When the content
of Angelicae Gigantis Radix Palva in the prescription was
set as 100%, the proportion of other herbs in each study
and the original prescription were calculated and are pre-
sented in Table 2.

In vivo and ex vivo studies on DS

Between 1982 and 2021, 18 studies on the efficacy of DS
have been published. The efficacy of DS has been stud-
ied for various target diseases, such as bruises, hemato-
mas, toxin coagulation, blood pressure control, fractures,
wound healing and inflammation, brain damage, and
liver toxicity. The details of in vivo and ex vivo studies on
DS are summarized in Tables 3 and 4.

Two articles on bruises were published in 2002, and the
same author evaluated the efficacy of DS by measuring
the levels of lactate dehydrogenase (LDH) in the blood
and a water maze test for studying the recovery of endur-
ance exercise capacity and dehydration enzymes [36]. In
another study [37], the researchers evaluated the effect of
DS on blood enzyme activity in bruised rats by measur-
ing blood levels of glutamic pyruvic transaminase (GPT),
glutamic oxaloacetic transaminase (GOT), leucine amin-
opeptidase (LAP), and alkaline phosphatase (ALP).
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Fig. 1 Flow chart for study selection. The flow diagram indicates the retrieval process of the study

Six articles were published on the efficacy of DS for
hemostasis, hematomas, toxin-induced coagulation, and
blood pressure. Lee et al. [38] measured the circumference
and temperature of the thigh and the levels of platelets,
fibrinogen, fibrinogen degradation production (FDP), and
prothrombin time, which are factors related to blood coag-
ulation, to evaluate efficacy. In another study on hemosta-
sis [39], the researchers measured the blood levels of white
blood cells (WBC), red blood cells (RBC), ALP, LDH, LAP,
GOP, and GPT to confirm efficacy. An efficacy study [40]

on treating subcutaneous hematomas was histologically
analyzed by H&E staining, and it confirmed the efficacy of
DS. Efficacy studies on endotoxin-induced coagulation [41,
42] focused on the effect of DS after coagulation induction
by measuring the FDP, platelet count, and prothrombin
time. In the ex vivo study [43] for blood pressure regula-
tion, New Zealand white rabbit veins were collected, and
the efficacy of DS was evaluated by comparing the degree
of vascular contraction with that of vessels cultured in
atropine, pheniramine, and propranolol.
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Table 4 Summary of ex vivo studies on DS
Study Target Experimental model Inducer Type of Concentration Biomarker and References

extracts

outcome

Vasorelaxation Mouse Aorta Phenylephrine Ag

Vasorelaxation New Zealand white rab-  Phenylephrine Aq
bit aorta ml

10,30, 100%, 300% pg/ml

0.01,0.03,0.1,0.3, 1* mg/

Evaluation of aortic Kim, J. H. et al. (2011) [25]

constriction

Evaluation of aortic
constriction

Ko, H. (2019) [52]

" indicates concentrations and biomarkers with statistical significance (p < 0.05) in the article

Four studies evaluated the efficacy of DS in treating
fractures. The researchers [44, 45] evaluated the efficacy
of DS in SD rats by tissue staining and determination of
blood levels of total-alanine transaminase (ALT), ALP,
aspartate transaminase (AST), and bone formation-
related factors osteocalcin and transforming growth
factor-beta 1 (TGF-B1) in addition to recent studies
[46, 47]. The same research team used C57BL/6 ] mice
to evaluate the efficacy of DS by measuring blood con-
centrations of bone morphogenetic protein 2 (BMP2),
cyclooxygenase 2 (COX2), collagen type II alpha 1 chain
(Col2al), SRY-box transcription factor 9 (Sox9), runt-
related transcription factor 2 (Runx2), and osterix and
histological analysis.

Three studies confirming the efficacy of DS for wound
healing and inflammation-related diseases have been pub-
lished. First, wound healing efficacy was evaluated based
on the levels of inflammatory factors TNF-a, IL-1p, and
IL-6 and wound repair-related factors MMP-1, MMP-2,
and MMP-9 [48]. In another study on acute lung inflam-
mation [26], the researchers focused on body weight
change, bronchoscopy, and bronchoalveolar lavage (BAL)
levels. In a study on analgesia, anti-inflammation, and
muscle relaxation [49], the efficacy of DS was confirmed
in response to stimuli, such as mouse paw licking time,
escape time, foot swelling, body temperature, and muscle
relaxation.

Three studies on the efficacy of DS for brain injury and
liver toxicity have been published. In a study on trau-
matic brain injury [50], the efficacy of DS was confirmed
by evaluating exercise capacity, including the beam walk-
ing test, grip strength test, and NOR test, and measur-
ing the degree of brain damage. In ischemic brain injury
research [51], the efficacy of DS was evaluated by meas-
uring blood pressure; resting cerebral blood flow (CBF);
damage measurement through tissue staining; levels of
inflammatory factors, such as eNOS, AKT, iNOS, nNOS;
and exercise capacity. In addition, the efficacy of DS for
the contraction and relaxation of vessels was evaluated
through an ex vivo experiment using blood vessel col-
lection. In this vascular relaxation study [52], the effect
of DS was confirmed using a New Zealand white rabbit
aorta. Studies on liver toxicity [53] confirmed the efficacy

of DS against carbon tetrachloride-induced hepatotoxic-
ity, and its efficacy was evaluated based on the levels of
ALP, LDH, GOT, GPT, LAP, and a-hydroxybutyric dehy-
drogenase in the blood.

The sample used for evaluating the efficacy of DS was
hot water extraction in this study, except for two studies
[48, 49]. The difference between decoction and extract
is that decoction refers to the state of hot water extrac-
tion with herbal medicines, and extracts can be weighed
by processing the state after hot water extraction. The
oral volume was measured when administering decoc-
tion, whereas, in the case of extract, the dry powder was
weighed to determine the dose. After preparation, the
extract was administered orally.

In vitro studies on DS

Twelve articles investigated the effect of DS using in vitro
model. The details of in vitro studies on DS are summa-
rized in Table 5. DS reportedly possesses anti-inflamma-
tory, antioxidant, anticancer, and antimicrobial activities;
prevents ischemic injury; and helps in treating metabolic
syndromes, such as cardiovascular disease. Studies on
DS have primarily focused on anti-inflammatory activity
against LPS, an inflammatory inducer in RAW264.7, and
DS was primarily extracted with water (92.3%). Gener-
ally, DS prescription was boiled with 1L of distilled water
by an herb extractor for 2 h, yielding final 200 ml of DS
extract. The supernatant was then evaporated and lyo-
philized under reduced pressure at low temperature. For
MeOH extraction, DS was mixed with 3L of methanol at
ambient temperature for 24 h. After centrifugation in a
sterile condition, the supernatant was collected and lyo-
philized through evaporation under reduced pressure at
— 80 C. Another method is using 80% EtOH where DS
was boiled in 1L of 80% EtOH for 3 h and then concen-
trated by rotary vacuum evaporator.

DS exerts anti-inflammatory effects by regulating
inflammatory mediators and cytokines. Lyu et al. [26]
demonstrated that DS, which was extracted with dis-
tilled water, activated the anti-inflammatory factor Nrf2
(nuclear factor erythroid 2-related factor 2) and the
expression of Nrf2-related genes, such as glutamate—
cysteine ligase catalytic subunit (GCLC), heme oxygenase
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Table 5 Summary of in vitro study designs on DS
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Study target Type of cell Inducer Type of extracts Concentration  Positive control Biomarker References
Anti-inflamma- Raw 264.7 LPS Aq 10, 50%, 100* - Nrf-2, GCLC, Lyu, J.H, et al. [26]
tion pg/ml HO-1, NQO-1,

ROS, MCP-1%,

TNF-a*,

IL-6%, NF-kB*
Anti-inflamma- Raw 264.7 LPS 80% EtOH 1* 10%, 100* - Nitric oxide¥, Bak, J. W, et al. [48]
tion pg/ml TNF-a*,

IL-163%, IL-6*
Anti-inflamma- Raw 264.7 LPS MetOH, Ag wDS, mDS - IkBa*, TNF-a, Ryu, J. H. et al, [54]
tion 10, 50%, 100 g/ IL-1B8%, Nrf2¥,

ml GCLC,

HO-1, NQO-1
Anti-inflamma- Raw 264.7 LPS Aq 10,50%, 100 ug/ - Nrf2*, NF- kB* Kim, K. H., et al. [64]
tion ml
Anti-inflamma- Raw 264.7 LPS Aq DS-DE/DS-MEP Dexamethasone  Nitric oxide, Jeon, Y. H.etal.
tion 50%,100%, 200* (20 uM) PGE2%, [55]

ug/ml IL-1B*, IL-6%, TNF-

a*, INOS*, COX-2*
Anti-inflamma- Raw 264.7 LPS Ag 10, 20, 50, 100%, - Nitric oxide, Jo,N.Y. [56]
tion 200 pg/ml PGE2, IL-1B%,
Antioxidative IL-6%, TNF-a*,
activity DPPH
Anti-inflamma- MG63 LPS Aq MG63: 125%, 500%, - Osteocalcin, Jeon, D. H, et al.
tion Raw 264.7 1000* pg/ml Calcitriol (MG63)  Runx 2, TNF-a* [46]
Bone regenera- RAW264.7: 100, Cyclosporin
tion 250%, 500 pg/ml - A (RAW264.7)
Anticancer AGS - Ag 50, 100, 200%, - Caspase 9%, Hwang, M. W, et al.
activity 300%, 400* pug/ml Caspase 3*, P38,  [28]

JNK, TRPM7
Metabolic syn- HEK 293 TRPM7 Aq 100, 300%, 500* - TRPM7* Kim, B. J. [57]
drome (TRPM7 overex- pg/ml
channel inhibi- pression
tion)
Antimicrobial 10 species - Aq 510,1520mg/ - Antimicrobial Lee, N. et al. [58]
activity of microbe disc activity

(B. cereus,

L. monocytogenes,

V. parahaemo-

Iyticus)
Cerebral ischemic  HBMECs - Aq DS Acetylcholine Nitric Oxide Kim, J. H., et al. [25]
injury (NO- 30* pg/ml
dependent
mechanisms)
Change in cell Interstitial cells Aq DS: 1,10, 30* - GDP-3-S*, Na**, ~ Sung, S. K. [59]
membrane of Cajal (ICCs) pg/ml Ca’t*
potential 4-DAMP*

Aq aqueous; DS, Dangkwisoo-san; 4-DAMP 4-diphenylacetoxy-N-methyl-piperidine methiodide; GDP--S a non-hydrolyzable guanosine 5’-diphosphate analog;
IL interleukin; TNF tumor necrosis factor; Runx, Runt-related transcription factor; Nrf-2 nuclear factor erythroid-2-related factor 2; GCLC glutamate—-cysteine ligase
catalytic subunit; HO-T heme oxygenase-1; NQO-1 quinone oxidoreductase 1; ROS reactive oxygen species; MCP-T monocyte chemoattractant protein-1; TRPM7
transient receptor potential cation channel subfamily M member 7

" indicates concentrations and biomarkers with statistical significance (p < 0.05) in the article

(HO-1), and NAD(P)H quinone oxidoreductase 1 (NQO-
1) in RAW264.7cells. In addition, pre-treatment of NF-kB
reporter cells derived from RAW264.7 with DS, followed
by LPS treatment, regulated NF-kB, which was con-
firmed using HEK293 cells transfected with inhibitor of
kappa B (IkB) kinase- B (Ikk-p) and NF-kB. DS treatment

suppressed the levels of pro-inflammatory cytokines,
including TNF, MCP-1, and IL-6. In addition, analysis
of reactive oxygen species (ROS) induction by DS using
flow cytometry confirmed that DS did not produce ROS.

Two studies on the anti-inflammatory effects of DS
used extraction solvents other than water and revealed
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significant effects at low DS concentrations. Bak et al.
[48] investigated the anti-inflammatory effects of DS
extracted using 80% ethanol. DS reduced the produc-
tion of NO, IL-1p, IL-6, and TNF-« in the LPS-induced
RAW?264.7 cell line in a dose-dependent manner (1, 10,
and 100 pg/ml). Ryu et al. [54] compared the anti-inflam-
matory effects of methanol (mDS) and water extracts
(wDS) of DS. mDS activated Nrf-2 and its dependent
protein HO-1 and expressed Nrf-2-related genes, GCLC,
HO-1, and NQO1, in RAW?264.7cells. The results con-
firmed that 50 pg/ml mDS was more effective in increas-
ing Nrf2 than wDS, with sulforaphane (SFN; 5 uM), an
Nrf-2 activator, as a control. However, mDS was less
effective in decreasing NF-kB than wDS in RAW?264.7
stably transfected with NF-kB. NF-«B activation by mDS
was weakened 30 min after LPS treatment, and the deg-
radation of IkB-a was not suppressed 15 min after LPS
induction in murine macrophages. Pro-inflammatory
cytokines TNF-a and IL-1p were reduced by mDS. These
findings indicated that DS attenuates inflammation.

In a study of the effect of 9 components of DS on Nrf2
and NF-«kB, the activation of Nrf2 at 50 pg/ml of DS in
LPS-induced RAW?264.7cells was confirmed [22]; how-
ever, each constituent of DS showed cytotoxicity at
50 pg/ml. Therefore, DS was used at 25 pg/ml, and most
components induced the activation of Nrf2 in the Nrf2
reporter cell line derived from RAW264.7, particularly
Carthamus tinctorius L. (CT). In addition, nine com-
ponents of DS regulated NF-kB in the NF-«B luciferase
reporter cell line using the same method as for Nrf2,
particularly Carthamus tinctorius L. (CT) and Cyperus
rotundus L. (CR). These findings suggested that two con-
stituent herbal medicines, CT and CR, in DS serve as the
main anti-inflammatory agents.

Jeon et al. [55] examined the anti-inflammatory activity
of DS-dry extract (DS-DE) with DS-mix extract powder
(DS-MEP) and used dexamethasone (20 uM) as a posi-
tive control. DS-DE and DS-MEP had a greater inhibitory
effect than dexamethasone (20 pM) on NO production.
DS-DE and DS-MEP suppressed the protein and mRNA
expression of iNOS, PGE2, and COX-2 in a dose-depend-
ent manner (50, 100, and 200 pg/ml) in LPS-stimulated
RAW264.7cells. The secretion of TNF-a, IL-1f, and IL-6
was significantly suppressed by DS-DE and DS-MEP,
coinciding with transcriptional levels.

In a study conducted by Jo et al. [56], 100 pg/ml DS
with hot aqueous extraction inhibited the production of
NO and PGE and suppressed the levels of IL-1f, IL-6,
and TNF-a in LPS-activated RAW?264.7. In addition,
100 pg/ml DS had more than 50% free-radical scaveng-
ing ability, as measured using the DPPH (2,2-diphenyl-
1-picrylhydrazy) radical scavenging method. Further,
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the effect of DS was evaluated for bone repair in osteo-
blast-like MG63cell line and RAW264.7 macrophages
[46]. DS (500 ug/ml)-treated MG63 cells demonstrated
increased gene expression of osteocalcin and Runx2,
with calcitriol as a positive control. DS increased the
secretion of TNF-a in LPS-induced RAW?264.7 cells in a
dose-dependent manner compared to cyclosporine A (as
a positive control), and 250 and 500 g/ml of DS yielded
statistically significant results.

Hwang et al. [28] reported the anticancer efficacy of DS.
Levels of caspase-3, caspase 9, and subG1 and mitochon-
drial depolarization increased in AGS gastric adenocarci-
noma cells treated with varying concentrations (50, 100,
200, 300, and 400 pg/ml) of DS. Moreover, DS decreased
transient receptor potential melastatin (TRPM?7) in AGS
and TRPM7-transfected HEK293 cells, determined using
the patch-clamp technique. These results highlighted that
the MAPK (p38 and JNK) signaling pathway is associated
with DS through a JNK II inhibitor or SB203580 (p38
MAPK inhibitor).

Another study [57] on TRPM7 focused on the action
of DS in HEK293 cells that stably overexpressed TRPM7
using the whole-cell patch clamp technique. DS sup-
pressed the overexpression of TRPM7 current in a
dose-dependent manner (100, 300, and 500 pg/ml), thus
alleviating metabolic syndromes, such as cardiovascular
disease.

Lee et al. revealed the antimicrobial activity of DS
[58] Ten pathogenic microorganisms (Bacillus cereus,
Staphylococcus aureus, Listeria monocytogens, Vibrio
parahaemolytixus, Escherichia coli DH5a, E. coli 0157,
Salmonella nteritidis, Yersinia enterocolitica, Shigella
flexneri, and Helicobacter pylori) were screened for the
antimicrobial effects of 51 herbal formulae used in tra-
ditional Korean medical prescriptions. Of these, DS
showed antibacterial effects against B. cereus and antimi-
crobial activity against L. monocytogenes (5, 10, 15, and
20 mg/disc) and V. parahaemolyticus (15 and 20 mg/
disc).

Kim et al. [25] suggested that human brain microvascu-
lar endothelial cells (HBMEC) treated with 30 pg/ml DS
exhibited stimulated NO production, with acetylcholine
as a positive control. Therefore, DS in ischemic injury
regulates vascular function through an eNOS-dependent
mechanism.

DS causes pacemaker depolarization of the interstitial
cells of Cajal (ICCs) through the M3 receptor. In addi-
tion, G-protein, external Na™, and non-selective cation
channels are mediated by DS-activated pacemaker depo-
larization [59]. Moreover, external or internal Ca®* plays
an important role in regulating pacemaker potentials in
ICCs, and DS elevates Ca®" in ICCs.
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In summary, DS appears to have effects on inflamma-
tory factor, bone regeneration, ischemic injury repair
and metabolic disorders. Since a small number of in vitro
experimental reports on the metabolic disorders, bone
regeneration, and research on the recovery from ischemic
injury have been published, there are advance studies
should be conducted to generate reproducibility of find-
ings. However, we figured out mouse macrophage RAW
246.7 cell model was used for most of the examinations
on effects of DS on inflammatory response, while LPS
was used as a stimulant in all of experiments. In addition,
the concentration range from 1 to 200 pug/mL was applied
for evaluating the DS efficacy. It was confirmed that the
effective dose range of DS was homogenous. Although
there is only two publishes, it was apparently confirmed
that the difference in therapeutic efficacy depending on
DS extraction methods. Using an organic solvent extract-
ing method achieved better curing effect even at a lower
concentration than that of the hot water extracts.

Although chemical quality assessments are being per-
formed to ensure consistent efficacy of DS, the identity
and quantity of the compounds contained within a given
natural product is a frequent complication of studies.
Even when the composition is relatively well understood,
the lack of simple and effective analytical methods ham-
pers the ability to extrapolate results beyond quality
studies. We conducted a literature review to identify bio-
logical assays that support chemical QC.

Implications that could be obtained from the current
clinical research of DS are as follows. First, although
the use of DS prescriptions in clinical practice is exten-
sive, relatively few clinical studies have been conducted.
In particular, based on the insights obtained during the
search phase for clinical studies, DS has been used as a
representative prescription for trauma in Korea [60]
also recently published in the clinical practice guidelines
of Korean medicine for traffic injuries and acute ankle
sprains (recommendation level/evidence level: C/Very
Low, respectively) [61, 62]. DS has been used to cure
diverse symptoms in China; however, it is difficult to
consider it a representative prescription, and it has rarely
been investigated in Japan. The tendency toward DS uti-
lization in clinical practice was not sufficiently reflected
in the results of this scoping review because of the small
number of clinical studies. Second, it is necessary to dis-
cuss standardization of the herb composition ratio in DS
prescriptions. We excluded the modified formula to con-
trol heterogeneity among the DS prescriptions. The herbs
constituting DS prescriptions were the same; however,
there were differences in the proportion of herbs used
in each study. The DS prescription used in Korean stud-
ies was the same as the original prescription; however, in
the two Chinese studies on thoracic injuries, the content
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ratio of Linderae Radix, Cyperi Rhizoma, Paeoniae Radix,
Carthami Flos, and Persicae Semen to Angelicae Gigan-
tis Radix Palva was higher than that of the original pre-
scription. Third, there were also rare cases where the
“decoction form by boiling herbs with water and medici-
nal wine” mentioned in the original prescription was
used identically. We need to understand the reasons for
the extraction of the original recipe through additional
research. In addition, alcohol extraction at a certain ratio
may be more efficient than water extraction, which is pri-
marily used in clinical studies [63].

Based on in vivo and ex vivo studies, a preclinical study
on DS reported efficacy verification and methods for
various diseases, such as blood coagulation, hepatotoxic-
ity, fractures, brain disease, inflammation-related disease,
and bruises. These results could be valid for evaluating
efficacy by a simple method that can be used in clini-
cal applications. As the approval of the FDA for herbal
medicine for post-marketing is rather laborious, effec-
tive clinical outcome demands attention. In fact, in vivo
and in vitro preclinical assessments are the initial stages
of the evaluation of later steps. However, preclinical
research has certain difficulties, such as ethical problems,
excessive experimental period, requirement of high-
quality human resources, and high cost. These prob-
lems make it difficult to maintain efficacy consistency
in the same experiment. In addition, it hinders the use
of many in vitro methods and their clinical and preclini-
cal relevance. Therefore, the evaluation and consistency
of efficacy of various herbal medicines and prescrip-
tions, including DS, should be subjected to evaluation
methods by carefully selecting clinical and preclinical
related assays. In this study, we aimed to develop a scop-
ing review of DS as an alternative therapy, particularly for
in vitro research.

Inflammation is a representative expression of the
secondary defense mechanism of the body in response
to foreign stimuli. Many reports on aqueous DS extract
treatments have shown effective anti-inflammatory
effects. Using an LPS-stimulated Raw264.7 cell model,
water-extracted DS reduced the expression level of cer-
tain proinflammatory cytokines, such as TNF-a, IL-1f,
and IL-6, as well as the NF-kB signaling pathway [26, 54,
56, 64]. Carthamus tinctorius L. (CT) and Cyperus rotun-
dus L. (CR) are two active components of DS that have
shown anti-inflammatory effects at lower doses than
dexamethasone [55]. Moreover, according to Ryu [54]
and Bak et al. [48], MeOH and EtOH extraction of DS
notably suppress inflammation of stimulated Raw 264.7
cells at concentrations lower than 50 pg/ml. Account-
ing for 92.3% of the DS extracts, water-extracted DS
was effectively involved in several metabolic mecha-
nisms, including cancer, bone regeneration, intestinal
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phasic contraction, and cell membrane potential change.
For instance, anticancer activity was recorded with the
induction of certain apoptotic markers (caspase 9 and
caspase 3) by Hwang et al. [28] while inhibiting TRPM7
channel activity. Moreover, Lee et al. [58] demonstrated
the antimicrobial activity of aqueous DS extract at less
than 20 mg/disc. Sung et al. [59] reported DS-induced
changes in the membrane Ca** potential of ICCs, result-
ing in pacemaker depolarization.

We concluded that DS in vitro was the most effec-
tive anti-inflammatory agent at concentrations of 50
and 100 pg/ml, and in vitro reduction of biochemi-
cal markers, such as TNEF, IL-1B, IL-6, NO, Nrf2, and
NF-xB, effectively demonstrated the potential role of
DS in the inhibition of inflammation (Table 4). In addi-
tion, DS extracts are extracted by hot water as traditional
method. However, using 80% EtOH or MeOH as extrac-
tion solvents, the treatment of DS showed more effec-
tive results at lower doses in vitro. The efficacy might
be associated with the higher concentration of active
component because of extraction with organic solvents.
DS is composed of nine herbal medicines: Paeoniae
Radix, Angelicae Gigantis Radix, Sappan Lignum, Lin-
derae Radix, Persicae Semen, Cyperi Rhizoma, Carthami
Flos, Glycyrrhizae Radix et Rhizoma, and Cinnamomi
Cortex. Rhizoma. However, the identification of active
compounds in DS will help understand their molecular
mechanisms and targets. However, multiple herbal medi-
cines for multi-target treatment may produce synergistic
effects. Although DS is known to be commonly used to
relieve headaches, contusions, and external and cerebral
ischemic injuries, in vitro tests for DS are limited. High
DS concentration has effects similar to those of other
natural compounds. Experimental studies can provide
insights into maximizing therapeutic efficacy by inhibit-
ing inflammatory mediators and cytokines.

As introduced in mechanism based QC study showing
in vivo activities of irinotecan [65], suitable bioassays to
identify the biomarkers related to mechanism of action
of the clinical efficacy would be a good example of bio-
logical QC. For these biomarkers, standard operating
procedures (SOPs) should be prepared for the genera-
tion of reproducible and accurate results. Therefore, the
mechanism-based QC using biomarkers would be useful
for the prediction and confirmation of consistent efficacy
of DS. Quality control of herbal preparations including
DS should be different depending on the pharmacologi-
cal usages. As chemical evaluation methods are limited
in their ability to distinguish irrelevant chemicals, QCs
evaluating specific uses and efficacy should be developed
concise and appropriate to biological assays based on
in vitro mechanisms of action.
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The above discussion suggests that future quality
evaluation studies of herbal medicines (herbal medicine
prescriptions) should be aimed at selecting an optimal
in vitro efficacy evaluation method capable of evaluat-
ing the mechanism of action for the assessment of con-
sistent clinical effects. This method should evaluate the
mechanism of action of the clinical effect, use appropri-
ate positive controls and statistical methods, and prepare
reproducible SOPs.

Abbreviations

DS Dangkwisoo-san

EtOH Ethanol

MeOH Methanol

RCT Randomized controlled trial
eNOS Endothelial nitric oxide synthase

iNOS Inducible nitric oxide synthase

nNOS Neuronal nitric oxide synthase

BMP2 Bone morphogenetic protein 2

COX2 Cyclooxygenase-2

Col2al Collagen type Il alpha 1 chain

Sox9 SRY-box transcription factor 9

Runx2 Runt-related transcription factor 2

GPT Glutamic pyruvic transaminase

ALT Alanine aminotransferase

GOT Glutamic oxaloacetic transaminase

AST Aspartate aminotransferase

LAP Leukocyte alkaline phosphatase

ALP Alkaline phosphatase

LDH Lactate dehydrogenase

FDP Fibrinogen degradation production

MMPs Matrix metalloproteinases

4-DAMP  4-Diphenylacetoxy-N-methyl-piperidine methiodide
GDP-B-S A non-hydrolysable guanosine 5’-diphosphate analogue

ILs Interleukin
TNF Tumor necrosis factor

Runx Runt-related transcription factor

Nrf-2 Nuclear factor erythroid-2-related factor 2
GCLC Glutamate—-cysteine ligase catalytic subunit
HO-1 Heme oxygenase-1

NQO-1 Quinone oxidoreductase 1

ROS Reactive oxygen species

MCP-1 Monocyte chemoattractant protein-1

TRPM7 Transient receptor potential cation channel subfamily M member
7
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