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herbal medicines gained a global popularity in recent years. However, the characteristic of multi-component act-
ing on multi-target poses a dilemma for the evaluation of therapeutic efficacy of herbal medicines. Advances in
metabolomics enable efficient identification of the various changes in biological systems exposed to different
treatments or conditions. The use of serum pharmacochemistry of TCM has significant implications for tackling

ﬁim;rfrfédicines the major issue in herbal medicines development—pharmacodynamic material basis. Chinmedomics integrates
Chinmedomics metabolomics and serum pharmacochemistry of TCM to investigate the pharmacodynamic material basis and ef-
Pharmacodynamic material basis fective mechanisms of herbal medicines on the basis of TCM syndromes and holds the promise of explaining ther-
TCM syndrome apeutic efficacy of herbal medicines in scientific language. In this review, the historical development of
Quality control of herbal medicines chinmedomics from concept formation to successful applications was discussed. We also took the systematic re-
search of Yin Chen Hao Tang (YCHT) as an example to show the research strategy of chinmedomics.
© 2020 Elsevier Inc. All rights reserved.
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1. Introduction secondary metabolites with a broad range of pharmacological proper-

ties (Joyner & Cichewicz, 2011; Weng, Philippe, & Noel, 2012; Zalesak,
To cope with the challenges from natural environments, plants have Bon, & Pospisil, 2019). Herbal medicines mainly come from plants, and
greatly expanded their metabolic systems to produce a dazzling array of have accumulated long-time and large-scale clinical experience on the

Abbreviations: AChE, Acetylcholinesterase; AD, Alzheimer's disease; APL, Acute promyelocytic leukemia; ASL, Acanthopanax senticosus leaf; COVID-19, Corona Virus Disease 2019; CW,
Caowu; DHJS, Dampness-heat jaundice syndrome; ECB, Endometriosis of cold coagulation and blood stasis; EGFR, Epidermal growth factor receptor; FGFR-4, Fibroblast growth factor
receptor-4; GFW, Guizhi Fuling Wan; GR, Glucocorticoid receptor; HQD, Heart-qi deficiency; ISBA, Isovaleroylbinankadsurin A; KXS, Kai Xin San; KYDS, Kidney-yang deficiency syndrome;
LW, Liu Wei Di Huang Wan; NOL, Nanshi Oral Liquid; PAC, Phellodendri amurensis cortex; PCMS, Plotting of correlation between marker metabolites and serum constituents; PDL,
Pudilan; PQ, Panax quinquefolius; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; SF, Shuanghuanglian formula; SMS, Sheng Mai San; SQW, Shen Qi Wan; SZRD, Suan Zao
Ren Decoction; TCM, Traditional Chinese medicine; TQC, Tian Qi Jiang Tang capsule; WXF, Wen Xin Fang; YCHT, Yin Chen Hao Tang; YHS, Yanghuang syndrome; YNBY, Yunnan Baiyao.
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interventions of complex diseases in some ancient countries (Buyel,
2018; Willcox & Bodeker, 2004). In the West, it is a prevailing view that
a drug must be either a highly purified or synthetic agent. However,
herbal medicines emphasize multi-component synergy rather than a sin-
gle compound. This holistic nature of multi-component presents a diffi-
culty for the assessment of which components contribute to therapeutic
effects and how they synergistically work (Xu, 2011). The active chemical
constituents contained in herbal medicines that can express clinical effi-
cacy of the drug are defined as pharmacodynamic material basis of herbal
medicines (Wang, 2015). Elucidating the pharmacodynamic material
basis is necessary for the evaluation of therapeutic efficacy of herbal med-
icines. For example, to explore the pharmacodynamic material basis of
Phellodendri amurensis cortex (PAC) for treating prostate cancer, a
total of 54 compounds of PAC were identified and 38 constituents that
could be absorbed into blood after oral administration of PAC were
characterised. Among the 38 constituents characterised in vivo, 10
absorbed chemical constituents were remarkably correlated with the
therapeutic markers and therefore selected as the active chemical con-
stituents of PAC against prostate cancer. The research of action mecha-
nisms showed that these 10 active chemical constituents were closely
related to 8 protein targets and 5 pathways, which suggested that 10 ac-
tive chemical constituents might be the main pharmacodynamic material
basis of PAC against prostate cancer. The accuracy of this conclusion will
be further verified by pharmacological studies (Li et al., 2017). Multiple
methods were developed for deciphering the pharmacodynamic material
basis and action mechanisms of herbal medicines and a series of fruitful
results have been achieved (Gu & Lai, 2020; Liu et al., 2014, Liu et al.,
2016). However, a systematic methodology that could be adopted for
the investigations of therapeutic efficacy of herbal medicines is still ur-
gently needed.

Chinmedomics is a new discipline emerging in recent years. It inte-
grates the theories and technologies across system biology and serum
pharmacochemistry of traditional Chinese medicine (TCM) to form a
systematic methodology for identifying biomarkers of syndromes, eval-
uating the effectiveness of herbal formulas, and discovering the phar-
macodynamic material basis of herbal medicines/herbal formulas
(Wang, Zhang, & Sun, 2012). Here, we reviewed the developing prog-
ress of chinmedomics, namely concept formation of chinmedomics, the-
oretical connotations of chinmedomics, key technological platforms in
chinmedomics and major applications of chinmedomics in the past
ten years. We also discussed several methods that applied to
interpreting the therapeutic efficacy of herbal medicines.

2. Opportunities and challenges of herbal medicines

Plants first appeared on land around 500 million years ago, and have
been identified and classified for nearly 360,000 species to date (The
Plant List, n.d.). Plant based dietary pattern from palaeolithic period
awakened people's awareness to use plants as therapeutic agents
(Hardy et al,, 2012; Lietava, 1992). Numerous preserved classical med-
ical text documents such as Egyptian Papyrus Ebers and Shennong's
Herbal Classic of Materia Medica recorded the special roles of herbal
medicines on health maintenance for human beings over the last thou-
sands of years. During the past decades, millions of patients around the
world use herbal medicines or a related practice indicated that herbal
medicines have gained a global popularity (Cheung, 2011).

Advances in health sciences have revealed accumulating evidences
of the limitations of single target drug discovery, thus multiple drugs
with multiple targets are emerging as the next paradigm in drug discov-
ery (Csermely, Agoston, & Pongor, 2005; Medina-Franco, Giulianotti,
Welmaker, & Houghten, 2013; Sams-Dodd, 2005). It is postulated that
pharmacological efficacy of herbal medicines comes from simultaneous
binding of multiple chemicals to multiple targeting sites, and/or syner-
gistic actions on a single site (Liang, Ruan, Ouyang, & Lai, 2016; Liu et al,,
2014). Herbal medicines have attracted increasing attentions due to its
unique multi-component and multi-target effects. For instance,
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Compound Danshen Dripping Pills (Dantonic®), a well-known Chinese
prescription used for the treatment of myocardial ischemic disease, has
completed a Phase III clinical trial to evaluate the safety and efficacy on
treating chronic stable angina pectoris (ClinicalTrials.gov Identifier:
NCT01659580) (Liao et al., 2019).

Different from modern western medicine, the use of herbal medi-
cines is mainly based on practice and theories rooted in ancient philos-
ophy. In the era of evidence-based medicine, the scientific evaluation of
herbal medicines with modern medical practice approaches is critical
for the development of herbal medicines (Shan et al., 2020). However,
due to the diversity of chemical constituents and the complexity of
the interactions between herbal medicines and the human body, infor-
mation is limited available on the pharmacokinetics, pharmacodynam-
ics, efficacy, and safety of herbal medicines, among which lack of
scientific evidences for therapeutic efficacy has become a central con-
cern for both health authorities and the public (Tachjian, Maria, &
Jahangir, 2010).

3. Efforts on understanding the therapeutic efficacy of herbal
medicines

The combination of chromatographic separation techniques and
spectroscopic methods greatly improved the isolated and identified effi-
ciency of natural products, which made bioassay-guided fractionation
prevalent in the discovery of active principles from herbal medicines in
the nineteenth and twentieth centuries (Phillipson, 2001). The most suc-
cessful story was that of artemisinin (ginghaosu), an active compound
isolated from Qinghao (the Chinese name of Artemisia annua L.).
Artemisinin has been identified as a bioactive component of ginghao ex-
traction with antimalarial activity, and further developed into an antima-
larial drug which played a key role in malaria related mortality (Bhatt
et al.,, 2015; Tu, 2011). One of the inventors, Youyou Tu, was awarded
the 2015 Nobel Prize in Physiology or Medicine for her tremendous con-
tributions to the discovery of artemisinin (Su & Miller, 2015).

Along with the development of modern biotechnology, high-
throughput activity screening was introduced into the investigations
of bioactive components of herbal medicines and offered a strong arm
in the process of the studies (Qv, Jiang, & Piao, 2010). Integration of
cell membrane or biomacromolecules with liquid chromatography im-
plemented the idea of dynamically separating the constituents and ob-
serving the interactions between target components and receptors
(Chen et al., 2013; Sun, Ma, Guo, Hu, & He, 2013). For example, an im-
proved rat basophilic leukemia-2H3 cell membrane chromatography
was successfully applied to screening and identifying two potential al-
lergenic components in huangqi injection (Bu, Hu, Xu, Xie, & Wang,
2018). Additionally, a 2D epidermal growth factor receptor (EGFR)
and fibroblast growth factor receptor-4 (FGFR-4) dual-mixed cell mem-
brane chromatography was employed to screen the active components
from Salviae miltiorrhizae radix. As a result, salvianolic acid C,
tanshinone I, tanshinone IIA, and cryptotanshinone were identified as
bioactive components with EGFR and FGFR-4 activities (Fu, Lv, Jia, Lin,
& Han, 2019).

Computational methods, mainly including pharmacophore-based
virtual screening and molecular docking, are well-established tools
that help to select plant materials with a high possibility of biological ac-
tivity in drug discovery. As an example, a virtual screening analysis from
TCM database, Druglike database, and MiniMaybridge database was
performed on an established pharmacophore model for the acquisition
of top 10 Acetylcholinesterase (AChE) inhibitors. Accordingly, three po-
tential AChE inhibitor candidates were finally got by assessing 8 differ-
ent scoring functions (Jiang & Gao, 2018). In addition, computational
methods could predict the positioning of a ligand within a protein bind-
ing pocket and estimate the strength of the binding with a docking
score, which may provide the means to elucidate the mechanisms of ac-
tions. Zuo et al. used molecular docking to clarify the possible mecha-
nisms of isovaleroylbinankadsurin A (ISBA) ameliorating cardiac
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ischemia/reperfusion injury (Zuo et al., 2020). Molecular modeling data Network pharmacology is first proposed by Andrew L. Hopkins and
demonstrated that ISBA has tight interactions with the active state of is an approach to drug design that integrates network biology and
the glucocorticoid receptor (GR) and may perform its cardio- polypharmacology (Hopkins, 2007, 2008). Network pharmacology has

protective effects through targeting and activating GR. emerged as a powerful means to analyze pharmacological mechanisms
i YCHT components absorbed in vivo Correlatlon analysis between YCHT i
i components and marker metabolites
2 Saf Ex
: e Fo=.
5 it H =
3 » S
- - -

T E- L -.

: HES Bl |

Marker metabolites of human

YCHT

Pharmacodynamic material
basis of YCHT

S

Mice YHS

Marker metabolites of mice “.  Regulation of metabolic pathwavs Biological verification

Fig. 2. The systematic research of Yin Chen Hao Tang (YCHT) treating Yanghuang syndrome (YHS) using chinmedomics research strategy.
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of herbal medicines from a systems perspective and at the molecular
level (Fang et al.,, 2017; Lyu et al., 2017). One recent example is about
the investigation of molecular mechanisms of Pudilan (PDL) against Co-
rona Virus Disease 2019 (COVID-19). PDL is a four-herb formula with
therapeutic potentials for COVID-19 while the underlying mechanisms
remain to be clarified. Bioinformatics and network pharmacology inte-
grated analysis showed PDL might inhibit the cytokine storm by regu-
lating and targeting many cytokines and chemokines, prevent the
entry of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) into cells, as well as moderate the immune system to shorten the
course of COVID-19 (Kong et al., 2020).

4. The emergence of chinmedomics and its research strategy

Within East Asia, notably China, an herbal formula is comprised of
more than one herb medicine following the principles of compatibility
to exert the synergistic therapeutic effects (Kiyohara, Matsumoto, &
Yamada, 2004; Zhang, Zhu, Fan, & Zhang, 2015). In clinical practice,
TCM practitioners prescribe herbal formulas as clinical drugs according
to comprehensive analysis of clinical information obtained from obser-
vation, listening, questioning, and pulse analyses, which is known as
syndrome differentiation (Jiang et al., 2012). Syndrome differentiation

Pharmacology & Therapeutics 216 (2020) 107680

is the basic principle that guides the prescribing of herbal formulas
(Xu, Cui, Kong, Tang, & Dong, 2018). Systematic and integrated interpre-
tation of the therapeutic effects of herbal formulas on basis of their
adaptive syndromes is an essential part in TCM research. However, the
ambiguity of TCM syndromes and the complexity of herbal formulas
greatly limit the confirmation of the pharmacodynamic material basis
and the evaluation of therapeutic efficacy of herbal medicines. More-
over, current limited pathological and clinical chemical indicators are
difficult to reflect the overall role of herbal formulas in treating complex
diseases (Wang, Zhang, Sun, & Yan, 2017).

4.1. The theoretical connotations of chinmedomics

The concept of chinmedomics was proposed in 2012, aiming at ex-
ploring the scientific mechanisms of herbal medicines from a holistic
perspective of syndrome-formula correlations (Wang, Zhang, & Sun,
2012). Chinmedomics is defined as a systematic methodology for the in-
vestigations of pharmacodynamic material basis of herbal medicines,
that is, taking syndromes as the entry point and herbal formulas as
the research objects, chinmedomics employs metabolomics to charac-
terize the metabolic profiles and identify the biomarkers of syndromes,
thus these metabolic perturbations are used as indicators to accurately

Table 1
Chinmedomics applications in the interpretation of therapeutic effects of herbal formulas/herbal medicines.

Herbal Syndromes/Diseases Syndromes/Disease biomarkers Therapeutic efficacy of herbal formulas/herbal medicines ~ References

formulas/Herbal

medicines

Yin Chen Hao Dampness-heat A total of 22 serum biomarkers may be involved in the YCHT could call back most of the DHJS biomarkers. (Sun et al.,
Tang (YCHT)  jaundice syndrome potential biological chemistry mechanisms of DHJS 2018)

(DHJS) occurrence.

Liu Wei Di Kidney yin A total of 20 potential biomarkers such as creatinine, LW-treated rats had the most similar metabolic profileto ~ (Wang
Huang Wan deficiency estrone, cytidine, and glucosamine were found in kidney that of the control rats, indicating the greatest efficiency of et al.,
(Lw) yin deficiency syndrome. the formula LW on kidney yin deficiency syndrome. 2010)

Tian Qi Jiang Type 2 diabetes A total of 12 differentiating metabolites were identified in ~ TQC exhibited pharmacological effects on type 2 diabetes ~ (Wang
Tang capsule type 2 diabetes. through regulating starch and sucrose metabolism and et al,,
(TQC) pentose and glucuronate interconversions. 2013)

Suan Zao Ren Insomnia A total of 20 differentiating metabolites were detected in ~ SZRD exerts the therapeutic effects on insomnia by (Yang
Decoction insomnia. mediating the serotonergic activation. et al,
(SZRD) 2012)

Wen Xin Fang Heart-qi deficiency A total of 17 biomarkers involved in glycolysis or WXF could regulate multiple perturbed pathways in HQD ~ (Wang
(WXF) (HQD) gluconeogenesis metabolism, biosynthesis of unsaturated ~ syndrome to normal state and thus exhibited potential et al,

fatty acids metabolism, fatty acid biosynthesis, and purine  pharmacological effects in treating HQD syndrome. 2013)
metabolism were acutely perturbed in HQD syndrome.

Sheng Mai San  Alzheimer's disease A total of 37 potential biomarkers were identified in serum SMS intervention could call back 72.32% proportion of AD  (Luet al.,
(SMS) (AD) samples of AD. serum potential biomarkers. The mechanisms of SMS 2017)

treating AD were mainly related to lipid peroxidation, such
as inhibiting the generation of linoleic acid hydroperoxides
(13-HPODE, 9-HPODE, and 9-0x0ODE).

Kai Xin San AD A total of 16 lipid-related biomarkers were found KXS could call back 8 lipid biomarkers that mainly involved (Gao

(KXS) associated with AD. in linoleic acid metabolism, arachidonic acid metabolism, et al.,
and steroid hormone biosynthesis. 2018)

Nanshi Oral Kidney-yang A total of 30 potential biomarkers were identified in the NOL could completely reverse a total of 22 biomarkers of ~ (Zhang

Liquid (NOL)  deficiency urine samples of KYDS. KYDS. et al,
syndrome (KYDS) 2016)

ShenQi pill KYDS A total of 27 ions were observed changed in the serum ShenQi pill could restore a total of 17 changed ions in KYDS. (Nan
samples of KYDS. et al,
2016)

Shen Qi Wan KYDS A total of 23 differential metabolites were found as the SQW led to significant restoration of abnormal metabolism (Zhou
(SQW) potential biomarkers of KYDS through 4 repeated tests in ~ such as tyrosine metabolism, tryptophan metabolism, and et al,,

the serial studies on SQW treating KYDS. steroid hormone biosynthesis in KYDS. 2016)

Guizhi Fuling Endometriosis of A total of 20 differential biomarkers were involved in the =~ GFW showed therapeutic effects on ECB through regulating (Wu et al.,

Wan (GFW) cold coagulation disturbed metabolic networks in ECB. the disturbed metabolic pathways involved in ECB. 2018)
and blood stasis
(ECB)

Phellodendri Prostate cancer A total of 34 metabolic biomarkers were related to prostate PAC could completely reverse 24 biomarkers of prostate (Li, Zhang,
amurensis cancer. cancer to normal levels. et al,
cortex (PAC) 2017)

Acanthopanax Acute A total of 13 biomarkers were found greatly contributing to ASL showed potential therapeutic effects on APL by (Han
senticosus leaf ~ promyelocytic the pathology of APL. adjusting the disorders of some metabolic pathway nodes et al.,
(ASL) leukemia (APL) including citric acid, lactic acid, L-glutamine, inosine, and 2018)

isoleucine.
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evaluate the clinical therapeutic effects of herbal formulas; after
confirming the curative effects, bioactive components of herbal formu-
las in vivo are detected using serum pharmacochemistry of TCM; corre-
lation analysis between endogenous metabolites and exogenous active
components is introduced to identify the pharmacodynamic material
basis of herbal medicines, furthermore, mechanisms of drug actions
will be revealed with the biological verification of pharmacodynamic
material basis (Fig. 1). The emergence of chinmedomics will contribute
to the discovery of quality markers of herbal medicines that related to
pharmacodynamic material basis, the manufacture and creation of
new drugs from herbal medicines, and the explanation of compatibility
rules and effective mechanisms of herbal formulas.

According to the theoretical connotations, chinmedomics focuses on
solving the following key scientific problems including: 1) Establish-
ment of biological system for efficacy evaluation of herbal medicines—
discovering the biomarkers of syndromes/diseases, which contributes
to comprehensively understanding the essence of syndromes/diseases
and provides basic premise for precisely diagnosing of syndromes and
evaluating therapeutic effects of herbal medicines. 2) The holographic
analysis of active components in vivo under the acting state with
serum pharmacochemistry of TCM—different from serum chemistry
which exhibits the changes of chemical indicators or clinical chemistry
in human body influenced by drugs, serum pharmacochemistry of
TCM gives emphasis to human body's selective absorption of drugs
and proposes that the constituents of drugs which could be absorbed
into blood after oral administration of herbal medicines are more likely
to exert a therapeutic effect. Therefore, following a confirmed result of
the effectiveness of treatment, constituents of herbal medicines that
could be absorbed into blood after oral administration will be measured
simultaneously with high accuracy and sensitivity from only minimal
amounts of serum sample. This is the basic step in the research of phar-
macodynamic material basis. 3) Revelation of pharmacodynamic mate-
rial basis and effective mechanisms of herbal medicines—the
relationships between biomarkers and active components in vivo are re-
vealed to clarify which active components interfered with which
marker trajectories to express clinical efficacy, and thus the active com-
ponents that are remarkably correlated with the changes of biomarker
trajectories are recommended as the potential pharmacodynamic mate-
rial basis. Furthermore, mechanisms of drug actions will be revealed
with the biological verification of pharmacodynamic material basis.

4.2. Key technological platforms in chinmedomics strategy

Here, we take the systematic research of Yin Chen Hao Tang (YCHT)
as an example to show the research strategy of chinmedomics. YCHT is a
famous herbal formula used for treating Yanghuang syndrome (YHS)
which closely related with jaundice, and it was firstly recorded in
“Shang Han Lun” written by Zhang Zhongjing. Taking YHS as an entry
point, and taking YCHT as the research object, the metabolic profile
and biomarkers of YHS were firstly described and further used as indica-
tors to evaluate the clinical efficacy of YCHT in the treatment of YHS.
Meanwhile, an integrated study was carried out to identify the compo-
nents absorbed into blood using serum pharmacochemistry of TCM
under the status of YCHT expressing clinical efficacy. The components
with high correlations to the changes of biomarker trajectories in vivo
were selected as potential pharmacodynamic material basis. Finally,
the pharmacodynamic material basis and the biological mechanisms
of YCHT in the treatment of YHS were elucidated with biological verifi-
cation of potential pharmacodynamic material basis (Fang et al., 2016;
Liu et al., 2018; Wang et al., 2008; Wang et al., 2012; Zhang et al.,
2016; Zhang, Sun, Qiu, & Wang, 2013) (Fig. 2). This strategy has been
systematically applied to about a dozen syndromes and their corre-
sponding herbal formulas/herbal medicines (Table 1, Table 2), thereby
forming a systematic methodology for investigations of the pharmaco-
dynamic material basis of herbal medicines.
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Chinmedomcis research strategy covers five innovative key techno-
logical platforms (Fig. 3). 1) Metabolomics-based technological plat-
form for the discovery of syndrome biomarkers. 2) Syndrome
biomarkers-based technological platform for the evaluation of clinical
efficacy of herbal formulas. 3) Serum pharmacochemistry of TCM-
based technological platform for the identification of active components
in herbal formulas. 4) Technological platform for the correlation analy-
sis between endogenous syndrome biomarkers and exogenous bioac-
tive components. 5) Technological platform for the identification of

Table 2
Chinmedomics applications in the revelation of the pharmacodynamic material basis of
herbal formulas/herbal medicines.

Herbal Pharmacodynamic material References
formulas/Herbal  basis of herbal formulas/herbal

medicines medicines

Yin Chen Hao 6,7-dimethylesculetin, (Zhang et al., 2012, 2013)

Tang (YCHT) geniposide, and rhein were
selected as the active ingredients
in YCHT.

Jujuboside A and Jujuboside B

Suan Zao Ren (Wang, Yang, Sun, & Zhang,

Decoction may be the pharmacodynamic 2012, Wang, Yang, Zhang,
(SZRD) material basis of SZRD in the Sun, & Yan, 2012)
treatment of insomnia.
Wen Xin Fang A total of 32 components (Cao et al., 2014)
(WXF) including 26 prototype

components and 6 metabolites
from WXF may be the potential
bioactive components.
A total of 8 constituents were
recommended as potential
quality markers of SMS,
including schisandrin,
isoschisandrin, angeloylgomisin
Q, gomisin D, angeloylgomisin H,
gomisin M2, ginsenoside F1, 20
(R)-ginsenoside Rg3.
38 constituents consisted of 22
prototypes and 16 metabolites
in Da-Bu-Yin-Wan were
detected and identified in vivo.
Kai Xin San (KXS) Ginsenoside Rf, ginsenoside F1,
20-0-glucopyranosyl
ginsenoside Rf,
dehydropachymic acid, and E-3,
4, 5-trimethoxycinnamic acid
were proposed as the
pharmacodynamic material
basis of KXS.
A total of 33 components
including 22 prototype
components and 11 metabolites
in Zi Shen Wan were described
in vivo.
A total of 20 compositions had a
highly correlated relationship
with marker metabolites of
therapeutic effects, which might
play a key role in the therapeutic
effects of SQW.
A total of 68 ions of interest (39
prototype components and 29
metabolites of SF) were
extracted and identified from
blood samples.
A total of 10 chemical
compounds were determined as
being potential
pharmacodynamic material
basis of PAC against prostatic
cancer.
Acanthopanax A total of 21 metabolites were

senticosus leaf  identified after oral

(ASL) administration of ASL.

Sheng Mai San (Zhang et al., 2018)

(SMS)

Da-Bu-Yin-Wan (Liet al.,, 2017)

(Wang et al.,, 2019)

Zi Shen Wan (Liet al., 2016)

Shen Qi Wan
(SQW)

(Wang et al., 2016)

Shuanghuanglian
formula (SF)

(Yan et al., 2013)

Phellodendri
amurensis
cortex (PAC)

(Li, Zhang, et al., 2017)

(Zhang et al., 2016)
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effective components of herbal medicines retouching metabolic targets.
These five key technological platforms all have got the Computer Soft-
ware Copyright Registration Certificates issued by National Copyright
Administration of the People's Republic of China.

5. Chinmedomics applications in herbal medicines research

After nearly a decade of development, chinmedomics has been suc-
cessfully applied to the studies of scores of herbal formulas/herbal med-
icines. These successful practices have accumulated a wealth of valuable
data for the scientific interpretation of key issues in the development of
herbal medicines, such as the clarification of therapeutic effects, the ex-
ploration of pharmacodynamic material basis and the establishment of
quality standards.

5.1. Interpretation of the therapeutic effects

Elucidation of the mechanisms of actions is the key to evaluating
the efficacy of herbal medicines (WHO, 2000). With the applications
of chinmedomics, the therapeutic targets of numerous herbal formu-
las/herbal medicines have been demonstrated (Table 1). In a recent
research, chinmedomics method was applied to assessing the thera-
peutic efficacy of an herbal prescription named AS1350 on
Kidney-Yang Deficiency Syndrome (KYDS) (Liu et al., 2016). Serum
pharmacochemistry of TCM analysis identified a total of 47 com-
pounds in vivo from the constituents of AS1350. Metabolic profiling
results showed that 48 marker metabolites associated with fatty
acid metabolism, lipid metabolism, steroid hormone biosynthesis,
and amino acid metabolism were involved in the pathological pro-
cess of KYDS. The active ingredients of AS1350 against KYDS includ-
ing betaine, scoparone, clovene, stepharine, longipedunin C, gomisin
S, schizandrin, auxin A, and 1, 11-undecanedicarboxylicacid were
confirmed by PCMS software. Further results of potential targets
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prediction manifested that the components in AS1350 could rebal-
ance metabolic disorders in KYDS through multi-targets.

5.2. Revelation of the pharmacodynamic material basis

Numerous studies have displayed the utility of chinmedomics to dis-
cover the pharmacodynamic material basis of herbal medicines/herbal
formulas (Table 2). One prospective study is about the classic herbal for-
mula Sheng Mai San (SMS). The effectiveness of SMS in the treatment of
Alzheimer's disease (AD) was firstly evaluated by serum metabolomics.
A 72.32% call-back proportion of AD potential biomarkers intervened by
SMS indicated the benefits of SMS in treating AD. The mechanisms were
mainly related to lipid peroxidation, such as inhibiting the generation of
linoleic acid hydroperoxides (13-HPODE, 9-HPODE, and 9-OxoODE).
Correlation analysis suggested 8 constituents including schisandrin,
isoschisandrin, angeloylgomisin Q, gomisin D, angeloylgomisin H,
gomisin M2, ginsenoside F1, and 20(R)-ginsenoside Rg3 might be the
candidate leading compounds of SMS against AD (Lu et al., 2017;
Zhang et al,, 2018).

5.3. Quality control of herbal medicines

Quality control is one of the hot issues in the modernization of herbal
medicines (Zhang et al., 2015). The fundamental purpose of quality con-
trol is to control the effectiveness of herbal medicines (Liu et al., 2016).
Pharmacodynamic material basis-guided quality markers discovery
cuts to the heart of quality control and provides the foundation of stan-
dardization studies of herbal medicines and establishment of quality
standards (Sun et al., 2019; Wang et al., 2019; Zhang et al., 2018; Zhao
et al., 2019). Panax quinquefolius (PQ) is a famous herbal medicine
with the efficacy of outstanding replenishing qi, nourishing yin, clearing
heat and generating fluid (Yu et al., 2014). With the aim of offering basic
data for the establishment of PQ quality standard, chinmedomics tech-
nological platforms were introduced to investigate pharmacodynamic
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Fig. 3. Key technological platforms in chinmedomics strategy.
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material basis-based quality markers of PQ in the background of Com-
pound Zaofan Pill (Xiong et al., 2020). Correlation analysis of 41 blood
and urine marker metabolites with 14 serum constituents showed
pseudoginsenoside F11 and ginsenoside Rd were highly correlated
with the therapeutic effects of PQ on qi-blood deficiency syndrome.
Pseudoginsenoside F11 and Ginsenoside Rd were finally selected as
the potential quality markers of PQ.

5.4. Toxicity and safety assessment of herbal medicines

With the prevalence of herbal medicines use in modern medicinal
systems, herbal medicines are still not subject to the same surveillance
and regulation as conventional drugs for the reason that they are
viewed as being natural and therefore safe (Shaito et al., 2020). None-
theless, the safety of herbal medicines yet remains to be properly vali-
dated since some herbal medicines may have adverse outcomes and
induce possible herb-drug interactions (Li & Wang, 2020). Besides ap-
plications in efficacy evaluation of herbal medicines, chinmedomics
has been used to the assessment of toxicity of herbal medicines or for-
mulas. Yunnan Baiyao (YNBY) is a famous herbal prescription that has
been used for traumatology worldwide (Ness et al., 2017; Ren et al.,
2017). However, the sales of YNBY were once banned in Hong Kong
on account of its controversial content of Caowu (Aconiti Kusnezoffii
Radix, CW). In order to investigate the safe use of YNBY, the study of po-
tential biochemical mechanisms of CW toxicity was performed and a
total of 13 phenotypic toxicity biomarkers of CW were obtained (Yan
et al,, 2017). YNBY administration within a treatment cycle exhibited
no obvious toxicity and could regulate 5 core toxicity biomarkers of
CW to normal condition. These findings indicated that the toxicity
of CW was attenuated in the compatibility of YNBY (Ren et al., 2020).
Moreover, following the confirmed therapeutic effects of YNBY on
blood stasis syndrome, 7 alkaloids components from CW were proposed
as potential pharmacodynamic material basis of YNBY for activating
blood circulation and removing blood stasis (Yang et al., 2019).

6. Conclusion and perspective

Chinmedomics is an approach to effective evaluation of herbal med-
icines that encompasses systems biology, serum pharmacochemistry
of TCM and correlation analysis. Chinmedomics offers a way of
interpreting herbal medicines that simultaneously embraces the syn-
drome and the herbal formula—two of the most important elements
in clinical applications of TCM. A variety of studies have demonstrated
the power of chinmedomics in understanding the efficacy of herbal
medicines. Furthermore, recent applications of chinmedomics in the
field of pharmacodynamic material basis-guided quality markers dis-
covery facilitated quality control of herbal medicines—the other impor-
tant reason restricting the modernization of herbal medicines.

The event that Youyou Tu won the Nobel Prize has re-introduced
herbal medicines into worldwide attentions. The repertoire of herbal
medicines could offer rich pickings for modern drug developers, but re-
searchers must first explain and decipher herbal medicines with mod-
ern language. The innovations of analytical technologies and
bioinformatic methodologies enable the identifications of chemical con-
stituents and endogenous metabolites with high accuracy and sensitiv-
ity. One big concern comes from the validation of potential biomarkers
of syndromes. External validation is critical in ensuring the utility of
metabolomics findings. The marker metabolites selected in untargeted
metabolomics studies are suggested to be validated by targeted quanti-
tative determination to demonstrate the reliability of being diagnostic
syndrome biomarkers. Another challenge is explaining the mechanisms
of drug actions in-depth. Current chinmedomics strategy focuses on
evaluating the efficacy of herbal medicines from a system level. More ef-
forts should be made in the years ahead to take a closer look at thera-
peutic mechanisms point-to-point. For example, marker metabolites
should be traced back to the relevant enzymes or RNAs, therefore, the
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interactions of pharmacodynamic material basis with these enzymes
or RNAs could be explained using pharmacological tools in order to bet-
ter understand the therapeutic mechanisms of herbal medicines. Given
the increasing globalization of herbal medicines, chinmedomicis offers a
new framework for thinking about how to innovate drug discovery of
herbal medicines based on clinical effectiveness, and thus it is an idea
whose time has come.
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