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The research and development of new traditional Chinese medicine (TCM) drugs have pro-
gressively established a novel system founded on the integration of TCM theory, human ex-
perience, and clinical trials (termed the “Three Combinations”). However, considering TCM'’s
distinctive features of “syndrome differentiation and treatment” and “multicomponent formu-
lations and complex mechanisms”, current TCM drug development faces challenges such as
insufficient understanding of the material basis and the overall mechanism of action and an
incomplete evidence chain system. Moreover, significant obstacles persist in gathering hu-
man experience data, evaluating clinical efficacy, and controlling the quality of active ingredi-
ents, which impede the innovation process in TCM drug development. Network pharmaco-

Expert consensus logy, centered on the “network targets” theory, transcends the limitations of the conventional
“single target” reductionist research model. It emphasizes the comprehensive effects of dis-
ease or syndrome biological networks as targets to elucidate the overall regulatory mechan-
ism of TCM prescriptions. This approach aligns with the holistic perspective of TCM, offering a
novel method consistent with TCM'’s holistic view for investigating the complex mechanisms
of TCM and developing new TCM drugs. It is internationally recognized as a “next-generation
drug research model”. To advance the research of new tools, methods, and standards for TCM
evaluation and to overcome fundamental, critical, and cutting-edge technical challenges in
TCM regulation, this consensus aims to explore the characteristics, progress, challenges, ap-
plicable pathways, and specific applications of network pharmacology as a new theory, meth-
od, and tool in TCM drug development. The goal is to enhance the quality of TCM drug re-
search and development and accelerate the efficiency of developing new TCM products.

The Communist Party of China Central Committee and the
State Council prioritize the development of TCM, recognizing its
significance in the country’s economic and social advancement.
They have explicitly emphasized promoting TCM inheritance and
innovative development ", as well as utilizing modern scientific
methods to interpret TCM principles **. The National Medical
Products Administration (NMPA), in accordance with the Com-
munist Party of China Central Committee and State Council on the
Promotion of Chinese Medicine Inheritance and Innovative Devel-
opment of the Views document, is integrating modern scientific
and technological achievements to reform and enhance the regis-
tration and management system of TCM “° As the reform of
TCM’s registration and management system progresses, research
and development (R&D) of new TCM drugs has begun to adopt a
novel model based on the “Three Combinations”: TCM theory, hu-
man experience, and clinical trials. Despite the unique character-
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com (W. Xiao)
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istics of traditional Chinese medicine (TCM), such as its integrat-
ive approach to diagnosis and treatment, its multi-component
formulations, and its focus on multiple therapeutic targets, the
R&D of new TCM-based drugs face significant challenges. One of
the primary obstacles is the insufficient understanding of the
overall mechanisms of action, which leads to an incomplete evid-
ence chain for supporting drug efficacy. Additionally, challenges
persist in gathering reliable human clinical data, evaluating
therapeutic outcomes, and ensuring the quality control of the bio-
active components. These factors hinder the innovative develop-
ment of new TCM drugs. To navigate the inherent complexity of
TCM and make its foundational principles more accessible and
understandable, it is essential to introduce innovative, mul-
tidisciplinary approaches. Exploring novel tools and methodolo-
gies, such as advanced analytical technologies or systems-based
models, will be crucial for advancing TCM drug development and
improving its scientific validation.

Investigating the scientific principles of TCM and exploring
the intrinsic rules of its macro-phenotype and micro-molecular
characteristics is crucial to unraveling the complexities of TCM.
While TCM has amassed a substantial body of descriptive data at

Copyright © 2025, China Pharmaceutical University. Published by Elsevier B.V. All rights reserved.
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the macroscopic level, there is a relative paucity of microscopic-
level data accumulation. Consequently, interpreting the holistic
characteristics of TCM from a microscopic and systematic per-
spective presents a significant challenge in current TCM research.
The emergence of interdisciplinary fields such as computational
biology, bioinformatics, artificial intelligence, and big data sci-
ence has ushered medical and life science research into the era of
big data. Disease and drug studies have shifted from reduction-
ism to systematics and from isolated modes to diversified and
systematic research approaches. Notably, analyzing the correla-
tion mechanisms of diseases/syndromes and drugs from a biolo-
gical network perspective, using networks to portray the whole,
has further propelled the evolution of new pharmaceutical re-
search models > '’. This foundation has given rise to an emerging
cross-disciplinary field known as “network pharmacology (NP)”,
with “network target” as its core theory. NP transcends the limit-
ations of the “single target” reductionist analysis research mode,
emphasizing the integrated effects of disease or symptomatic bio-
logical networks as targets to characterize the overall regulatory
mechanism of TCM prescriptions. This approach, which emphas-
izes the comprehensive effects of disease or syndrome biological
networks as targets, is internationally recognized as the “next
generation of drug research model” '. NP is distinguished by its
combination of computational and experimental methods, align-
ing with TCM’s holistic treatment concept. This alignment cre-
ates favorable conditions for exploring TCM characteristics and
advancing toward international scientific and technological fron-
tiers "%,

To promote the standardization of novel tools, methods, and
standards for evaluating TCM and to address fundamental, critic-
al, and cutting-edge technical challenges in TCM regulation, this
consensus examines the characteristics, current progress, chal-
lenges, applicable pathways, and specific applications of NP in
TCM drug development. Based on the “network target” theory,
this approach aims to enhance the quality and efficiency of TCM
drug R&D. This consensus integrates various regulatory docu-
ments and technical guidelines, including the Special Provisions
on the Administration of Registration of TCM, the Classification
and Application Data Requirements for traditional Chinese medi-
cine Registration (No. 68, 2020), the Guiding Principles for Clinic-
al Research and Development of New Drugs for Compound Prepar-
ations of TCM Based on the Experience of the Human Use of TCM,
the Guiding Principles for the Research Techniques of New Drugs of
Improved TCM (for Trial Implementation), the Provisions on the
Administration of Simplified Registration and Approval of Com-
pound Preparations of Ancient Classical Prescriptions of Chinese
Medicines, and the Use of Artificial Intelligence and Machine Learn-
ing in the Research and Development of Pharmaceuticals and Bio-
logical Products. Additionally, it incorporates findings from relev-
ant projects and extensive deliberations by experts in the field.

1. Characteristics, current progress, and challenges in the ap-
plication of NP to the development of new drugs of TCM

1.1. Characteristics of NP applied to the R&D of new drugs of TCM

NP aligns with the holistic perspective and systematic ap-
proach of TCM. It offers novel methodologies and tools for invest-
igating the complex mechanisms of action in TCM and facilitates
the R&D of new TCM drugs. This approach is grounded in the or-
ganism’s biological network, elucidating the intricate relation-
ships between complex diseases, symptoms, prescriptions, and
medicinal compounds, which is consistent with TCM’s holistic
philosophy.

The central concept of NP, “network target”, encompasses
the interconnected systems of biomolecular, cellular, and organ
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interactions, along with their crucial sub-networks, modules,
pathways, nodes, or node combinations that play a pivotal role in
disease pathogenesis or syndrome formation. Herbal formulas,
drug combinations, and compound groups may treat diseases or
alleviate symptoms by systematically regulating these networks.
The overall mechanism of action of TCM formulas in disease
treatment can be elucidated by analyzing the structure and func-
tion of syndrome or disease network targets (including mo-
lecules, nodes, pathways, modules, and sub-networks) regulated
by the entire formula and its individual components. This pro-
cess involves integrating and quantitatively characterizing the
perturbations, synergistic effects, and propagation dynamics
among these various elements "’

The components of “network” in NP encompass herbal for-
mulas (compound formulas, single-flavour medicines, extracts,
components, and single compounds), targets (molecules, subcel-
lular structures, cells, tissues, organs), phenotypes (molecular
pathological markers, cellular behaviors, tissue properties, organ
traits), evidence, diseases, and related elements. Utilizing these
components and drawing from recent advancements in life sci-
ences, chemistry, bioinformatics, and computer science, the in-
teractions between TCM formulas and organisms are abstractly
represented as networks. Network science and technology are
then employed to analyze their connectivity, redundancy, multi-
plicity, emergence, complexity, and robustness (or self-stabiliza-
tion) to investigate the interactions (efficacy, pharmacology, tox-
icology, and pharmacogenetics) between drugs and organisms,
guiding the research and development of new TCM drugs. NP em-
phasizes the synergistic effects between drug components and
targets, as well as the perturbation of network targets to restore
or enhance network balance across organismal levels. This ap-
proach aligns with the holistic view intrinsic to Chinese medicine.
This approach can facilitate the integration of clinical efficacy and
basic theory in the development of new Chinese medicines. It
promotes the combination of clinical efficacy and basic theory,
macro-phenotype and micro-molecule, and pharmacological sub-
stance and pharmacology-toxicology during TCM drug R&D,
thereby improving the efficiency of new TCM drug development.
Recent breakthroughs in machine learning, particularly deep
learning, have positioned artificial intelligence (AI) as a promin-
ent research direction. Al algorithms can be applied to diverse
data types using various strategies to perform tasks such as
searching and discriminating, making them suitable for analyz-
ing the massive data and complex relationships in NP research,
thus advancing the development and application of NP in TCM. Al-
oriented NP not only represents a breakthrough in cross-discip-
linary research between Al and TCM but also provides a novel
strategy for efficient and in-depth development of new TCM
drugs """,

1.2. Research progress of NP applied to the R&D of new drugs of
TCM

1.2.1. Development stages of NP

The evolution and utilization of NP can be categorized into
three distinct phases: the initial exploration stage, the R&D stage,
and the widespread application stage (Fig. 1).

The early exploration stage (1999-2008) marked the incep-
tion of network-based approaches in TCM. In 1999, Shao Li from
Tsinghua University pioneered the hypothesis linking TCM to bio-
molecular networks ', In 2002, Li proposed that TCM formulas
might modulate complex disease gene networks through a syner-
gistic “multi-causal microeffects” mechanism '°. Building on this
foundation, Li initiated the development of a network-based nav-
igation system for TCM in 2006 . The following year, Li conduc-
ted groundbreaking analyses of biomolecular network differ-



S. Lietal

ences between TCM cold and hot syndromes, examining their
macro-micro dynamic changes through network-contextualized
information integration *> *". In October 2007, Hopkins intro-
duced the term “network pharmacology” *’, which was sub-
sequently proposed as “the next paradigm in drug discovery” in
2008 .

The research development stage (2009-2017) witnessed sig-
nificant advancements in NP. In 2009, Shao Li introduced the
“phenotypic network-biological network-herbal medicine net-
work” model for TCM syndrome and formula research *. Build-
ing on this foundation, Li proposed the “network target” concept
in 2011 and developed a synergistic drug combination prediction
algorithm, which was recognized as Essential Reading in the NP
Field by Faculty of 1000 **. Du proposed NP as a novel strategy
for drug discovery in 2010, moving beyond single-target ap-
proaches *°. Network scientist Barabasi emphasized the import-
ance of network medicine for identifying drug targets and bio-
markers in complex diseases in 2011 *. Concurrently, Xiao et al.
constructed a research model based on NP to elucidate the mo-
lecular mechanisms of Chinese patent medicines *”**. Zhou et al.
published a review on NP concepts for drug understanding and
discovery in 2012 *’, while Sun et al. highlighted NP’s role in TCM
modernization *’. Zhang proposed an NP-oriented strategy for
TCM redevelopment in 2013 *', and Li et al. further developed the
“network target, multi-component drug” model . Donald E.
Mager introduced a new target discovery strategy based on com-
plex disease-specific networks in the same year *’. In 2014, Xiao
and Wang et al. established the TCMN and TCMSP platforms,
providing essential tools for TCM-related NP research ****, Li pro-
posed an on/off effect model based on network target in Science
special issue in 2015 *°, while Barabasi introduced a systematic

37
. In

network-based approach for identifying disease modules
2017, Olivier proposed integrating biological and chemical struc-
tural features into a network-based model for active ingredient
discovery and drug mechanism studies **. These developments
demonstrate that the “network target” concept, rooted in TCM’s
original thinking, played a crucial role in NP’s origin and develop-
ment. NP represents a promising area for China’s independent in-
novation in pharmaceutical science, integrating TCM principles
with modern scientific interpretation.

The widely applied stage (2018-present) has seen signific-
ant advancements in NP. In 2019, Schmidt et al. utilized NP meth-
ods to predict synergistic targets *°, and in 2022, they proposed

2011
Network target-
core concepts of

2012

1999
TCM syndrome is
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shifting NP’s focus from treating symptoms to addressing root
causes *’. Barabsi et al., network scientists, applied NP methods
in 2021 to predict the mechanism of action of natural polyphen-
olic constituents *'. That same year, Xiao established an innovat-
ive R&D strategy for TCM driven by NP and centered on efficacy
substances, publishing a monograph that provided a research
paradigm for TCM innovation . Li led the development of the
first international standard for NP, the Guidelines for Evalua-
tion Methods of Network Pharmacology, which was released in
2021 ** and recognized as one of the Top Ten Academic Ad-
vances in TCM by the Chinese Society of Traditional Chinese
Medicine. Concurrently, Li edited the first NP monograph pub-
lished in both Chinese and English ***’, further standardizing and
guiding NP research in Chinese medicine. In 2023, Huang em-
ployed an NP approach to predict potential bioactive compon-
ents of Huashi Baidu Decoction . Researchers at the Dana-
Farber Cancer Institute, in collaboration with the Boulder Insti-
tute, developed a context-aware, attention-based deep learning
model that accelerated the discovery of key network modulators
and candidate therapeutic targets *’. In 2024, Li proposed an Al-
based framework for NP research *°.

The origin and development of NP can be traced to the ori-
ginal concepts of TCM, leading to a paradigm shift in TCM re-
search. NP has experienced rapid growth, with its application do-
mains expanding significantly. It has made notable advance-
ments in areas such as precision prevention and treatment in
TCM, as well as innovative research and development of TCM.
The field is progressing towards increased algorithmic precision,
enhanced efficiency in translation and application, and elevated
research standards. By maintaining a deep integration of TCM'’s
foundational principles with modern scientific and technological
approaches, NP has the potential to foster independent innova-
tion in China’s medical science and technology sector. This integ-
ration may catalyze the development of new, qualitative pro-
ductivity in TCM and guide future paradigm shifts in medical re-
search and practice.

1.2.2. Establishment of NP evaluation method guidance

The development of the Network Pharmacology Evaluation
Method Guidance, the first formal international standard in the
field of TCM for an emerging discipline, represents a significant
advancement towards its robust development and application in
TCM drug R&D. Grounded in the core theory of NP, “network tar-
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get”, this guidance establishes standardized criteria for evaluat-
ing NP and defines the reliability and accuracy of its technical
methods. The formulation of these guidelines contributes to en-
hancing the overall research quality in NP, holding substantial
practical significance in standardizing its application in TCM drug
R&D. It has the potential to elevate the “network target-system
regulation” based R&D model into a more rigorous, scientific, and
universally applicable drug research paradigm. Furthermore, it
promotes more standardized computational, experimental, and
clinical applications of NP in the development of new TCM
drugs .

1.2.3. Publication of Chinese and English monographs of NP

Network Pharmacology is the first comprehensive book in
China to systematically introduce the theory, methods, and ap-
plications of NP. Springer has published it globally, contributing
significantly to the international dissemination and advancement
of NP in China, as well as its application in the research and de-
velopment of new TCM drugs. The book methodically presents
the developmental history of NP and the core concept of “net-
work target”, the application of NP based on Al algorithms in
drug development, commonly used databases and software in
NP, modernization of TCM based on NP, and the practical pro-
cess of NP based on drugs and diseases. This publication offers a
novel approach to deciphering TCM principles and provides digit-
al, intelligent, and accurate solutions to the challenges of TCM in-
heritance, innovation, and development. It supports TCM re-
search and development, clinical medicine use, and the training
of related professionals, thereby fostering high-quality advance-
ment in the field and industry of Chinese medicine ***’.

1.2.4. Experimental platform for the application of NP to the devel-
opment of new drugs of TCM

The Using Network Target for Intelligent and Quantitative
Analysis on Drug Actions (UNIQ), an Al-enabled network target
analysis platform, received the prestigious “Gold Medal of Special
Mention by the Jury” at the 49™ International Exhibition of Inven-
tions in Geneva. This marks the first application of Al in TCM re-
search independently developed by Shao Li's team. The UNIQ sys-
tem introduces a core algorithm for “relationship inference”
between Chinese and Western medicine phenotypes, biomolecu-
lar networks, and Chinese and Western drugs. The algorithms, in-
cluding CIPHER *° and drugCIPHER °', have demonstrated re-
markable precision, achieving 2.3 times the accuracy of the
highest precision method reported in Nature Biotechnology for
genome-wide prediction of disease-causing genes ** and 5.9 times
that of a method reported in Science for prediction of drug tar-
gets . Utilizing these core algorithms, UNIQ localizes diseases
and drugs at the molecular level and computationally predicts
drug combinations and synergistic intervention modules, integ-
rates information across phenotype-tissue-cell-molecule levels,
and conducts comprehensive analyses of the relationships
between Chinese and Western medicine phenotypes, cells, mo-
lecules, and drugs. The UNIQ system enables systematic analysis
of disease-syndrome-prescription-medicine correlation mech-
anisms from a biological network perspective of disease-syn-
drome combinations. It establishes key technologies for scientific
analysis of disease-syndrome combinations based on network
targets, applicable to precise diagnosis, treatment, medication,
and R&D in both Chinese and Western medicine. The network
target theory bridges the gap between macroscopic and micro-
scopic intrinsic correlation analyses, facilitating the integration of
TCM and modern medicine. It provides new theories and meth-
ods for exploring TCM principles, while the UNIQ system offers a
crucial technical support platform for applying network target
theory.

Employing the UNIQ system to target angiogenesis mechan-
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isms in rheumatoid arthritis, combined with global network tar-
get prediction screening and the expertise of renowned TCM
practitioners, the Qingluo Decoction has been refined and en-
hanced. This process has yielded a modified Qingluo Decoction
with a more precise mechanism and improved clinical efficacy.
The UNIQ system has also been utilized to support the research
and development of novel TCM drugs, such as Yingiao Qingre
Tablet and Yiqi Tonggiao Pill, as well as the advancement of es-
tablished TCM formulations like Tian Shu Capsule and Xuebijing
Injection. These efforts aim to elucidate the scientific principles
underlying major TCM formulations, enhance their competitive-
ness, and establish a model for wider adoption and dissemina-
tion.

The UNIQ system has been evaluated as an integrated ap-
proach that combines macro- and micro-level data of TCM and
disease-syndrome relationships. This system characterizes the
overall regulatory mechanism of TCM formulas by targeting the
comprehensive effects of disease or syndrome biological net-
works. Such an approach can guide the development of practical
R&D strategies for new TCM drugs, thereby enhancing the spe-
cificity and precision of TCM drug R&D **.

Various database platforms support the R&D of new TCM
drugs. The ETCM database platform integrates standardized in-
formation on herbs, formulas, and their components, including
TCM ingredients, medicinal flavors, properties, attributed meridi-
ans, and potential target genes. It constructs a network relation-
ship mapping between TCM and formulas, ingredients, target
genes, related pathways, and diseases. The platform encom-
passes 2079 Chinese herbal medicines, 48 442 ancient formulas,
9872 Chinese patent medicines, 38 298 Chinese medicinal in-
gredients, 1040 gene targets, and 8045 disease-related data veri-
fied or predicted by experiments *°. The TCMID database plat-
form focuses on the collection of TCM-related chemical composi-
tions and action targets *°. The SymMap database platform is spe-
cifically designed to explore the relationships between TCM syn-
dromes and other medical entities, constituting a heterogeneous
network of six entity types: TCM syndrome, herbal medicine,
Western medicine symptoms, syndrome-associated diseases,
herbal medicine components, and drug targets *’. TCM-PTD, a
TCM potential target database, proposes a component pairing op-
timization strategy for the network balance construction al-
gorithm and conducts experimental studies to create a compre-
hensive evaluation method of TCM efficacy based on network
regulation and a multi-component/multi-target/multi-pathway
network construction method. The TCMGeneDIT database plat-
form constructs and evaluates relationships between TCM, genes,
and diseases through literature mining *°. The INPUT platform
stores data on Chinese medicines, diseases, active ingredients,
and targets, integrating multiple bioinformatics methods to
achieve automated analysis of NP, target gene function enrich-
ment analysis, data querying and retrieval, and drug similarity
analysis *°. The TCMN database platform stores data on Chinese
medicines, source plants, ingredients, targets, biological path-
ways, clinical indicators, and standard transcriptome data from
in vitro model screening. It links drug targets, diseases, and TCM
components to predict activity and analyze mechanisms of TCM
formulas and natural products, establishes optimization
strategies for TCM components based on biological pathway net-
works, and achieves quantitative analysis of synergistic effects
among TCM components. TCMSP and BATMAN-TCM focus on
constituent-based target prediction and network analysis. These
database platforms provide essential tools and technical means
for NP utilization in the R&D of new Chinese medicines, serving
as crucial support for NP research **°".

1.3. Challenges in the application of NP to the development of new
drugs of TCM

The application of NP to the research and development of
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new drugs in TCM represents an emerging research direction.
This field currently faces numerous developmental opportunities
and challenges in both theoretical and methodological aspects.

These challenges stem from two primary sources: firstly, the
limitations of fundamental biological, medical, and pharmacolo-
gical theoretical knowledge; secondly, the insufficient data accu-
mulation, inadequate computational methods, and poorly defined
research systems for NP. Consequently, some NP studies find
themselves constrained by homogenization issues *.

Regarding data accumulation, public databases provide a
foundation for NP. However, existing public databases face chal-
lenges in data quality and volume, which hinder researchers’ abil-
ity to comprehensively and systematically integrate information
from multiple sources and obtain reliable results. In the realm of
computational methods, network-based approaches offer essen-
tial technical support for objective scientific pharmacological re-
search. Nevertheless, several methodological challenges persist,
including how to effectively highlight the holistic and systematic
characteristics of NP, construct quantitative and dynamic net-
work models, and enhance the applicability of NP methods in ad-
dressing complex diseases and facilitating new drug discovery
and development. These areas require further in-depth consider-
ation and exploration by researchers. Concerning the research
system, high-level NP studies are characterized by the profound
intersection of computation and experimentation, the integra-
tion of multi-omics data, and the convergence of mathematics
and various biological disciplines. Further investigation into NP’s
potential for studying complex diseases, understanding syn-
drome mechanisms, and elucidating drug action mechanisms
through the deep cross-fertilization of diverse information
sources represents a noteworthy avenue for breakthrough re-
search.

With the ongoing development of NP, the continuous accu-
mulation of biological big data, and advancements in computa-
tional and experimental methods, this field is anticipated to
provide increasingly reliable information for systematically un-
derstanding the interactions between diseases/syndromes and
drugs. This progress is expected to offer crucial technical support
for drug R&D, mechanism elucidation, drug efficacy evaluation,
and precision medicine. Furthermore, it is likely to provide signi-
ficant momentum for the widespread adoption and application of
NP theories and technologies.

2. Application paths of NP in the R&D of new drugs of TCM

New drugs of TCM encompass innovative TCM drugs, modi-
fied new TCM drugs, and ancient classical formula TCM com-
pound preparations. The National Medical Products Administra-
tion has issued regulations supporting the development of new
TCM drugs based on ancient classical prescriptions, experienced
prescriptions of renowned Chinese medicine practitioners, and
TCM preparations formulated by medical institutions with ex-
tensive clinical experience. These regulations also encourage the
application of emerging science and technology to study and elu-
cidate the mechanisms of action of TCM. Network targets, a key
technique in NP, play a crucial role in analyzing the overall mech-
anisms of action of TCM formulas. This approach elucidates the
multi-component and multi-pathway regulatory effects on specif-
ic biological network targets related to diseases and syndromes.
It contributes to deepening the understanding of pharmacologic-
al mechanisms, enhancing safety assessments, guiding formula-
tion optimization, refining clinical trial design, and improving
evaluation standards. By systematically analyzing the interac-
tions between various components of the formulation and biolo-
gical networks, NP reveals the multi-target and multi-pathway
pharmacological mechanisms, assesses potential toxicological
risks, and provides guidance for formulation optimization. Addi-
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tionally, it offers a scientific basis for the design of clinical trials
and helps to improve the standards and processes for evaluating
hospital preparations. This approach enhances the scientific rig-
or and standardization of research and evaluation processes. NP
aids in understanding and addressing the complexities of the
chemical systems in TCM formulas and their interactions with
biological systems. It provides a systematic perspective on the
mechanisms of disease development and the overall therapeutic
effects of TCM interventions from the viewpoint of biological net-
work balance. This supports research into the theoretical founda-
tions of traditional TCM preparations, accelerates the translation
of clinical experience from renowned TCM practitioners, and of-
fers robust theoretical support for the development of hospital
preparations. Furthermore, it facilitates the deep integration of
the industrial and innovation chains, promoting collaborative de-
velopment between healthcare institutions.

2.1. Innovative drugs of TCM

Innovative TCM drugs encompass novel formulations that
are not included in the National Drug Standards, the Drug Regis-
tration Standards, or the Catalog of Ancient Classical Prescriptions
issued by the National TCM Authority. These formulations must
demonstrate clinical value and should not have been previously
marketed internationally. Innovative TCM drugs comprise:

Class 1.1: compound preparations formulated from multiple
medicinal materials or extracts, guided by TCM theory.

Class 1.2: extracts and their preparations derived from indi-
vidual plant, animal, or mineral sources.

Class 1.3: medicinal materials and their preparations, as well
as novel medicinal components derived from animals or plants,
which are not currently included in national or provincial drug
standards.

Class 1.1 compound preparations may originate from vari-
ous sources, including clinical experience formulas, medical insti-
tution preparations, modified classical formulas (excluding those
in the classical formula catalog), and modern research-based sci-
entific formulas. Clinical experience research plays a crucial role
in preliminary assessments of a drug’s efficacy, safety, and bene-
fit-risk profile. The extent of clinical experience support may de-
termine the necessity of subsequent pharmacodynamic tests and
exploratory clinical trials. Comprehensive clinical experience in-
formation, encompassing prescription sources and evolution, key
pharmaceutical data, clinical usage, and practice data, is instru-
mental in designing confirmatory clinical trials. This information
aids in defining target populations, therapeutic ranges, dosages,
endpoints, observation periods, follow-up nodes, and sample size
parameters.

NP allows for an in-depth analysis of the complex formula-
tions of Chinese herbal medicine by constructing multi-layered
networks. These networks elucidate the multi-target modulatory
effects of herbal compounds at various biological levels, from mo-
lecular interactions to systemic outcomes. By identifying key
therapeutic targets and effective components, NP helps clarify the
synergistic mechanisms underlying disease development and the
therapeutic effects of Chinese herbal medicines. This approach is
invaluable for both the pharmacological and toxicological re-
search and evaluation of compound preparations. Furthermore,
when integrated with clinical research based on human experi-
ence, NP can optimize prescription formulations through theoret-
ical modeling and experimental verification of network targets,
ultimately supporting the design of confirmatory clinical trials.

Furthermore, NP facilitates pharmaceutical research of Class
1.1, 1.2, and 1.3 innovative Chinese herbal medicine by identify-
ing clinical efficacy components and establishing quality stand-
ards and control systems based on these identified components

(Fig. 2).
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2.2. Modified new drugs of TCM

Modified new drugs of TCM involve alterations to existing
TCM products that enhance their clinical efficacy through changes
in administration routes, dosage forms, or therapeutic functions.
These modified new drugs of TCM encompass:

Class 2.1: formulations with altered administration routes.

Class 2.2: formulations with modified dosage forms.

Class 2.3: formulations with additional therapeutic functions.

Class 2.4: formulations with modified production processes or
excipients that substantially affect the medicinal substance’s fun-
damental properties or absorption characteristics.

Modified new drugs of TCM emphasize ongoing research and
secondary development of marketed products, leveraging clinic-
al advantages and product features through advancements in sci-
ence and technology. NP, combined with Al, can predict drug
metabolism and excretion network targets, supporting rational
administration routes and dosage form development for Class 2.1
and 2.2 modified new drugs of TCM. Furthermore, drug reposi-
tioning can expand indications beyond those already marketed,
aiding the development of Class 2.3 modified new drugs of TCM.
NP can also construct disease network models and drug target
spectra, identify potential efficacy components related to key
disease network nodes, and optimize production processes
and quality standards for Class 2.4 modified new drugs of TCM

(Fig. 2).
2.3. Ancient classical formula TCM compound preparations

These preparations originate from ancient classical formulas.
They encompass:

Class 3.1: compound preparations administered in accord-
ance with the ancient classical formula catalog.

Class 3.2: classical formula compound preparations not regu-
lated by the catalog and those derived from modified ancient for-
mulas.

The development of classical formula compound prepara-
tions does not necessitate non-clinical efficacy studies or clinical
trials. Instead, it involves two primary stages: establishing the
“classic formula material benchmark” and developing the prepar-
ation, ensuring that key quality attributes align with those
defined by the benchmark. NP, utilizing Al and big data analysis,
addresses the complexity of quality attributes by analyzing the ef-
ficacy components of classical formula compound preparations,
thereby supporting the selection of preparation processes and
quality control indicators ®*. Furthermore, it optimizes new ef-
fective compound prescriptions based on clinical experience and
NP, enhancing the development quality of Class 3.2 classical for-
mula new drugs. Ultimately, this approach supports the develop-
ment of Class 3.1 and 3.2 classical formula TCM compound pre-
parations (Fig. 2).

3. Application of NP in the development of new drugs of TCM

This section is structured according to the Classification and
Application Data Requirements for Traditional Chinese Medicine
Registration (No. 68, 2020) (hereafter referred to as Require-
ments). It is organized into relevant components for Module 3:
pharmaceutical research, Module 4: pharmacological and toxico-
logical research, and Module 5: clinical research.

3.1. Support for pharmaceutical research in Module 3 of TCM new
drug registration

NP has the capacity to facilitate the evaluation of preparation
process routes and the examination of process parameters in the
preparation process materials of Module 3 of the Requirements.
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Additionally, it can aid in the selection of quality control indicat-
ors within the research materials pertaining to formulation qual-
ity and quality standards (Fig. 3).

3.1.1. Design of preparation process

Efficacy substances (efficacy component groups) refer to the
chemical components in TCM that exhibit clinical efficacy. These
substances correlate the network target and complex component
groups, addressing “disease-syndrome” through multi-dimen-
sional network effects. They must reflect the characteristics of
TCM composition, represent the overall efficacy intensity, and
embody the specific therapeutic functions of TCM ‘. Current
quality standards often utilize indicators of specific ingredients,
which may not fully capture the overall product quality. Con-
sequently, targeted research should be conducted, integrating
macroscopic syndromes with omics information such as genom-
ics, transcriptomics, proteomics, metabolomics, and microbiom-
ics. This approach aims to construct related disease-syndrome
network models and drug target spectra, identify potential effic-
acy substances associated with key disease-syndrome network
nodes, and establish methods and technical systems for analyz-
ing TCM efficacy substances. The efficacy of TCM compounds res-
ults from the extensive regulation of biological networks (includ-
ing DNA, RNA, proteins, small molecule metabolites, etc.) by their
efficacy substances **. Therefore, evaluating the preparation pro-
cess of TCM compounds using a single indicator can be limiting .
NP aids in identifying substances related to TCM efficacy and un-
derstanding their mechanisms, which can inform extraction pro-
cess design and quality standard establishment *°*”, For instance,
NP can predict the active components, potential targets, and
mechanisms of action of Ziziphi Spinosae Decoction for insomnia.
Under the Quality by Design (QbD) concept, this method facilit-
ates the establishment of a robust design space for the extraction
process, providing references for preparation process develop-
ment *.

3.1.2. Quality standard research

In recent years, TCM quality standards have evolved from
single-indicator to multi-indicator controls. However, many con-
trolled indicators remain unrelated to drug efficacy, and the over-
all control level of internal quality has not achieved significant
breakthroughs. Furthermore, the inconsistency in raw material
quality and inadequate quality control during production result
in batch-to-batch variations, affecting drug efficacy and failing to
meet international standards. Consequently, quality control is-
sues represent the primary obstacle in TCM modernization and
internationalization. By utilizing TCM formula-molecule-disease
biological networks, key components or modules can be identi-
fied as quality control indicators to evaluate TCM clinical efficacy.
This approach promotes precise quality control of TCM formulas
and supports international clinical trials ",

A predictive analysis using NP was conducted on the active
components and potential quality control indicators of Xiao'er
Foshao Hezhong Granules for treating functional abdominal pain
in children. The chemical constituents were analyzed using HPLC-
Q-TOF-MS/MS technology. Active components were identified by
combining results with oral bioavailability and drug-likeness
screening, along with indicator components specified in the 2020
edition of the Chinese Pharmacopoeia. NP was then employed to
predict the pharmacological basis for treating functional abdom-
inal pain, leading to the identification of potential active compon-
ents. The analysis revealed 72 active components in the formula-
tion, with 13 identified as chemical constituents controlled by the
current edition of the Chinese Pharmacopoeia for medicinal ma-
terials or decoction pieces. These include hesperidin from Citri
Sarcodactylis Fructus (Foshou) as the chief herb; paeoniflorin
from Paeoniae Radix Alba (Baishao), berberine, palmatine, cop-
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tisine, and epiberberine from Coptidis Rhizoma (Huanglian) as
minister herbs; forsythoside A and forsythoside E from Forsythi-
ae Fructus (Liangiao), and evodiamine, rutaecarpine, and limon-
in from Euodiae Fructus (Wuzhuyu) as adjuvant herbs; and gly-
cyrrhizic acid and liquiritin from Glycyrrhizae Radix et Rhizoma
Praeparata Cum Melle (Zhigancao) as envoy herbs. This compre-
hensive analysis supports the approval of Xiao'er Foshou San as a
Class 1.1 TCM compound preparation and the initiation of clinic-
al trials for treating functional abdominal pain with Qi stagnation
syndrome in children. Similarly, Guizhi Fuling Capsules (originat-
ing from the Jingui Yaolue formula Guizhi Fuling Wan) utilized an
integration of NP, computational molecular docking, and UPLC-
QTOF/MS/MS techniques to identify quality control components
related to efficacy. This approach elucidated the mechanisms of
action for treating primary dysmenorrhea, pelvic inflammation,
and uterine fibroids, addressing issues of unknown active com-
ponents and quality standards that do not reflect product effic-
acy. Additionally, NP was employed to identify the core active
components of Tianshu Capsules, enhancing quality standards
and control. This led to its inclusion in the Chinese Pharmaco-
poeia, significantly improving the market competitiveness of the
TCM product.

Furthermore, utilizing the network target-based intelligent
and quantitative analysis system of NP, a predictive analysis was
conducted on the active components and potential quality con-
trol indicators of Ji-chuan-jian Granules for treating slow-transit
constipation. The analysis identified 36 active components. Of
these, nine chemical constituents were recognized from medicin-
al materials or decoction pieces that are quality-controlled in the
2020 edition of the Chinese Pharmacopoeia. These include acteos-
ide and echinacoside from the chief herb Cistanches Herba (Rou
Cong Rong), ferulic acid from the minister herb Angelicae Sinen-
sis Radix (Danggui), and p-ecdysterone from Achyranthis
Bidentatae Radix (Niuxi). Moreover, isoferulic acid from the ad-
juvant herb Cimicifugae Rhizoma (Shengma), naringin and neo-
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hesperidin from Aurantii Fructus (Zhiqiao), and 23-acetylalismol
B and 23-acetylalismol C from Alismatis Rhizoma (Zexie) were
also identified. This analysis supports the approval of Ji-chuan-ji-
an Granules as a Class 3.1 traditional Chinese medicine com-
pound preparation derived from ancient classical formulas.

3.2. Support for pharmacological and toxicological research in
Module 4 of TCM new drug registration

NP technology can contribute to the pharmacological re-
search of traditional Chinese medicine efficacy in Module 4 of the
Requirements, as well as support toxicity research and safety
evaluations in toxicology research materials.

3.2.1. Pharmacological research

Elucidating the integrated regulatory mechanisms of TCM
compound efficacy substances is essential in pharmacological and
efficacy research. The equilibrium between TCM efficacy compon-
ent groups and disease target networks is fundamental to TCM
disease treatment. Traditional pharmacological research often
emphasizes single signaling pathways or pathological links, or
solely differential gene changes post-intervention, lacking a com-
prehensive multi-component, multi-target, and multi-pathway
perspective "*. NP offers a theoretical and technical framework to
visualize the interaction between TCM efficacy components and
disease target networks, with broad applications in studying the
pharmacological mechanisms of TCM formulas, compounds,
single herbs, and monomers. By integrating in vivo and in vitro
experiments, this approach illuminates the relationship between
the active components of TCM compounds, their molecular tar-
gets, associated biological pathways, and observed phenotypic
outcomes, facilitating the understanding of their integrated regu-
latory mechanisms "*””. For instance, in investigating the mech-
anism of action of Anchusa italica Retz in treating cerebral
ischemia-reperfusion injury, NP was employed to construct a net-
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work of cerebral ischemia-reperfusion injury and the target sites
of active compounds in Anchusa italica Retz. The study revealed
that administering Anchusa italica Retz significantly improved
neurobehavioural dysfunction caused by cerebral ischemia-
reperfusion injury and reduced brain tissue pathological damage.
Furthermore, Anchusa italica Retz can regulate biological pro-
cesses such as inflammation and apoptosis, and intervene in tu-
mor necrosis factor, vascular endothelial growth factor, and hyp-
oxia-inducible factor-1 signaling pathways through 143 ischemic
stroke-associated targets “. Utilizing NP research strategies,
single-cell multi-omics, and target confirmation, researchers
found that cycloastragenol, an active ingredient in the traditional
Chinese medicine Astragali Radix, directly targets histone B to re-
duce MHC-I degradation on tumor cells, thereby enhancing CD8 T-
cell-mediated anti-tumor immunity. This finding elucidated the
scientific basis of Astragali Radix as “Strengthening the body and
fighting cancer” *. Another study examining the overall mechan-
ism of pediatric Jianpi Granules using NP found that its action
may be related to regulating mast cell and Th17 cell-based im-
mune cell activation and differentiation, inhibiting inflammation,
interfering with serotonin and NO levels, improving intestinal im-
mune and secretory environments, restoring gastric motility, al-
leviating gastric motility disorders and visceral hypersensitivity,
and enhancing epithelial cell permeability. It also demonstrated
potential stress and anxiety relief effects without significantly im-
pacting children’s growth and organ development, contributing
to its approval as a Class 1.1 Chinese medicine compound prepar-
ation. Additionally, NP methods revealed the inflammatory, im-
mune, and antiviral modules of ReDuNing Injection for treating
upper respiratory tract infections, providing insights into its
mechanism of action **. NP has also elucidated the network regu-
lation mechanism of Xuebijing Injection in treating systemic in-
flammatory response syndrome, sepsis, COVID-19 pneumonia,
and other stasis-toxicity syndromes. It revealed that 24 compon-
ents of Haemopigment Injection, including hydroxy saffron yel-
low pigment A and paeoniflorin, regulate inflammation, apoptos-
is, and coagulation, exerting the efficacy of “resolving stasis and
detoxification”, providing crucial scientific evidence for treating
critically ill patients *. Furthermore, NP demonstrated how
Xuanfei Baidu Decoction, through multi-component and multi-
target regulation, balances immune-inflammatory responses,
combats viral infections and protein transcription, and restores
liver and bile metabolism and energy metabolism balance *, sup-
porting its approval as a Class 3.2 TCM new drug. NP also contrib-
uted to the approval of Fuzheng Jiedu Granules as a Class 3.2 an-
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cient classical formula Chinese medicine compound preparation
by revealing its intervention in neocoronavirus infections
through modulation of four modules: immunity/inflammation,
cardiovascular damage, nutrient metabolism, and energy meta-
bolism.

3.2.2. Safety and toxicity evaluation

The intricate nature and specificity of TCM, coupled with the
increasing prevalence of combined Chinese and Western medi-
cine usage, lifestyle changes, and shifts in disease patterns, have
significantly complicated the context and environment for TCM
application. This complexity has led to a steep increase in safety
risks, such as the irrational use of TCMs, resulting in frequent ad-
verse reactions/events. These developments pose new chal-
lenges for scientifically understanding emerging situations and is-
sues in TCM safety. NP can effectively elucidate the toxicity char-
acteristics and modes of action of TCM from the perspective of
TCM component-effect target interactions, revealing its influence
on efficacy and toxicity *. This approach provides technical refer-
ences for constructing more scientific and effective compounding
and toxicity reduction strategies and methods *. For instance, in
studying the hepatotoxicity mechanism of Epimedii Folium, NP
was employed to construct a “hepatotoxicity—hepatotoxic com-
ponents—hepatotoxic targets—hepatotoxic mechanism” network.
This analysis identified icaritin as a key toxic component among
various active ingredients in Epimedii Folium, closely related to
several hepatotoxic targets. The study predicted icaritin as one of
the main material bases of Epimedii Folium'’s hepatotoxicity and
found its toxicity mechanism closely related to cellular oxidative
stress response and induced apoptosis, which was subsequently
verified experimentally. These findings provide a reference for
the safe clinical use of Epimedii Folium *’. Additionally, NP has
been used to establish a “Chinese medicine-component-target-
pathway” network, revealing the core target of Astragali Radix in
intervening in the nephrotoxicity of Tripterygium wilfordii, thus
providing a reference for its safe and rational use *. In a study on
the hepatotoxicity of Polygonum multiflorum Thunb components,
a “toxicity-gene-target-drug” interaction network was estab-
lished through NP to analyze adverse drug effects and evaluate
TCM biosafety. This approach predicted potential key targets for
Polygonum multiflorum Thunb-induced hepatotoxicity, suggest-
ing that the toxicity mechanism may be related to oxidative stress
and mitochondrial damage, potentially causing disturbances in
bile acid, purine, energy, and lipid metabolism. Experimental val-
idation confirmed dianthrones as possible components in the
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hepatotoxicity induced by Polygonum multiflorum Thunb *. In
ethnomedicine, NP has been used to explore the detoxification
mechanism of Chebulae Fructus against Aconiti kusnezoffii Radix
toxicity. By establishing an active ingredient-target-pathway
network, it was found that Chebulae Fructus could regulate cardi-
ac function to detoxify Aconiti kusnezoffii Radix through various
biological processes and pathways *’. This approach provides in-
sights into explaining safety and evaluating toxicity in new TCM
R&D processes.

3.3. Support for clinical research in Module 5 of new TCM registra-
tion

NP can facilitate the investigation of human experiences, the
development of functional indications, and the assessment of
clinical value within the clinical research materials of Module 5 in
the Requirements.

3.3.1. Human use experience mining and prescription optimization
The clinical experience of Chinese medicine practitioners is
derived from a specific formula originating in clinical practice,
combined with classical knowledge, repeatedly validated, and
aligned with the inherent principles of Chinese medicine for dis-
ease prevention and control. This approach, formed according to
Chinese medicine theories of identification and treatment, offers
significant advantages in clinical application . However, evaluat-
ing the efficacy of Chinese medicines from a holistic perspective
and analyzing the intrinsic connection between formulas and
symptoms remains a challenge in clinical research of Chinese
medicine. NP effectively utilizes patient clinical big data and the
expertise of renowned TCM practitioners. It elucidates the inter-
vention effect of TCM on disease networks through the
“disease-gene-target-drug” interaction network system and in-
fers the causal relationship between TCM targets and efficacy by
analyzing the regulatory effects of multi-target TCM modules at
the network level. Furthermore, it explores the internal relation-
ships and patterns between TCM formula compatibility and asso-
ciated syndromes *> %, bridging theory, method, formula, and
medicine. This approach not only enriches the fundamental the-
ories of Chinese medicine and fosters innovative academic ide-
as ”, but also facilitates the integration of modern scientific tech-
niques with human experience, offering new perspectives for the
inheritance of renowned practitioners’ expertise and the precise
development of TCM **“. For instance, NP was employed to tar-
get a specific biological network of rheumatoid arthritis, leading
to the precise optimization of the renowned Qingluo Decoction.
This resulted in a modified Qingluo Decoction that targets an-
giogenesis in rheumatoid arthritis. Clinical studies have demon-
strated that this modified formula improves clinical efficacy and
enhances precise clinical positioning ** ”’. Another example in-
volves the use of NP to discover a novel Liuwei Dihuang Formula
(LW-AFC), composed of active ingredients from Liuwei Dihuang
Wan (LWDH). This formula has shown potential in improving be-
havior and reducing pathological damage in Alzheimer’s disease
model mice by regulating, restoring, and maintaining the neur-
oendocrine-immune regulatory network balance. These findings
suggest that LW-AFC has potential clinical value for preventing
and treating Alzheimer’s disease while also demonstrating the ef-
ficacy of NP in prescription optimization . By analyzing the
pathological mechanism of chronic heart failure from a TCM per-
spective, a treatment principle of warming Yang and supplement-
ing Qi, activating blood and eliminating stasis, dissolving phlegm,
and promoting urination was identified. Formulae that reverse
the dysregulated signaling pathway network of chronic heart fail-
ure were calculated through targeted transcriptome and path-
way enrichment. Heihuang Chizhu Yin (HCY) was selected for anti-
chronic heart failure based on expert experience and modifica-
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tion of the calculated formulae. HCY can reverse more than 90%
of the dysregulated pathways in chronic heart failure patients.
This research aims to provide a novel approach to the develop-
ment of innovative Chinese herbal medicine ™.

3.3.2. Discovery of new indications

Systems biology posits that health is founded on the equilib-
rium of biological networks, while disease stems from their im-
balance. Drug therapy aims to restore this balance or mitigate its
disruption. In treating complex diseases, drugs often modulate
the entire “disease-causing network” rather than targeting a
single gene, thus influencing the disease phenotype. NP can
mechanistically link the clinical phenotypes of drugs and dis-
eases, elucidating the biological network regulation mechanisms
of Chinese medicines. This is achieved by analyzing the target
spectrum of compounds in Chinese medicines, potential disease
pathways, and the synergistic relationships of biological pro-
cesses, providing a scientific basis for the clinical precision posi-
tioning of Chinese medicines and the discovery of new indica-
tions '”’. For instance, NP was employed to uncover clinical evid-
ence supporting the use of heat-clearing herbal medicines for
coronavirus infections, which was subsequently included in
WHO'’s Clinical Management of COVID-19 "**'%, By constructing a
cellular-molecular network related to immunoregulation of
coronavirus infection, the efficacy and mechanism of ReDuNing
Injection, a heat-clearing and detoxifying TCM, against the novel
coronavirus were discovered. This research was incorporated in-
to the Coronavirus Disease-19 Prevention and Control-Consensus
Diagnosis and Treatment of Coronavirus Disease-19 by the Nation-
al Health Commission, providing a crucial scientific basis for the
upgraded R&D of the TCM and its clinical application '**'*. An-
other example involves the use of NP to discover that the core ef-
ficacy components of the compound Kushen Injection, such as
picloram, oxidized picloram, sophoridine, and oxidized sophorid-
ine, exhibit the “clearing heat and draining dampness” efficacy
mechanism by interfering with oxidative stress, immune-inflam-
matory response, and other modules mediated by IL-1f, MDM2,
and related factors. This research led to the identification of the
compound Kushen Injection as a potential treatment for radiolo-
gical lung injury, refining its clinical positioning and providing a
key scientific basis for its new indications to be declared for re-
gistration by the U.S. FDA. Additionally, NP research technology
was utilized to elucidate the potential molecular mechanism of
Ejiao compound for tumor treatment from a “multi-component,
multi-target” perspective. The study revealed that Ejiao com-
pound can directly regulate the differentiation, growth, prolifera-
tion, and apoptosis of cancer cells, exhibiting certain anti-tumor
effects. Simultaneously, it can indirectly enhance the anti-tumor
effect by tonifying the blood and improving immunity '*. These
findings contributed to its approval as a new drug of Class 2.3 im-
proved traditional Chinese medicine.

3.3.3. Discovery of efficacy biomarkers and precise targeting of clin-
ical indications

Revealing the association mechanism between Chinese medi-
cine and symptoms while promoting the precision of TCM dia-
gnosis and treatment, is a critical challenge in improving TCM’s
clinical efficacy. NP combines complex biological network analys-
is with artificial intelligence and multi-omics detection to intelli-
gently analyze multimodal features related to symptoms. This ap-
proach quantitatively couples macro-phenotypic features of
symptoms with microscopic information, such as cellular and
molecular data, systematically elucidating the biological net-
works underlying symptoms. Consequently, NP can identify ob-
jective indicators for disease risk characterization '*’, biomark-
ers for precise symptom diagnosis and treatment """, and es-
tablish a precise inference system for TCM prescriptions that in-
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tegrates macroscopic and microscopic information. These ad-
vancements significantly enhance the clinical diagnosis and treat-
ment capabilities of Chinese medicine for various illnesses and
diseases '"%.

Regarding efficacy biomarker discovery, NP methods have
yielded significant insights. For instance, studies on Guizhi Fuling
Capsule revealed its mechanism in alleviating primary dysmenor-
rhoea through regulation of intracellular calcium ion influx, inter-
ference with cyclooxygenase-2 (COX2) for anti-inflammatory and
analgesic effects, and modulation of intrauterine circulation via
endocrine hormone and microcirculation interference. The re-
search identified a combination of efficacy biomarkers, including
thromboxane B2 (TXB2), 6-Keto-PGF1a, COX2, NO, ET-1, and in-
tracellular calcium ions. Experimental data demonstrated that
Guizhi Fuling Capsule significantly reduced plasma TXB2 and
TXB2/6-Keto-PGF1a ratio, elevated NO expression in uterine tis-
sues, lowered ET-1 levels, and inhibited COX2 enzyme activity
and intracellular calcium ions in uterine smooth muscle cells **.
Another notable application is the development of a Chinese and
Western medicine precision prevention and treatment system for
exceedingly early-stage gastric cancer. This innovative system in-
corporates intelligent early warning, extremely-early diagnosis,
and precise prevention and treatment strategies. It introduces a
novel staging system for exceedingly early-stage gastric cancer,
characterizing the critical state of cancerous transformation. The
system analyzes Chinese and Western clinical data from over
500 000 cases of gastritis cancer transformation, along with multi-
histological data from typical sequential cases. It pioneered the
construction of a multilevel biological network integrating
Chinese and Western phenotype, cell, molecule, and medication
data for gastritis cancer transformation. Through comprehensive
analysis of this network, researchers identified “exceedingly early-
stage gastric cancer cells” and achieved high-precision prediction
and extremely-early stage diagnosis of gastric cancer '”’. The sys-
tem also uncovered Chinese and Western medicine features re-
lated to gastric cancer risk warning, enabling intelligent warning
capabilities. Additionally, itidentified traditional Chinese medi-
cines targeting the exceedingly early-stage gastric cancer net-
work, addressing a critical gap in extremely early prevention and
treatment of gastric cancer. This system, developed by Shao Li’s
group, has been implemented in numerous gastric cancer-prone
areas and hospitals across China. The researchers propose that
the “exceedingly early stage” may be a common phase in the de-
velopment of various tumors, particularly gastrointestinal tu-
mors. They suggest that the construction of such integrated
Chinese and Western medicine systems for the prevention and
treatment of exceedingly early-stage cancer represents a signific-
ant direction in clinical precision oncology research, warranting
further investigation ''’. The National Natural Science Founda-
tion of China (NSFC) has recognized this system as an example of
a “paradigm shift in science” in its “case of concentration of sci-
entific problems” ', indicating the broad potential of NP in en-
hancing TCM prevention and treatment strategies for tumors and
other major diseases.

Regarding the precise targeting of clinical indications, NP has
demonstrated significant advancements. For instance, in address-
ing the increasing prevalence of wind-heat and dryness type
colds, which are challenging to treat due to limited therapeutic
options, Academician Wang’s experiential formula for treating
colds—Yingiao Qingre Tablets—has been elucidated through NP.
By constructing a biological network related to innate immunore-
gulation and adaptive immune response in wind-heatand dry-
ness syndrome of colds, researchers have clarified the optimal
clinical indications of this drug. Consequently, it has become the
first Class 1.1 Chinese medicine new drug approved since the
implementation of the new classification of registered TCM in
2020 ', Furthermore, NP has revealed the mechanism and clin-
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ical indications of Yiqi Tongjiao Formula for treating seasonal al-
lergic rhinitis, makingit the first new Chinese medicine ap-
proved for this condition '"°. Another notable example is the
study of Naoxinging Tablets using NP. By constructing a biologic-
al molecular network for vascular stasis syndrome in ischemic
stroke, researchers found that Naoxinging could regulate oxidat-
ive stress and post-ischemic inflammation by modulating the se-
cretion of cytokines, chemokines, and other potentially cytotoxic
molecules by glial cells. Additionally, it demonstrated the ability
to regulate T-cells to some extent, which could protect the cereb-
ral vascular system and exhibit anti-inflammatory, anti-oxidative,
and anti-ischemia/reperfusion injury effects, thus indicating po-
tential therapeutic benefits in treating ischemic stroke. These
findings provide a scientific basis for precisely identifying effic-
acy substances and positioning clinical indications, supporting
the approval notification for the drug’s clinical trials.

4. Conclusion

The complexity of Chinese medicine research presents a sig-
nificant challenge for the R&D of new Chinese medicinal
products. Additionally, the scientific and objective evaluation of
the effectiveness and safety of novel technologies and products in
Chinese medicine has become a regulatory challenge. The holistic
approach to clinical diagnosis and treatment in Chinese medicine
has not only highlighted the limitations of reductionist medical
research models but also fostered a new generation of research
paradigms centered on biological networks and systems biology.
These emerging approaches play a crucial role in the origin and
development of NP. In recent years, the rapid advancements in
artificial intelligence and machine learning have provided sub-
stantial support for the safe and effective R&D of medical
products, becoming a significant focus in international drug and
device regulation ''*"". Encouraged by national policies promot-
ing innovative development in Chinese medicine, a “Three Com-
binations” registration and review system has been established in
accordance with Chinese medicine R&D principles. However, new
methodologies and tools that fully integrate the characteristics of
Chinese medicine to promote safe and effective R&D of new
Chinese medicines have not yet been clearly incorporated into
the regulatory framework. NP, by leveraging Al/ML technologies,
can facilitate a more comprehensive and in-depth understanding
of the complex effects of Chinese medicines, thereby accelerating
the R&D process for new Chinese medicinal products.

NP has entered a crucial strategic period for innovative re-
search in Chinese medicine within the information age. It demon-
strates an advanced interplay between computation, fundament-
al biological experiments, and clinical trials, offering a viable ap-
proach to comprehensively analyze TCM evidence and efficacy
mechanisms from extensive clinical and experimental data. Con-
currently, the development of NP has witnessed the emergence
of various Chinese medicine research models and Al algorithms
based on network analysis. These methods have evolved from
single-layer to multi-layer networks, integrating artificial intelli-
gence, big data, and cutting-edge biological technologies such as
neural networks, deep learning, and single-cell sequencing. This
integration can further advance the modernization and interna-
tionalization of TCM, enhance the scientific interpretation of TCM
principles, and facilitate new medicine R&D in TCM. As network
target computational analysis methods deepen alongside basic
biological experiments and clinical trials, NP based on network
target theory continues to innovate and develop across the “in-
dustry-academia-research—application” spectrum, particularly
with increasing applications in new Chinese medicine R&D.
However, challenges persist, including the enhancement and in-
novation of prediction or analysis algorithms, understanding the
relationship between TCM constituents and targets, deconstruct-
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ing target networks, quantitatively analyzing nonlinear network
changes and their relationship with efficacy, among other key sci-
entific issues ''°. Nevertheless, with advancements in artificial in-
telligence and multimodal multi-omics technology, network tar-
geting theory and technology have achieved the construction and
in-depth analysis of Chinese and Western medicine phenotype-
tissue—cell-molecule-medicines multilevel networks. These ad-
vancements have facilitated experimental validation at clinical,
animal, cellular, and molecular levels, as well as high-throughput
experimental verification, such as multi-component synergistic
effect detection, and Chinese herbal medicine ingredient action
profiling and targeting detection from a multimodal multi-omics
perspective. The emergence of multimodal and multi-omics tech-
nologies in the past decade has provided an opportunity for TCM
to accumulate massive, high-dimensional data at macro and mi-
cro levels. Network targeting integrated with artificial intelli-
gence technology compensates for the lack of correlation betwe-
en these data, analyzing the network regulation mechanism of
TCM formulas to intervene in illnesses and diseases from a sys-
temic viewpoint. Starting from the network regulation mechan-
ism of prescription intervention, network targeting theory and
technology enable the identification of key targets and efficacy
substances, as well as the analysis of synergistic effects and regu-
lation mechanisms of prescription components. As a novel the-
ory, method, and tool, NP based on network target theory
presents unlimited prospects for new Chinese medicine R&D, en-
compassing both opportunities and challenges. This Consensus
Circular consolidates the expertise of domestic experts and schol-
ars in NP and TCM, aiming to guide high-quality development of
new drug R&D in TCM domestically and internationally, to
achieve more rapid and substantial breakthroughs, and to contin-
ue promoting the inheritance, innovation, and development of
TCM.

Consensus Project Leader: Shao Li (Tsinghua University).

Consensus Project General Counsellor: Wei Xiao (State
Key Laboratory on Technologies for Chinese Medicine Pharma-
ceutical Process Control and Intelligent Manufacture)

Consensus Project Counsellor: Jinzhou Tian (Dongzhimen
Hospital of Beijing University of Chinese Medicine), Shilin Chen
(Chengdu University of TCM).

Consensus Authors (sort by first letter of surname): Li-
ang Cao (State Key Laboratory on Technologies for Chinese Medi-
cine Pharmaceutical Process Control and Intelligent Manu-
facture), Pan Chen (Nanjing University of Chinese Medicine), Qi
Chen (Tsinghua University), Xu Chen (Tsinghua University),
Yuanjia Hu (University of Macau), Jun Kang (Tianjin University),
Ming Niu (Chinese PLA General Hospital), Deyang Sun (Tsinghua
University), Li Tao (Yangzhou University), Xin Wang (Tsinghua
University), Peng Zeng (University of South China), Bo Zhang
(Tsinghua University), Peng Zhang (Tsinghua University), Peng-
fei Zhang (Tianjin Drug and Cosmetics Evaluation and Inspection
Center).

Expert Participation in Consensus (sort by first letter of
surname): Gang Bai (Nankai University), Yuefeng Bi (Zhengzhou
University), Qian Cai (Liaoning University of Traditional Chinese
Medicine), Gang Chen (Hubei University of Chinese Medicine),
Huanwen Chen (Jiangxi University of Chinese Medicine), Lanying
Chen (Jiangxi University of Chinese Medicine), Wansheng Chen
(Shanghai University of Traditional Chinese Medicine), Haibo
Cheng (Nanjing University of Chinese Medicine), Lufeng Cheng
(Xinjiang Medical University), Xiaorui Cheng (Shandong Uni-
versity of Traditional Chinese Medicine), Jianye Dai (Lanzhou
University), Jun Ding (Tianjin Drug and Cosmetics Evaluation and
Inspection Center), Guanhua Du (Institute of Materia Medica,
Chinese Academy of Medical Sciences & Peking Union Medical
College), Qingfeng Du (Southern Medical University), Xiaohui Fan
(Zhejiang University), Yue Gao (Beijing Institute of Radiation
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Medicine), Hongwei Guo (Guangxi Medical University), Jiao Guo
(Guangdong Pharmaceutical University), Erwei Hao (Guangxi
University of Chinese Medicine), Wenbin He (Shanxi University of
Chinese Medicine), Jingging Hu (China Science and Technology
Development Center for Chinese Medicine), Hua Hua (Sichuan In-
stitute for Translational Chinese Medicine), Haixue Kuang (Hei-
longjiang University of Chinese Medicine), Jiansheng Li (Henan
University of Chinese Medicine), Ping Li (China Pharmaceutical
University), Xuejun Li (Peking University Health Science Center),
Yubo Li (Tianjin University of Traditional Chinese Medicine), Zhe
Lin (Changchun University of Chinese Medicine), Baoyan Liu
(China Academy of Chinese Medical Sciences), Guilin Liu (Tianjin
Drug Administration), Jianxun Liu (Xiyuan Hospital of CACMS),
Liren Liu (Tianjin Medical University Cancer Institute), Yao Lu
(Beijing University of Chinese Medicine), Shuangcheng Ma
(Chinese Pharmacopoeia Commission ), Hudan Pan (Guangdong
Provincial Hospital of Traditional Chinese Medicine), Peng Cheng
(Chengdu University of TCM), Dongzhu Renqging (Qinghai Uni-
versity), Si Lafu-Aibai (Xinjiang Institute of Traditional Uyghur
Medicine), Weiwei Su (Sun Yat-sen University), Xiaobo Sun (Insti-
tute of Medicinal Plant Development), Yang Sun (Nanjing Uni-
versity), Jianyuan Tang (Hospital of Chengdu University of TCM),
Li Tang (Minzu University of China), Zhishu Tang (Beijing Uni-
versity of Chinese Medicine), Qing Tian (Huazhong University of
Science and Technology), Jiabo Wang (Capital Medical
University), Tianfang Wang (Beijing University of Chinese Medi-
cine), Wei Wang (Guangzhou University of Chinese Medicine),
Xijun Wang (Heilongjiang University of Chinese Medicine),
Yuhong Wang (Hunan University of Chinese Medicine), Zhibin
Wang (Beijing Zhongyan Tongrentang Pharmaceutical R&D Co.,
Ltd.), Feng Wei (National Institutes for Food and Drug Control),
Xu Wei (Wangjing Hospital of CACMS), Chengping Wen (Zhejiang
Chinese Medical University), Jiarui Wu (Beijing University of
Chinese Medicine), Rongwu Xiang (Shenyang Pharmaceutical
University), Yaozu Xiang (Tongji University), Weilie Xiao (Yun-
nan University), Xiaohe Xiao (Chinese PLA General Hospital), Fan
Xu (Anhui University of Chinese Medicine), Haiyu Xu (China
Academy of Chinese Medical Sciences), Dong Yan (Tianjin Drug
Administration), Hua Yang (China Pharmaceutical University),
Minghui Yang (Chinese PLA General Hospital), Min Ye (Peking
University), Wencai Ye (Jinan University), Jiangyong Yu (National
Medical Products Administration), BingZhang (Beijing Uni-
versity of Chinese Medicine), Dejun Zhang (Qinghai University),
Junhua Zhang (Tianjin University of Traditional Chinese Medi-
cine), Qianru Zhang (Zunyi Medical University), Shengxi Zhang
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