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               Introduction:

            A series of omics disciplines including Genomics, Proteomics, Metabolomics, and recently developed Interactomics, Disomomics,
               and Zhenggomics developments have brought profound changes to modern medicine and drug discovery as well as development[1,2]. On the one hand, high-throughput sequencing technology, microarrays, two-way gel experiments, large-scale mass spectrometry,
               NMR spectroscopy and other technologies provide unprecedented technical support for drug target discovery. On the other hand,
               the wide application of various high-throughput technologies has also exposed scientists to the increasing storage, retrieval,
               analysis, and interpretation of massive data. To cope with the "data explosion" and solve complex biological problems, medical
               scientists, biologists, and pharmacists are constantly seeking help from mathematics and computer experts. As a result, a
               number of disciplines based on computing and simulation, such as bioinformatics, computational biology, pharmaceutical informatics,
               systems biology, network pharmacology and systems pharmacology, quantitative pharmacology and quantitative system pharmacology
               (QSP) came into being[3,4].
            

            System pharmacology is a new conceptual framework that simulates traditional pharmacological parameters. Given the pharmacology
               and pharmacokinetics, the simulation and calculation framework of system medicine is run in experiments[5]. Under a unified time-space multi-scale framework, from different levels of molecules, cells, tissues, organs, individuals,
               groups and environments, to study the mechanism of changes in the body's functions when drugs are used to treat diseases,
               and establish the role of drugs for the body Interactions and interrelationships between micro to macro levels[6]. Quantitative pharmacology uses modeling and simulation (M&S) technology to quantify information such as pharmacokinetics
               (PK), pharmacodynamics (PD), body function, disease mechanism, and test progress. A subject of chemical research[7,8]. Through various quantitative methods and methods, the various aspects of drug disposal and function and the important factors
               affecting these processes are highly conceptualized and abstracted, and mathematical models are established and simulated
               through strict logical reasoning. This research can rationally and systematically integrate drug and product-specific information
               and biological system-specific information, discover and establish new laws, and use these laws to formulate drug development
               strategies to improve clinical research decision-making efficiency and optimize treatment plans. It continuously absorbs nutrition
               from the disciplines of clinical pharmacology, biostatistics, pharmacokinetics, registration science, clinical pharmacy, medicine
               and computer programming, and reorganizes the knowledge system. It has developed into an interdisciplinary with certain characteristics
               so far[9]. Quantitative system pharmacology (QSP) is committed to the development and utilization of mathematical models, and on the
               basis of combining experiments to discover small molecules, confirm targets, study disease pathogenesis and treatment mechanisms
               to improve drug efficacy and reduce toxicity Side effects, eventually achieving the precise control of complex intracellular
               networks and changing the pathophysiology of new drugs. With the development of high-throughput omics technology and computer
               and bioinformatics methodologies, systems biology and systems pharmacology modeling methods are used to understand human biology
               and disease progression[10] and to predict the effectiveness of drug candidates And security[11]. With the advancement of big data and high-quality knowledge base, the application of QSP, especially the pre-clinical stage
               that guides early drug development, is increasingly widespread[12].
            

         

         
               
               Comparison of QSP and other quantitative pharmacology:
               
            

            QSP is one of quantitative pharmacology. Quantitative pharmacology can be divided into: population PK/PD model ( population
               pharmaco-kinetics/ pharmacodynamics, PPK/PD ), physiologically-based pharmacokinetics (PBPK)[13], model-based meta-analysis (model-based meta analysis, MBMA)[14] and quantitative systems pharmacology (QSP)[15] and other specific research methods. After decades of development, the quantitative pharmacology research model has evolved
               from pure PK mathematical modeling and simulation[16] to a learn-confirm cycle model, and will be updated iteratively[17]. Quantitative pharmacology research process is the process of modeling and simulation. The application of modeling and simulation
               technology in the Chinese pharmaceutical industry is relatively limited, but it has been widely used abroad, including from
               micro-structure-effect relationship evaluation to macro-new drug development costs Benefit prediction, from candidate compound
               screening to post-marketing business strategy recommendations, includes modeling and simulation applications recommended by
               various regulatory guidelines[18,19] and industry management codes [20,21].
            

            Compared with traditional pharmacological models, QSP has the unique feature of mechanically integrating key molecules into
               the biological network of specific targets of drug candidates, and qualitatively and multi-scalely compare them to the pharmacodynamic
               markers of target diseases Combining biomaterials and clinical terminals. Therefore, QSP can simultaneously predict multiple
               clinical responses, assist in the first human trial of dose selection, and predict test results and iterative model calibration,
               prediction, and verification[22]. At the same time, drug discovery pipelines based on biomarkers and target identification based on signaling pathways can
               achieve accurate drug development. It must be emphasized that QSP is basically developed from existing complementary modeling
               methods and still benefits from existing complementary modeling methods, including systems biology, PKPD and PBPK modeling
               methods. With the advancement of computing methods, the acquisition of new data and the development of more biological knowledge,
               the natural development of some drug discovery problems is toward a more mechanized (perhaps holistic) description of the
               system, allowing the data collected Extrapolation through QSP modeling outside the set and solve new problems[23].
            

            Through years of drug development and implementation, PKPD modeling has proven to be of great value in clarifying the pharmacokinetics
               of therapeutic interventions and the resulting pharmacodynamic effects[24]. PKPD parameters derived from relevant preclinical studies and appropriately adjusted according to clinical conditions enable
               prospective simulations to assess key drug development issues, such as clinical dose levels and frequency[25, 26]. Over the years, translational PKPD modeling has surpassed empirical models and combined more mechanical components to build
               a mechanism-based PKPD model, thereby facilitating bio-driven translation across species or different patient groups. The
               trend of natural evolution from empirical PKPD to mechanical PKPD to QSP came into being. However, as the original QSP white
               paper emphasized that this mixed complementary view has always existed[27]. The development of QSP aims to meet the possibility that people hope to incorporate other biological mechanisms into it,
               and at the same time has the potential to characterize these important biological signals together.
            

            The PBPK model is another model that is often debated as to whether it belongs to the QSP model definition. Erica L. Bradshaw
               and his team made a good analysis of this issue as follows[28]: Similar to the evolution of PKPD to QSP, the mechanical PBPK model shows that a highly mechanical model can provide predictive
               biological insights and provide the pharmaceutical industry with Bring value and lay the foundation for the QSP model. Although
               the PBPK model may have important mechanistic details and depend on system and drug-dependent parameters, the focus of these
               two modeling methods is to separate pharmacodynamics and disease biology/(pathology) physiological components.
            

            The PBPK model focuses on absorption, distribution, metabolism, excretion, and pharmacokinetic issues, while the QSP model
               focuses on regulating a given target and its subsequent effects on basic biology and/or disease pathology. Therefore, the
               mechanism PBPK model may be more suitable for the quantitative system pharmacokinetic model (QSPK) rather than the QSP model.
               Although the main focus of the two modeling methods may be different, it should be emphasized that these methods are not exclusive
               and may require the PBPK model to be linked to the QSP model, for example, to drive target tissue-specific drug concentrations.
               
            

            In fact, throughout the entire pharmacological proof process and all relevant decision-making steps, multimodal exploratory
               and predictive results can be incorporated into a single prediction model[29]. In conclusion, QSP modeling has been used throughout the preclinical drug development process to explore the therapeutic
               and toxic effects of drugs in the entire therapeutic field, including: metabolism[30], autoimmune diseases[31], tumors[32, 33], Neuroscience and other fields[34]. And it has been proved to improve the drug development efficiency and scientific decision-making level in various diseases[35]. This article analyzes the value of QSP in the research and development of new Chinese medicines with a view to providing
               support for the research and development of new Chinese medicines.
            

         

         
               The value of QSP in the research and development of Chinese medicine:

            The human body is a complex biological network system, including signal network, metabolic network, protein interaction gene
               regulation network and so on. If the disease is considered to be a change in the body's original network balance, then the
               purpose of the drug is to enable the body to return to its original equilibrium health. Due to the complexity and stability
               of the biological network, the operation is usually adjusted for multiple nodes (targets) in the network system at the same
               time, in order to achieve the desired therapeutic effect. In fact, existing studies have shown that [36], drugs and targets
               of action tend to form an enriched network, rather than a one-to-one correspondence. Most drugs work through multiple targets,
               and about half of the drug targets are related to multiple diseases, so that complex cross-networks are formed between drugs
               and disease genes[37]. Interestingly, Chinese medicine is just a multi-component, multi-target synergy system that meets this requirement. As a
               system, Chinese medicine has many similarities with the philosophy of system biology. For example, traditional Chinese medicine
               is considered to be a multi-target system, however, the multi-target technology of traditional Chinese medicine is not based
               on the molecular (gene, protein, etc.) level, but on the systematic thinking or philosophical methods. It emphasizes the establishment
               of mathematical models to study the interaction between the system's macroscopic functions, changes and other system behaviors,
               and microscopic genetic modification and biological network regulation[38]. In fact, how to directly apply western system theory to Chinese medicine research still has great difficulty in methodology.
            

            With the rapid development of the global pharmaceutical economy, China's pharmaceutical industry is facing huge challenges,
               especially the R&D of Chinese medicine has ushered in unprecedented opportunities. As the cost of research and development
               of chemical synthetic drugs is increasing, the cycle is prolonged, the success rate is greatly reduced, and the environmental
               pollution caused is becoming more and more serious. The interest in traditional medicine is also increasing[39]. At present, the research and development of new drugs of traditional Chinese medicine has become a popular research direction
               in the international pharmaceutical industry. However, the ingredients of traditional Chinese medicine and its compound are
               extremely complex, and the pharmacological effects are also diverse[39, 40]. Based on this, although the research on the ingredients of traditional Chinese medicine has a history of hundreds of years,
               the huge bottleneck restricting the development of traditional Chinese medicine is still manifested in core issues such as
               unclear material basis and unknown mechanism of action[41]. Inheritance and development in China has seriously hampered the move of Chinese medicine to a larger international stage.
               Because of its complex composition and huge system, it is extremely difficult to study the effect of traditional Chinese medicine
               on the body from the mixture system. It is because the process of developing new drugs is very complicated, often involving
               multi-disciplinary comprehensive applications[42,43]. Therefore, it is urgent to find an effective drug research method.
            

            Classical pharmacology has played an extremely important role in drug development. Traditionally, animals have been used to
               carry out drug activity tests, and further study of the target organs of drug action and their toxicity[44-46]. However, it is often extremely difficult to build a good disease model animal. This problem is particularly prominent in
               the research of traditional Chinese medicine. For example, the cold and heat of human diseases and the deficiency and reality
               are difficult to reproduce on animal models[47]. Traditional Chinese Medicine emphasizes the differentiation of syndromes, the use of compound prescriptions and compatible
               medications. Compound prescription of traditional Chinese medicine is the specific manifestation of the essence of dialectical
               theory of traditional Chinese medicine, and compatibility is the key to the effect of prescription[48]. However, the process of making traditional Chinese medicine lacks a systematic drug discovery process similar to Western
               medicine. Therefore, in-depth research on traditional Chinese medicine will often face the following problems[49]: (1) Traditional Chinese medicine theory mainly understands the clinical effectiveness and safety of traditional Chinese
               medicine from a collation and macro perspective, lacking surprise process analysis and monitoring, drug efficacy or toxicity
               The effect mechanism is also lacking in-depth study. (2) The origin of the medicinal materials is different, and the combination
               of the combination of them has a large variability, and the quality is difficult to be effectively controlled. (3) Different
               compatibility determines the different absorption, distribution, metabolism, excretion and toxicity properties of medicinal
               components. (4) The effective ingredients of many traditional Chinese medicines are not yet clear, and the material basis
               of the efficacy and toxicity has not been completely resolved. (5) Because traditional Chinese medicine is mainly oral and
               external administration, biotransformation occurs through the gastrointestinal tract and the body, and the quantitative and
               qualitative changes of the effective components in the body will lead to differences in its efficacy and attending symptoms.
               There is a lack of basic data on how these changes affect drug efficacy and safety. (6) Chinese medicine is a multi-component,
               multi-target system. It is generally believed that synergy or antagonism will occur between multiple active ingredients of
               traditional Chinese medicine, but it is extremely difficult to study the synergistic interaction between components.
            

            Systems pharmacology integrates systems biology and pharmacology methods to promote new drug development and understanding
               of herbal treatment mechanisms. As the core driving force of medical development in the 21st century, systemic pharmacy is
               a dialectic medicine based on the principles and methods of modern systems theory and based on systems biology. Systematic
               pharmacological analysis usually relies on multiple variables at the genomic level to construct networks, evaluate drug behavior,
               and promote people's understanding of treatment mechanisms. By linking pathways and networks, systematic pharmacology also
               ensures the accuracy of pharmacokinetic and pharmacodynamic prediction models. It provides a complete and multi-scale systematic
               research method for the acquisition of herbal active molecules, the acquisition of targets, the analysis of the nature of
               target networks, and the relationship between targets and diseases[50,51]. Using systematic pharmacological methods to study traditional Chinese medicine can help us clarify the theory of traditional
               Chinese medicine on the whole, level and information level, establish an operational platform for the prediction, evaluation
               and mechanism of action of traditional Chinese medicine on the information level, and realize traditional Chinese medicine
               based on data The transformation of modernization has expanded the field of application of traditional Chinese medicine and
               the development of new drugs.
            

            The key to the evaluation of the efficacy of traditional Chinese medicine is how to establish and determine the active molecules
               of traditional Chinese medicine, the best combination of active molecules, the reasonable matching of targets, and the correlation
               between symptoms and drug efficacy. The theory of the efficacy component of traditional Chinese medicine believes that the
               efficacy of traditional Chinese medicine is based on the efficacy component, which can explain the correlation between the
               efficacy and substance, substance and quality, quality and clinical efficacy of traditional Chinese medicine[52]. Through the rapid screening by computer, the effective component group of traditional Chinese medicine can be obtained in
               the shortest time, thus providing a shortcut for the next step. Only the molecules that overcome the ADME/T barrier in the
               traditional Chinese medicine component are expected to exert their efficacy, and only these molecules can become effective
               component candidate molecules[53,54]. The proposal of QSP will provide a huge opportunity for the modern development of Chinese medicine. The original intention
               of QSP in the research of traditional Chinese medicine is to develop a mathematical and computational model that is suitable
               for the research of complex systems of traditional Chinese medicine and integrates several time-space data, and to establish
               multiple elements (drug molecules, targets, cells, tissues, organs, etc.) within the model. Interactions to clarify and predict
               drug efficacy and toxicity. And finally build a multi-dimensional model that spans the differences in knowledge among molecules,
               cells, tissues, and patients, and implements pre-clinical and clinical research systematic theories and methods for evaluating
               target screening and testing to verify treatment ideas.
            

            QSP provides feasible theories and ideas for studying traditional Chinese medicine prescriptions at an overall level. It not
               only can establish a "combination of disease and syndrome" model, but also emphasizes "correspondence of prescription and
               syndrome". In addition, its scientific nature is also reflected in the toxicology research of traditional Chinese medicine
               (especially toxic traditional Chinese medicine). Combined with the research of systems biology, Lu Yao [55]  once proposed the concept of "certification", that is, "certification" is an organic and comprehensive functional state,
               which is composed of a regulatory center and its many molecular networks, and serves as a The basis of response and self-regulation.
               Carrying out QSP research on traditional Chinese medicine: First of all, it is necessary to clarify the absorption, distribution,
               metabolism, excretion and toxicity properties of traditional Chinese medicine ingredients in the human body. After that, it
               is necessary to carry out network target modeling and network pharmacological analysis modeling to break the "black box operation"
               of traditional Chinese medicine research, and to find the best combination of synergistic and detoxifying effects of Chinese
               herbal compound for basic research of Chinese herbal compound and determine The main components or active substances of the
               compound, as well as the determination of the optimal ratio of the drug, provide the basis[56,57].
            

            At present, the application of QSP in the development of Chinese medicine is very limited. In addition to some changes faced
               by the domestic pharmaceutical industry in China, the National Drug Administration (CNDA) has issued a series of guidelines,
               some of which are related to quantitative pharmacology[58,59], some recommend the use of quantitative pharmacology[60-66]. Limited to my country's quantitative pharmacology research started late, Chinese medicine as the cultural essence and treasure
               in the long history of my country, because of its complex and huge systemic nature, the same research case is not much. Fang
               and other teams have done a series of studies on quantitative and systemic pharmacology[67-70], in which quantitative and systematic pharmacology provided a powerful tool for the development of new tumor-targeted therapies
               for natural product drugs[67] and aging-related diseases[69].The methods and tools of the computing system pharmacology. In short, they first developed a computer system pharmacology
               framework for systematically predicting drug-target interactions of natural products, and then established multiple prediction
               network models and statistical network models with high accuracy. It is proved that the drug-target interaction predicted
               by calculation and experimental verification can overcome the data incompleteness problem of the currently available experimental
               data. This research can provide a good reference for QSP research of traditional Chinese medicine.
            

            Currently, the application of QSP in tumor immunotherapy[71-75], Alzheimer's disease[76-79] and other diseases has relatively mature and successful models. Based on the tips of QSP design, evaluation, modeling and
               experimental verification in the literature[49,80-84], combined with the characteristics of Chinese medicine itself systemic and network, the following research strategies for
               QSP research of Chinese medicine are proposed: Public database and experimental means to build a database of the overall chemical
               composition of single medicine or compound Chinese medicine. (2) Candidate chemical components were obtained through ADME/T
               screening and experimental verification. (3) Take the candidate chemical components as the object, and obtain the network
               and system targets through the drug targeting technology. (4) Carry out correlation analysis of network structure, key targets
               and disease symptoms and network static and dynamic analysis of drug disturbance. (5) Verify the above results with each other
               and carry out analysis of Founder correlation, symptom correlation and drug action mechanism. (6) According to the characteristics
               of traditional Chinese medicine and diseases, parameter design, evaluation and optimization are carried out to establish a
               QSP model. (7) Obtain quantitative analysis results based on ADME/T, target network and overall pharmacokinetics to clarify
               the QSP mechanism of traditional Chinese medicine. (8) The QSP model is continuously calibrated and iteratively updated based
               on the overall data of cells, tissues, organs, and clinical data, and finally obtains excellent traditional Chinese medicine
               prescription.
            

         

         
               Outlook:

            The main obstacles in the current research on traditional Chinese medicine are unclear material basis and vague mechanism
               of action. The diversity of its components, the uncertainty of targets, and the complex interactions between drugs and targets
               make the research of traditional Chinese medicine face great difficulties. Because of its huge and complicated system, traditional
               Chinese medicine is difficult to achieve systematic, complete and scientific evaluation simply by using traditional experimental
               methods. Obviously, the best way to solve complex problems is the intervention of computer technology. In recent years, there
               has been a surge in research interest in QSP as a mechanism to provide information for drug development. The current situation
               of drug development and the experimental evidence-driven QSP model, although there are still different voices, it is undeniable
               that QSP has a great potential in drug development and guiding regulatory decisions. QSP can be used to generate hypotheses
               and support quantitative understanding of new mechanisms of action in the context of specific tissues, diseases or non-clinical
               experiments or clinical patient populations. QSP can be further used to optimize dosages and dosage regimens or to support
               drug combination dosage decisions The early intervention and full participation of QSP in the development of traditional Chinese
               medicine can form a model-led drug development model to improve the efficiency of research and development and scientific
               review, reduce the cost of research and development, and shorten the time to market for new drugs. We hope that the QSP model
               can break through the inherent bottleneck of Chinese medicine research. Simply put, a common vision is to quickly and steadily
               move Chinese medicine to the international stage through the QSP method and make its due to contribution to the prevention
               and treatment of human diseases. This study first distinguishes between QSP and other quantitative pharmacology, secondly
               raises the problems faced by the research on the characteristics of traditional Chinese medicine itself, and then summarizes
               the role of QSP in the research in traditional Chinese medicine and research strategies, in order to provide reference for
               the study of traditional Chinese medicine and new ideas.
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