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Abstract. This paper provides an overview of several major pharmaceutical analysis techniques, 
including high-performance liquid chromatography (HPLC), gas chromatography (GC), mass 
spectrometry (MS), nuclear magnetic resonance (NMR), spectroscopy, biological analysis methods 
applied in new drug research. It also explores the challenges encountered by these techniques in 
the operation process, such as the complexity of the analyzed object, the improvement of detection 
limits, the simplicity of sample processing, the enhancement of instrument sensitivity and selectivity, 
and the advancement of data processing technology. At different stages of innovative drug 
development, these analytical techniques must be continuously optimized to meet the rapid progress 
of new drug research and development. The paper also points out the future development trends of 
pharmaceutical analysis technology, such as high-throughput analysis, microchip analysis 
technology, biomarker analysis, etc., which are expected to improve the efficiency and accuracy of 
new drug research and development. 
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1. Introduction  

Pharmaceutical analysis technology is a key link in ensuring the effectiveness and safety of the 

drug development process. With the rapid development of molecular biology, genetic engineering, 

and chemical synthesis technology, new drug research and development have become increasingly 

complex, and the requirements for pharmaceutical analysis technology have also increased. 

Innovative drug development involves multiple stages, such as drug discovery, preclinical research, 

clinical trials, and post-market regulation, each requiring precise and reliable analysis data to guide 

development [1]. 

The innovation and development of pharmaceutical analysis technology are key factors in 

improving the success rate of new drug research and development and accelerating the process of 

new drug marketing. Therefore, continuous investment in the research and development of 

pharmaceutical analysis technology, exploring new high-throughput, high-sensitivity, and fast-

response analytical methods, as well as advances in bioinformatics and data analysis, is crucial to 

meet innovative drug development's current and future needs. 

2. The Application of Pharmaceutical Analysis Technology in the Research and 

Development of Innovative Drugs  

2.1 Drug Screening and Discovery 

The application of drug analysis technology in innovative drug development is crucial, especially 

in drug screening and discovery stages. High throughput screening (HTS) technology, as the core of 

drug screening, can quickly test the biological activity of thousands of compounds through automated 

and highly sensitive equipment, significantly improving the efficiency of new drug discovery. For 

example, scientists can use advanced analytical techniques such as mass spectrometry and nuclear 

magnetic resonance to accurately determine compounds' structure, purity, and activity, providing 

reliable data support for drug development [2]. As shown in Table 1 : 
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Table 1: Key indicators in the drug screening and discovery process 

Indexes Description Sample data 

Number of 

screened 

compounds 

Total number of compounds tested during 

drug screening 
100,000 kinds 

Proportion of active 

compounds 

Proportion of compounds showing biological 

activity during the screening process 
0.1%（100 kinds） 

Analysis technique 
The main techniques used to determine the 

structure and activity of compounds 

Mass spectrometry, nuclear 

magnetic resonance 

Screening cycle 

The average time from the beginning of 

screening to the identification of active 

compounds 

Two weeks 

screening hits 
Percentage of successful discovery of 

potential new drug candidates 
10%（10 kinds） 

Table 1 presents several key indicators and their example data in the drug screening and discovery 

process, revealing the efficiency and quality of the drug screening process. The table shows that after 

conducting large-scale initial screening tests (such as 100000 compounds), only a small proportion 

of compounds (such as 0.1% or 100 kinds) showed biological activity. Although the proportion is 

small, it is crucial for discovering potential new compounds. The analytical techniques used, such as 

mass spectrometry and nuclear magnetic resonance, are the scientific basis for confirming the 

structure and activity of compounds, and their accuracy is crucial for the success of the entire 

discovery process. The screening cycle (e.g., two weeks) reflects the average time required to select 

active compounds, and the length of this cycle directly affects research and development efficiency. 

In addition, the success rate of screening (e.g., 10%) indicates the probability of discovering potential 

medicinal candidates from screened compounds, an important criterion for measuring the efficiency 

of screening methods. Together, these data provide quantitative efficiency and efficacy indicators for 

the screening stage of drug discovery, which helps optimize screening strategies and improve the 

quality of new drug candidates. 

2.2 Drug Quality Control 

Drug quality control is a key link in ensuring the safety and effectiveness of new drugs. In 

innovative drug development, drug analysis technology plays a crucial role. Through advanced 

analytical techniques such as high-performance liquid chromatography (HPLC) and gas 

chromatography (GC), precise content determination and purity analysis of drug raw materials, 

intermediates, and finished products can be carried out to ensure that drug ingredients meet 

established standards. As shown in figure 1: 

 
Figure 1: Process diagram of innovative drug development 
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The structural identification of drugs is also an important part of quality control. Using techniques 

such as nuclear magnetic resonance (NMR) and infrared spectroscopy (IR), the chemical structure of 

drugs can be accurately determined, thereby verifying their identity and detecting possible impurities 

or degradation products [3]. 

2.3 Study on Drug Metabolism and Pharmacokinetics 

Drug metabolism and pharmacokinetics research is an indispensable part of innovative drug 

development. The application of drug analysis technology in this field is mainly reflected in the in-

depth study of drugs' absorption, distribution, metabolism, and excretion (ADME) processes in the 

body. Through advanced mass spectrometry technology, nuclear magnetic resonance technology, etc., 

scientists can accurately determine the metabolites of drugs in the body, reveal their metabolic 

pathways and rates, and provide key data for optimizing drug structures and improving bioavailability. 

At the same time, pharmacokinetic studies focus on the temporal changes in drug concentration in 

the body. Through mathematical models and statistical methods, key parameters such as half-life and 

clearance rate of drugs are calculated, providing a basis for developing reasonable dosing regimens. 

As shown in Table 2: 

Table 2: Drug metabolism and pharmacokinetic data table 

Research indexes Descriptions Sample data 

Number of 

metabolites 

Total number of metabolites produced by the drug 

after metabolism in the body 
Five kinds 

Main metabolic 

pathways 
The main pathways of drug metabolism in the body 

Liver CYP3A4 

enzyme metabolism 

Half-life 
The time required for the drug concentration to drop 

to half of the initial concentration in the body 
12 hours 

Clearance The speed of drug elimination from the body 20L/h 

Table 2 lists several key indicators in drug metabolism and pharmacokinetics studies and provides 

corresponding example data. These indicators are crucial for understanding the behavior of drugs in 

vivo and optimizing dosage design. The quantity of metabolites provides the number of different 

chemical forms produced by drugs through in vivo metabolism, and the five metabolites in the 

example indicate that drugs have multiple metabolic pathways in the body. The main metabolic 

pathway refers to the dominant metabolic pathway of drugs in the body, in this case referring to liver 

CYP3A4 enzyme metabolism, which is crucial for predicting drug interactions and individual 

differences. Half-life is one of the core parameters of drug pharmacokinetics, and the 12 hours in the 

example represents the rate of drug degradation in the human body, which is directly related to 

determining dosing frequency. The clearance rate describes the speed of the drug clearance process, 

and a clearance rate of 20L/h indicates the efficiency of drug clearance in the body, which helps 

doctors evaluate dosage and prevent drug accumulation. By integrating these data, we can better 

understand drugs' metabolic characteristics and pharmacokinetics, guiding safe and effective drug use 

[4]. 

2.4 Security Evaluation 

Safety assessment is a crucial step in innovative drug development, directly related to whether a 

new drug can enter clinical trials and ultimately be marketed. The application of drug analysis 

technology at this stage is mainly reflected in the in-depth evaluation of potential toxicity and adverse 

reactions of drugs. The toxic effects of drugs can be accurately determined through in vitro cell culture, 

animal experiments, and other methods combined with analysis techniques such as high-performance 

liquid chromatography-mass spectrometry (HPLC-MS/MS). At the same time, a comprehensive 

evaluation of the immunogenicity, genetic toxicity, reproductive toxicity, and other aspects of the 

drug is conducted to ensure that the new drug meets strict safety requirements. As shown in Table 3 : 

Table 3: Data table in safety assessment 

Evaluation indexes Descriptions sample data 



Highlights in Science, Engineering and Technology BFSPH 2024 

Volume 123 (2024)  
 

719 

LD50（median lethal 

dose） 

Dosage of drug that kills half of the experimental 

animals 

100mg/kg 

Maximum non-toxic dose 

( MNTD ) 

The maximum drug dose at which no toxic effects 

were observed in experimental animals. 

50mg/kg 

Immunogenicity  Does the drug cause an immune response Negative / 

Positive 

Genotoxicity  The degree of damage of drugs to genetic materials No / Slight / 

Severe 

Table 3 is a data table for drug safety evaluation, including various evaluation indicators, 

descriptions, and example data. LD50， The median lethal dose (LD50) is an important indicator 

for describing drug toxicity. In the example, 100mg/kg means that half of the experimental animals 

died at this dose, providing a reference for estimating the safe treatment range of the drug. The 

Maximum Non-Toxic Dose (MNTD) indicates the maximum dose that can be safely used in 

experimental animals, and an MNTD of 50mg/kg indicates that no toxic reactions were observed in 

animals at this dose. Immunogenicity refers to the immune response that a drug may cause, which is 

particularly important in developing biopharmaceuticals. Negative indicates no immune response, 

while positive suggests the drug may cause immune problems. Genetic toxicity assessment evaluates 

the potential damage drugs may cause to genetic material. If the data shows' none ', the drug is 

relatively safe at the genetic level; 'Mild' or 'severe' indicates potential genetic risk. The evaluation of 

these indicators is crucial for determining the safety of drugs, determining clinical trial doses, and 

developing drug labeling information [5]. 

3. Challenge of Drug Technology in the Development of Innovative Drugs  

3.1 Technical Challenges 

The technological challenges faced by drug technology in innovative drug development are 

multifaceted. Firstly, as the molecular structure of new drugs becomes increasingly complex, 

traditional analytical techniques may struggle to meet new requirements regarding sensitivity and 

resolution. For example, structural analysis of biopharmaceuticals and sugar chain analysis of 

glycoproteins requires more advanced technical support. In addition, the prediction techniques for 

drug behavior in vitro and in vivo still need to be improved to more accurately simulate and predict 

the dynamic processes of drugs in the human body. 

The technical challenges in chemical synthesis cannot be ignored, as many innovative drug 

developments involve complex synthesis routes and stringent reaction conditions. In the drug design 

phase, the ideal synthesis pathway requires high efficiency, low cost, and environmental friendliness, 

which poses new requirements for existing synthesis methods. At the same time, the technical 

challenges of quality control in the synthesis process have become increasingly severe, and the 

pharmaceutical industry must ensure that the ingredients and quality of each batch of drugs meet the 

prescribed standards [6]. 

3.2 Data Challenges 

In innovative drug development, data challenges are presented at multiple levels. Firstly, there has 

been a significant increase in data volume. With the development of high-throughput screening and 

omics technologies, the amount of data researchers need to process has grown exponentially. 

Obtaining valuable information from massive amounts of data requires advanced data processing 

techniques and mining methods. 

Secondly, there are issues with data quality and integration. The data sources are diverse, and the 

formats are not uniform, which requires a powerful data management system to organize, standardize, 

and store data. At the same time, to enhance the practicality of data, the requirements for data 

integration capabilities between different platforms and experiments are also increasing. 
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The issues of data security and confidentiality are becoming increasingly severe. The value of drug 

development data is enormous, but it also faces the risk of leakage. Protecting intellectual property 

and research results while conducting necessary data sharing to promote scientific progress is a major 

challenge facing drug development. 

3.3 Ethical and Legal Challenges 

The development of innovative drugs also faces ethical and legal challenges. At the ethical level, 

clinical trial design must adhere to ethical principles and protect the safety and rights of participants. 

Especially in some R&D projects involving crises or significant unmet medical needs, balancing the 

urgent needs of patients with long-term safety and efficacy evaluation has become an ethical 

challenge. 

Legal challenges mainly include intellectual property protection, laws and regulations on drug 

approval, and coordination of international drug research and development standards. With the 

development of globalization, international cooperation is becoming increasingly frequent. Therefore, 

how to coordinate the protection of intellectual property rights among different countries and promote 

innovation without hindering the rational distribution of drugs is an urgent problem that needs to be 

solved. At the same time, the complexity and uncertainty of the new drug approval process pose 

potential risks to the commercialization of innovative drugs, and a reasonable legal system can 

provide necessary support and protection for the development of innovative drugs. 

4. The Future Development Trend of Pharmaceutical Analysis Technology in 

the Research and Development of Innovative Drugs  

4.1 Technology Integration and Innovation 

One of the future development trends of drug analysis technology is technology integration and 

innovation. With the rapid development of biotechnology, nanotechnology, information technology, 

and artificial intelligence, these cross-disciplinary technologies are increasingly integrated into drug 

analysis, bringing new opportunities to develop innovative drugs. For example, using artificial 

intelligence algorithms to optimize drug design and screening processes can significantly improve 

the efficiency and accuracy of drug discovery. The application of nanotechnology in drug delivery 

systems can achieve high control and precise positioning of drug release, greatly improving drug 

efficacy. In addition, the application of bioinformatics and systems biology can better understand the 

mechanism of drug action in the body and its complex relationship with diseases. Through 

technological integration and innovation, drug analysis technology will cross traditional boundaries 

and create a more efficient and accurate new drug development platform [7]. 

4.2 Improvement of Regulations and Standards 

As drug development enters a new era, regulations and standards in the field of drug analysis are 

also facing the need for updates and improvements. The current regulatory framework for innovative 

drugs, especially biopharmaceuticals and nanomedicines, is still developing and needs further 

refinement and internationalization. International drug regulatory agencies, such as the International 

Organization of Drug Authorities (ICH), strive to unify drug analysis methods and quality standards, 

reduce regulatory differences between countries, and promote smooth communication and 

cooperation in the global drug market. In addition, with the rise of personalized medicine and 

precision medicine, the existing drug analysis standards need to be further refined to meet the needs 

of new drug development with large individual differences, small production scale, and high efficacy 

requirements. A comprehensive and perfect regulatory and standard system will provide clearer and 

more scientific guidance for developing and marketing innovative drugs [8].  
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4.3 Construction of an Ethical and Legal Framework 

With the continuous development of drug analysis technology, the construction of ethical and legal 

frameworks has also become a focus of attention. Ethical issues have become increasingly complex 

with the application of new technologies such as gene editing, biosimilars, and personalized medicine. 

How to promote scientific research and technological innovation while protecting patient privacy and 

ensuring data security is an important issue that must be addressed. At the same time, the issue of 

intellectual property protection is particularly prominent, especially in the context of global 

cooperation. Effectively protecting and reasonably utilizing intellectual property among different 

countries and regions requires joint efforts from the international community. In addition, regulating 

emerging technologies is also a key focus of ethical and legal frameworks to ensure the legality and 

ethics of technology applications and prevent technology abuse. Establishing a comprehensive and 

reasonable ethical and legal framework is crucial for safeguarding public interests and promoting the 

healthy development of drug analysis technology [9]. 

5. Conclusion 

With the advancement of pharmaceutical science and the continuous deepening of innovative drug 

development, drug analysis technology has become an indispensable tool to support the development 

of new drugs. The application of drug analysis technology runs through every aspect of new drug 

development, from drug screening and discovery, quality control, drug metabolism, and 

pharmacokinetics research to safety assessment. In the face of technological, data, and ethical and 

legal challenges, the future development of drug analysis technology needs to focus on technological 

integration and innovation, improving regulations and standards, and constructing ethical and legal 

frameworks. Integrating emerging technologies such as artificial intelligence and nanotechnology is 

expected to further improve the efficiency and accuracy of drug screening, optimize drug design, and 

enhance the quality of drug safety and efficacy evaluation. Meanwhile, updating and improving 

regulatory and ethical legal frameworks will ensure the innovative drug development process's 

rationality, legality, and safety. Through continuous technological innovation and institutional 

improvement, drug analysis technology is expected to better serve the research and development of 

innovative drugs, provide more and better new drugs for clinical practice, and meet the human pursuit 

of a healthy life. 
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