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Abstract: Under the background of the integration of research and education, the cultivation of innovative talents in pharmacy has become
crucial for advancing the development of pharmaceutical science and meeting societal needs. This paper thoroughly explores the significance
of integrating research and education for fostering innovative pharmacy talent, analyzes existing issues in current pharmacy education, and
uses empirical studies to describe practical models of how this integration can be applied in cultivating innovative pharmacy talent. It further
proposes innovative conclusions and recommendations aimed at providing theoretical support and practical references for enhancing the
quality of innovative pharmacy talent cultivation.
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Introduction

Pharmacy, as a discipline closely tied to human health, plays an indispensable role in modern society. With the rapid advancement of
technology and continuous transformation in the pharmaceutical industry, there is an increasingly urgent demand for innovative pharmacy
talent. The integration of research and education, as a concept and model that organically combines scientific research with teaching, offers
new perspectives and methods for cultivating innovative pharmacy talent. A deep exploration of pharmacy talent cultivation under the back-
drop of research-education integration holds significant theoretical and practical implications.

In traditional pharmacy education, the teaching content often focuses heavily on the transmission of theoretical knowledge, leading to
a certain disconnect from actual research and industrial demands. In contrast, the integration of research and education emphasizes incorpo-
rating research findings, research thinking, and research methodologies into the teaching process. This ensures that students not only acquire
solid foundational knowledge during their studies but also develop innovation capabilities, practical skills, and the ability to solve complex
problems. This approach helps break through the limitations of conventional education, fostering more innovative talents in the field of phar-

macy who are better adapted to the evolving demands of the times.

1. The Significance of Integrating Scientific Research and Education in the Cultivation of In-
novative Pharmaceutical Talent

1.1 Enhancing Students’ Innovative Thinking Abilities

The integration of scientific research and education provides students with opportunities to engage with cutting-edge research outcomes
and projects. In these projects, students are required to continuously explore unknown fields and contemplate new methods for problem-solv-
ing. For instance, in drug development projects, students face challenges such as discovering new drug targets and designing drug molecules.
The process of exploring the unknown stimulates their innovative thinking, enabling them to consider problems from different perspectives

and propose creative hypotheses and solutions.

1.2 Strengthening Students’ Practical Hands-On Skills

Pharmaceutical research activities, as practice-oriented processes, encompass core steps such as experimental design optimization,
advanced instrument operation, and multidimensional data analysis. When participating in projects, students must not only master the oper-

ational standards of advanced equipment like high-performance liquid chromatography-mass spectrometry (HPLC-MS), but also understand
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its application principles in complex sample characterization. For example, in drug metabolite analysis, students can significantly enhance
the separation and detection sensitivity of target compounds by adjusting the composition of the mobile phase and gradient elution programs.
Combining this with quantitative analysis methods such as internal or external standard methods further enhances the accuracy and reliability
of data. This learning model based on solving actual problems establishes a deep connection between theoretical knowledge and technical ap-
plications, thus cultivating systematic thinking and precise operational skills in pharmaceutical research. Moreover, the repeated verification
process in scientific research helps students develop a rigorous scientific attitude, laying a solid foundation for future involvement in innova-

tive drug development.

1.3 Promoting Interdisciplinary Integration

The modern evolution of the pharmaceutical discipline highlights significant characteristics of interdisciplinary integration. Its deep fu-
sion with biology, chemistry, materials science, and computer science has become an inevitable trend. In the design of drug delivery systems,
it is necessary to use material science principles to develop nano-carriers with targeting and controlled release functions, while optimizing
carrier structure and biocompatibility parameters through computational simulation technology. This process requires students not only to
master traditional pharmaceutical theories but also possess interdisciplinary knowledge to address complex issues. Through the integration
of scientific research and education, students can participate in multi-dimensional research practices, such as using bioinformatics to ana-
lyze drug mechanisms of action or combining chemical engineering principles to improve formulation processes. Such training effectively
promotes knowledge transfer between disciplines, strengthening students’ understanding and application of emerging technologies, thereby
laying a solid foundation for their future engagement in cutting-edge pharmaceutical research. Meanwhile, this integrated environment helps
students build a systematic thinking framework, enabling them to flexibly integrate tools from multiple disciplines to solve practical prob-

lems, meeting the diversified needs of contemporary pharmaceutical innovation.

1.4 Cultivating Students’ Teamwork Spirit

Pharmaceutical research activities emphasize multi-role collaborative work. After joining a team, students need to undertake specific
functions, such as data collection, literature reviews, or experimental design. This process requires them to master professional communica-
tion skills to ensure accurate information transmission. In drug metabolism kinetics research, team members need to consolidate biological
and chemical data analysis results, optimizing model construction through cross-validation. In this environment, students not only acquire
task allocation and time management skills but also cultivate systematic problem-solving abilities for complex issues. Modern pharmaceuti-
cal innovation relies on interdisciplinary collaboration. By participating in multi-field integration projects, students can deeply understand the
critical role of collective intelligence in overcoming technical bottlenecks, thereby forming academic literacy centered on cooperation. This
experience lays a solid foundation for their future leadership in large-scale research plans and enhances their adaptability and competitiveness

in globalized scientific research environments.
2. Problems in the Current Training of Pharmaceutical Talents

2.1 Disconnection between Teaching Content and Research Frontiers

In the pharmaceutical curriculum system, the speed of updating teaching content has not kept pace with the forefront of the discipline.
This is specifically reflected in the fact that the knowledge structure of core courses still lingers at the level of traditional theory. Taking me-
dicinal chemistry as an example, current textbooks focus mainly on classic synthesis pathways, while coverage of emerging fields such as
green chemical synthesis strategies—such as biocatalytic reactions and microfluidic technology for efficient synthesis—is insufficient. This
phenomenon limits students’ understanding of environmentally friendly processes in modern drug development and makes it difficult to in-
tegrate sustainable development concepts into innovative thinking. In terms of experimental design, training in traditional synthetic methods
occupies a significant proportion, lacking exploration of new synthetic technologies, further weakening students’ ability to solve complex

scientific problems. This imbalance in knowledge structure directly affects their sensitivity and adaptability to advanced concepts and tech-
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nologies in future research activities.

2.2 Single Teaching Methods

Pharmaceutical education has long relied on classroom lecture models, where teachers are the core of knowledge transmission and
students are in a passive reception state. This method ignores the importance of interaction and inspiration, hindering the development of
students’ learning interest and innovation capabilities. In the field of pharmacology, teaching content is often limited to textbook frameworks,
lacking deep expansion in explaining drug mechanisms of action, pharmacodynamic characteristics, and clinical practice. Interactive teach-
ing methods such as scenario simulation, problem-based learning, and interdisciplinary case analysis are rarely applied, making it difficult
for students to organically combine theoretical knowledge with practical problems. Moreover, traditional assessment methods emphasize
memorization, further weakening students’ critical thinking and ability to solve complex pharmaceutical problems. The teaching design fails
to fully reflect personalized needs, limiting students’ space for autonomous exploration and constraining their internalization and application

levels. This single teaching model appears particularly inadequate when facing the diversified needs of modern pharmaceutical research.

2.3 Weak Practical Teaching Links

As a practice-oriented discipline, there are obvious shortcomings in the practical teaching links of the pharmaceutical talent training
system. Currently, due to insufficient class hour allocation, students significantly lack time to participate in experimental operations, making
it difficult to form solid skill accumulation. Meanwhile, practical content mostly remains at the level of traditional basic experiments, such as
the preparation process of conventional drug formulations like tablets and capsules. While these experiments help master basic techniques,
they lack training in the development of new formulations such as nanocarrier systems or sustained-release technologies. The single form of
practice limits the cultivation of students’ comprehensive abilities and fails to effectively integrate interdisciplinary knowledge, such as the
application analysis of biomaterials in drug delivery. These limitations not only hinder the development of students’ innovative capabilities
but also restrict their ability to handle complex pharmaceutical problems. From an empirical perspective, compared with internationally
leading pharmaceutical schools whose practical courses have deeply integrated frontier research projects, there is still considerable room for

improvement domestically.

2.4 Insufficient Integration of Faculty Research and Teaching

The disconnect between research and teaching among pharmaceutical faculty profoundly impacts the quality of talent cultivation.
Teachers focused on research, burdened with multiple project tasks, often struggle to balance teaching design and classroom implementation,
resulting in course content lacking systematicness and depth. Students’ understanding of knowledge stays at a superficial level. On the other
hand, teachers primarily focused on teaching, due to a lack of research practice, cannot effectively incorporate cutting-edge developments
in the discipline into the curriculum system, especially in areas such as new drug development and precision medicine, making it difficult to
present the latest academic achievements. The widespread issue in universities where highly research-focused faculty are less involved in
undergraduate teaching, and teaching-focused faculty lag behind in research information, further exacerbates this contradiction. Specifically,
during lectures on drug metabolism kinetics, teachers fail to extend explanations by integrating current artificial intelligence-based predictive
models, limiting students’ cognition and application capabilities regarding modern pharmaceutical technologies. This separation impedes the
enhancement of the innovation and scientific nature of teaching content, requiring improvements through optimized resource allocation and

incentive mechanisms.

3. Practical Models of Integration between Scientific Research and Education in the Cultiva-
tion of Innovative Pharmaceutical Talents

3.1 Building a Curriculum System that Integrates Scientific Research with Education

When constructing an integrated curriculum system, cutting-edge scientific research outcomes can be introduced to optimize teach-
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ing content. For instance, in drug development courses, the application of gene-editing technologies in the creation of gene-therapy drugs
highlights the direction of precision medicine, guiding students to deeply understand the connection between molecular-targeted design and
personalized treatment strategies. Moreover, interdisciplinary course settings are also a crucial element; the combination of pharmacy with
bioinformatics equips students with the ability to mine potential drug targets from big data. By studying bioinformatics algorithm models,
students can grasp the practical application of high-throughput screening technology in drug discovery and integrate it with traditional phar-
macological theories, forming a multi-dimensional knowledge structure that enhances their capability to solve complex scientific problems.
Practice-oriented teaching module designs help strengthen students’ innovative abilities and critical thinking, making them more competitive

in the field of drug development.

3.2 Conducting Teaching Activities Driven by Research Projects

The practice platform driven by research projects provides students with opportunities for deep participation in academic research.
Under the guidance of mentors, students independently choose topics focusing on the frontier areas of pharmacy, use bibliometric analysis to
clarify research directions, construct scientific hypotheses, and design experimental systems. In this process, students must follow standard-
ized operating procedures to obtain precise data and use diverse statistical models to validate the reliability and universality of conclusions,
significantly enhancing their critical thinking and technical application abilities. Furthermore, the transformation of research achievements
into teaching resources takes various forms. For example, developing virtual simulation experiment modules based on real cases helps stu-
dents simulate the entire drug development process; compiling systematic case sets effectively supplements traditional teaching content and
expands the boundaries of knowledge. This closed-loop conversion mechanism from research to education not only strengthens the deep
integration of theory and practice but also opens up new paths for cultivating innovative pharmaceutical talents, promoting the coordinated

development of academic research and educational teaching.

3.3 Establishing a Training Mechanism for Faculty Capable of Integrating Science and Education

Enhancing the ability of pharmaceutical teachers to integrate science and education requires efforts from multiple dimensions. By par-
ticipating in high-level scientific research projects, teachers can deeply master the latest dynamics and technical methods of the discipline,
thereby systematically integrating the latest research results into course design. The reinforcement of teaching abilities should focus on the
application of advanced concepts such as case-based teaching methods and problem-oriented learning, enabling scientific research thinking to
be concretely presented in classrooms. Establishing regular mechanisms for teacher development, such as inter-university academic discus-
sions and joint teaching practices, can effectively promote in-depth exchanges of teaching experiences and the implementation of innovative
methods. Relying on digital teaching platforms for blended teaching training helps teachers accurately grasp the teaching conversion path of
scientific research content, achieving seamless integration of theory and practice. This all-round training model provides a solid guarantee for

the continuous optimization of pharmaceutical education quality.

3.4 Creating a Campus Culture Atmosphere that Integrates Science and Education

To build a campus culture that integrates scientific research with education, academic immersion must be strengthened from multiple
dimensions. Inviting authoritative scholars in the pharmaceutical field to deliver specialized lectures, sharing the latest disciplinary dynamics
and research paradigms, provides students with opportunities to broaden their academic horizons. Organizing technology competitions cen-
tered on drug design and formulation innovation, through project-driven models, cultivates students’ problem-solving abilities and critical
thinking. At the same time, establishing platforms for displaying research achievements systematically presents breakthrough progress made
by teachers and students in areas such as new drug development and biotechnology, inspiring students’ scientific research identification and a
sense of achievement. Regularizing academic exchanges, such as establishing inter-university joint discussion mechanisms, promotes knowl-
edge sharing and mental collisions, allowing students to internalize and elevate their innovative abilities in a strong academic atmosphere.

This cultural construction not only deepens the combination of theory and practice but also injects continuous momentum into the cultivation
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of pharmaceutical talents.

Conclusion and Prospects

In the context of the integration of scientific research and education, the cultivation of innovative pharmaceutical talents is a systematic
project that requires reform and innovation in multiple aspects, including curriculum systems, teaching activities, faculty teams, and campus
culture. By constructing an integrated curriculum system, students can be exposed to cutting-edge pharmaceutical knowledge and interdisci-
plinary knowledge, broadening their horizons. Conducting teaching activities driven by research projects helps enhance students’ innovation
and practical abilities. Establishing a training mechanism for a faculty team that integrates scientific research and education ensures teachers
effectively combine research with teaching, providing high-quality educational services to students. Creating a campus cultural atmosphere
that integrates scientific research and education can stimulate students’ interest in innovation and enthusiasm for research.

However, during the implementation process, some challenges still exist, such as how to further strengthen the deep integration of re-
search and teaching, and how to ensure the effectiveness of the integration in the cultivation of pharmaceutical talents at different levels. In
the future, it is necessary to continuously explore and improve the models and mechanisms of integrating scientific research and education to
adapt to the rapid development of pharmaceutical disciplines and meet societal demands for innovative pharmaceutical talents. International
exchanges and cooperation should also be strengthened to draw on advanced foreign experiences in integrating scientific research and educa-

tion, continuously improving the level of cultivating innovative pharmaceutical talents in our country.
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