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Abstract

To address common teaching bottlenecks in the undergraduate course of Medicinal Chemistry of
Natural Products, including challenges of integrating theoretical knowledge with scientific practice,
outdated textbook content, and the absence of a systematic training system for fostering students’
scientific research and innovation capabilities, this study explored a research-driven teaching re-
form model and the integration of teaching and research. Guided by situated learning theory and
Vygotsky’s zone of proximal development theory, a comprehensive theoretical framework for teach-
ing-research integration was constructed. We established a standardized three-stage transformation
workflow (screening-simplification-embedding) to systematically integrate cutting-edge top-journal
advances, original research findings from our research group, large-scale research platforms and
frontline academic experience through the full teaching chain of pre-class preparation, in-class lec-
tures and after-class extension. Relying on the college’s specialized laboratories and ongoing re-
search projects on ethnic medicinal plants, we developed three-tier gradient teaching cases (basic
consolidation - extended advancement - innovative inquiry) and a four-level laddered training scaf-
fold for scientific research. Undergraduates received phased guidance to complete full-cycle research
training covering the extraction and separation of chemical constituents from medicinal plants, spec-
tral structural identification, and in vitro biological activity evaluation, forming a closed-loop inte-
grated education model: “Bring frontier advances into classrooms, embed scientific research oper-
ations in laboratories, and drive whole-process teaching with innovative research outcomes”. The
explanatory sequential mixed-methods approach (quantitative statistics + qualitative in-depth in-
terviews) was adopted for comprehensive evaluation of teaching effectiveness. Parallel experi-
mental and control groups from the same major were set up. Three-dimensional datasets—item-
ized course scores, students’ research outputs, and layered structured in-depth interviews—were
combined with independent sample t-tests and chi-square tests to quantify disparities and cross-
verify the practical effects of the reform. Practical results demonstrate that while maintaining
students’ mastery of fundamental theoretical knowledge at a stable level, this model can markedly
boost students’ active classroom engagement, segmented formative academic performance, and in-
dependent research innovation outputs. This paper objectively analyzes three core restrictive fac-
tors limiting model implementation: faculty resources, precision instruments, and special research
funding. We construct a comparison table for hierarchical dimensionality reduction adaptation tai-
lored to universities with varying resource endowments, and propose differentiated tiered imple-
mentation schemes. The research can provide standardized, flexibly replicable practical paradigms
for the teaching reform of core courses for majors such as Pharmacy, Pharmaceutical Engineering,
and Chinese Materia Medica.
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Figure 1. The canonical biosynthetic pathway of triterpenoids features squalene as an intermediate. Three bifunctional triter-
pene synthases (TSs) derived from fungi were identified. These enzymes catalyze the condensation of dimethylallyl pyrophos-
phate (DMAPP) and isopentenyl pyrophosphate (IPP) via a hexaprenyl pyrophosphate (HexPP) intermediate to ultimately
produce triterpenoids. [10]
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Figure 2. (A) A novel neolignan dimer was first discovered in Magnolia triloba. (B) A phenanthraquinone dimer was
isolated from Orthosiphon wulfenioides
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Figure 3. Six major subtypes of seco-prezizaane sesquiterpenes
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Figure 4. (A) Anti-inflammatory activity-guided isolation of novel abietane diterpenoid representative compounds from Or-
thosiphon wulfenioides and their anti-inflammatory mechanisms, (B) Representative rearranged abietane diterpenoids isolated
from Orthosiphon wulfenioides and their anti-Zika virus mechanisms
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