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Abstract: Pharmaceutical comprehensive study (PCS) is a new system of experimental teaching in China, which integrates
multidisciplinary pharmaceutical knowledge and covers the basic process of new drug discovery. To explore the feasibility of
this experiment teaching system and mode, we developed PCS as an elective course. The PCS is designed with two sections:
pharmaceutical comprehensive design (PCD) and pharmaceutical comprehensive experiment (PCE). The PCD section includes
literature review, comprehensive project design and oral examination. PCE can be divided into four parts: synthesis, quantitative
determination, pharmacodynamic evaluation, and formulation and quality determination. Course grade was determined by experimental
performance, written report, literature review, new project design and oral examination. The learning interest, experimental ability,
theoretical level and literature retrieval ability, team spirit and interpersonal skills have been all significantly improved among
students taking this course. A survey was administered at the end of the semester to the enrolled students. The responses were
reported as percentages, and the feedback was positive. The course was highly recommended by the teaching inspection committee.
This new course plays an important role in developing students’ creativity and comprehensive ability. It could help students
understand the focus and features of every secondary discipline, as well as establish scientific and reasonable knowledge system.
Most students can better understand the process of drug research after this course.
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physical chemistry, medicinal chemistry, natural medicinal
chemistry, pharmaceutical analysis, pharmacology and
pharmaceutics.

Although there are many lab courses and these
courses have been run for many years, there are still
problems. First, these lab courses are spread out in
different semesters and taught by different teachers in
related disciplines. Spreading the classes causes loss of
consistency and makes it hard for students to integrate the
knowledge between disciplines. Second, the experimental
content in every course is independent, and there is
no connection among the experiments. Third, without
participating in the experimental design, students may
lack the motivation of simply performing the experiment.
For these reasons, students may only learn the skill
that already exists in the lab course experiments and do
not get the integrated picture and role of each stage,
including the improvement of comprehensive quality
and innovative ability!"*.

Pharmaceutical science is a multidisciplinary area, which
includes biology, chemistry, physics and informatics,
to name a few*. Due to the higher demands on the
pharmaceutical professionals with comprehensive
ability and creativity, pharmaceutical comprehensive
study (PCS) has recently been launched at Peking
University with the goal of solving the problems
mentioned above. It’s a new pharmaceutical experimental
teaching system that integrates knowledge of multiple
secondary disciplines of pharmaceutical sciences.
Students can choose one classical drug for this course
and do the synthesis or extraction of the drug first,
determine its quality and pharmacology activity, and
then make formulations™™. This course has the following
advantages'®. First, students will have an overall
understanding of pharmaceutical sciences and the
process of drug research. Second, students will benefit

from the disciplinary cross-over and integration, and

will learn more about the relationship and feature of
each secondary discipline. Third, the contents are not
a simple gathering of existing experiment schemes. On the
contrary, they are innovative and combinations of green
chemistry and environmental protection idea. Fourth,
there is no other course that offers independent research
design, which will improve the comprehensive ability
of students in areas such as literature searching, writing,
cooperation and presentation skills. In summary,
this integrated course will give students a broader
understanding, thereby preparing them to effectively

contribute intellectually and experimentally.

2. Methods

The PCS can be summarized in to two sections:
pharmaceutical comprehensive design (PCD) and
pharmaceutical comprehensive experiment (PCE) (Fig. 1).

In PCD section, students are required to do literature
review and design a comprehensive project. This can
be about the improvement of the existing projects or
design of new comprehensive experimental project. On
one hand, this section can provide materials for new
comprehensive experimental project; on the other hand,
it can foster the development of students’ scientific
thinking to make them realize that only with the
combination of theory and practice can they obtain
comprehensive knowledge and research skills. Finally,
oral examination is given to evaluate their understanding
of the pharmaceutical research. All students should
present their newly designed comprehensive experimental
projects in detail. We will discuss the problems that
may exist in the design, share experiences and put
forward suggestions and opinions for the improvement
of the course. This section takes 40% of the grade.

The PCE section takes 60% of the grade. Here, we

discussed the PCE portion using the Aspirin project as
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Figure 1. PCS illustration (using Aspirin project as an example). PCS includes PCD and PCE. PCE includes literature review, new project design
and oral examination. PCE has four parts: synthesis, quantitative determination, pharmacodynamic evaluation and pharmaceutic formulation.

Each part in PCE has 2-3 different methods.

an example. The project can be divided into four parts:
synthesis, quantitative determination, pharmacodynamic
evaluation, preparation and quality determination of
aspirin tablets (Fig. 1).

The first part involves synthesizing raw materials
using chemical reagents or extracting and separating
active ingredients from traditional Chinese medicines or
natural drugs. For example, in the Aspirin project, both
traditional and microwave methods have been used.
Students can not only consolidate the original knowledge
and master the emerging microwave technology which
presents the green chemistry trend of pharmaceutical
experiments, but this will also allow the students to
realize the strengths and weaknesses of both methods.

The second part would be getting information about
the quality of the product through analytical techniques,
then optimizing synthetic routes and processes to
prepare qualified raw materials or active ingredients.
Three main methods in pharmaceutical analysis, titration,
spectrophotometry and HPLC, have been used to

determine the purity and content in the Aspirin project.

Knowledge in every independent experiment and related
theoretical course has been connected together in
this section. In this way, students will have a deeper
understanding of the role that analytical techniques
plays in pharmaceutical sciences.

The third step involves evaluating the pharmacological
effect of the raw material or active ingredient by
analyzing its pharmacodynamic and pharmacokinetic
properties at the cellular or whole animal level. The hot
plate test and chemical stimulation methods have been
used to determine the analgesic effect of Aspirin, while
the rat metatarsus-swelling method has been used for
anti-inflammatory experiments. Students could observe
different effects caused by different drug concentrations
and master the basic operation methods of an in-vivo
pharmacological experiment, such as capturing,
marking and weighing the subject, as well as oral
gavage administration, intraperitoneal injection and
sacrifice methods for both mice and rats. Students may
have a better understanding and grasp of pharmacology

skills in this way.
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The final step includes making formulations from the
above-mentioned raw material or active ingredients,
determining the quality of the formulation and improving
the prescription process, finally forming a rational
designed formulation with stable quality, which is also
called the target product. In the Aspirin case, the
preparation of ordinary tablets vs. sustained release
tablets, and the comparison of their appearance, tablet
weight difference, hardness, friability and dissolution make
students understand the importance of pharmaceutics and
formulation in drug research.

The design of the integrated project is more than the
sum of its parts. It’s the relationship between those parts
and the application of a proper academic philosophy
that allow to be more valuable than its constituents!”,
Multiple experimental methods have been designed in
parallel for each part. The use of different methods
toward the same goal not only allows students to realize
the application scope of each method, but also shows
them the dialectical way of thinking that there is not
only one method in solving a problem and each method
has its advantages and disadvantages.

In China, most of the courses are primarily given by
lecturing, and there is a lack of interaction between the
students and teachers. The teaching mode in PCS combines
lectures, classroom discussion, experiments and oral
examination. Interactions between teachers and students
have been established in this way. The teaching target
population for this course in Peking University is students
of pharmaceutical sciences in the fourth year of the study.
Students can take this as an elective course. The associated

teaching materials have been developed by us.

3. Results

The contents of this course are coherent and correlated

with each other. For example, in an analytical experiment,

students do not know how a white powder is made for
quantitative determination, whereas they make the study
material by their own in this course. In this way, the
learning interest and practical ability can been improved.

During the process of writing reports and reviews,
students will consult much literature. They will also
think deeply and put forward the improvement measures or
other possible solutions for the problems encountered
in the experiments. As parallel experiments have been
designed in every section, students will make detailed
comparisons of different experimental methods to
analyze their advantages and disadvantages, as well
as their applications. This process can significantly
improve their understanding of the knowledge and
literature retrieval ability.

There are both independent and group experiments in
the course. This grouping method could help students
improve the teamwork spirit and interpersonal skills.

Our survey shows that students fully support the
establishment of this course. The course helps students
systematically gain experience over various disciplines.
More importantly, it makes students have an overall
understanding of the process of drug research through
the integration of multiple subjects.

The adoption of parallel experiments using various
techniques helps students realize the strengths and
weaknesses of different methods, thus helping them
understand the principle and application range of each
method more intuitively and firmly. It would also set
the stage for the selection of experimental methods in
future research work.

To gauge student perception of the new course, a
survey was administered at the end of the semester,
which was the basis for changes in subsequent years.
Out of the 28 students enrolled in the course over the
two academic years (2014-2016), 23 students completed

the survey for a response rate of 82%.
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In summary, more than 91% of students were
satisfied with this course, and none responded with
dissatisfaction. Moreover, 74% of students deemed that
it was indeed necessary to establish this course, 30%
were interested in the contents of this course, and 35%
agreed that the design of the course was reasonable
and the content was novel. In addition, 52% thought this
course covered a wide range of knowledge (Fig. 2).

For the student responses to the features of this course
(Fig. 3), 65% agreed that comprehensive experiments
had a higher requirement on comprehensive capacity,
and the harvest was greater at the same time. Moreover,
83% believed that this course could help them integrate
the relevant knowledge that they had learned before
and agreed that it was a great help for them to improve
their comprehensive ability. In addition, 52% considered
that this course required higher operation skills, and
it was important so they could improve. Furthermore,
78% believed that the knowledge in this course had
both coherence and relative independence, which could
enhance learning interest and improve comprehensive
qualities.

Regarding the assessment mode, 70% of student
agreed that it helped them better understand the
knowledge dispersed in every sub-discipline. Moreover,
78% believed this mode improved their capabilities of
experimental design, analyzing and solving problems.
In addition, 44% thought this mode enhanced the
literature retrieval and thesis writing abilities. Furthermore,
57% considered oral examination was a great help
for their language organization ability. Besides, 30%
thought this mode was more difficult than the traditional
assessment mode that only had an experimental part
(Fig. 4).

Briefly, 81% of students were in agreement for the
necessity of cooperation, and others responded neutrally.

Moreover, 57% thought this course should be taken in

the third year, 30% thought it would be better in the
fourth year, and 8.7% said any year was acceptable

(Table 1).

The Overall Evaluation to this Course
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Responses

A. Tt was necessary to set up this course (73.9%);

B. I am interested in the contents of this course (30.4%);

C. The design of the course was reasonable and the content was novel (34.8%);
D. It covered a wide range of knowledge (52.2%).

Figure 2. The overall evaluation to this course. More than 91% of

students were satisfied with this course, and none responded with
dissatisfaction.

The Features of this Course
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A. This course had a higher requirement on comprehensive capacity, and
at the same time achievement was greater (65.2%);

B. This course helped me integrate the relevant knowledge which I have learned
before and improved my comprehensive application ability (82.6%);

C. This course required higher operation skill and it was important to the
improvement of operation skill (52.2%);

D. The knowledge in this course had both coherence and relative independence
which could enhance learning interest and improve comprehensive
quality (78.3%).

Figure 3. Student responses to the features of this course. This course
helped students integrate the relevant knowledge, improve the
comprehensive application ability and operation skill, enhance
learning interest and improve comprehensive quality.
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The Response to the Assessment Mode
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Responses

A. It helped me better understand the knowledge dispersed in every
subdiscipline (69.6%);

B. It helped me improve the capacity of experiment design, analyzing and
solving problems (78.3%);

C. It helped me enhance my literature retrieval and thesis writing abilities
(43.5%);

D. Thesis defense was a great help in their language organization (56.5%);

E. It’s more difficult than the traditional assessment mode (30.4%).

Figure 4. Student responses to the assessment mode. The assessment
mode of “literature review + experiment + oral examination”
helped students better understand the knowledge dispersed in every
sub-discipline, improved their capacities of experiment design,
analyzing and solving problems, enhanced the literature retrieval,
thesis writing abilities and language organization ability.

Table 1. The survey about the necessity of cooperation and course time.

Responses %
Very necessary 60.8
. . Necessary 21.7
The necessity of cooperation
Just as well 17.4
No need 0.0
The first year 0.0
The second year 4.4
The course time The third year 56.5
The fourth year 304
AllOK 8.7

The enrollment is increased from 10 students of the
first year to 18 students of the second year. This
demonstrates that students are interested in this course. The
teaching inspection committee of our school commented on
this course after their inspection. They think PCE is a
course which can help students understand the overall
process of drug research systematically and improve
their comprehensive ability. Therefore, this course has

great potential and deserves recognition.

During the course, we found that the operational skill
of students at the pharmacology part is weak compared
with other parts. We had to teach the students how to
do oral gavage and intraperitoneal injection step by step.
This indicates that they don’t have enough experience
in this area, and more training should be given when
they take the pharmacology lab course in their third
year. Therefore, this course also plays a guiding role

for other curriculum optimization.

4. Conclusions

PCS covers the general process of drug development
from drug synthesis, quality analysis, pharmacological
evaluation, to formulation and quality determination. It
provides the opportunity for students to practice the
related experiments with regards to pharmaceutical
research, and design new projects independently. It
helps students realize the focus and features of every
secondary discipline, improve their abilities of literature
review and oral presentation skills, and establish scientific
and reasonable knowledge systems. The knowledge from
different subjects, which the students learned from the
experiments, can be connected together and help stu-
dents have a broad understanding of drug discovery.
The student-designed projects in the PCD section in
the current semester could be further tested on their
feasibility and added into the course in the coming term.
Independent experiments cannot achieve these results.

We did pre-course work for this project for about
6 months before we established this course, and we
have run the project for about 2 years. Our university
provided a lot of support for the course in terms of lab
space, manpower and funding. Teaching spaces that
can be used for all the experiments are necessary for
the course. We have professionals who are familiar with
those experiments and technicians who can maintain the

equipment. The university also gave us some funding
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