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ABSTRACT
Context: As a bridge course between basic medicine and clinical medicine, pharmacology 
is a compulsory course for students majoring in clinical medicine. Aim: The purpose 
this teaching is to establish a holistic thinking mode, build student-centered curriculum 
system by optimizing the teaching design based on the network platform. Design: 
Construct receptor-based teaching mode. They are based on the network platform, 
helping students establishing the holistic thinking of medicine. The study included 
undergraduate clinical medicine class from 2017 to 2019, which was randomly divided 
into an experimental group with holistic thinking mode instruction and a control group 
with conventional instruction. The teaching effect was reflected by comparing the test 
scores of two groups. Methods: By using PBL, CBS or classroom discussion methods to 
connect all lectures with fundamental questions related to knowledge points, help student 
establish the logical thinking of the holistic view of “Pharmacology”. Student test scores 
was expressed in the form of x–±SD). One-way ANOVA was used for the comparison 
between the two groups and SPSS 17.0 statistical software was used for statistical 
analysis. Results: The results shows that the phased, mid-term and final examination 
of the experimental class are significantly higher than those of the controls in 2017  
(P < 0.05). With the increased using holistic thinking teaching mode among students, the 
final examination scores have improved steadily (P < 0.05). Conclusion: The receptor-
based teaching mode, which are helpful to construct the overall pharmacological thinking 
and improve the teaching effect.

Key words: Pharmacology, Holistic thinking, Receptor-based, Network platform, Teaching 
effect.
Key Messages: The holistic thinking teaching pattern, based on receptor level, connect 
every single organ’s exciting effect into a regular pattern of the whole system, which 
help student to polish the integrative knowledge frame system of pharmacology. And it 
can also enhance the memories of knowledge, improve the final exam results.
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INTRODUCTION
Pharmacology is an important part of  the 
knowledge system of  medical students, and  
it is a compulsory course for medical  
students majoring in clinical medicine.1,2 
Modern medicine’s understanding of  the 
nature of  human physiology and patho-
physiology is actually confirmed and  
discovered through agonists and antagonists,  
while other developments also depend on  
pharmacology and its methods and theories,  
therefore, this course involves a large number  
of  prerequisite courses and subsequent  

professional courses, which makes the  
overall knowledge framework more complex.3,4  
At present, the traditional or single teaching  
mode is difficult to adapt to the current 
pharmacology teaching process. The teaching  
effect is not ideal. Drugs are obviously classi-
fied at the organ level, but each type of  drug 
can act on different organs. Pharmacology  
textbooks are designed according to the  
systematic classification of  drug use.5  
Students are required to first construct a 
holistic view of  medicine combined with  
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basic courses such as physiology and pathophysiology,6  
and then apply pharmacological knowledge to the 
knowledge system that has been constructed to gradually 
master emerging nervous system pharmacology, central 
nervous system pharmacology, cardiovascular system 
pharmacology, visceral system pharmacology, endocrine 
and so on. Constantly enrich the medical knowledge 
system. However, in practical teaching, students often 
complain that drug names and mechanisms of  action 
are difficult to remember and understand and even 
students majoring in anesthesiology and stomatology  
think that pharmacology is not closely related to them, so  
they simply muddle through and cope with examinations.  
It directly affects the teaching effect and the study of  
follow-up related courses. Students complain about 
a curriculum system that is so useful for learning and 
memory. Of  course, the complexity and diversity of  
drugs and organisms determine the complexity and 
diversity of  pharmacological knowledge points,7 but  
the key problem is that we may ignore important logical  
clues in the knowledge system.8 In addition, there are  
many problems in some colleges and universities, such as  
outdated teaching materials, single traditional teaching 
forms, lack of  innovation in teaching methods and so  
on, so that in most cases, students’ interest in pharma-
cology is not high, passively accept knowledge, can’t 
achieve good teaching results.9 At the same time, due to 
the lack of  the establishment of  medical holistic view 
and innovative thinking, it hinders the cultivation of  
medical innovative talents. To sum up, the purpose of  
pharmacology learning is to train students to understand 
the change of  biology from phenomenon to essence 
and to establish logical thinking ability from essence 
to theory. Therefore, in teaching, we try to connect the 
scattered knowledge points through the core or several 
core ideas, summarize and refine their inherent laws,  
from point to line, from line to surface. For example, the  
receptor, as one of  the important contents throughout  
the pharmacology course,10,11 takes it as a clue to  
connect the widespread distribution and diversity of  
cholinergic and adrenergic receptors in the chapter of  
nervous system pharmacology with the basic natural law  
of  survival of  the fittest in human evolution, starting from  
the common sense of  life to the profound theoretical 
level, it can not only make students feel enlightened 
and improve their interest in learning. It can also make 
students experience the achievements and happiness in  
the process of  logical thinking,12 and has achieved  
satisfactory results in constructing students’ holistic 
view of  medicine and stimulating students’ enthusiasm 
for learning. The author has carried out practices in the 

past several classes of  students and the results are quite 
satisfying and the students’ response is quite satisfying.

Construction of a holistic thinking mode based on 
receptor level pharmacology

Based on the understanding of  the physiological and  
path physical nature of  the human body in modern  
medicine, it is actually confirmed and discovered through  
agonists and antagonists. Some chapters of  pharmacology  
can combine physiology and related theory with practice  
through cell receptors, so that the role of  drugs and 
their mechanisms from a single organ to the whole 
body. The whole teaching idea is: from the students’  
point of  view, follow the law of  education and teaching,  
start with macro phenomena and logical reasoning, 
analyze, introduce, summarize and then introduce the 
basic knowledge of  physiology and biochemistry. Finally 
proved to be positive or negative (the use of  agonists, 
blockers and other drugs).13 The process from macro 
to micro and from micro to backwardness is helpful 
for students to form a holistic view of  medicine and 
establish an overall mode of  thinking in pharmacology. 
In teaching, we first set up a team of  interdisciplinary 
teachers, including physiology, pathophysiology, internal 
medicine and other professional teachers. Based on the  
receptor, through collective lesson preparation, demon-
stration teaching and other measures, the overall structure 
and teaching design of  textbooks are re-planned and  
adjusted according to the different characteristics of   
students of  different majors. The compilation of  the  
teaching team starts from the receptor level and  
combines the theory and practice of  physiology and 
other related disciplines, which is helpful to cultivate the 
integrated teaching plan of  students’ holistic view of   
medicine. Take the efferent nervous system pharma-
cology as an example, the traditional teaching method is 
mainly based on teaching, based on the distribution of  
receptors and the effect after excitation and introduce 
all kinds of  receptors step by step. For example, there  
are two kinds of  receptors on the effectors of  adrenergic  
innervation: α and β receptors, which are subdivided 
into α 1, α 2 receptors and β 1, β 2 and β 3 receptors. 
The idea of  teaching is shown in Figure 1.
Because the traditional explanation mode ignores the 
internal relationship between knowledge and explains 
knowledge points in isolation, students may not be able 
to master knowledge points systematically and the prox-
imity of  unsystematic knowledge points and content can  
easily lead to students’ difficulty in memory and confusion  
of  knowledge points. and gradually lose interest in  
in-depth study of  pharmacology. The efferent nervous  
system mainly takes acetylcholine receptor and  
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adrenoceptor as the main line. According to the different 
receptors, all drugs can be divided into four categories,  
which are acetylcholine receptor agonists (direct agonists  
and indirect agonists) and antagonists. Adrenoceptor 
agonists and antagonists. According to the different 
receptor subtypes, the selective agonists and antagonists 
corresponding to the receptor subtypes can be divided 
into two groups. Therefore, although there are many 
drugs in this part, they are closely related to each other 
and it is easy to form an overall knowledge network, 
which is suitable for the construction of  overall learning 
thinking.14 Through years of  interdisciplinary teaching 
practice, the teaching team gradually combed out the 

main line of  pharmacology teaching and constructed a 
receptor-based pharmacology teaching thinking mode 
Instructional design can use PBL, CBS or classroom 
discussion methods to connect all lectures with funda-
mental questions related to knowledge points.15,16 For 
example, in efferent neuropharmacology, according to 
the cause and performance of  sympathetic excitation in 
the body, through the “jogging” experience that most  
students have had, the teacher separates all the excitatory  
effects of  the body’s receptors and explains the corre-
lation between sympathetic stimulation and jogging. It  
enables students to experience the application of  phar-
macology in close combination with daily life, which  
greatly increases the enthusiasm and initiative of  learning.  
The teaching ideas are shown in Figure 2.
The core question is-when exercising (running), which 
part of  the body is most used? The answer is skeletal  
muscle. The energy sources for skeletal muscle movement  
are oxygen and glycogen. Oxygen is transported by  
the blood, so the skeletal muscle blood vessels must be 
expanded (the skeletal muscle vascular smooth muscle 
β2 receptor is excited) to provide enough oxygen to 
the skeletal muscle. The heart functions as a pump to 
transport blood to the skeletal muscle blood vessels. 
Of  course, the heart must accelerate its movement and  
its contractility, heart rate and conduction are accelerated  
(the heart’s β1 receptor is excited). Therefore, the work  
of  the heart itself  is enhanced and the amount of  oxygen  
consumption increases and the coronary artery expansion  
(excitation of  the β2 receptor of  the coronary artery)  
provides the heart itself  with sufficient oxygen con-
sumption and energy delivery. Besides oxygen, only  
when the bronchial smooth muscle expands (the  
bronchial smooth muscle β2 receptor excites), can the 
outside fresh oxygen enter the body more to participate 
in sports consumption. When the skeletal muscle blood 

Figure 1: Traditional teaching content and process. The teaching  
begins with the type of receptor, then introduced the  
distribution and function according to different types  

separately. Steps 1,2,3..5 are the introductions of α1, α2, β1, 
β2 and β3 receptor, respectively.

Figure 2: Sympathetic Excited Effects and Jogging. Through 
the analysis of body’s functional state during jogging, the 

distribution and function of receptors in different tissues are 
derived, and on this basis, the physiology knowledge are 

integrated with pharmacology.



Cheng, et al.: Construction of Receptor-based Pharmacological Holistic Thinking: A Case Study of Efferent Nervous System Drugs

942� Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 4 | Oct-Dec, 2021

vessels dilate and a large amount of  blood flows to the 
skeletal muscle, the blood in the visceral blood vessels  
of  the skin and mucosa must be reduced, so the  
vascular smooth muscle in these parts naturally contracts  
(the α1 receptor of  the visceral smooth muscle in the  
skin and mucosa excites), plus Increased renin secretion  
(excitation of  β1 receptors in glomerular paracellular  
cells), so that increased synthesis of  angiotensin II is 
also involved in the contraction of  vascular smooth 
muscle of  the skin, mucous membranes and internal 
organs. The second source of  skeletal muscle energy-
glycogen, first of  all, muscle glycogen, in order to  
provide sufficient energy consumption to skeletal  
muscle, of  course, insulin release must be reduced at this 
time (the islet β cell α1 receptor excites), otherwise how 
is glycogen metabolized by insulin to supply energy? 
In addition, the liver breaks down fat to make up for 
the rapid depletion of  muscle glycogen, including the 
increased catabolism of  fat cells (excitation of  β2 and 
β3 receptors in fat cells). In addition, when running, the  
eyes should be widened (the α1 receptor of  the mydriasis  
is excited) to see the road clearly to prevent wrestling.  
In short, most of  the changes in organ levels after  
sympathetic nerve excitement are strung together with 
this line, which is where the author understands the 
“reason”. From the perspective of  the whole process, in 
the process of  human evolution, motion is passive and 
stillness is active. Passiveness reflects the contradictory  
behaviors of  human adapting to and reforming the  
environment, while the active state is due to human 
nature. At rest, it is the result of  parasympathetic inner-
vation, that is, the body is trimming the energy storage 
process, in order to survive and continue to compete 
with nature and adapt to the process. In this sense, when 
a person is resting, their heart activity weakens, their 
pupils shrink (drowse state), the gastrointestinal smooth 
muscles are excited and the secretion of  the digestive 
glands increases to facilitate the digestion of  food and 
reserve energy, which results in a relatively increased 
urination and defecation (sphincter relaxation, Detrusor 
contraction) and other behaviors are also connected in  
series. The above are the effects of  M receptor excitation.  
This process of  proving from the surface to the inside, 
from the macro to the micro and then from the micro to the  
macro proves to help strengthen the establishment of  the  
logical thinking of  the holistic view of  “Pharmacology” 
in a short time and can make the memory of  the learned 
knowledge solid, students will also benefit for life.
Pharmacology teaching starts with macroscopic  
phenomena and logical reasoning, which analyzes,  
introduces and summarizes, sets the drugs to be studied 
into the related logical framework and on the basis of  

reviewing the prerequisite courses such as physiology  
and pathophysiology, through the guidance and refine-
ment of  teachers, let student’s master specific drugs in 
a close knowledge framework. And through students to 
cooperate with each other,17 actively complete thinking  
and discussion, constantly improve students’ autonomous  
learning ability,18 promote the cultivation of  students’ 
holistic view of  medicine and logical thinking, so as to 
improve examination scores and teaching results.

Teaching design based on network platform

The information-based teaching mode based on the  
network platform is a new generation of  teaching mode 
facing the mobile Internet, which can be used in both 
computer and mobile phone. It has rich functions, simple 
and convenient operation and can integrate curriculum  
resources, pre-class preparation, classroom questioning,  
online practice, student attendance, discussion and other  
functions. The development of  various network  
platforms, including mu class, rain class, micro class,  
QQ and so on, has laid a solid foundation for network  
information teaching. After determining the teaching  
ideas, a network teaching platform is constructed  
according to the actual situation of  our school and a  
student-centered pharmacology curriculum system is 
established. Curriculum design is mainly divided into  
four parts: pre-evaluation, mid-evaluation, post-evaluation  
and post-evaluation. The design of  each part focuses 
on student-centered learning process management and 
evaluation. Before class, teachers make instructional 
designs for different majors and classes and then upload  
the materials that need to be previewed,19 such as  
syllabus, multimedia courseware, micro-class videos, 
PBL cases,20 exercises, etc. by Yu classroom or other 
network platforms, so that students can log in in the  
created class and then preview according to the content  
with the help of  learning materials such as teaching 
plans and courseware provided by the platform. Enable 
students to have a preliminary understanding of  the 
basic teaching process 21 through the network platform. 
At the same time, students determine study groups  
before class and each group consults materials according  
to the information released by teachers on the network  
platform, carries out inter-group discussions and  
prepares a full set of  plans for communication and use 
in class. In this process, teachers should pay attention  
to stimulating students’ desire for knowledge and  
cultivate students’ ability to think independently, analyze  
and solve problems and unite and cooperate. In classroom  
teaching, students are the main body and a variety of  
teaching methods and methods are used to improve  
students’ interest and motivation in learning and  
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promote students’ exchange and discussion. According 
to the pre-class group for class report and discussion,  
students put forward their own questions, solve problems  
and constantly improve the knowledge system. Through 
the guidance of  teachers, we should cultivate students’ 
innovative and open thinking and promote students to 
integrate existing knowledge and new knowledge, make  
them master interdisciplinary knowledge comprehen-
sively and systematically and actively analyze various 
phenomena of  the body. Analyze the causes and infer 
the results. In the classroom, online exercises or tests  
can also be used to detect students’ mastery of  knowl-
edge in real time. The teacher can release the class test 
through the rain classroom, which can be carried out 
in a designated, random and rush way and the system 
can automatically correct and immediately complete 
the test question analysis and score statistics and the 
teacher can grasp the students’ mastery of  knowledge 
in a timely manner. and to answer questions for students 
with learning problems. At the same time, the score can 
be incorporated into the usual score, so as to improve 
the students’ concentration and efficiency in classroom  
learning. At the same time, we can understand the  
students’ mastery of  the experiment in real time through 
online exercises or Q & A, so that teachers can adjust 
their teaching strategies in time.22 After class, online 
learning and real-time Q & An are used to consolidate  
the learning effect. Finally, the formative evaluation 
and teaching reflection are carried out according to 
the contents of  the above three parts and the results 
of  the formative evaluation of  the experimental class 
are included in the final comprehensive score. This also 
greatly improves the enthusiasm of  students to use the  
network platform to learn and is conducive to the  
continuous improvement of  teaching quality.
Evaluation method based on holistic thinking 
teaching mode of receptor level pharmacology 

The clinical medicine parallel classes offering phar-
macology courses in 2017 were randomly selected to  
construct the pharmacology teaching mode on the  
basis of  the traditional teaching mode and the overall 
thinking based on the receptor level. The teaching of  
drugs in the efferent nervous system (the second phase) 
was assessed in stages and the results were statistically 
analyzed. Finally, for the mid-term and final exams, the 
horizontal comparison is based on the overall thinking 
mode at the receptor level to construct the teaching 
effect of  pharmacology teaching and traditional teaching 
mode. At the same time, the final examination results of  
pharmacology clinical undergraduate major from 2016 
to 2019 were selected to compare the teaching effect of  
this teaching mode longitudinally.23

Combined with the previous performance evaluation 
experience,24 in order to improve the comparability of  
the examination questions, the author makes an educa-
tional measurement analysis on the 2017 clinical under-
graduate pharmacology stage examination questions, 
the mid-term examination questions and the 2016-2019 
clinical medicine undergraduate pharmacology final 
examination questions. The results show that the above 
six questions have good reliability (R > 0.9), moderate 
difficulty (0.25P) and good differentiation (D20.35).  
The test results are reliable and the difficulty is moderate,  
which can better measure the students’ mastery of  the  
knowledge they have learned. In the evaluation of  learning  
effect, a total of  244 students from four classes majoring  
in clinical medicine in 2017 were divided into the  
control class and the experimental class, including 120 
in the control class and 124 in the experimental class. 
According to the traditional teaching mode and the  
receptor-based teaching mode, which are helpful to  
construct the overall pharmacological thinking, the 
results of  the periodic examination after the course  
show that the scores of  the experimental class are  
significantly higher than those of  the control class in the 
phased examination, mid-term examination and final  
examination (P < 0.05). The results are shown in  
Figure 3. After 2017, with the gradual progress of  phar-
macology teaching reform. The teaching of  constructing  
the overall thinking of  pharmacology has also been 
gradually piloted among the undergraduates majoring 
in clinical medicine in Grade 2018 and 2019. The final 
examination results of  clinical medicine majors from 

Figure 3: Effect of Holistic Teaching Model on Results of 
Pharmacology Phased Examination of undergraduates  

majoring in clinical medicine. Compared with control classes, 
**P <0.01,*P <0.05.
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2016 to 2019 were compared longitudinally. The results  
show that with the increase of  the proportion of   
pharmacology holistic thinking teaching mode among 
students (50% of  the total number of  college students in 
2019), students’ final examination scores have improved  
steadily and the final examination scores of  2019  
students have increased significantly compared with 
2016. It is statistically significant (P < 0.05, P < 0.01) 
and the results are shown in Figure 4.

DISCUSSION
The effectiveness of  teaching and its evaluation consists 
of  teaching process and final evaluation.25 Based on  
receptor level to structure pharmacology integrated-
thinking teaching pattern. Starting with macroscopical  
phenomenon, cut into receptor level, integrate the  
theory and practice of  physiology and functionality. 
Connect every single organ’s exciting effect into regular 
pattern of  the whole system, which helps to polish the 
integrative knowledge frame system of  the pharmacology  
teaching that is suited. This kind of  process from  
outward appearance to inner essence, from macrography  
to microcosm, then them prove repeatedly, which helps  
to strengthen the integrative logical thinking’s establish-
ment of  pharmacology in a short time. And it can also 
enhance the memories of  knowledge that will benefit  
students through all their lives. To improve the evaluating  
comparability between the same teaching content and  
different teaching pattern in this teaching pattern experi-
mental design progress, the author used horizontal and  
vertical comparing patterns to compare the teaching  

pattern’s effect of  students’ score. The horizontal  
comparison chose two classes of  grade 2014 majoring 
in clinical medicine, which don’t have much difference 
in the other courses’ tests. The results of  periodical test, 
mid-term examination and final examination show us : 
the mode of  education that bases on receptor level to 
build the systematic thinking of  pharmacology, start with 
macroscopical phenomenon and then cut to the logical 
reasoning, analyze concluding and summarize and lead 
in the basic knowledge of  physiology and biochemistry, 
finally attest it is right or its contrary is wrong (by using 
medicines such as agonist, blocker etc.), link the effect 
of  single excited organ in series as integrated systematic 
law, which helps students in building systematic thinking 
of  pharmacology and improving students’ performance 
obviously. The result of  vertical comparison shows us:  
from 2017 to 2019 the undergraduate of  Clinical Medicine  
Science that adopt the way based on receptor level to  
build the systematic thinking of  pharmacology in  
different degrees, whose final examination can show: as 
the augment of  this mode of  education, the students’ 
final exam results were improved steadily, this situation 
can be explained as this mode of  education has obvious 
advantages in the teaching of  pharmacology. 
Study of  practically teaching has been conducted for 
many years,26 which creates knowledge system of  phar-
macology based on receptor level and it makes use of  
transverse contrast applied when talking about classes 
in same level and semester while vertical contrast going  
on under professional identically classes in diverse  
years. Educational measurelogy will test and analyze its 
teaching effectiveness in which appears to be an apparent 
improvement in instructing pharmacology and greatly  
promote students interests in exploration of  pharmacology.  
More and more the author feels the passion when teaching  
pharmacology to Figure out the nature of  life. From 
experience of  many years of  scientific study, it normally  
occurs to me a question that you’ll explore out of   
control once you are approaching the truth because  
curiosity is human nature. What is interest? That is! And 
that produces endless energy and set you free without  
limitation and hesitation. Thus, it’s hard to stand that 
pharmacology unpopular among students. That’s what 
the author reflects from teaching and initiative action of  
exploring the true essence of  life during teaching. People, 
during the normal living process, should change their 
passive learning skills to active learning skills, maybe this 
is another active nature of  human-beings: desire, people 
want to live longer and enjoy more happiness. This type 
of  passive-to-active philosophical action is the primary  
condition of  medical development, too. Isn’t it? Actually,  

Figure 4: Effect of Teaching Model on Results of Pharma-
cology Final Examination of undergraduates majoring in  
clinical medicine from 2016-2019. Note: Compared with  

control classes *P <0.05
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knowledge about philosophic thinking is another direction  
of  teaching reform.
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