
Evidence-based 
Research Methods 
 for Chinese Medicine

Siu-wai Leung 
Hao Hu   
Editors

123



Evidence-based Research Methods for Chinese
Medicine



Siu-wai Leung • Hao Hu
Editors

Evidence-based Research
Methods for Chinese
Medicine

123



Editors
Siu-wai Leung
Institute of Chinese Medical Sciences
University of Macau
Macau
China

Hao Hu
Institute of Chinese Medical Sciences
University of Macau
Macau
China

ISBN 978-981-10-2289-0 ISBN 978-981-10-2290-6 (eBook)
DOI 10.1007/978-981-10-2290-6

Library of Congress Control Number: 2016948120

© Springer Science+Business Media Singapore 2016
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer Science+Business Media Singapore Pte Ltd.



Preface

Chinese medicine, in spite of its long history in development of theories and
practices, has been questioned by scientists in terms of modern scientific methods.
It would be understandable that traditional Chinese medicine was developed well
before modern sciences and cannot have full specification, standardized records,
and rigorous statistical design and analysis of experiments all at once. While not all
modalities of Chinese medicine have fully developed appropriate scientific meth-
ods, some Chinese medicine research methods have been standardized with proper
definitions to acquire, analyze and evaluate research results, making Chinese
medicine more evidence-based/led. We believe that the evidence-based/led Chinese
medicine research will unlock the potentials and demonstrate the effectiveness of
Chinese medicine to become a crucial part of health systems. To this end, we
organized a series of workshops on Good Research and Scientific Publishing
(GRASP) and invited some of the workshop lecturers to write about their current
methods and tools for Chinese medicine research.

This series of workshops was co-organized by the Institute of Chinese Medical
Sciences (ICMS) at the University of Macau and the International Society for
Chinese Medicine (ISCM) in Macao. ISCM is an independent and not-for-profit
academic organization mainly funded by the Macao Foundation. ISCM has been
maintaining an international platform to promote modernization and internation-
alization of Chinese medicine. In particular, ISCM is running the Chinese Medicine
journal published by BioMed Central (BMC) to promote evidence-led Chinese
medicine.

Chinese Medicine journal is an open-access, peer-review academic journal, which
has been indexed by the Science Citation Index Expanded (SCI-E) since July 2013,
with a journal impact factor of 1.58 according to the 2015 Journal Citation Reports
(JCR). It also follows the international publication guidelines, including Committee on
Publication Ethics (COPE), BMC and Springer Nature’s guidelines, to promote good
research practices among Chinese medicine researchers. The journal currently publishes
three types of articles, i.e., evidence-based/led, scientifically justified, and ethical
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research reports (research articles), systematic literature reviews (review articles) and
commentaries on evidence-based/led research (commentary articles).

The mission to advocate the evidence-based/led Chinese medicine as well as
ethical journal editorial process inspired us to organize the GRASP workshops.
From the workshops, we noticed so many exciting methodological innovations that
would be helpful to meet the methodological challenges in Chinese medicine
research. All of these motivated us to take a further step to compile this small
collection (“toolbox”) of current methods for those who are eager to start or
advance their evidence-based/led research in Chinese medicine. We look forward to
further innovations and practical publications on rigorous research methods from
and for the Chinese medicine community.

Macau, China Siu-wai Leung
2016 Hao Hu
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Chapter 1
Introduction

Sze Chung Yuen, Hao Hu and Siu-wai Leung

Abstract Chinese medicine (CM) has been questioned for more than a century
about its inadequate scientific evidence. While some past CM studies were not
convincing from the views of modern sciences, especially under critical appraisal
by evidence-based medicine (EBM), we hold a positive view that CM can
demonstrate its effectiveness in improving healthcare through the same
evidence-based, or even a more extensive evidence-led, approach. In the last dec-
ade, standardized CM research methods have been enabling researchers to acquire,
analyze, and evaluate evidence scientifically. This book is a practical guide to the
latest methods, including design and conduct of CM research according to appli-
cable EBM guidelines. The authors of all chapters in this book are active CM
researchers in their fields of research, including clinical studies, informatics, lab-
oratory studies, pharmaceutical administration, pharmacy research practices,
research ethics, and socio-medical studies. Many chapters also cover the best
practices of research ethics and scientific reporting in their fields. We anticipate that
Chinese medicine would bring the valuable knowledge to current healthcare by
following these EBM research methods.

Keywords Chinese medicine (CM) � Methodology � International standards and
guidelines � Evidence-based medicine � Evidence-led medicine
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1.1 Objectives

This book provides a practical guide to the evidence-based medicine
(EBM) research methods, including their design and execution that are suitable for
Chinese medicine (CM). Through these research methods, we would like to
introduce the international standards and guidelines of EBM applicable to Chinese
medicine research, particularly good research practices (GRP), medical research
ethics and scientific reporting.

1.2 Clinical Research

1.2.1 Chapter 2 Methodology for Clinical Studies
Investigating Chinese Medicine

CM is usually regarded as a modality of complementary medicines that are lacking
scientific evidence for their efficacy to participate into the mainstream health sys-
tems. This chapter described the methodology used to measure the clinical efficacy
of CM using randomized controlled trials (RCT), observational studies and meta-
analytic studies. The authors emphasized the importance of (a) experimental con-
trols (placebos or active controls) to demonstrate the efficacy, (b) randomization to
avoid biases in sampling and group allocation, (c) proper sample size calculation to
avoid invalid statistical inference, (d) blinding to avoid performance bias and
detection bias, and (e) ethical practices to avoid research misconduct. To ensure the
quality of clinical trials, we must clearly define the objectives in terms of PICOS
(i.e., patients, intervention, comparison, outcomes and study design) at the first
place. The study protocol submitted to the ethics committee for ethics approval
should include the full study design and executable procedures of the trial. The
protocol must be registered with one of the public trial registries, e.g., Australian
New Zealand Clinical Trials Registry and Chinese Clinical Trial Registry. The
authors described the execution of RCTs in terms of study management, data
management, data analysis, report writing and publication. Besides RCTs, they also
discussed the merit and weakness of observational studies, e.g., case studies, case
series, cross-sectional studies, case-control studies, and cohort studies. The meta-
analytic studies, e.g., systematic reviews, and meta-analyses, measure the clinical
efficacy of CM by aggregating the results of evidence-based research. For each type
of these studies, the authors provided an example to illustrate the key concepts.
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1.2.2 Chapter 3 Effectiveness Assessment of Chinese
Medicine in Clinical Research

For evaluating clinical effectiveness, RCT is usually regarded as the best scientific
method (i.e., gold standard). The method can avoid common biases, e.g., selection
bias and detection bias by random allocation of participants, statistical calculation
of sample sizes, blinding in out-come assessment, and clear definition of eligibility
criteria of participants. In practice, there are common issues of RCTs for evaluating
the clinical effectiveness of CM. It is a challenge to use placebos in the control
group; e.g. the color, odor, taste, and smell of CM decoction may not be easily
mimicked. Universal outcome indicators for many diseases in CM treatment are
unavailable; thus, selecting appropriate indicators would not be easy for CM
research. The authors took chronic obstructive pulmonary disease (COPD) as an
example to demonstrate why few RCTs can use appropriate indicators. In addition
to the selection of indicators, the authors also discussed the issues in
patient-reported outcome analysis, safety assessment and health economics evalu-
ation. These different evaluation purposes differentiates the trial into (a) the efficacy
trials that measure the expected results under experimental conditions, and (b) the
effectiveness trials that measure the beneficial effects. These different trials may use
different outcome measures. Unlike Western medicine (WM), the clinical effec-
tiveness of CM should be measured according to the zheng (syndrome)-oriented
model of CM, although the measures of many syndromes in CM are still subjective
and lacking well-recognized definitions in zheng (syndrome) differentiation. This
chapter exemplified how to evaluate the effectiveness of combined CM and con-
ventional psychotherapy in treating menopausal syndrome.

1.2.3 Chapter 4 Placebo Controlled Trials in Acupuncture:
Problems and Solutions

Acupuncture procedure involves the stimulation of acupoints, mainly through
needles. Inserting needles to specific acupoints to accurate depths by correct
manipulation techniques is believed to trigger certain sensations, particularly
“deqi”, in human subjects. Due to inadequate controls and acupuncture techniques,
both positive and negative efficacy findings of acupuncture were obtained from
clinical trials. In particular, when the sham acupuncture (e.g., shallow needle
insertion with no manipulation, sage-dagger like needle without skin penetration)
was used as control, the small differences between treatments and controls raised
questions about the efficacy of acupuncture. This chapter focused on how to address
the current issues of using sham acupuncture in RCTs. Among different types of
sham acupuncture being used in RCTs, some techniques, e.g., sham TENS and
sham laser, would not be suitable for use as controls since human subjects can
easily identify the needling methods. The authors conducted a systematic review on
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the use of sham acupuncture and real acupoints to determine whether there are
clinical effects of sham acupuncture per se. The systematic review showed that
sham acupuncture as controls was often more effective than, or sometimes as
effective as, the real acupuncture treatment. The authors found no inert sham
acupuncture, even when shallow penetration or nonpenetration was used. They
suggested that the effects of sham acupuncture in RCTs should be interpreted with
care as we do not fully understand the underlying mechanism of acupuncture.

1.3 Healthcare Data Acquisition and Analysis

1.3.1 Chapter 5 Qualitative Interview for Chinese Medicine
Research: Challenges and Prospects

The preferences of CM over WM in Chinese population were attributed to the
sociomedical factors such as lifestyles, social cultures, and educational back-
grounds. Such healthcare preferences can be related to consumer preferences for
particular CM products. Qualitative interview is an useful approach to exploring
about “how” and “why” of such socio-medical phenomena. A proper interview
allows participants to express their views accurately, efficiently, and informatively.
This chapter explained how to apply qualitative interview in CM research. The
authors described the major procedures of qualitative interview, including the
design and execution of interview protocols, sampling schemes, and data analysis.
Instead of random sampling from a big population, qualitative interview often uses
nonrandom sampling to target a specific population. Such nonrandomized sampling
approach would require researchers to specify detailed criteria for selecting the
potential participants in the protocol according to the research objectives, which
must be clearly defined in advance. For specific purposes, different approaches
(e.g., thematic and comparative approaches) and styles (e.g., structured,
semi-structured, and in-depth interviews) are applicable. The thematic approach
aims to identify not only the key themes but also their inter-relationships. The
comparative approach aims to overcome the cultural biases in sampling, interview
questions, and conceptual communication. To overcome the communication bar-
rier, the authors suggested that some WM practices can be used to explain to the
interviewees who are not familiar with the CM terms. Before conduct of any part of
an interview (e.g., participant recruitment), its full protocol must be approved by an
ethics committee. To illustrate the main issues of qualitative interview, the authors
took a previous study as an example for interviewing consumers at community
pharmacies for their attitudes towards and opinions about Chinese patent medicine
and Western chemical drugs.

4 S.C. Yuen et al.
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1.3.2 Chapter 6 A Need for Standard Data Collection
Procedures in Studies on Traditional Chinese
Medicine

In CM, the clinical diagnosis are highly dependent on CM practitioners’ subjective
judgment in zheng (syndrome) differentiation. WM had used similar subjective
observations to identify most diseases until late nineteenth century. Such disease
diagnosis based on subjective observations as a methodological paradigm was then
shifted to that based on more objective measurements. Compared to the WM of the
present day, CM is much like the judgment-laden (or even theory-laden) psychiatry
in clinical diagnosis. This chapter described an application of the Delphi technique
to standardize a data collection method for zheng differentiation. Through expert
group communication with multiple iterations in the Delphi technique, the experts
can reach consensus and decide specific items to be in a standardized checklist for
data collection. In this chapter, the authors reviewed the procedures of the Delphi
technique applicable to (a) item selection to record all disease-related signs and
symptoms, (b) formulation of a checklist according to the expert consensus, and
(c) publication and implementation of the clinical diagnosis method. There should
have a steering committee of senior experts who can select an expert panel and
inform them of the study objectives and provide substantial feedback. The process
should be iterated for multiple rounds to formulate a consensual checklist. The
checklist may employ semi-quantitative scales instead of the quantitative ones to
measure the severity degrees and confidence of clinical observations so that the
practitioners can reason about the actual such uncertainties. The observation should
be extensive and the data should include the temporal variability of clinical signs or
zheng. To group related clinical signs and symptoms into a zheng, the authors
suggested proper statistical methods such as latent class analysis and cluster
analysis.

1.3.3 Chapter 7 Methods for Assessment of Interrater
Reliability for Diagnosis and Intervention
in Traditional Chinese Medicine Studies

While clinical information can be systematically collected through checklist-based
methods, zheng differentiation could be still biased among different raters. The
raters’ agreement in clinical diagnosis would help increase confidence in the results
of zheng differentiation. Studies on inter-rater agreement in zheng differentiation are
much needed to ensure the accuracy of CM clinical diagnosis. This chapter
reviewed the assessment methods of rater reliability and diagnostic accuracy in
zheng differentiation. The authors provided useful information about compliance
with ethical issues, requirements for sample size calculation, recruitment of
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participants, selection criteria for raters, design of questionnaire, and statistical
analysis of the collected data. To test the zheng differentiation algorithm, the
authors used SimTCM for zheng simulation to generate manifestation profiles. They
also advised that the simulation should be based on a database with the zheng of
interest. The sample sizes of both participants and multiple (e.g., five) raters should
be statistically determined. The raters’ judgment on each simulated participant
should be tabulated for statistical analysis. Accuracy, sensitivity, specificity, and
predictive values are common diagnostic performance indicators. The authors
recommended to use j statistic for univariate cases and i coefficient for multivariate
cases.

1.3.4 Chapter 8 Bioinformatics for Molecular
Authentication of Chinese Medicinal Materials

The quality and efficacy of CM herbal formula would be impossible to assure
without correct identification of CM herbs. The morphology of herbs is not nec-
essarily adequate to authenticate herbal species. DNA barcoding is a more reliable
authentication method. A DNA barcode is a short sequence (or its pattern) with
high inter-specific variability and low intra-specific variability in the genomic
region flanked by conserved regions that would facilitate primer design. For herbal
authentication by DNA barcoding, bioinformatics help identify and compare
numerous samples of DNA sequences. This chapter focused on DNA sequencing
and DNA fingerprinting. For DNA sequencing, the authors described the proce-
dures for extraction, amplification, and sequencing of DNA samples for identifying
the barcodes, followed by bioinformatics analysis for comparing the unknown
sequences in the samples with the available reference (known) sequences in the
major DNA databases, including NCBI, Flora of China, IPNI, Tropicos, ING,
MPNS, BOLD and MMDBD. Three common DNA sequence formats, i.e.,
FASTA, ASN.1, and XML, were used in accordance their compatible platforms or
software. Sequence alignment softwares were used, e.g., BLAST programs for local
alignment and Clustal programs for global alignment, to estimate the similarities
and distances among sequences. For region-specific fingerprinting, the authors
recommended to use SCAR and PCR-RFLP to reduce DNA degradation and
achieve higher reproducibility. The authors also warned that many DNA sequences
from databases have not been thoroughly verified; thus, the sequence data should be
used with caution.

6 S.C. Yuen et al.
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1.4 Laboratory Research

1.4.1 Chapter 9 Proteomic Response Fingerprinting
(ProReF) for Rapid Identification of Protein Targets
for Chinese Medicine

A CM treatment usually covers multiple drug targets and biological pathways;
however, it is difficult for conventional experimentation to simultaneously inves-
tigate those multiple drug targets and their underlying action mechanisms. This
complexity hindered our research for understanding of the molecular pharmacology
behind the scene. This chapter introduced an omics approach, namely proteomic
response fingerprinting (ProReF), to simultaneously investigate large scale
expression, modification and interaction of proteins in cells and tissues for the
biological responses to CM treatment. ProReF consists of two main parts,
two-dimensional gel electrophoresis for cellular protein separation based on the
isoelectric points and molecular weights of proteins, and mass spectrometry
(MS) for protein identification. The comparison of the ProReF results from different
treatments and controls will help identify the specific biological responses to
specific CM treatments. Besides the working principle, the authors detailed the
experimental procedures, including sample preparation, protein separation by
two-dimensional gel electrophoresis, protein imaging and comparison, spot
extraction, trypsin digestion of proteins, peptide identification by MS and bioin-
formatics analysis, and experimental verification and mechanistic studies by
Western blotting. Many useful techniques were suggested for each critical step, e.g.,
the protein spots with upregulated expression should be selected from the
CM-treated gel, while the protein spots with downregulated expression should be
selected from the control gel. The authors took a previous ProReF study as an
example to demonstrate how amygdalin did significantly alter expression of 11
proteins. The authors summarized other applications of ProReF to CM research into
cancer, inflammation, neurological diseases and diabetes, e.g., how the protein
targets of amygdalin from Semen Persicae and puerarin from Radix puerariae
lobatae were identified. They also advised new researchers about crucial tips to
carry out successful protein identification, especially the sensitivity of protein
detection, the use of databases for protein identification, and the functional anno-
tation of proteins.

1.4.2 Chapter 10 Chinese Medicine in Neurological
Diseases: Pharmacological Perspective

Several CM herbal formula (e.g., Huanglian Jiedu Decoction), single herbs [e.g.,
Pueraria Montana var. lobata (Willd) (Gegen)], and herbal extracts [e.g., berberine
from Coptis chinensis Franch (Huanglian)] are commonly used to treat
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neurological diseases. This chapter focused on the CM treatments for stroke,
Parkinson’s disease (PD) and Alzheimer’s disease (AD) and the animal disease
models used to study these neurological diseases. For AD, transgenic animal
models are available. For stroke, four-vessel occlusion model and two-vessel model
are applicable. The pathophysiological and pharmacological effects on stroke being
studied include inflammatory pathways, cell apoptosis, and platelet aggregation,
oxidative stress, glutamate-induced excitatory toxicity, and extracellular GABA
dysfunction. The effects on AD cover inflammation, oxidative stress, apoptosis, and
Ab accumulation, induction of autophagy, and regulation of APP process. For PD,
the effects include apoptosis, oxidative stress, protein aggregation, neural immune
and inflammatory responses, mitochondrial energy metabolism, and induction of
autophagy. The pathophysiology and CM pharmacogenomics of these diseases
were also related to genomic variations.

1.4.3 Chapter 11 Effects of Chinese Medicinal Components
of Chemokine Receptors: Theory, Results
and Methodology

Chemokine receptors are involved in various immune functions, e.g., inflammation
and infection. Chemokines possess highly specific activities, e.g., inducing cell
migration without activation. Chemokine receptor antagonists block chemokines
binding to their receptors, consequently inhibit the chemotactic effects and generate
specific therapeutic effects. Due to the relatively specific effects with only limited
side effects, chemokines become potential drug targets in many disease treatments.
This chapter reviewed the recent development of chemokine receptor antagonists
(e.g., experimental protocols used to discover chemokine receptor antagonists from
CM) and their clinical trials. The development of chemokine receptor antagonists
was often challenging due to low plasma drug levels, off-target effects, and inac-
tivity in human body. The authors exemplified the development of chemokine
receptor antagonists from CM with three examples including shikonin, bile acid,
and tannic acid. These three compounds blocked the chemotaxis by inhibition of the
chemokine receptor expression and functions, blockade of fMLP receptors, and
inhibition of SDF-1a/CSCR4 interactions, respectively. Three experimental meth-
ods, i.e., chemotaxis assay, calcium mobilization, and binding assay, were descri-
bed. Chemotaxis assay uses a filter to form two compartments, i.e., lower
compartment loaded with chemokines and upper compartment filled with cell
suspension, for monitoring the changes in leukocyte mobilization to either com-
partment after CM treatment. Elevation and mobilization of cytosolic calcium in
response to chemokines binding can be monitored by using calcium chelators as
fluorescent calcium dyes. The binding of CM to chemokine receptors is experi-
mentally verifiable after incubating the cell line transfected with chemoattractant
receptor with radiolabeled chemokine ligands in the presence of CM. The scientific
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significances, working principles, procedures and, techniques of the development of
chemokine receptor antagonists introduced in this chapter should be helpful to
young researchers in this field.

1.5 Concluding Remarks

For innovative applications of scientific methods to advance CM, the authors
presented the best EBM methods to their knowledge. They are also aware that these
methods still have limitations to overcome in the future. We hope that these
methods can be complemented with one another to inspire their users to conduct
new research into evidence-based CM.

1 Introduction 9



Chapter 2
Methodology for Clinical Study
Investigating Chinese Medicine

Hui-juan Cao and Jian-ping Liu

Abstract Background A new clinical trial guideline for Chinese Medicine
(CM) was published in 2015, which incorporates the characteristics of traditional
approaches of practice with the practical recommendations of rigorous research
methodology. Objectives This chapter aimed to introduce the research methodology
for CM practice and the key considerations that need to address in relation to the
characteristics of CM as a whole system. Details This chapter includes the intro-
duction of basic study design, key issues on planning, implementing, and analyzing
and reporting a clinical study of CM. The principles of clinical study design, basic
research methods for interventional studies (e.g., randomized controlled trial),
observational studies (e.g. cohort study, case-control study, case series study and
case report), and systematic reviews were introduced in the first section. For each
type of study, research model, scope of application, merit and weakness were
addressed in accordance with the characteristics of CM. In the second section, we
introduce details of methods of planning (research question, study protocol, sample
size, study settings, participants, comparisons, and outcome measures), imple-
menting (allocation sequence generation, blinding method, ethical approval, bias
control, data management and monitoring), and analyzing (statistical methods,
analysis and interpretation of results) a CM clinical study. Adequate examples from
previous publications are shown to give clues and deepen understanding on each
issue. Conclusions It is our hope that this chapter will encourage a thoughtful and
meticulous process of investigation to provide reliable evidence for CM therapies
for better health care.
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2.1 Introduction to Basic Study Design

2.1.1 Principles of Clinical Study Design

2.1.1.1 Control

Regarding the natural course of disease, spontaneous fluctuations and regression to
mean phenomenon, the results of a study are hard to interpret without a strict
control. “Control” means that a sample of participants with consistent diagnosis and
baseline characteristics are divided into several groups receiving different kinds of
treatment, to demonstrate the differences in the results between the experimental
and control groups. The group of patients who receive nonexperimental treatment is
usually called control group. The overall finding is that a study without an
appropriate control is more likely to report positive results of the treatment. With a
control group(s), we could compare the outcomes of the experimental and control
groups and find the difference between them to determine the treatment effect.

Commonly used “control group” include blank control (no treatment for this
group), placebo (ineffectual treatment) control, standard (effective treatment with
evidence) control, mutual control (a comparison of two different doses or different
routes of administration for treatment), self control (participants may accept two
therapies one after another), paired control (subjects of the experimental group are
matched with the control group according to the non-test factors), and historical
control (to compare the current patients with previous patients who had received
standard treatment) [1]. For different purpose of research, we may choose different
type of comparisons (Table 2.1). Among them, placebo control is unlikely to be
successful in trial assessing traditional Chinese medicine (TCM) due to the absence
of ideal placebo for most of the Chinese medicine therapies, especially the
non-pharmaceutical treatment such as acupuncture, cupping therapy, etc. We may
further discuss this in the sections below.

Table 2.1 Potential type of controls for different research purpose

Type of effect assessed Comparisons Type of controls

Effect beyond natural
history

A versus blank Blank control

Specific effect (efficacy) A versus
placebo

Placebo control

Nonspecific effect
(effectiveness)

A plus B versus
B

Standard control (B)

Comparative effect A versus C Mutual control, or other nonstandard
control (C)
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2.1.1.2 Equalization

Equalization aims to make sure the comparability of characteristics of participants
between groups, and besides matching and stratifying, the most popular method to
fulfill equalization is randomization. Randomization, whenever during sampling
from general population or allocating samples into different groups, is a method to
ensure each individual of the sample/population has equal opportunity to be
selected/divided to the treatment or control group. The purposes of randomization
are (a) to avoid selection bias caused by choosing patients with preference; and
(b) to meet the basic requirements of statistical analysis such as significance tests.

Although historically “manual” randomization techniques (such as throwing
dice, flipping coin, and drawing straws) were used, statistical software (such as
SPSS and SAS) are now commonly used to generate the random numbers [2].

2.1.1.3 Replication

Replication may test the internal and external validity of the study. There are two
implications: one is to reproduce the study results under the same test condition; the
other is to observe appropriate sample size of participants within the study. The
reproducibility of the results indicates that it is not caused by chance. And the stable
result seems more reliable.

On the other hand, in clinical trials it is crucial to be able to differentiate a chance
from a true effect. Statistical methods should be used to determine the sample size
of the study.

2.1.1.4 Blinding

In any clinical study, if neither the patient himself, practitioner nor outcome
assessor is aware of which treatment the patient is receiving, it is called a blinding
study. Physicians may pay more attention to the patients in placebo group and
enhancing the placebo effect; participants may seek to other treatments when they
were allocated to control group; outcome assessors may check the data of treatment
group carefully to detect bias. The purpose of “blinding” is to avoid the perfor-
mance bias, detection bias, or reporting bias due to subjective factors.

Blinding would be feasible if the following aspects are met: (a) ethics, the
double-blind procedure as well as the application of placebo control should not
result in any harm or undue risk to a patient; (b) practicality, as we mentioned
before, for some non-pharmaceutical Chinese medicine treatment (such as
acupuncture, cupping therapy, moxibustion, qigong, etc) it would be infeasible to
arrange a double-blind trial due to the lack of ideal placebo control as well as
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patient previous experience of the treatment; (c) avoidance of bias, researchers need
to assess just how serious the bias might be without blinding; and (d) compromise,
in some cases only partial blinding (e.g., independent blinded evaluators) would be
sufficient to minimize the potential bias [3].

2.1.1.5 Ethics

For every clinical study, ethics issue should be concerned throughout the design and
conduct period according to the Declaration of Helsinki issued by the World
Medical Association in 1964 and revised in 2013. Depending on the content of the
study, getting approval from the ethics committee (or IRB, institutional review
board) can be challenging and time consuming. The following documents should be
prepared at the beginning of the study to get approval from ethics committee.

1. Study protocol
2. Written informed consent form
3. Patient information leaflet
4. Case report form (CRF) during the study
5. Patient recruitment procedures, including advertisements
6. Safety information for intervention treatment, including drugs or nondrug

treatment
7. Investigators’ current curriculum vitae and/or other documentation providing

evidence of qualifications and competence.

2.1.2 Basic Research Methods for Observational Studies

Descriptive studies and analytic studies are the two types of observational studies.
Descriptive studies describe distribution characteristics of disease in relation to
variables such as person, place, and time. The data provided by descriptive studies
are essential for public health administrators as well as epidemiologists. The ulti-
mate goal of an analytic study is to determine a particular exposure causes or
developing preventive procedures for the specific disease. Common descriptive
studies are case reports, case series studies, and cross-sectional studies; and fre-
quently used analytic studies are case-control studies and cohort studies.

2.1.2.1 Case Reports/Case Series Studies

A single case study is an observational study of an individual patient who exposes
to certain interventions which produced meaningful results. A case report usually
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concerns about clinical diagnosis, demographic characteristics, details of treatment,
prognosis, and follow-up of the case. The purpose of the study is to explore the
potential relationship between specific intervention and outcomes through the
individual’s detailed medical information or records. However, due to the large
variation of an individual person, the results of a case report may only provide weak
evidence of clinical experience for the clinicians. Usually, case reports can repre-
sent and document the first clues in the identification of a new disease or the
adverse effects of exposures in unusual medical occurrences. Key points on
designing a single case study include (a) developing the protocol according to
research purpose; (b) calculating a sample size; (c) identifying appropriate patient
through strict diagnostic, inclusion and exclusion criteria; (d) collecting data pre-
cisely and completely; and (e) evaluating the outcomes objectively and indepen-
dently by all the researchers.

The results of a case series are collected from a number of individual cases,
which may occur within a fairly short period of time. The collection of a case series
can mean the difference between formulating a useful hypothesis and merely
documenting an interesting medical oddity (Table 2.2).

Merits of case reports and case series studies:

1. This design can be used for the studies in which control is unavailable due to
ethics issue;

2. This kind of studies can be used to observe the patients who do not meet the
inclusion criteria of clinical controlled trials, and provide the potential evidence
for those patients;

3. This kind of studies can be used to observe a special disease (tumor, AIDS,
atypical pneumonia, etc.), rare or chronic disease, complications and adverse
reactions; and

4. This kind of studies cost less and is easy to carry out.

Demerits of case reports and case series studies:

1. While case reports and case series are very good for generating hypotheses, they
are not applicable to verifying hypotheses;

2. Their external validity is not determined; and
3. These two types of studies are usually considered to have many potential

confounding factors, and more likely to overestimate the effect under
observation.

Table 2.2 Results of
uncontrolled observational
studies

Outcomes Total

+ –

Exposure/intervention a b a + b
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Example 2.1 [4]
Introduction: To evaluate the therapeutic effect of traditional medicinal
cupping for treatment of fibromyalgia.

Methods: A prospective case series was conducted in 30 consecutive
patients with fibromyalgia at an outpatient department in a hospital in Beijing.
Patients were diagnosed according to the criteria of 1990 by American
College of Rheumatology. The bamboo cup, boiled in herbal decoction for
5 min, was applied to Ashi (tender) points for 10 min once daily for 15
sessions. Visual analog scale (VAS, 0–10 cm) for pain and the number of
tender points were recorded at the baseline, 5, 10, 15 days, and followed up at
2 weeks after the treatment.

Results: The average score of VAS in 30 patients was 2.63 sessions.
Visual analog scale (VAS, 0–10 cm) for pain and the number of tender points
were recorded at the baseline, 5, 10, 15 days, and followed up at 2 weeks
after t29 of Rheumatology. The bamboo cup, tender points was reduced from
12.57 ± 2.25 at 5 days, 11.2 ± 2.50 at 10 days, to 9.33 ± 2.89 at 15 days.
Compared with baseline, VAS score was reduced 52.27 %, and the number
of tender points was reduced 30.86 %. 29 patients were followed up to
2 weeks and the VAS and tender points sustained (1.24 ± 0.67 for VAS;
9.07 ± 2.96 for pain points). There was no serious adverse effect occurred
during the treatment.

Conclusions: Medicinal cupping therapy appears to relieve pain in patients
with fibromyalgia in terms of VAS and number of tender points, and the
promising effect deserves to be tested in clinical trials.

2.1.2.2 Cross-Sectional Studies

Cross-sectional studies, also called surveys, usually provide information about the
frequency and characteristics of a disease by furnishing a snapshot of the health
experience of the population at a specified time. Within a survey, potential exposure
and disease/health status are assessed simultaneously among individuals in a
well-defined population. The results from cross-sectional studies can help public
health administrators to assess the health status and healthcare needs of a
population. On the other hand, cross-sectional studies can also be used to provide
information on the prevalence of disease or other health outcomes in certain
occupations.

There are two key points of cross-sectional study: (a) Exposure and disease
status are assessed at a single point in time, it is impossible to determine whether the
exposure is the cause of the disease or an outcome of the development of the
disease; and (b) Since prevalence rather than incidence must be considered in

16 H. Cao and J. Liu



cross-sectional study, the data obtained will always reflect determinants of survival
as well as etiology.

Merits of cross-sectional studies:

1. A cross-sectional study is population-based study, which may have strong
external validity;

2. The concurrent control is formed naturally during the survey, therefore, the
comparability between groups is stronger;

3. A variety of factors can be observed at the same time.

Demerits of cross-sectional studies:

4. Disease and factors exist at the same time, it is difficult to refer the causal
relationship;

5. Incidence rate cannot be calculated in cross-sectional study;
6. Latent period and remission patients are easy to be misdiagnosed; and
7. It is generally applicable to the study of chronic disease.

Only in one case, a cross-sectional study can be considered as a special type of
analytic study and used to test hypotheses. This can occur only when the current
values of the exposure variables are unmodifiable over time, thus representing the
value present at the beginning of the disease. However, in most cross-sectional
study, the exposures may be subject to alteration subsequent (or even consequent)
to the development of disease. Under these circumstances, the data can be used to
describe characteristics of individuals with the disease and to formulate hypotheses,
but not to validate them.

Example 2.2 [5]
Background: The prevalence of chronic kidney disease is high in developing
countries. However, no national survey of chronic kidney disease has been
done incorporating both estimated glomerular filtration rate (eGFR) and
albuminuria in a developing country with the economic diversity of China.
We aimed to measure the prevalence of chronic kidney disease in China with
such a survey.

Methods: We did a cross-sectional survey of a nationally representative
sample of Chinese adults. Chronic kidney disease was defined as eGFR less
than 60 mL/min per 1.73 m2 or the presence of albuminuria. Participants
completed a lifestyle and medical history questionnaire and had their blood
pressure measured, and blood and urine samples taken. Serum creatinine was
measured and used to estimate glomerular filtration rate. Urinary albumin and
creatinine were tested to assess albuminuria. The crude and adjusted preva-
lence of indicators of kidney damage were calculated and factors associated
with the presence of chronic kidney disease analyzed by logistic regression.
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Findings: 50,550 people were invited to participate, of whom 47,204
agreed. The adjusted prevalence of eGFR less than 60 mL/min per 173 m2

was 1.7 % (95 % CI 1.5–1.9) and of albuminuria was 9.4 % (8.9–10.0). The
overall prevalence of chronic kidney disease was 10.8 % (10.2–11.3);
therefore the number of patients with chronic kidney disease in China is
estimated to be about 119.5 million (112.9–125.0 million). In rural areas,
economic development was independently associated with the presence of
albuminuria. The prevalence of chronic kidney disease was high in north
(16.9 % [15.1–18.7]) and southwest (18.3 % [16.4–20.4]) regions compared
with other regions. Other factors independently associated with kid-
ney damage were age, sex, hypertension, diabetes, history of cardiovascu-
lar disease, hyperuricaemia, area of residence, and economic status.

Interpretation: Chronic kidney disease has become an important public
health problem in China. Special attention should be paid to residents in
economically improving rural areas and specific geographical regions in
China.

2.1.2.3 Case-Control Studies

A case-control study is a retrospective study, in which subjects are selected on the
basis of whether they do (cases) or do not (controls) have a particular
disease/outcome under study. Its basic principle is to compare the proportion
having a history of an exposure or characteristic of interest between the cases and
controls to evaluate the association between the exposure and a disease/outcome.
This type of study design is more commonly used in the early exploration of the
relationship between disease and its possible etiological factors.

For a case-control study to verify the association between an exposure and
disease, comparability of cases and controls is essential (Table 2.3). The aspects of
comparability that must be considered include factors such as their baseline risk of
developing the disease other than from the exposure under study, as well as the
accuracy and completeness of data. Consequently, the major issues to be considered
in designing and conducting a case-control study are the selection of the study
groups and the sources of information about exposure and disease.

Table 2.3 Results of case-control studies

Outcomes Total

+ –

Exposure/interventions Yes a b a + b

No c d c + d

Total a + c b + d a + b + c + d
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Example 2.3 [6]
Ethnopharmacological relevance: Our previous study indicated that the TCM
formula Liu-Wei-Di-Huang-Wan, which consists of six types of herbs, namely
Rehmannia glutinosa (Gaertn.) DC., root, dried; Cornus officinalis Siebold &
Zucc., fructus, dried; Dioscorea oppositifolia L., root, dried; Alisma
plantago-aquatica subsp. orientale (Sam.) Sam., tuber, dried; Paeonia × suffruticosa
Andrews, bark, dried; Poria cocos (Fr.) Wolf., sclerotium, dried, is the most fre-
quently prescribed herbal formula used to treat type 2 diabetes patients. The aim
of the study was to evaluate the integration of TCM into diabetes care in terms of
how it reduces the risk of developing kidney failure.

Materials and methods: The Taiwan’s National Health Insurance Research
Database (NHIRD) provided detailed information of healthcare services for
each patient and covers 98 % of all Taiwan residents as of 2007. Case and
control subjects were selected from the NHIRD. Two multivariable logistic
regression models were constructed in order to explore two types of exposure
assessments including prescription of TCMs (model 1) and prescription of
different estimated dosages of Liu-Wei-Di-Huang-Wan (model 2).

Results: Using logistic regression model 1, having used TCMs was indepen-
dently associated with a decreased risk of kidney failure by multivariable analysis
(OR = 0.69, 95 % CI 0.61–0.77). Using logistic regression model 2, there was no
difference between non-Liu-Wei-Di-Huang-Wan TCM users and
Liu-Wei-Di-Huang-Wan TCM users in terms of the risk of developing kidney
failure. Furthermore, there was also no linear dose-response trend when we used
exposure to prescribed Liu-Wei-Di-Huang-Wan as a continuous variable (for
non-Liu-Wei-Di-Huang-Wan TCM users, OR = 0.68, 95 % CI 0.60–0.77; for
TCM users consuming 1–30 g of Liu-Wei-Di-Huang-Wan, OR = 0.69, 95 % CI
0.54–0.87; for >30 g of Liu-Wei-Di-Huang-Wan, OR = 0.84, 95 % CI 0.49–1.44).

Conclusions: Integrating TCM health care into diabetes care was found to
be associated with a decreased risk of developing kidney failure. Having
recognized the use of TCM, exploring any potential interactions and adverse
effects, and integrating both technologies into a holistic treatment system may
be beneficial to the relief of diabetic nephropathy on patients with type 2
diabetes.

Merits of case-control studies:

1. As a retrospective study, outcome measurement of this kind of studies is easy to
meet the ethical requirements;

2. With a small sample size, it is commonly used for etiology research of rare
disease and the special long latency disease;

3. By asking the history of the exposure, most of the research are short-term study
which saves manpower and material resources and easy to draw conclusions;
and
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4. Case-control study is able to explore a variety of potential etiologic exposures
that might relate to the specific disease as well as the internal connections among
these factors.

Demerits of case-control studies:

1. It is insufficient for the evaluation of rare exposures, unless the attributable risk
is high, and in some situations, it is difficult to establish the temporal rela-
tionship between exposure and disease;

2. Selection bias can occur whenever the inclusion of cases or controls into the
study depends in some way on the exposure of interest, which is a problem in
case-control study;

3. Recall bias, which related to differences in the ways exposure information is
recalled or reported by cases and what truly happened, exist in every
case-control study and should be considered carefully in the design as well as in
the interpretation of published results;

4. Observation bias, or information bias in gathering information from participants,
may also be a particular problem in a case-control design; and

5. Cannot directly compute morbidity rate of disease in both groups, unless the
study is population based.

2.1.2.4 Cohort Studies

In a cohort study, the observed individuals are grouped by whether or not they are
exposed to a certain kind of suspected risk factor for a disease. Cohort studies have
great advantages for evaluating the association between risk factors and disease.
(a) participants exposure are determined when the disease has not yet occurred,
thus, the time sequence of the exposure and disease can be more clearly established;
(b) this type of study is more suitable for assessing effects of rare exposures,
especially those arise in occupational settings; and (c) cohort studies allow for the
test of multiple effects of a single exposure.

Cohort studies are generally classified into prospective or retrospective cohort
studies or two-way cohort studies. In retrospective cohort studies, both exposures
and outcomes of interest have already occurred when the study is initiated. In
prospective studies, the diseases have certainly not yet occurred, regardless whether
or not the relevant exposures have occurred at the time when the study begun.
Consequently, participants must be followed into the future to assess incidence rates
of disease after the selection of the cohort (Table 2.4). Ambidirectional cohort study

Table 2.4 Results of cohort
studies

Exposure/interventions Outcomes Total

+ –

Yes a b a + b

No c d c + d

Total a + c b + d a + b + c + d
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is mixed of the prospective and retrospective studies, which is usually most useful
for exposures having both short-term and long-term effects.

Merits of cohort studies:

1. Cohort studies can test multiple effects of a single exposure;
2. For etiology study, the incidence or mortality of the exposed group and control

group can be obtained directly, and the cause of the disease can be directly
analyzed; and

3. The prospective cohort study which minimizes bias in the ascertainment of
exposure, can interpret temporal relationship between exposure and disease.

Demertis of cohort studies:

1. Cohort studies are insufficient for the evaluation of rare diseases, unless the
attributable risk is high;

2. Prospective cohort study can be extremely costly, while retrospective cohort
study requires the sufficient records; and

3. Validity of the results can be seriously affected by missing data.

Example 2.4 [7]
Background: Chinese medicine is commonly used and covered by health
insurance to treat symptoms of uterine fibroids in Taiwan. This retrospective
cohort study compared the consumption of conventional western medicine
and medical cost between CM users and nonusers among patients with
uterine fibroids.

Methods: We extracted 44,122 patients diagnosed with uterine fibrosis
between 1996 and 2010 from the National Health Insurance reimbursement
database, which is a population-based database released by a government-run
health insurance system. Multivariate linear regression models were used to
find association between using CM and the consumption of conventional
medicine, and between using CM and medical cost.

Results: The total fibroid-related conventional western medicine consumed by
CM users was less than that by nonusers (β = −10.49, p < 0.0001). Three cate-
gories of conventional medicines, including antianemics (−3.50 days/year/
patient, p < 0.0001), hemostatics (−1.89 days/year/patient, p < 0.0001), and
hormone-related agents (−3.13 days/year/patient, p < 0.0001), were used less in
patients who were CM users. Moreover, although using CM increased 16.9 USD
per patient in CM users annually (p < 0.0001), the total annual medical cost for
treating fibroid was 5610 USD less in CM users than in nonusers (p < 0.0001).

Conclusions: Our results suggested that CM reduced the consumption of
conventional medicine, and might be a potential therapeutic substitute for
conventional western medicines to treat uterine fibroids with low cost.

2 Methodology for Clinical Study Investigating Chinese Medicine 21



2.1.3 Basic Research Methods for Intervention Studies

Intervention studies, or clinical trials, are generally considered either therapeutic or
preventive. The therapeutic trials are conducted on the patients with a particular
disease to determine the ability of a therapy to eliminate symptoms, prevent
recurrence, or reduce mortality from that disease. The preventive trials are to assess
whether a procedure avoids the occurrence of disease among those free from that
condition at enrollment.

2.1.3.1 Randomized Controlled Trials

Randomized controlled trials (RCT) are commonly used to evaluate the effects of
medical interventions, health education or management. Since random allocation is
the basis of designing RCT, which means the eligible participants would be ran-
domly allocated to the experimental group or control group, cause–effect rela-
tionship could be evaluated according to the results from RCT due to the
comparability between baseline characteristics of two groups and well-controlled
confounding factors during the treatment. Consequently, RCT is generally accepted
as the golden standard study model for assessing therapeutic effects of specific
drugs/procedures.

In a randomized controlled trial, participants, regardless of random sampling or
not, must be identified through accepted diagnostic criteria and met the inclusion
and exclusion criteria of the study. They would then be randomly assigned to the
experimental or control group to receive corresponding treatments. Outcomes are
measured before, during, and after the treatment. According to the types of data,
appropriate statistical methods would be used to analyze the reliably observed effect
of the intervention and the differences between groups (Table 2.5).

Example 2.5 [8]
Background: Perennial allergic rhinitis (PAR) has a high and increasing
prevalence worldwide. Ear acupressure (EAP) is a noninvasive semi-self-
administered form of acupuncture. Previous studies indicated that EAP could
be effective and safe for AR symptom management. However, there was
insufficient evidence to confirm this. This study investigated whether EAP, a
noninvasive clinical alternative to acupuncture, is effective and safe for PAR.

Table 2.5 Results of
randomized controlled trials

Outcomes Total

+ –

Intervention a b a + b

Control c d c + d

Total a + c b + d a + b + c + d
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Methods: This is an international, multicenter, randomized, single-blind,
sham-controlled trial. The trial was conducted at two centers: Royal
Melbourne Institute of Technology University (Melbourne, Australia)
Clinical Trial Clinic and Guangdong Provincial Hospital of Chinese
Medicine, Guangzhou, China. PAR participants were randomized to receive
real or sham EAP treatment once a week for 8 weeks and then were followed
up for 12 weeks. Participants were instructed to administer EAP stimulation
three times daily. Symptom severity and quality of life (QoL) were evaluated.
Adverse events (AEs) were also monitored. Intention-to-treat analysis on
change of symptom scores and QoL was applied.

Results: Two hundred forty-five participants were randomly assigned to
real (n = 124) and sham EAP (n = 121) groups. Twenty-five participants
discontinued during treatment and 15 participants dropped out during
follow-up. At the end of treatment and follow-up periods, changes of global
QoL score were significantly greater in the real EAP group compared with the
sham group. At the end of follow-up, scores for total nasal symptom, runny
nose, and eye symptoms in the real EAP group had a greater reduction
compared with the sham group. Overall, both real and sham EAP were well
tolerated. Two severe AEs were reported but were not considered related to
the EAP procedures.

Conclusions: In conclusion, EAP showed short-term and extended benefit
for improving PAR symptoms and QoL for PAR patients.

Merits of randomized controlled trials:

1. If the treatments are allocated at random in a representative sample of sufficiently
large size, RCT has the potential to provide a degree of assurance about the validity
of a result that is simply not possible with any observational study; and

2. Results of RCT can provide the strongest and most direct epidemiologic evi-
dence that the basis of whether an observed association is a causal judgment.

Demerits of randomized controlled trials:

1. RCT cost more than most observational studies;
2. Ethical considerations hold back the assessment of many treatments or proce-

dures in RCT; and
3. There is a more strict inclusion criterion for those who participate in RCT

compare to other observational studies or pragmatic studies, the external validity
is therefore comparatively limited.

According to the purpose of the study, there are several types of randomized
controlled trials including explanatory RCT (which tests efficacy in a research
setting with highly selected participants and under highly controlled conditions),
pragmatic RCT (which design is closer to the “real world” clinical circumstances
and conditions), crossover trial (a type of longitudinal study in which subjects
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receive a sequence of different interventions), N-of-1 trial (which is considered as a
crossover randomized controlled trial with only one subject), dose-response study
(which is a valid research design to determine the best dose of the intervention
product), factorial design (which allows researchers to assess more than one
intervention in a single trial), etc. Among those different types of RCTs, explana-
tory RCT is commonly used to evaluate the efficacy of the intervention (drugs),
ideally there should be reasonable placebo control for the intervention.
Pragmatic RCT is more often to focus on the comparison of the effectiveness
between different interventions, thus it can be classified into the category of
comparative effectiveness research (see Sect. 2.1.4).

2.1.3.2 Nonrandomized Controlled Trials

A well-designed nonrandomized comparative study may have higher external
validity compared to randomized trial, and the recruitment of that kind of study is
much easier than for randomized trial due to patients’ strong preference. What we
need to concern when designing nonrandomized trial are taking baseline differences
into account, and adjusting analyses for imbalances.

Example 2.6 [9]
Background: One of five children visiting a homoeopathic physician is suf-
fering from atopic eczema.

Objective: To examine the effectiveness, safety, and costs of homoeo-
pathic versus conventional treatment in usual care.

Methods: In a prospective multicentre comparative observational nonran-
domized study, 135 children (homoeopathy n = 48 vs. conventional n = 87)
with mild to moderate atopic eczema were included. The primary outcome was
the SCORAD (Scoring Atopic Dermatitis) at 6 months. Further outcomes at 6
and 12 months also included quality of life of parents and children, use of
conventional medicine, treatment safety and disease-related costs.

Results: The adjusted SCORAD showed no significant differences between
the groups at both 6 months (homoeopathy 22.49 ± 3.02 [mean ± SE] vs.
conventional 18.20± 2.31, p = 0.290) and 12 months (17.41± 3.01 vs. 17.29±
2.31, p = 0.974). Adjusted costs were higher in the homoeopathic than in the
conventional group: for the first 6 months EUR 935.02 versus EUR 514.44,
p = 0.026, and for 12 months EUR 1524.23 versus EUR 721.21, p = 0.001.
Quality of life was not significantly different between both groups.

Conclusions: Taking patient preferences into account, homoeopathic
treatment was not superior to conventional treatment for children with mild to
moderate atopic eczema.
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In some cases, randomization may not be appropriate even if the control group is
available. First, the patients who visit TCM or integrative medicine hospital seeking
to Chinese medicine therapies usually prefer to Chinese medicine treatments. This
may increase the difficulty of recruiting appropriate patients for a randomized
controlled trial. Also, randomization is not necessary to find out whether treatment
effects are very different if the study is well done in other respects. Moreover,
randomization is also not appropriate for the comparison of anthroposophical and
conventional care if we are primarily interested in the differences regarding pref-
erences, experiences, processes, and compliance.

2.1.4 Basic Research Methods for Comparative
Effectiveness Research

Efficacy is the specific effects which are due to the active ingredient of the treat-
ment, while effectiveness is both of the specific and nonspecific effects, latter are
those due to psychological or psycho-physiological effects associated with the act
of treatment (such as placebo effect). Placebo control and appropriate blinding
methods are needed to investigate the efficacy of the components; otherwise, the
specific effect could not be validated. However, challenges exist when conducting
RCTs for traditional nondrug therapies (e.g. acupuncture, cupping therapy, and
moxibustion). Therapeutic effects can be influenced by patient preference, practi-
tioner preference, and patient–practitioner relationship, among others, rather than
the efficacy of the interventions themselves. Thus, placebo control could be
extremely difficult for nondrug therapies, specific study design such as comparative
effectiveness research (CER) could be used to investigate the effectiveness of such
therapies [10].

CER, which is defined as “conduct and synthesis of systematic research com-
paring different interventions and strategies to prevent, diagnose, treat, and monitor
health conditions,” is aimed to assist patients, practitioners, purchasers, and policy
makers to make informed decisions which may improve health care at both the
individual and population levels. Design models of CER could be like majority of
the observational studies, some of the experimental studies (especially pragmatic
randomized controlled trials) and research synthesis (such as systematic review, see
Sect. 2.1.5). Observational studies are more likely to be chosen to evaluate the
effectiveness of the interventions since their implementation conditions are closer to
the environment of the real world.

On the other hand, the primary and secondary outcomes of the CER are more
concerned with the patient-centered outcomes, which are selected as the core of the
patients’ interests [11]. Consequently, CER is also called ‘patient-centered outcome
research’.
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2.1.5 Basic Research Methods for Systematic Review
and Meta-analysis

Different from the above original studies, systematic review is a kind of secondary
study. Systematic review, defined as a kind of study which acquire, appraise, and
synthesis evidence from scientific studies in order to provide informative, empirical
answers to the research questions, is considered the ‘gold standard’ for assessing the
effectiveness of a treatment or intervention. In another word, systematic review
brings together all available research evidence with critical appraisal of the quality
of the studies. This information can then be combined with your clinical judgment
to make decisions about how to deliver the best care to your patients.

Meta-analysis [12], which also called quantitative systematic review, looks at
data from multiple studies of the same clinical question and uses a variety of
statistical techniques to integrate their findings. A systematic review may or may
not have meta-analysis within it, if a systematic review did not conduct
meta-analysis due to the potential heterogeneity among included studies, it would
be called qualitative or descriptive systematic review.

The Cochrane collaboration is an independent, nonprofit, nongovernmental
organization consisting of a group of more than 31,000 volunteers in more than 120
countries, which conducts systematic reviews of mainly randomized controlled
trials of healthcare interventions and published them in the Cochrane Library.
The Cochrane Handbook [13] outlines eight general steps for preparing a sys-
tematic review:

1. Defining the question and formulating the inclusion and exclusion criteria;
2. Literature searching;
3. Screening and selecting studies, then extracting data;
4. Assessing methodological qualities of included studies;
5. Analyzing and pooling the data;
6. Addressing reporting biases;
7. Presenting results and “summary of findings” tables; and
8. Interpreting results and drawing conclusions.

Merits of systematic review:

1. Systematic review could identify the heterogeneity among studies and merge
those trials with acceptable homogeneity;

2. Minimize or eliminate the bias of included studies and achieve the currently
‘best evidence’;

3. Weakness of systematic review;
4. Grade of evidence of systematic review is depending on the quality of original

studies included; and
5. Misuse of systematic review or meta-analysis may overestimate the effect of

interventions or controls.
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Example 2.7 [14]
Objective: Cupping as a traditional therapy is used to treat a myriad of health
conditions, including pain. This systematic review assessed the effectiveness
and safety of cupping for different types of pain.

Methods: Thirteen databases and four trial registries were searched for
randomized clinical trials. Meta-analysis of data was conducted if there was
nonsignificant clinical and statistical heterogeneity (measured by I2 test)
among trials.

Results: Sixteen trials with 921 participants were eligible and included. Six
trials were assessed as low risk of bias, another six trials were of unclear risk
of bias, and the remaining four trials were of high risk of bias. Pain was
related to three acute and seven chronic diseases. Meta-analysis showed a
beneficial effect of cupping compared to wait-list control (visual analogue
scale (VAS), MD 1.85 cm, 95 % CI 2.66–1.04) and heat therapy (numerical
rating scale, MD 2.05 cm, 95 % CI 2.93–1.17). Cupping combined with
acupuncture was superior to acupuncture alone on posttreatment pain inten-
sity (VAS, MD 1.18 cm, 95 % CI 1.68–0.68), however, no difference was
found between this comparison based on changes in pain intensity (difference
of VAS, MD 0.16 cm, 95 % CI 0.54–0.87). Results from other single studies
showed significant benefit of cupping compared with conventional drugs or
usual care. Hematoma and pain at the treated site, increasing local pain or
tingling were reported as mild adverse effects of cupping.

Conclusion: This review suggests a potential positive short-term effect of
cupping therapy on reducing pain intensity compared with no treatment, heat
therapy, usual care, or conventional drugs.

Currently, hundreds of the CM systematic reviews are published annually.
However, findings from 70 Cochrane reviews [15] related to herbal medicine and
acupuncture showed insufficient evidence to support or to refute the intervention
due to either poor methodology quality or small sample size of the included trials. It
is important to direct future research by two ways based on the Cochrane review
conclusions, one is to address how to shape the research questions in relation to
traditional CM (see Sect. 2.2.1.1), and the other is how to design clinical trials to
raise the quality.

2.2 Key Issues in Planning, Implementing, Analyzing,
and Reporting a Clinical Study

2.2.1 Planning

2.2.1.1 Defining a Research Question

Raising a research question is the first and important part of whole research pro-
gram. A clear research question is the precondition for deciding which choice of
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design makes sense, which patients should be included, which interventions and
controls should be discussed and which outcomes should be measured. That is the
reason why posing the research question appropriately is absolutely fundamental.

After translating clinical problems into questions (no matter background ques-
tion or foreground question), these questions should be further structured as PICO
(S):

1. P: patients, or what kind of population would be concerned in the research;
2. I: intervention, or exposure you interest;
3. C: comparison;
4. O: outcomes that would be primary or secondary measured and reported in the

research; and
5. S: study type, which would be determined according to the study purpose.

Once the research question is formulated, you should search online (at least
through PubMed, http://www.ncbi.nlm.nih.gov/pubmed or CNKI, cnki.net) to find
out whether the similar studies have already been conducted or ongoing. You may
further revise or redefine your research question according to the current evidence.
During this process, the specific research objectives would be confirmed.

2.2.1.2 Drafting the Study Protocol

Study protocol is a document that describes the objectives, type of research model,
methodology, statistical methods, and procedures of a clinical study. Developing
the study protocol is a process that goes hand in hand with planning the study. The
protocol describes the whole study in detail before the study started.

One should probably draft the study protocol cover the following items:

1. Study objectives and background

In this section, researchers should state the rational of the study clearly, including
the importance of subject area, review of relevant literature, study justification,
relevant research questions and how will the research results be used.

2. Research team

Principle investigator (PI) is the person responsible for the implementation and
quality control of clinical trial, who must be qualified to ensure the quality of
clinical trial. Research team would be constituted by persons whose expertise in
methodology, statistics, clinical study and the relevant majors.

3. Overview of research design

To clarify what kind of study model it may employ, and describe the details of the
study design. For observational studies, methods of selecting participants, defining
exposure, measuring outcomes, and analyzing data should be fully addressed. And
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for intervention studies, methods of randomization and blinding are quite important
in the protocol.

4. The inclusion criteria, exclusion criteria of the participants

Researchers should describe the characteristics of participants and disease clearly,
study setting, as well as the procedures of recruitment, advertising plan, and
recruitment materials.

If the aim of the study is to determine a specific effect of intervention, using
adequate placebo control is required, and to ensure blinding and to minimize bias
the placebo should be indistinguishable from the study intervention. As mentioned
before, there was no ideal placebo control for most of the TCM therapies. In fact,
placebos could be easily used in drug trial, if placebo and drugs have indistin-
guishable in appearance, smell, and taste. Therefore, for herbal medicine, capsules
could be an option. For nondrug Chinese medicine therapies, sham acupuncture is
the contention. Neither standard needles inserted at inappropriate sites nor
non-penetrating needles were impure placebo. And for cupping therapy, massage,
tai chi, or other type of meditation therapy, placebo control seems difficult to
simulate. For assessing those kinds of interventions, comparative effectiveness
research could be considered.

5. Sample size estimation

Total number and number in each group, including all assumptions as recalculation
might be necessary. To determine the size of a study, researchers should consider
the main purpose of the study, type of primary outcome measures, methods of
statistics, and potential difference of effect between groups.

6. Details of the intervention and control

Details of intervention and control should be thorough enough to make sure that
other researchers could repeat the study step by step according to your protocol.

7. Clinical observation and outcome measures

All patients should be regularly followed up, and examined at a certain interval of
time. Time of each observation and inspection should be clearly reported in the
protocol, and if available, in the case report form (CRF) as well. Primary and
secondary outcomes should be outlined.

8. Design of case report form

The CRF is used to record the data in clinical trials, in which how patient response
to the drug along with their general information should be noted. At meanwhile, the
baseline condition of the patients should also be recorded.

9. Adverse events and severe adverse events
10. Data management and statistical analysis
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Data management includes establishing the database, inspection and verification the
data, and statistical analysis. In the protocol, plan of statistical analysis should be
mentioned, such as the basic statistical methods, types of hypothesis (superiority,
equivalence or non-inferiority test) etc.

11. Quality control of clinical trials

It is advisable at a very early stage to plan how to handle trial results as they
materialize. Monitoring the trial is to ensure the clinical trials conducted following
the predefined way and get the accurate records/data. Methods of monitoring should
be stated clearly in the protocol.

12. Publishing the research

The belonging of the research findings (including the publications) should be
clarified in the protocol.

Example 2.8 [16]
Background: Conducting randomized controlled trials on traditional Chinese
nondrug therapies has been limited by factors such as patient preference to
specific treatment modality. The aim of this study is to investigate the fea-
sibility of applying a partially randomized patient preference (PRPP) trial
model in evaluating the efficacy of two types of TCM therapies, acupuncture
and cupping, for fibromyalgia while accounting for patients’ preference of
either therapeutic modality.

Methods: This protocol was approved by the Institutional Ethics
Committee of affiliated Dongfang Hospital, Beijing University of Chinese
Medicine (approval number: 2013052104-2). One hundred participants with
fibromyalgia will be included in this study. Diagnosis of fibromyalgia will be
based on the American College of Rheumatology criteria. Before treatment,
participants will be interviewed for their preference toward acupuncture or
cupping therapy. Fifty participants with no preference will be randomly
assigned to one of the two groups and another 50 participants with strong
preference to either acupuncture or cupping will receive what they choose.
For acupuncture and cupping therapy, the main acupoints used will be tender
points (Ashi). Treatment will be three times a week for 5 consecutive weeks
with a follow-up period of 12 weeks. Outcome measures will be qualitative
(patient expectation and satisfaction) and quantitative (pain intensity, quality
of life, depression assessment).

Trial registration number: NCT01869712 (in clinicaltrials.gov, on 22nd
May 2013).
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2.2.1.3 Registering the study

After getting an approval from the Ethics Committee, and before starting recruit-
ment, we suggest that the researchers should register the study online. International
Medical Journal editorial board requires all clinical trials to be internationally
registered before publishing, regarding to ethical aspect (Table 2.6). The readers or
other researchers are allowed to check the study plan and make their own decisions

Table 2.6 List of trial registries

Name of registries Abbreviations Country Website Date
established

Australian New Zealand
Clinical Trials Registry

ANZCTR Australia/New
Zealand

http://www.anzctr.
org.au/

2003

Brazilian Clinical Trials
Registry

REBEC Brazil http://www.
ensaiosclinicos.gov.
br/

2010

Chinese Clinical Trial
Registry

Chi-CTR China http://www.chictr.
org/cn/

2005

Clinical Research
Information Service

CRIS Korea http://cris.nih.go.kr/
cris/en/

2009

Clinical trials.gov – USA http://clinicaltrials.
gov/

1997

Clinical Trials
Registry-India

CTRI India http://www.ctri.in/ 2007

Cuban Public Registry
of Clinical Trials

RPCEC Cuba http://
registroclinico.sld.
cu/

2009

EU Clinical Trials
Register

EU-CTR Europe https://www.
clinicaltrialsregister.
eu/

2004

German Clinical Trials
Register

DRKS Germany https://drks-neu.
uniklinik-freiburg.
de/drks_web/

2008

International Standard
Randomized Controlled
Trial Number Register

ISRCTN UK http://www.
controlled-trials.
com/

2003

Iranian Registry of
Clinical Trials

IRCT Iran http://www.irct.ir/ 2008

Japan Primary
Registries Network

JPRN Japan http://rctportal.niph.
go.jp/

2002

Pan African Clinical
Trial Registry

PACTR Africa http://www.pactr.
org/

2008

The Netherlands
National Trial Register

NTR Netherlands http://www.
trialregister.nl/

2004

Sri Lanka Clinical
Trials Registry

SLCTR Sri Lanka http://www.slctr.lk/ 2008
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on the methodological quality of the study. According to a study [17] which
investigated the inconsistent between registered protocol and final report of the
study, particularly inconsistent reporting of primary outcomes is a major violation
of trial design for confirmatory studies. This may introduce a potential high risk of
reporting bias, and downgrade the internal validity and evidence of the study
results.

When the investigators register their trials with the above registries, they should
provide the following information: study title, program code, funding resources,
study type, settings, diagnostic/inclusion/exclusion criteria for participants, details
of intervention and control, outcome measurements, timing of the study and contact
information.

2.2.2 Implementing

2.2.2.1 Study Management

Study management is process containing plans, it organizes and manages to allow
successful completion of specific project objectives. Initiation, planning, execution,
monitoring/controlling, and completion are all need to be managed in a clinical
study. Challenges of study management include: (a) to achieve all of these objec-
tives within the limits of the known constraints of the project such as scope, time
and budget; and (b) to optimize the allocation of resources to meet the objectives as
efficiently as possible.

Commonly more months are spent running a trial than planning it or analyzing
its data. A schedule with certain timelines of the study would be really helpful to
control the study process. Besides, finances, roles, and functions in study team,
monitoring (as we mentioned in ‘drafting study protocol’ section) are also important
on managing study. Sometimes, taking notes (using checklist or mind mapping) in a
structured way is helpful.

2.2.2.2 Data Management

All data should be collected, double checked, and organized before analysis. The
appropriate forms for each patient should be arranged and distributed to each
investigator at the beginning of the trial. It should be clarified who is responsible for
completing each form. The handling of clinical trial data at the coordinating center
requires administrative and clerical skills which should not be the priority of
clinicians or statisticians. In addition, a specially trained data manager whose job is
to get all trial data in good shape ready for statistical analysis is needed. For most
cases, a data monitoring committee (DMC) will also be required by local standards.
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For each form arriving at the coordinating center, the DMC should carry out a
series of checks:

1. General checks, to make sure that all forms have been sent at the right time and
received with matched patient number;

2. Missing data;
3. Range checks, to ensure that no items fall within the in appropriate range of

replies; and
4. Logical checks, to find out any inconsistencies in replies to different questions.

Any problems identified by these checks should be conveyed back to the local
institution so that corrections can be made. Data managers will also have concerns
with the subsequent data processing which often requires use of computer software
(such as EpiData).

2.2.3 Analyzing

2.2.3.1 Steps of Data Analysis

With a specific research question and clarified protocol, we could predefine a
statistical analysis plan (SAP) of the study, and this actually should be more
detailed than the relevant part of protocol.

1. To analyze the data, you should first define the analysis populations and the
handling of missing values. If no data are present for the variable in the current
time point, appropriate statistical methods (such as last value carried forward or
multiple imputations for a continuous variable, and the worst/best case scenario
for a categorical variable) should be used to deal with missing data.

2. Then, people should choose suitable statistical methods, which depend on the
variable types and sample size. Statistical methods may include methods for
descriptive analysis, confirmatory analysis and multiple testing.

3. The next step is performing the statistical analysis. The researchers may need to
use statistical software and become fully conversant with the software. Do not
forget to check the data and the results for plausibility and recalculate the
important results. Any document of the statistical analysis including notes, USB
sticks, or mobile hard drives should be clearly labeled and safely stored for at
least five years after termination of the study.

4. The last key step is to interpret the results and draw conclusions. Remember that
the conclusions should be clearly based on your study question and should
consider the potential limitations of the study.
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2.2.3.2 Basic Principles of Statistical Analysis

For each patient in a clinical trial one collects three types of data: (a) which
treatment the patient assigned to and actually received; (b) the patients response to
the treatment including adverse events; and (c) details of the patient’s initial con-
dition and previous history before entry into the trial.

When describing the data, one should describe the basic three types of response
data in clinical trials, which are qualitative response, quantitative response, and time
to relapse. Frequencies or constitution ratios could be reported as qualitative
response, and it is essential to record the total number of patients on each treatment;
otherwise, one cannot reliably interpret the results. For quantitative data, the sim-
plest summary is to compute the mean response with the confidence interval for the
patients on each treatment. Thus, one can check if the values are clinically feasible
and valid to reduce the possibility of erroneous extreme results.

Significant tests have become the most commonly used methods of statistical
inference in clinical trials, and both statistical and clinical significance should be
assessed and interpreted.

2.2.4 Reporting

Through publication, research findings can be spread worldwide. Researchers who
are concerned with a similar topic may repeat the study or test its conclusions. On
the other hand, the publication may help others to avoid wasting time and resources
to do redundant work. It may provide the current ‘best evidence’ for some specific
interventions and help clinicians to make decisions.

2.2.4.1 Early Preparation for Publication

One should decide on a number of basic issues as early as possible.

1. Defining the aims;
2. Deciding on authorship;
3. Selecting a journal;
4. Checking instructions for authors; and
5. Checking general guidelines for reporting.

When selecting the journal, researchers may consider the field of research topics,
impact factors (which reflect the impact of the journal), and the quality of the
journal (such as its PubMed list or peer review system). Each journal may have its
own instructions for authors. Different journals may have different ways to list
author names, format the abstract, or cite references. That is the reason why people
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should read the instructions and find out which format the journal prefers before
drafting.

2.2.4.2 Writing the Manuscript

Reports of original clinical research and systematic reviews are usually structured:
introduction/background (why did you start), objectives (what’s the main purpose),
methods (what did you do), results (what did you find), discussions (what does it
mean), and conclusions (what you finally concluded).

High-ranking journals often require authors to follow standard recommendations
for the publications of a given type of study. Following the guidelines in Table 2.7
is not only a prerequisite for getting a study accepted but also useful advice to help
authors in writing.

Among the items in the guideline for drafting manuscripts, one of the vital things
is to critically evaluate the study and interpret the results accordingly. A useful
preliminary task is to carefully read the title and abstract of the report to decide if
the trials’ findings are relevant and hence to determine whether the report is
trustworthy. Furthermore, the real test trial’s validity lies in careful look through the
methods section. The design of a trial largely determines whether an unbiased and
objective therapeutic comparison can be made. In the discussion of the report, the
strengths and weaknesses of the study as compared to other studies should be
addressed.

Table 2.7 List of reporting guidelines

Name of the
statement

Applicable study type Website/resources

CONSORT Randomized controlled trials www.consort-
statement.org

STRICTA Randomized controlled trials for acupuncture www.stricta.info

STROBE Observational studies www.strobe-
statement.org

STARD Diagnostic accuracy studies www.stard-
statement.org

TREND Nonrandomized studies for behavioral and public
health interventions

www.cdc.gov/
trendstatement

SPIRIT Trial protocol www.spirit-
statement.org

COREQ Qualitative studies www.equator-
network.org

PRISMA Systematic reviews and metaanalysis www.prisma-
statement.org

MOOSE Systematic review of observational studies JAMA 2008, 283
(15) [18]
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2.2.4.3 Publishing the Manuscript

After submitting the manuscript to a journal, the authors should wait for the first
decision made by editors on whether the manuscript merits external peer review.
The first decision may take days or weeks. Hopefully, the manuscript would be sent
to two or more external peer reviewers and the peer review process may take
months. There are three possibilities to the submission, be accepted, be requested to
have revision, or be rejected. If the decision letter requests a revised version of the
manuscript, one should forward the decision letter to all coauthors. Besides
amending the manuscript, a response letter is needed for resubmission. It is
acceptable not to follow all recommendations if you explain why. Each question/
point raised by peer reviewers in the response letter should be answered/ addressed
in a cooperative and unambiguous manner. Even if the submission were rejected by
the journal, authors should try to consider rationally the problems and the chances
of getting the manuscript accepted elsewhere.
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Chapter 3
Effectiveness Assessment of Chinese
Medicine in Clinical Research

Liming Lu, Xinfeng Guo and Zehuai Wen

Abstract The purpose of effectiveness assessment is to assist health care providers
and patients to make informed decisions that will improve health care. How to
assess the effectiveness of Chinese medicine (CM) scientifically is a critical issue
and needs to be resolved. We summarize the advances in outcome research into the
effectiveness assessment of CM in this chapter. For principles of effectiveness
assessment, we need to select outcome measures according to the research purpose
and synthetically consider evidence of randomized controlled trials and
well-designed observational studies. The outcome categories include primary out-
come, secondary outcome, composite outcome, surrogate outcome, and
patient-reported outcomes (PROs). The advantages, disadvantages, and function
comparison of primary and secondary outcomes should be identified. Composite
outcomes are often applied to clinical trials in case of unavailable or impractical
primary outcomes. The composite outcomes can also capture the multidimensional
nature of disease, seek a comprehensive response to intervention, and thus could be
especially important for complex intervention including CM. The development and
validation of a composite outcome should be through rigorous scientific research
design and statistical model. When the secondary outcome is confirmed to be
associated with the true clinical outcome and completely reflect the net effect of
treatment on the outcome, this secondary outcome can also be the surrogate out-
come. Although the definition of the surrogate outcome has been proposed, the
application is limited currently. PROs are supposed to highlight the features and
superiority of CM in clinical effectiveness assessment. Developing a new PRO
instrument based on CM treatment nature by the standard procedures is feasible to
be commonly recognized and accepted in biomedicine. Based on the integration of
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domestic and foreign research view in recent years, we systematically describe both
retrospective and prospective effectiveness assessment studies. Finally, we illustrate
the outcome selection by examples. In summary, we must clearly recognize the
differences in primary, secondary, and surrogate outcomes, and choose the appro-
priate outcome measures according to the study purposes, study models, and CM
characteristics.

Keywords Effectiveness assessment � Outcome research � Chinese medicine

3.1 Introduction

Chinese medicine (CM) has been used in China and other eastern Asia countries for
many years, and has been widely popular among patients in many other countries
[1]. Faith and popularity of CM are mainly depended on its efficacy. However, this
does not mean that all of CM therapies are effective. CM therapies still need to be
rigorously evaluated exactly as any other interventions. According to Tang JL,
“research in CM should adopt a recognized and efficacy driven approach to show
efficacy in humans” [2]. But how to show or evaluate the effectiveness of CM
interventions? In our viewpoint, this issue does not have principal difference
compared with other interventions of biomedicine; all we have to do is considering
the characteristics of CM with the exception of outcomes assessment.

This chapter presents a summary of outcome research in the effectiveness
assessment of CM aiming to benefit the researcher performing a rigorous and
scientific effectiveness assessment study. In particular, this chapter is designed to
help researchers to (a) identify the factors influencing clinical effectiveness; (b) master
the relationship between effectiveness assessment and outcome measurement and
principles of effectiveness assessment for CM interventions; (c) recognize the
discrimination during primary, secondary, surrogate, and patient-reported outcomes
(PROs) to choose the appropriate outcome measurements according to the study
purpose, study model, and CM characteristics; and (d) understand the types of study
design and their data analysis methods in effectiveness assessment research of CM.

3.2 Definition of Clinical Effectiveness of Interventions

Clinical effectiveness is a measure of the extent to which a clinical intervention,
when deployed in the field in routine circumstances, does what it is intended to do
for a specific population [1]. The purpose of effectiveness assessment is to assist
health care providers and patients to decide how to improve health care [2–4]. It is
believed that clinical effectiveness is the basis of the existence and development of
CM. Thus, how to assess the effectiveness of CM scientifically is a critical issue to
be resolved.
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3.3 Factors Influencing Clinical Effectiveness: Risk of Bias
and PICOS in Clinical Trials

Effectiveness inferences from RCTs can be weaken by flaws in design, conduct,
analyses, and reporting, affecting the credibility of the true intervention effect [5].
Therefore, we should know the PICOS (Participants, Intervention, Comparison,
Outcome, and Study design) model of clinical research and factors affecting clinical
effectiveness.

On the one hand, we need to identify the risk of bias in clinical researches
including several biases: selection bias, performance bias, detection bias, attrition
bias, reporting bias, and other bias [6]. A clear understanding of risk of bias can
benefit the quality control of the whole process during the trial and inducing
confident results. In addition, systematic reviews can obtain reliable conclusions after
considering the potential flaws of the included studies. Specially, for the randomized
controlled trials (RCTs) of CM, it is strongly recommended to use appropriate
allocation method. Randomization is used frequently at the level of individual patients
and dynamic allocation procedures may be used as an alternative [4]. The final choice
depends on the study design [7]. Blinded outcome assessment is applied to reduce bias
when outcome judgement may be affected by subjective bodies. Recommendations for
blinding the treatment can be found in the guidelines developed in the European Union
funded GP-TCM project [8]. Sample size should be calculated in the trials’ design
phase, on the basis of the main outcome and the minimum clinically important
difference (MCID) from previous published reports. For subgroup analysis, it is
interesting when different CM diagnosis patterns and patients who are naïve/non-naïve
to CM are considered. Although it is still difficult to incorporate the concept of zheng
(syndrome) differentiation into the RCTs currently due to methodological limitations,
further analyses can be carried out for different zheng differentiations if sample size
permits.

On the other hand, we should establish the criteria or definitions for every part of
the PICOS setting. For patient included criteria, both Western medicine and CM
approaches should be applied to clearly define the study disease and patients’
conditions. A clear, comprehensive, and well-recognized CM diagnosis patterns
would benefit the exploratory analysis and hypothesis generation for future studies.
Some measures should be taken to strengthen the reliability of zheng differentia-
tions of CM (assessing inter-rater agreement and providing training). A big enough
sample size is required to ensure the internal homogeneity. For the selection of
intervention, evidence-based practice of CM is addressed by available reports,
protocols, clinical data, or formal consensus procedures. Pharmaceutical compo-
sition and dosage are fixed for herbal decoction to ensure reproducibility. We
should take some measures to ensure the quality and stability of herbal drugs. For
example, the herbal decoction can be dried at low-temperature into granules after
the compound is decocted and concentrated. For non-pharmaceutical interventions,
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such as acupuncture, moxibustion, massage, and tai-chi, quality control is neces-
sarily conducted in many processes (therapist experience, points’ selection, and
operation methods). For comparison, evidence, guidelines, or broad expert con-
sensus are also addressed during the selection process. Placebo is appropriate for
the control group when there still lacks effective treatment and it will not harm the
patients without medication in short term. Decoction placebo can be made of
pigments, bitter elements, and special flavor to imitate the test drug’s color and
odor. A pretest should be performed to guarantee this placebo is inactive in treat-
ment and works on blinding. Acupuncture placebo includes acupuncture in sham
points, sham needles in true points, and special double-blinded devices. Gentle
touch can be used as control for massage and gymnastics. Similar exercises can be
used as control tai-chi.

3.4 Considering CM Characteristics

3.4.1 Effectiveness Assessment and Outcome Measurement

Clinical epidemiology engages in outcome research [9, 10]. Generally, the pur-
poses, methods, and principles of clinical assessment are consistent with those of
outcome research and incorporated into the scope of outcome research [9]. It is
believed that appropriate outcome measures are important to clinical research of
CM. First, patient-centered main outcome measures comply with CM therapy’s
characteristics. CM is generally considered as holistic medicine; thus, it has
advantages of adjusting the whole body’s functions and self-feeling, but the CM’s
effectiveness is generally moderate and slower than that of allopathic way of
modern Western medicine. How to select the appropriate outcome measures
complying with therapy’s characteristics of CM is still a research hotspot. Second,
opposite conclusions can be drawn using different outcome endpoints [11, 12].
CM’s effectiveness should be confirmed by commonly recognized measures [13].
Many institutions, such as NIH and Cochrane Collaboration, are demanding the
clinical effectiveness from the appropriate outcomes.

In order to know the status of outcome research in CM, our research team has
investigated the outcomes used in the RCTs of CM in several conditions. Taking
chronic obstructive pulmonary disease (COPD) for example [14]. We showed that
of the 12 outcomes, pulmonary function [forced expiratory volume in 1 second
(FEV1)], St. George’s Respiratory Questionnaire (SGRQ), modified Medical
Research Council (mMRC), 6-minute walk distance (6MWDS), exacerbation fre-
quency, and adverse events were assessed as the critical outcomes, the composite
outcomes such as the response rate, a combination of the improvement of symp-
toms, signs, and laboratory indexes were rated as low importance for decision
making because of problems in methodology. The rest of outcomes were important
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but not critical. Of the 539 included articles, 213 (40 %) used lung function to
evaluate the treatment effect and 19 (4 %) used SGRQ, while 426 articles (including
21 different judgement standards) used the response rate (total effectiveness rate,
TER), accounting for 79 % of all clinical trials for COPD. These results informed us
that only a small number of RCTs of CM for COPD used appropriate outcomes. In
another case of CM treatment for chronic urticarial, in which no suitable primary
clinical endpoint was available, almost all trials used the response rate (TER),
which were not explicit and validated and rated as of limited importance for clinical
decision making.

3.4.2 Principles of Effectiveness Assessment for CM
Interventions

Outcome assessment focuses on selecting appropriate outcome into scientific
measurement practice of CM’s effectiveness. Only the primary outcomes with
direct effects on patients can measure the true effectiveness of CM [12]. Based on
the characteristics of CM theory and clinical practice, Lai SL proposed a com-
prehensive “CM effectiveness assessment framework” [15], suggesting (1) com-
monly accepted effectiveness measures; (2) measurements of CM syndrome-/
pattern-related symptoms or PROs; and (3) quality of life with universal- and
disease-specific evaluation items embodying the characteristics of CM. Afterwards,
researchers continued the development of clinical effectiveness assessment system
with CM characteristics [15–18]. In summary, effectiveness assessment of CM
contains (1) biology outcomes and their changes reflecting the effects of CM;
(2) patient-reported outcomes (PROs), proxy-reported outcomes, and
physician-reported outcomes (outcome assessment by patients, their families,
caregivers, or health care workers); (3) safety assessment: adverse event reports and
the causality evaluation related to CM; and (4) health economics, e.g., efficiency
measurement and evaluation of CM.

In addition, depending on the research purposes, the effectiveness assessment of
CM may use different outcome measures to assess a variety of diseases and CM
syndromes. For example, researchers and policymakers often distinguish between
the efficacy and the effectiveness of an intervention. Efficacy trials (explanatory
trials) determine whether an intervention produces the expected result under ideal
circumstances. However, effectiveness trials (pragmatic trials) measure the effects
under ‘‘real world’’ clinical settings [19, 20]. Thus, outcome selection should meet
the different characteristics and purposes of efficacy or effectiveness trials.

Sometimes, it takes time to demonstrate the therapeutic effect of an intervention.
Specially, in terms of CM, the research process may include case accumulation,
observational studies, exploratory research, confirmatory trials, and reevaluation
studies. From the perspective of evidence-based medicine (EBM), this is also a
research process of various types of associated evidence to demonstrate the efficacy
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or effectiveness. RCT is not the only effectiveness assessment of CM.
Well-designed observational studies can provide some useful implications.
Effectiveness assessment of CM should synthesise the evidence from both RCTs
and observational studies.

3.4.3 Primary and Secondary Outcomes

In clinical trials, primary and secondary outcomes are measured over the course of
the disease, and treatment benefits can be evaluated on all of them. The primary
outcome is a clinical endpoint that fully characterizes clinically the effect of
treatment and assists the researchers to make a claim for the treatment [21]. Besides,
the primary outcome is used to perform the sample size calculation to detect a
specified clinical benefit. Sometimes, limited time and resources may force the
investigators to use alternative outcomes, such as secondary outcome [22]. For
examples, it is not possible to observe the duration of survival as the ultimate
outcome in chronic diseases due to the prolonged period of follow-up. Compared to
the primary outcome, the secondary outcome is not sufficient to characterize fully
the benefit or to support a claim for a treatment effect but provides additional
clinical characterization of the treatment effect [21]. Table 3.1 describes the com-
parison of primary and secondary outcomes.

The outcome selection is dependent upon the research purpose to provide a
reference for decision making of clinical treatment. Thus, it is suitable to endorse
more direct and relevant outcomes to measure the treatment effect, such as end-
points of survival, mortality, diminished capacity, and disability level. For example,
in the effectiveness assessment of artemisinin for falciparum malaria, mortality rate
is the most suitable primary outcome related to the treatment effect. By contrast, for
the exploratory research focusing on the pathogenesis mechanism of falciparum
malaria, the endpoints reflecting artemisinin’s interference of falciparum malaria’s
life history (not mortality rate) should be more related to the pathogenesis
mechanism.

Besides, the purpose and/or hypothesis of an RCT of CM determines the study
model, which can be categorized as the Western medicine disease-oriented model,
the CM zheng-oriented model, or the integrated model [23]. The outcome selection
should be consistent with both the research purpose and the study model. For the
Western medicine disease-oriented model, the outcomes should be disease-oriented
as the study aims to determine whether CM can relief the targeted disease. In this
situation, Western medicine’s symptoms, signs, and examinations may be the pri-
mary and/or secondary outcome measures. Similarly, for the CM model,
CM-specific zheng-oriented endpoints are the covariates to determine whether CM
can benefit the zheng. For the integrated model, both CM-oriented and Western
medicine-oriented endpoints could be the primary and/or secondary outcomes [24].

For the selection among similar outcomes, we should comprehensively consider
and discriminate the outcomes’ objectivity, stability, sensitivity, and specificity in
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the specific disease and the CM zheng. In fact, different roles show different
preferences in outcome measures. For example, patients concern whether their body
function or self-feeling can be improved; thus, the endpoints reflecting diminished
capacity, self-feeling, or quality of life (QOL) are more suitable for the measure-
ment. Practitioners concern whether the patients’ pathological damages can be
reversed; thus, the endpoints of their physiology and biochemistry are preferred for
the measurement. And health authorities pay more attention to health economic
evaluations.

Currently, many clinical trials aim to determine the effectiveness of interventions
mainly depending on the improvement of specific disease-related biomarkers and
medical examinations. These biomarkers play important roles in the treatment
effects and mechanisms, but they are secondary outcomes. Only the primary out-
comes can provide sufficient evidence to characterize clinically treatment effects.
Especially, only the sensitive outcomes characterized with zheng differentiation of
CM are indispensable for scientific and systematic assessment of CM’s
effectiveness.

3.4.4 Composite Outcome

Most CM treatments are complex interventions, and thus the mechanism of ther-
apeutic effects of CM are obviously different from that of powerful single-targeted
allopathic Western medicine. Therefore, the composite outcomes which can reflect
the multidimensional overall changes of conditions are scientifically significant to

Table 3.1 Comparison of primary outcome and secondary outcome [12]

Properties Advantages Disadvantages Functions

Primary outcome True outcome for
the disease or
interventional
effect

Characterize the
true effect of
treatment with
less bias

Appear late;
need more
time and large
sample size;
easily be
interfered by
bias

Verify the
effect of
treatment and
promote its
application

Secondary/surrogate
outcome

Not true clinical
outcome, not
sufficient to
characterize fully
the benefit or
risk of treatment

Appear in early;
reduce time and
sample size;
more objective;
less variation;
easy to measure

Easily be
interfered by
bias without
strict
evaluation of
validity

Explore the
treatment
mechanism;
test the
treatment
effect in some
conditions
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comprehensive evaluation of clinical effectiveness of CM. Composite outcomes are
often applied to clinical trials for many reasons: unavailable or impractical primary
outcomes, or to capture the multidimensional nature of diseases and responses of
interventions. Composite outcomes can usually reduce sample size by increasing
outcome rates, but also cause concerns of multiplicity for testing many outcomes,
and other competing risks including uninterpretability when heterogeneity exists in
a composite outcome [25].

For example, FEV1 is often used to evaluate the severity of chronic obstructive
pulmonary disease (COPD). However, patients with COPD have systemic mani-
festations that are not reflected by the FEV1. Celli et al. developed a composite
outcome which can better assess the respiratory and systemic expressions of COPD
[26]. They first evaluated 207 patients and selected four factors from 12 factors
which had strongest correlations with the 1-year mortality in the cohort: the body
mass index (B), the degree of airflow obstruction (O), dyspnea (D), and exercise
capacity (E). With these factors, they constructed the BODE index with a multi-
dimensional 10-point scale (the higher the scores, the worse the health). They
prospectively validated the index in a cohort of 625 patients, with death from any
cause and from respiratory causes as the primary outcome (golden standard vari-
able). Empirical model, Cox proportional hazards regression analyses, and the C
statistic were used to build and test the BODE index. The research found that the
BODE index as a composite outcome is better than the FEV1 or any other index
alone in predicting the risk of death among COPD patients.

Development and validation of a composite outcome should be through rigorous
research design and statistical model. The researcher should evaluate the sensitivity
and specificity of the composite outcome correlated with the primary outcome in a
prospective study. For the development of composite outcome for the complex
intervention, the main components of complex intervention and the function of each
component should be understood thoroughly.

3.4.5 Surrogate Outcome and Patient-Reported Outcome

When the secondary outcome is confirmed to be related to the true clinical outcome
and fully capture the net effect of treatment on the clinical outcome (in a prospective
study), this secondary outcome can be called a successful surrogate outcome [27].
A surrogate outcome of clinical trial is a laboratory measurement or a physical sign
used as a substitute for a clinically meaningful endpoint that measures directly how
a patient feels, functions, or survives. Changes induced by a therapy on a surrogate
outcome are expected to reflect changes in a clinically meaningful endpoint [28].
Surrogate outcomes are applied when the endpoint of interest is too difficult and/or
expensive to measure routinely, as a substitute which is sufficiently correlated with
the true clinical outcome [29]. Table 3.1 describes the comparison of primary and
surrogate outcomes.
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Figure 3.1 describes the setting of surrogate outcomes’ application. Specifically,
the surrogate outcome is in the only causal pathway of the disease process medi-
ating the intervention’s entire effect on the true clinical outcome [28]. Previous
examples of surrogate outcomes are tumor regression in trials of cancer therapy,
suppression of ventricular arrhythmias or reduction in cholesterol level or blood
pressure in cardiology trials, increased CD4 cell counts, or decreased viral load
measures for trials of human immunodeficiency virus (HIV) infection or AIDS.
However, cardiac output, cholesterol levels, ventricular arrhythmias, and tumor
shrinkage were sometimes not successful when used as the surrogate outcome in
cardiologic disorder or cancer measurements. Some considerations must be taken
into the clinical trial when the surrogate outcome is applied. First, the surrogate
outcome may not be the real predictor of clinical outcome. It can measure the
mechanism of the intervention for the disease but cannot provide all the information
related to the treatment and subsequent impact. For example, the surrogate outcome
is positive but the clinical outcome is negative. Second, it is not feasible to compare
the surrogate outcome and the side effect, leading to the difficulty of weighting the
effectiveness of intervention. Although the definition of the surrogate outcome has
been proposed, the application is limited currently.

The efficacy and safety of CM has been practiced through experience rather than
scientific measurements. Patient-reported outcomes (PROs) are supposed to show
the features and superiority of CM in clinical effectiveness assessment. PROs refer
to patients’ self-reported outcomes in the context of health care, including their
living environment, health conditions, and treatment [30]. PROs include not only
health status and quality of life but also reports on satisfaction with treatment and
care, adherence to prescribed regimens, and any other outcome evaluation obtained
directly from patients through interviews, self-completed questionnaires, diaries, or
other data collection tools such as handheld devices and web-based forms [30–33].
In other words, PROs include, but not limited to, health-related quality of life,
symptoms, patient satisfaction with treatment, functional status, psychological
well-being, and treatment adherence [34]. In fact, many subjective symptoms, such
as diet, sleep, and pain, collected by questioning, are the foundation for medical
diagnosis and treatment of CM. The efficacy of CM in treating the disease is to
intervene the pathological mechanisms of all signs and symptoms. By contrast, the

Disease Surrogate
outcome

True clinical 
outcome

Intervention

Fig. 3.1 Pathway of valid surrogate outcome mediating intervention with true clinical outcome
[28]
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inefficacy means no improvement of symptoms and signs. Thus, PROs is important
to CM diagnosis and treatment [35].

However, it is not suitable to use some currently available PROs instruments in
evaluating treatment of CM or integrative medicine. For example, the present
health-related quality of life (HRQOL) instruments based on Western medical
knowledge cannot meet the requirement of expressing special characteristics of CM
treatment efficacy. It has been feasible to develop a new HRQOL instrument
based on CM and Chinese culture by the standard and scientific procedures. The
psychometric properties of the instrument are satisfactory to detect important
changes in clinical studies. It is useful in both Chinese and integrative medicine [36].

3.5 Types of Design and Methods of Data Analysis

Based on the integration of domestic and foreign research in recent years, we
systematically classify the types of study design and their data analysis in CM as
follows: effectiveness assessment study of retrospective data (clinical medical
records; previous clinical research data) and prospective effectiveness assessment
study (disease registers; longitudinal study; RCTs).

3.5.1 Retrospective Effectiveness Assessment Studies

3.5.1.1 Clinical Medical Records

Structured electronic medical record sharing system needs to be constructed first.
Clinical diagnosis and treatment information can be converted into structured data
from medical records. We can connect the data resources of patient-centered hos-
pital information system (HIS), biochemical test systems, and imaging system.
Clinical information of diseases and zheng in CM can be comprehensively collected
by studies of longitudinal observational studies. For statistical analysis, some issues
should be considered include different zheng of the same disease, different diseases
of the same zheng, and different diseases associated with zheng can be compared.
By combing technologies of mathematics and informatics, including data mining,
quantitative synthesis, and modeling the biological information of zheng in CM can
be better understood.

3.5.1.2 Previous Clinical Research

Databases provide helpful information on existing CM trials (for example, Oregon
College of Oriental Medicine for Acupuncture (AcuTrials®) [37], New England
School of Acupuncture (NESA) Database [38], Chinese BioMedical Literature
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Database (CBM) [39], China Network Knowledge Infrastructure (CNKI) [40], and
Chinese Scientific Journals Database (VIP) [41]). Besides, it is necessary to form
CM databases of clinical research based on previous clinical trials and develop the
guidance to encourage CM clinical investigators to share their raw data.
Meta-analysis can be applied to perform direct and indirect comparisons of different
effects of CM and screen the optimal treatment. Decision trees, association rules,
support vector machines, and artificial neural networks can be used to analyze the
past data to identify the associated factors of CM or Western medicine, investigate
the possible roles of CM, and improve existing knowledge.

3.5.2 Prospective Effectiveness Assessment Studies

Deficiencies of historical data mentioned above is may be that limited variables the
researcher is interested in and some necessary analysis hard to perform. Thus, it is
necessary to perform the prospective effectiveness assessment study to satisfy the
following requirements:

3.5.2.1 Disease Registers and Longitudinal Studies

Good literature reviews and preliminary discussions can be performed before
designing the questionnaire. We should fully consider the patients’ related impact
factors, including general demographics, lifestyle, medical history, physical
examination, laboratory and imaging studies, past therapies (included CM), and
contextual factors. A CM structured questionnaire serves as the carrier of clinical
information data, which should be based on standardized terminology of clinical
data interchange standards consortium (CDISC). For statistical analysis, the
propensity score method can be used to balance the comparability among charac-
teristic variables of different groups with given and known covariates [42, 43].
When there are a number of potential confounders unknown in the real world, the
instrumental variable method can be balanced against the known and unknown
variables. This method can handle the relationship between covariates and the result
of factors and explore a variable that is related to the explanatory variables but has
nothing to do with the results. Its purpose is to give an unbiased estimate of the
effect. However, it would be difficult to find the right instrumental variable.

3.5.2.2 RCTs

Research should clearly describe the diagnostic criteria in terms of Western med-
icine and CM; settings should be based on valid evidence; implementation details of
acupuncture, qigong, or tai-chi should be declared; herbal formulation, dosage, and
cost should be considered; appropriate random allocation method should be
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applied; and the implementation of blinding, sample size calculation and prefer-
ences, and expectations of the subjects should be evaluated. In order to assess the
effectiveness of treatments, we should compare the benefits and harms of the
treatment [44].

3.6 Case Study

We give one of our studies to illustrate the decision process of outcome selection.
This study was designed to address the effectiveness of combined Chinese medicine
(CM-)-based psychotherapy and Chinese herbal medicine (CHM) in the treatment
of menopausal syndrome [45]. Many females of menopausal syndrome suffer from
a considerable variety of symptoms, including hot flashes, night sweats, menstrual
irregularities, vaginal dryness, depression, nervous tension, palpitations, and others.
Conventional hormone replacement therapy (HRT) cannot relieve all of the
symptoms. CM-based psychotherapy refers to any form of therapeutic interaction or
treatment that aims to increase the individual’s sense of well-being. Favorable
outcomes should be associated with psychological symptoms, such as menopausal
syndrome.

As mentioned above, the efficacy of CM for the disease is to eliminate all signs
and symptoms. Thus, the PROs is important to CM diagnosis and treatment
evaluation. For the CM model, a CM-specific zheng-oriented endpoint is more
appropriate to be the primary outcome. Thus, we chose the Kupperman Index
(KI) and the menopause-specific quality of life (MENQOL) as the primary out-
comes to directly measure the treatment effect. We believed these measurements
could clinically characterize the treatment effect and support a regulatory claim for
the treatment. The secondary outcomes included serum levels of FSH and E2 and
symptom relief. These biological and pathological endpoints play important roles in
determining the interventions’ effects and possible mechanism.

3.7 Summary

How to assess the effectiveness of CM in scientific manner is still a critical issue in
practice. We focused on the consideration of how to choose the appropriate out-
comes to clinically characterize the effects of CM treatment and possible mecha-
nism. In recent years, more and more clinical trials of CM are emerging with
concerns of study quality [46]. It seems that some issues should be resolved by
better research. First, in terms of CM, the research may be case accumulation,
observational studies, exploratory research, confirmatory trials, and reevaluation
studies. RCT is not the only preference for effectiveness assessment of CM.
Well-designed observational studies can sometimes provide useful implications.
Effectiveness assessment of CM should synthesize the evidence from both RCTs
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and observational studies. Second, we must clearly recognize the differences in
primary, secondary, and surrogate outcomes, and choose the appropriate outcome
measures according to the study purposes, study models, and CM characteristics.
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Chapter 4
Placebo-Controlled Trials in Acupuncture:
Problems and Solutions

Stephen Birch, Terje Alraek, Kun Hyung Kim and Myeong Soo Lee

Abstract The objective of this chapter is to provide an overview of the problems and
solutions of randomized placebo-controlled trials in acupuncture. Studies examining
how acupuncture might work cover a broad range of physiological systems, ranging
from a single biochemical pathway to the whole biological system. Needling, touch,
and pressure occur before skin penetration and then surface receptors/structures are
stimulated by both shallow and deeper insertions with additional receptors are further
stimulated by deeper insertions. This process raises important questions about the use
of penetrating and non-penetrating sham acupuncture techniques and placebo effects.
In clinical research the placebo treatment must be inert, and only when the provided
randomization and blinding are properly used, a trial comparing the test treatment to
the placebo treatment can be said as placebo-controlled. A placebo-controlled trial is
an explanatory trial since it tests the known mechanisms associated with the treat-
ment. But in hands-on therapies like acupuncture what can constitute a valid placebo
control treatment? Are there predictable mechanisms by which acupuncture works
suggesting which valid placebo can be used? Are there any sham acupuncture

S. Birch (&) � T. Alraek
Institute of Health Sciences, Kristiania University College, Oslo, Norway
e-mail: stephen.birch@kristiania.no

T. Alraek
Department of Community Medicine, Faculty of Health Sciences,
National Research Center in Complementary and Alternative Medicine (NAFKAM),
UiT The Arctic University of Norway, Tromsø, Norway
e-mail: terje.alrak@uit.no

K.H. Kim
Department of Acupuncture and Moxibustion, Korean Medicine Hospital,
Pusan National University, Yangsan, Korea
e-mail: pdchrist@gmail.com

M.S. Lee (&)
Clinical Research Division, Korea Institute of Oriental Medicine,
Daejeon, Republic of Korea
e-mail: drmslee@gmail.com

© Springer Science+Business Media Singapore 2016
S. Leung and H. Hu (eds.), Evidence-based Research Methods
for Chinese Medicine, DOI 10.1007/978-981-10-2290-6_4

55



interventions that can constitute placebo treatments? Are they credible to be sham
treatments? If they are not inert or credible, then how can we perform
placebo-controlled trials on acupuncture? Are such trials possible? Many forms of
sham acupuncture have been tried out in efforts to control placebo effects. In the ‘real’
or ‘test’ acupuncture the ‘real’ technique is applied to the ‘real’ acupoints. Thus,
sham acupuncture involves varying the techniques of treatment and the locations of
treatment. Given these two variables, three basic variations of sham acupuncture are
possible. One of these could possibly act as a placebo control research model, pro-
vided that the sham techniques are clinically inert and the sites of their application are
clinically inert. The other two models act to compare either treatment sites or treat-
ment techniques. In the latter two models placebo can be held equal between treat-
ment groups, but these models are not capable of acting as placebo-controlled trials.
The second and third sham models are often used inadvertently as though they were
capable of answering the same question as the first or were placebo-controlled
clinical trials like the first. This chapter will give an overview on the current status
and problems of placebo-controlled trials in acupuncture trials and suggest possible
solutions. We can summarize the evidence: so far no sham acupuncture techniques
are inert; they are also clinically effective; and no placebo-controlled trials of
acupuncture have ever been performed. Given the evidence, we propose to stop
performing sham acupuncture studies since they cannot achieve control for placebo
effects. We propose a two-pronged approach to address the issues of mechanisms of
action and effectiveness.

Keywords Acupuncture � Placebo � Sham � Clinical trial � Acupoint

4.1 Introduction

The act of inserting needles for the practice of acupuncture can trigger multiple
pathways, many of which are predictable from knowledge of biology since the
living organism has multiple sensory systems for interacting with the environment
and responding to its challenges. Biological effects can occur as a result of touch
and pressure [26, 27, 41, 48, 60, 66, 85], pricking and other non-insertion methods
[41, 65], skin penetration (shallow insertion) [3, 39, 40, 57, 78, 87], stimulation of
underlying structures (deeper insertion) and manipulation of the needle (rotation,
lifting-thrusting) [30, 31, 45, 68, 71, 87]. Many of these pathways have already
been demonstrated with regards to acupuncture needling [6, 14–16, 20, 30, 31, 37,
68, 71, 87, 88] and can involve analgesic [14, 30, 31, 68, 87], anti-inflammatory
[61, 89], micro-circulatory [37, 39], circulatory [53, 82], immunologic [1, 62, 86],
autonomic [49, 51, 64, 78] and modulation of the somatosensory system [5, 63]
effects. Brain imaging studies have demonstrated different responses with both
different needling techniques and different locations of the needling [34, 36, 70],
suggesting a degree of specificity of effects supported by biological analysis of
tissue structures and pathways involved [46, 87]. Since the practice of acupuncture
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involves application of touch, pressure and usually pricking, shallow and deep
insertion and with various needle manipulations, then any of the above effects can
occur with acupuncture needling, regardless of where and how the needling is done.
Studies examining the neurological effects of needling have found that sham
acupuncture techniques activate different pathways than the test acupuncture
techniques [3, 20, 41, 50, 57, 64], suggesting that they are not inert. Hence, it is also
important to examine whether there is evidence that they are also clinically active
and especially effective. A sham technique that is physiologically active may still be
relevant in efforts to control for placebo effects even if it is not clinically
relevant/active. The above physiological effects/evidence raises important questions
for the implementation of the studies that attempt to control for placebo effects in
acupuncture. A placebo intervention is supposed to be physiologically inert;
however, they must be credible for the exposed participants How might one apply a
placebo needling technique that can avoid all of the above effects so that it is inert,
and can thus act as a placebo control intervention for clinical trials of acupuncture?
If it is not possible to avoid some of these physiological effects, are they clinically
active? Given the evidence of physiological activity among sham techniques, how
does one implement and interpret clinical trials?

4.2 Acupuncture and Sham Acupuncture

Acupuncture involves the use of needles applied to specific acupoints. These have
locations that have been described relative to anatomical structures and are usually
assumed to be fixed relative to those structures. A common form of needling since
the 1950s employs a method whereby needles are inserted into the acupoints to
specified depths for each acupoint and then manipulated until certain sensations
called ‘deqi’ are obtained (soreness, aching, distension, heaviness, numbness or
tingling) [8, 17, 25]. Textbooks routinely state that if these sensations are not
obtained with needling, then the treatment will not be effective [17, 44]. Since the
first descriptions of this deqi in Western publications in the early 1970s, researchers
have tested acupuncture in controlled trials that attempt to control for placebo
effects by varying the locations of the needling and the techniques of needling using
what has been called ‘sham acupuncture’ [10]. In particular, during the last 30 years
needling techniques have been used to avoid producing the deqi sensations. Some
review papers have catalogued the types of sham acupuncture techniques that can
be found in acupuncture trials and the clinical questions that they can answer [9,
23]. Since 1983, clinical trials started using shallow needle insertion (2–3 mm) with
no manipulation [21, 32, 33, 80] in an effort to avoid the deqi sensations and serve
the role of a placebo control. In the late 1990s, stage dagger-like needles that do not
penetrate the skin emerged, first the Streitberger needle [74], then the Park needle
[67] and more recently the Japanese sham needle from Takakura [77] and a Chinese
variant [52]. While these non-penetrating sham techniques do not penetrate the
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skin, they do apply pressure and some give pricking and deqi sensations [69, 76].
The two methods of shallow insertion without needle manipulation and
non-penetrating sham needling have become the two most common forms of sham
acupuncture and are often thought to produce only placebo effects. Some research
groups have used sham TENS [24] or sham laser [35] as control treatment for
acupuncture. Since these sham treatments do not match the appearance of
acupuncture, it has been suggested that they are better avoided in
placebo-controlled studies [47] and have been criticized as ‘fatally-flawed’ for
acupuncture studies [79]. These different sham needling techniques have been
verified with regards to their credibility for clinical trials of acupuncture usually by
testing whether patients could tell which needling method they received [76, 81].
An equally important sub-study to validate the sham procedures is to examine
whether the techniques are inert or not and if not, to develop procedures capable of
dealing with the unasked for effects by eliminating or controlling for them [11, 59].
We know of very few studies that have attempted to do this [4, 7]. We have not
found any studies that have demonstrated that the techniques are inert, rather we
have found authors acknowledging that the techniques are not inert [2, 27, 55, 56,
83]. Since there are both physiological evidence and clinically informed opinions
that they are not inert, it is also important to understand whether these physiological
effects can produce clinically relevant changes.

4.3 Sham Procedures

Given the two variables of location of needling and technique of needling there are
three basic variations of sham acupuncture (Table 4.1).

The sham type 3 clinical trial allows us to examine the clinical effectiveness of
the proposed sham techniques, while holding placebo equal between the two

Table 4.1 Acupuncture-sham acupuncture test components, sham variations and their uses

Technique Acupoints Potential uses

‘Real’
acupuncture

Real (RT) Real (RAP) The test treatment

Sham
acupuncture-1

Sham (ST) Sham
(non) (SAP)

The sham treatment—potentially capable of
acting as a placebo treatment

Sham
acupuncture-2

Same as
real (RT)

Sham (SAP) Tests relative effects of point locationa

Sham
acupuncture-3

Sham (ST) Same as real
(RAP)

Tests relative effects of needle techniquesa

aThese two sham models are NOT tests of acupuncture per se, rather they are tests of the relative
effects of the places of needling or the techniques of needling [10, 84]. Yet they are routinely used
as though they were sham acupuncture-1 type studies, as valid tests of acupuncture and then
confused further when said to be placebo treatments [72, 75]. These studies by their nature cannot
control for placebo effects [12, 13], they are similar to studies of a drug at different dose levels or
comparison of different drug mixes

58 S. Birch et al.



treatment groups. When the sham treatment technique is more effective than the test
treatment technique, it indicates that the sham technique is clinically effective.
Similarly, if the sham technique is as effective as the test treatment technique for a
specific condition and systematic reviews of acupuncture for that technique show
that acupuncture is an effective treatment, this too can indicate that the sham
technique can be clinically effective. Thus in order to answer the question of
whether sham type 1 trials are able to control for placebo effects, we can examine
sham type 3 trials to understand the effect and role of the sham techniques
themselves.

The following clinical trials illustrate that the non-penetrating or shallow
needling sham technique can be more effective than normal needling for certain
conditions or as effective as normal needling in conditions for which evidence
shows normal needling works [22, 54, 72, 73, 75]. Other clinical trials also
demonstrate that shallow needling can be more effective than a touch only sham
needling [28, 42, 43]. We thus have evidence that both the shallow insertion and the
non-penetrating sham are clinically effective techniques.

4.4 Implications of the Physiologically Active
and Clinically Effective Sham Acupuncture Technique

There is clear evidence that the more commonly used sham techniques of shallow
insertion ‘minimal acupuncture’ and non-penetrating sham (stage dagger needles)
are both physiologically active and clinically effective techniques, independent of
placebo effects. The likely explanation for this is that both procedures involve touch
with pressure and pricking, and the former also involves shallow insertion. This
makes these sham procedures unsuitable for use as control treatments for placebo
control trials of acupuncture. Rather studies that use these sham procedures are
instead a form of dose comparison trials and thus ‘pragmatic trials’ that allow for
investigation of the different types of stimulation needed to reduce the symptoms in
question.

The fact that both procedures utilize some of the pathways involved in the
theoretically proscribed treatment also introduces further complications. De Craen
and colleagues have demonstrated that a sham treatment that is inadvertently active
rather than inert and involves the same pathways as the test treatment creates bias
against the test treatment [19]. In line with this recent authors have suggested that
sham acupuncture procedures introduce a risk of bias against acupuncture by
underestimating the effects of treatment [2, 58]. The uncovering of these issues has
led an international expert group to suggest that sham acupuncture procedures to be
discontinued at least in clinical trials [46].
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4.5 Recommendations

We cannot see how it is possible to conduct a placebo-controlled clinical trial of
acupuncture. None of the sham techniques that have been developed and used are
capable of acting as placebo treatments. Further, independent of placebo effects
they will instead trigger some of the pathways of action by which acupuncture
works, thereby underestimating the effects of acupuncture and introducing a risk of
bias against acupuncture. We agree with Langevin and colleagues that it could still
be helpful outside of clinical trials to use some sham acupuncture procedures in
physiological acupuncture research [46]. We feel that the proposals of Hyland [38]
and Langevin et al. [46] should be developed for future research on acupuncture.

The explanatory or placebo-controlled trial is fundamentally a clinical test of a
known mechanism of a therapy. We have seen that acupuncture effects can involve
multiple pathways of action simultaneously. The specific components of these
pathways will vary considerably according to location of needling and manner of
needling. This makes the pathways of action that are to be controlled for in trials
that attempt to control for placebo effects unpredictable and unknown.
Placebo-controlled trials are simply not achievable for acupuncture studies, at least
at this time, thus sham acupuncture techniques should not be used in clinical trials
of acupuncture.

We feel that the inherent complexity and variability of how acupuncture can
work is better studied by taking advantage of developments in the field of systems
biology [18, 29] and OMICS [16]. With more careful attention to the dynamics of
how the different pathways work and interact, gradually a more clear picture of
acupuncture should emerge.

Since placebo effects cannot be controlled for in a head to head comparison of
acupuncture and placebo treatment (the explanatory trial), sham acupuncture trials
should not be used. Instead pragmatic trials should be used, where the control
treatment is either an established standard therapy or when relevant a no-treatment
group should be added. These pragmatic trials should be used alongside with
physiological studies in carefully orchestrated ways for exploration of the
hypothesized or established mechanisms of clinical acupuncture.
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Chapter 5
Qualitative Interview for Chinese
Medicine Research: Challenges
and Prospects

Hao Hu, Jian Li and Hong Chen

Abstract This chapter aims at initiating discussions about how to use qualitative
interviewing for Chinese medicine research. Through examining a case of practical
application of this approach, it has identified three main challenges arising therefrom,
viz., (1) challenge of avoiding cultural bias in sampling; (2) challenge of designing an
effective interview, including the questioning techniques and (3) challenge of
developing concepts and constructs that are germane to such in-depth interviews. It
also provides suggestions for future qualitative study of Chinese medicine with
regard to: (1) applying a strategy of comparative research; (2) developing a
well-prepared interview protocol and (3) balancing views of Chinese medicine and
Western medicine in data analysis.

Keywords Qualitative interview � Chinese medicine � Qualitative study �
Community pharmacy � Pharmacy practice

5.1 Introduction

Research in Chinese medicine has attracted increasing attention in recent years from
both within China and abroad. Apart from conducting lab experiment studies,
researchers are constantly encouraged (even required) to apply qualitative methods
to studying important topics related to Chinese medicine. However, they are
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generally reluctant to do so because they have received their academic training
mostly in natural science. Their main issue can be expressed in this question: Why
should qualitative approach be called for in Chinese medicine research? Or what
kind of role could qualitative method actually play in Chinese medicine research?

To address the question above, the key seems to be a shift in perspective from
the researcher’s to the consumer’s (that of patients, doctors and others). For the
latter, their personal concerns about Chinese medicine tend to focus on: Why should
I choose Chinese medicine? What Chinese medicine could treat my disease or
benefit my health? How should I take Chinese medicine properly? How should I
manage (regulate) Chinese medicine clinically? These questions could well lead to
significant research ground for the researchers’ new endeavours.

To treat these potential topics for research, qualitative methods have their unique
strengths. Qualitative methods emphasize ‘meaning’ of social phenomena as
experienced by people in their natural setting [1, 2]. Rather than simple description
of emotional and experiential phenomena, qualitative methods provide chance to
understand the underlying ‘how’ and ‘why’ [3, 4].

Qualitative interview as one of the most commonly used methods in social sci-
ences has its distinctive value in exploring the interviewee’s ‘meaning’ through
interactions between an interviewer and an interviewee [5]. Thus, regarded as an
effective instrument, qualitative interview is expected to be actively applied in
modern Chinese medicine research. In reality, however, this method is hardly
employed as such in spite of its special function, a telltale indication that method-
ological challenges may have deterred the researchers in the field from using it.

Situated in this context, this chapter aims to provide some initial discussions
about how to apply qualitative interviewing in studying Chinese medicine using our
own example of a case study, focusing on the sampling process as well as the
challenges we met. We will first review the general designing features of qualitative
interview in research; then, we will report on a research case of our own using
qualitative interview that was meant to elicit consumers’ opinions about Chinese
patent medicine versus Westernmedicine dispensed over the counter of community
pharmacies. Next, we will discuss the main challenges of applying qualitative
interview method to studying Chinese medicine and offer some suggestions for
prospective qualitative interviews in this field; and finally, some conclusive
remarks.

5.2 General Design of Qualitative Interview Research

Following the general guidelines on qualitative research, qualitative interview is so
designed as to make sure the three key parameters are clearly defined: sampling,
interview protocol and data analysis.
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5.2.1 Sampling for Qualitative Interview

Qualitative interview does not follow the random sampling approach that is widely
applied in quantitative research. On the contrary, qualitative interview generally
adopts a purposeful sampling approach. Qualitative purposeful sampling means that
researcher decide on their sample according to the research objectives, which may
differentiate between types of cases as being typical, unusual, critical, politically
important, etc. [6]. In particular, there is a general consensus that theoretical
sampling is also a kind of purposeful sampling even though it is theory-driven to
some extent [7]. In fact, it can be said that all sampling is purposeful in qualitative
research.

More recently, qualitative researchers argue for ‘information power’ generated
in a well-planned sampling process. In their words, for qualitative interview sam-
pling, 5 factors need to be taken into account: (1) the aim of the study; (2) sample
specificity; (3) use of established theory; (4) quality of dialogue and (5) analysis
strategy. Therefore, it is incumbent upon researchers to estimate their research
project systematically in sampling decision-making [8].

5.2.2 Interview Protocol Development

For researchers, there are three types of interviews with their choice: structured,
semi-structured; and depth [5]. For any of these interview types, researchers must
prepare interview protocol for their study. They need to plan carefully what
questions they should ask, how to ask, and how to interact with the responses of
their study participants in real time. More importantly, researchers need to clarify
their own research objective and strategy in developing the interview protocol, for
example, they can ask questions on different subjects for whatever details about
respondents’ lives, circumstances, experiences, knowledge, belief, thoughts, feel-
ings and behaviours. Currently, interview protocol is required for ethics evaluation
by most universities around the world.

5.2.3 Data Analysis in Qualitative Interviewing

For data analysis from qualitative interviews, several approaches have been
developed, including thematic approach, framework approach, etc. Compared with
framework approach [9], the former deserves more attention. Thematic approach is
designed to develop key themes and identify the relationships among themes. The
application of this approach generally follows the six steps [10]:

(1) Familiarizing yourself with your data,
(2) Generating initial codes,
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(3) Searching for themes,
(4) Reviewing themes,
(5) Defining and naming themes and
(6) Producing the report.

By applying thematic approach, researchers focus not just on finding out the key
themes from the interview data but also examining how the themes are intercon-
nected. In this capacity, thematic approach is used to develop models or schemas,
even taxonomies or classifications, to demonstrate the relationships among themes
[11]. As such, thematic approach could be used to target theory development [12].

5.3 An Example of Doing Chinese Medicine Research
Using Qualitative Interview Method

5.3.1 Research Objective

The main objective of this study is to explore consumers’ opinions about Chinese
patent medicine versus Western medicine purchased at community pharmacies.
From the perspective of pharmaceutical care, it aims specifically at understanding
the characteristics of customer care for consumers of Chinese patent medicine and
Western medicine in comparison.

5.3.2 Method

5.3.2.1 Research Approach and Setting

Qualitative interview was chosen as research approach for this study. As ideas
about Chinese patent medicine and Western medicine are highly related to personal
mindset as regards health and drugs, qualitative interview promises to be the
appropriate means to investigate the attitude and perceptions of individual con-
sumers. The whole project was approved by the Ethics Committee at University of
Macau.

The subject of this interview study is defined as residents of the City Proper
Yinchuan which is composed of Xingqing, Jinfeng and Xixia Districts, who were
over 20 years of age, speaking Mandarin, and purchased OTC drugs at the local
pharmacies within the last 6 months. There was no differentiation made with regard
to the type and scale of the community pharmacies at which they shopped.
Pedestrians were randomly picked for an invitation to our interview at three loci in
each of the three city districts of Yinchuan, who were to become the interviewees if
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they accepted our interview questions as well as the introduction of our research
purpose. No target sample size was set for this research; it was deemed adequate as
soon as the saturation of data was reached.

5.3.2.2 Data Collection

An interview protocol was prepared for study. The protocol was designed to include
the explanatory notes and open-ended questions. It was drawn up in a test version at
first, which was used in mock-up interviews that involved 3 physicians and phar-
macists working in the pharmaceutical business, as well as 7 regular consumers of
the drugs. Next, part of the wording was revised according to the result of the trial
run and the feedback received. Once again the improved version was put on a
feasibility test in interviews with 10 randomly picked regular consumers, before it
was settled for the final version of the interview protocol.

The questions for interviews mainly consist of two parts: general demographic
information of the interviewee, and their ideas about Chinese patent medicine
versus Western medicine (see Table 5.1).

According to the status quo of community pharmacies in China, the pharmacists
being referred to in this study include both pharmacists and licensed pharmacists,
who are ranked by junior titles (pharmacist or pharmacist of TCM), intermediate
titles (competent pharmacist or supervisor of Chinese medicine) and senior titles
(deputy director pharmacist and director pharmacist; deputy director of Chinese
medicine and director of Chinese medicine).

The interviews started on January 28th, 2015 and ended March 24th, lasting
55 days. The semi-structured interview was carried out vis-a-vis, with each
anonymous respondent taking up 15 min or so. Questions were asked item by item
in the planned order to the consumer in the interview. The conversation was taped

Table 5.1 Main interview questions

A. General demographic information

• Gender

• Age

• Education

• Occupation

B. Consumer idea about Chinese patent medicine versus Western medicine

(1) For OTC drugs, do you prefer to purchase Chinese patent drug or Western medicine? Why?

(2) Of which medicine, Chinese or western, are you more likely to need a community
pharmacist’s help for the purchase? What kind of information seems to cause you more
confusion?

(3) Do you have difficulty understanding the instruction for a Chinese patent drug or that for
Western medicine, such as indications, contraindications, warnings and precautions or
interactions with other drugs?
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by mutual consent and recorded verbatim in Microsoft Excel 2011 files. Each
interview went on as long as there was no more relevant new information to
emerge.

5.3.2.3 Data Analysis

The results of the interviews were examined with the invalid cases eliminated. The
consumers’ opinions were summarized and salient points highlighted. Those that
were eliminated should meet the criteria that either the interview was deemed
uncompleted for any reason, or it contradicts itself significantly as there was a wide
discrepancy found between the answers provided at the beginning of the interview
and the later ones. Thematic analysis was adopted to process the data for this study.
By perusing the data file many times over to get conversant with the views of the
respondents, we were able to mark off the reoccurring themes and new themes, and
find out the linkages between them.

5.3.3 Results: Chinese Patent Medicine Versus Western
Medicine

It shows that 57 of our interviewees claimed that they were inclined to acquire
Chinese patent medicine, whereas 31 tended to purchase Western medicine. We
followed up on this division of choice to explore the differentiation of purchasing
preference for either Chinese patent medicine or Western medicine among the
regular consumers.

5.3.3.1 Purchase Predisposition

For the majority of the consumers of non-prescription drugs, the inclination to stay
in favour of Chinese patent medicine is caused by the belief that it is safer than
Western medicine. As mentioned by our interviewees:

“… [I] prefer Chinese patent medicine, [which has] little side effects …” (27, male,
bachelor’s degree)

“… [regarding] Chinese patent medicine … I don’t feel much of its side effects …” (29,
male, junior college graduate)

“… [regarding] Chinese patent medicine … it is mild and has minimal side effects …” (37,
male, bachelor’s degree)

“… [compared with] Chinese patent medicine … Western medicine has lots more harmful
aftereffects …” (32, female, junior college graduate)
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Some consumers believe that Western medicine only treats the symptoms but
not effect a permanent cure; therefore, they opt for Chinese patent medicine. As
described by one interviewee:

“… [regarding Chinese patent medicine] … [it]has less side effects, whereas western
medicine offers only temporary solution not a cure to the root cause…” (54, female, junior
high school graduate)

Others, influenced by the Chinese medicine culture, hold that Chinese patent
medicine offer more effective solutions to curing the intrinsic problems, hence their
preference for it.

“… [regarding] Chinese patent medicine … [I] didn’t give much thought … got used to
it … ” (27, female, bachelor’s degree)

“… [regarding] Chinese patent medicine … I believe in Chinese medicine more … ” (23,
female, bachelor’s degree)

“… [regarding] Chinese patent medicine … it has higher credibility …” (45, female, junior
college graduate)

“… [regarding] Chinese patent medicine … I find it more effective, having few side effects,
and recuperating as well …” (27, male, bachelor’s degree)

Those who tend to buy Western medicine are generally driven by their demand
for quick cures, as they share the unspoken belief that Chinese patent medicine is
incapable of catering for what they need.

“… [regarding] western medicine… it offers a quick cure…” (25, female, master’s degree)

“… [regarding] western medicine … it has quicker curative effect, while Chinese medicine
seems much milder …” (25, male, master’s degree)

Most of the pro-western medicine consumers are predisposed to taking Western
medicine for treatment as a consequence of receiving their doctors’ prescriptions for
Western medication in most of their hospital experiences. As described by one
interviewee:

“… [regarding] western medicine … like regular prescriptions by doctors, so I am used to
it …” (64, male, elementary schooling)

That some lean towards choosing Western medicine is due to the fact that recent
years saw, on the one hand, those time-honoured well-known brands of Western
medicine upholding their good name for curative power but at minimal cost; and an
incessant price climb of Chinese patent medicine on the other hand. As described
by one interviewee:

“… [regarding] western medicine … unlike Chinese patent medicine that shows no
immediate effect but fairly expensive …” (28, female, bachelor’s degree)

The disadvantages of the dosage form of Chinese patent medicine, i.e., lack of
handiness and oral rejection of its taste, also give rise to preference for Western
medicine among those consumers. Some interviewees mentioned:
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“… [compared with] western medicine … because Chinese patent medicine is generally
bitter in taste …” (48, female, senior high school graduate)

“… [to take] western medicine… it is good for quick swallow …” (35, male, junior college
graduate)

Such consumers are found in favour of Chinese–Western medicine compound
recipe, acknowledging by and large that it has the advantages of the Chinese patent
medicine for being fairly safe from any fallout but capable of eradicating the illness
in the long run, and of the Western medicine for having faster curative effect; hence,
believing that the combined preparation offers a better therapy. As described by the
interviewees:

“… I am more in favour of combining western medicine with Chinese patent medicine, so
that it treats both the symptoms and the root of the problem… ” (27, male, master’s degree)

“… I don’t have inclination, as long as it can cure the disease… ” (27, female, bachelor’s
degree)

“… I would choose Chinese patent medicine when it is a slow case, because it has less side
effects… But if it is urgent, I go for western medicine for quick relief… ” (25, male,
bachelor’s degree)

“… both have pros and cons… It is safer to take Chinese patent medicine but less effec-
tive… Western medicine works the other way round, but its side effects worry me. (31,
female, junior college graduate)

5.3.3.2 Guidance Needed in Shopping for Drugs

A prevailing problem with using Chinese patent medicine is the heavy presence of
the Chinese medicine terminology in the instructions concerning functions, indi-
cations, etc., which are not easy to grasp for general consumers to ascertain whether
some drug suits their cases or not. Some interviewees said:

“… [regarding] Chinese patent medicine… I don’t understand the efficacy part, not sure
how it works … ” (26, male, master’s degree)

“… [regarding] Chinese patent medicine… I wish there were detailed explanations to help
me understand Chinese medicine theory… ” (27, male, bachelor’s degree)

“… [regarding] Chinese patent medicine … I need to find out if it agrees with me … ”
(26, female, bachelor’s degree)

Furthermore, Chinese patent medicine, most being of compound preparation, the
consumers find their composition too complicated and the instructions over-
whelmingly detailed. As interviewees said:

“… [regarding] Chinese patent medicine… I think it has more side effects than western
medicine; so the pharmacist should provide clearer guide on how to stave it off …”
(48, female, senior high school graduate)

“… [Regarding drug instructions] Chinese patent medicine needs it all the more … because
the composition is so complex…” (36, male, bachelor’s degree)
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Besides, quite a number of OTC Chinese patent medicines share the same
generic name but sell in diverse price range with different brands. In recent years,
new dose patterns of Chinese patent medicine have increasingly emerged, which
has caused such price differences and perplexed the consumers. As described by
one interviewee:

“… [regarding] Chinese patent medicine… many of them look the same but for so different
prices … so weird … ” (24 male, junior college graduate)

With respect to Western medicine, drug safety is the primary concern of the vast
majority of the consumers. There is an urgent need for pharmacists’ help with the
safety precautions. Some interviewees thought that

“… [regarding] western medicine … has more adverse effects [than Chinese patent med-
icine], not sure how to take it safely… ” (29 male, Master’s degree)

“… [regarding] western medicine … may cause harm to the body, and nowadays many of
them are damaging to the kidneys … ” (43 male, junior high school graduate)

“… [regarding] western medicine … too many side effects. Wondering if it could be made
less without reducing its efficacy …” (36 male, bachelor’s degree)

On the other hand, those better educated consumers would welcome more
information about the drug composition as well as the functions and indications
detailed in the instruction, which was described as

“… [regarding] western medicine … its pharmacological effects are complicated, which
I want to know …” (27 male, bachelor’s degree)

“… [regarding] western medicine …its main components, side effects, adverse reactions,
etc. are not clear to me” (37 male, bachelor’s degree)

“… [regarding] western medicine … the composition and functions, [not sure] what is
what…” (33 female, bachelor’s degree)

Based on the responses from the greater majority of all the consumers on our
interviews, there seems little discrepancy between the opinions of Chinese patent
medicine- and Western medicine goers that guidance of doctors and pharmacists on
how to use drugs is necessary. The existing community pharmacies tend to offer a
line of OTC drugs in great varieties for curing the same illness, which is also a
cause of confusion to the consumers. The interviewees said:

“… [regarding both Chinese patent medicine and western medicine] advice on drug use is
needed … Nowadays there are a wide variety of drugs for curing the same disease to
choose from, but one can’t tell which is the most helpful for one’s case…” (24 female,
junior college graduate)

“… [regarding both Chinese medicine and western medicine] guidance on drug use is
needed… explanations on dosage, curative effects, warnings and precautions, are all nee-
ded.” (45 male, junior college graduate)
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5.3.3.3 Medication Instructions

The consumers of Chinese patent medicine have complained about excessive use of
special technical terms in drug instructions, which prevent them from getting
pertinent information. As mentioned by the interviewees:

“… [regarding] Chinese patent medicine … what are the properties and effects … the
distinction between wind-cold and wind-heat types, can’t tell … ” (29 male, Master’s
degree)

“… directions on using Chinese patent medicine are not quite comprehensible… too many
professional terms to see the right remedy for the symptom…” (27 female, bachelor’s
degree)

“… [regarding] Chinese patent medicine … Chinese medical terms are hard to under-
stand… ” (34 female, junior college graduate)

Some consumers point out instructions for Chinese patent medicine are not quite
clear and complete in meaning with frequent instances of vague expressions
occurring. As described by an interviewee:

“… [regarding drug instructions for Chinese patent medicine] … quite a bit are missing or,
otherwise confusing …” (42 male, university graduate)

As well, there is also the issue of too many medical terms found in the
instructions for Western medicine. As described by an interviewee:

“… [regarding] western medicine … pharmaceutical particulars are just too elaborate…”
(27 male, bachelor’s degree)

On the other hand, quite a number of Western drug instructions for the con-
sumers in China are copied from the pharmaceutical manufacturing companies in
both content and format. Such marketed non-prescription Western drugs had gone
through multiple times of clinical experiments, containing a large amount of the
relevant data as a result; yet too complicated and hard for the consumers to grab the
needed information straight away. The interviewees said:

“… [regarding] western medicine … instructions are too long-winded, mostly beyond me.”
(42, male, bachelor’s degree)

“… [regarding] western medicine [instructions] …not understandable, full of foreign lan-
guage, content looks just the same, so hard to decide…” (47, male, senior high school
graduate)

Without recalculating the afore-mentioned factors of various kinds that interfere
with eliciting information from medication directions, it can be concluded that the
problem in comprehending instructions does not just pertain to Chinese medicine
consumers.

“… too many technical terms to understand…” (24, male, bachelor’s degree)

“… somewhat incomprehensible … mostly full of medical terms, not totally clear …”
(26, female, bachelor’s degree)
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“… something like interactive effects…[I] don’t get it…” (27, male, bachelor’s degree)

“… [I] have questions on both [Chinese patent medicine and western medicine instructions]
… especially contraindications, warnings, interactions with other drugs … nothing seems
quite understandable …” (31, female, junior college graduate)

5.4 Challenges and Suggestions

The case study presented above is attempted to offer a general picture of how
qualitative interview method could be applied in Chinese medicine research. At the
same time, we hope to have highlighted the need for anticipating some major
challenges that confront the researchers in practice.

Challenge of Minimizing Cultural Bias in Sampling Studies in Chinese medicine
are intrinsically linked with Chinese culture in one way or another. Respondents’
upbringing and schooling have shaped their views, extreme or balanced, of Chinese
culture, which consequently affect their attitude, understanding and acceptance of
Chinese medicine. As a result, cultural bias is unavoidable in applying qualitative
approach in Chinese medicine study. Researchers are obligated to bear this in mind
when making decision on sampling.

Challenge of Designing and Asking Interview Questions Related to the challenges
of sampling bias, how to design and ask interview questions is another major
challenge. It is inevitable that researchers tend to ask questions containing words
like ‘Yin’, ‘Yang’, ‘Shanghuo’, ‘Tixu’, etc., which are specific terms of Chinese
medicine, but sound strange to interviewees who are not familiar with Chinese
medicine.

Challenge of Developing Intangible Concepts and Constructs Even if researchers
have accomplished their interviews as planned, they may still encounter problems
when it comes to the data analysis. To validate a known theory or articulate a new
one, researchers need to develop theoretical concepts and constructs from their
heavy interview notes and other quantitative materials. But they may find the
interview record full of intricacies of Chinese medicine, which can be difficult to
understand by people who have no pertinent knowledge. Or they may find the
themes developed from interview notes incompatible with the mainstream field that
is dominated by Western medicine.

There is no immediate remedy for rising to the challenges; however, from the
case study above, some suggestions could be provided for the future development
and application of qualitative interviewing for research into Chinese medicine.
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Apply a Comparative Research Strategy n most cases, interviewees treat Chinese
medicine as a mirror of Western medicine. Therefore, for a qualitative study of
Chinese medicine, comparative research approach is deemed appropriate and
effective. Researchers can use Western medicine as a point of reference to elicit and
comprehend interviewee’s notion of Chinese medicine. The design of our project
discussed in this chapter serves as a case in point.

Get Your Interview Protocol Well Prepared Owing to the difficulties of clarifying
the cultural factors in Chinese medicine, it is crucial to design interview protocol
appropriate for Chinese medicine. Researchers need to prepare their interview
protocol according to not only literature but empirical data, for example, prelimi-
nary exchanges with doctors and patients. In addition, pilot interview is a must for
testing the protocol on trial.

Integrate Views of Chinese Medicine with Western Medicine in Data Analysis In
the past, researchers in Chinese medicine would define and explore their research
objective from the viewpoint of Chinese medicine, which caused the problems of
validity and alienation in dialogue with Western medicine. Such problems become
more significant in qualitative research. Thus, when applying qualitative interview
method to Chinese medicine study, a balanced view of Chinese medicine and
Western medicine is critical to a project. By interpreting research objective, results
and findings from the perspectives of both Chinese medicine and Western medi-
cine, researchers will gain wider acceptance of their research contributions by
members of different cultural and education backgrounds in the field. Moreover, it
will help researcher to deepen their thinking to open new avenues of inquiring into
patients and their diseases.

5.5 Summary

While qualitative interview has its special strengths in studying Chinese medicine,
its practical application is still in its infancy. Looking ahead, we anticipate that
researchers will benefit more from using this method to design and implement their
research projects that target different subjects and objects (e.g. patients, doctors,
pharmacists, nurses, etc.). Applied to studying Chinese medicine not only in the
Chinese context but within other sociocultural contexts as well, qualitative inter-
view is expected to become a modus operandi for researchers from different cultural
backgrounds in their studies related to Chinese medicine. Only through such
extensive experimentation and realization, systematic and practical guidelines will
be developed to facilitate qualitative research on Chinese medicine.
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Chapter 6
A Need for Standard Data Collection
Procedure in Studies on Traditional
Chinese Medicine

Hutcha Sriplung and Xuesong Yang

Abstract Chinese medicine (CM) practitioners usually base clinical decisions on
their own experience and judgment. Although western medicine is now much
dependent on objective measurements by medical equipment, in some fields such as
in psychology and psychiatry, and in taking clinical information from history and
physical examination, subjective measurements are still used. However, the dif-
ference is the use of standard data collection procedure. When a CM practitioner
bases their collection of clinical information on a theoretical goal, information that
fits one’s mind set is of concern and that does not fit one’s aim is subconsciously
screened out. With this practice, the clinical information is biased toward a set of
diseases and related zhengs in mind. The standardization procedures for clinical
data collection can be applied to CM to solve this problem. This chapter will
present scientific methods to make standard data collection procedures such as
Delphi technique in creating a standard data collection procedure and the tests of its
reliability. Objective domain-based technique for questionnaire and checklist design
will be discussed. The essential steps in these procedures to ensure objective
measurement are the independency of theories and expert opinions and the appli-
cation of scientific validation methods of the resulting data collection forms. When
the results of the studies using the discussed methods confirm the traditional the-
ories, the theoretical foundation of such the disease or zheng in CM is confirmed.
When studies consistently disagree with the traditional theories, objective modifi-
cation of theories makes CM moving forward and gets acceptance by western
medicine.
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6.1 Introduction

For thousands of year, traditional eastern medicine (TEM), mainly used in China
(Chinese Medicine, CM), Korea, Mongolia, and Tibet, has founded its theories and
practices on subjective clinical information collected by observation of patients’
history, living environment, body foundation, clinical signs and symptoms of dis-
eases, pulse palpation, and other clinical evaluation methods. China is the country
that has been conducting studies in CM, so the author uses the word CM to cover
the ideas and practices in TEM as a whole.

In the far past, western medicine (WM) and medical practices in other countries
in Asia, such as Ayurvedic medicine in India, and traditional medicine in Southeast
Asia used the same concept of clinical symptoms and signs to classify diseases as
well. Diseases were believed to be caused by internal imbalance, response to the
environmental change, as well as the supernatural power such as miasma, curse,
and intoxication [1]. At that time, CM and Ayurvedic medicine seem to base on a
firmer background of disease concept than that of the western medicine.

6.1.1 A Big Leap in Western Medicine

Around early to late nineteenth century during the time of John Snow [1, 2], Louis
Pasteur [3], Robert Koch [4], and Joseph Lister [5], the discovery of germs and
germ infection as the cause of infectious diseases changed the classification of the
disease in western medicine to the cause of diseases rather than the classification
based on presenting symptoms and signs of diseases. Such the paradigm shift in
disease classification as well as the growth of material science has laid the western
style of medicine very solid background for theories of diseases.

While WM practices have moved toward objective measurements, it seems like
CM has been far lacking behind. CM practitioners still base their clinical decision
on their own experience and judgment.

However, there are still some diseases such as psychotic disease and psycho-
logical problems that leave rooms for doctor’s judgment for diagnosis and treatment
of the diseases or disorders based on patients’ symptoms and signs. In these con-
ditions, practitioners take clinical information from history taken by patient inter-
view, physical examination, and use subjective decision in which inconsistency in
diagnosis and clinical decision varies by presentation of patients’ symptoms and
signs and also by doctors’ experience.

6.1.2 The Difference Between WM and CM

However, the difference in the practice among CM and psychiatric practitioners is
the use of standard data collection procedure. Various screening tests for psychiatric
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problems have been developed and tested for reliability and validity in systematic
ways. Attitude, belief, and anything related to personal judgment fall into this
phenomenon as well. Wealth and health statuses are rather subjective measurement.
Health professions know this problem and have tried to develop methods to tackle
this uncertainty of measurement.

One of the serious pitfalls in CM in clinical data collection is the use of its theory
to guide history taking procedure, physical examination, and in collection of all
other clinical information from the patients. When one uses a theoretical goal to
collect clinical information, information that fits one’s mind set is of concern and
that does not fit one’s aim is screened out. With this convention, the clinical
information is biased toward a set of diseases and related zheng in mind. Other
information that suggest the possibility of another set of diseases being intentionally
excluded. The approach of western medicine nowadays is to make use of a check
list of all relevant information formulated by various statistical techniques so that
the goal is not set as the disease or zheng in mind. Such standardization procedures
for clinical data collection in western medicine can be applied in as well.

We are presenting scientific methods to make standard data collection proce-
dures such as Delphi technique in creating a standard data collection procedure and
the tests of its reliability. Objective-domain-based technique for questionnaire and
checklist design will be discussed as well. The essential steps in these procedures to
ensure objective measurement are the independency of theories and expert opinions
and the application of scientific validation methods of the resulting data collection
forms.

6.2 Standardization of Data Collection

Standardized data collection tool is an agreed instrument which enables data con-
cerning patients, therapists, and/or healthcare settings and approaches to be col-
lected unambiguously by a range of practitioners in a number of different clinical
settings of clinical practice of services collecting and recording [6]. The stan-
dardization is the process to ensure that the data collected are reliable, precise, and
reproducible. It is true that standardization of data collection cannot avoid uncer-
tainty of the data by subjective decision. However, there are processes in mini-
mizing uncertainty of measurement using the standard data collection methods.

In WM, standardized data collection tools may be in descriptive document where
essential items are written in the medical records, data collection forms, or elec-
tronic devices. The format of data collection tools does not matter when all the
essential information is collected. The important issue is how the essential infor-
mation is summarized and who decide that the information is important and
complete.

In CM, practitioners usually note the patient data on the medical records. CM
practitioners base their decision on what to note and how to get the information on
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the theory of CM they are using. The problem in this practice is that there are
different theories used in different text books or schools they graduated from, and
the different in experiences of the CM practitioners themselves.

6.2.1 Delphi Technique

The Delphi technique is named after the Pythia prophecy, also known as the Oracle
of Delphi, in the Temple of Apollo at Delphi, a place located on the slopes of
Mount Parnassus in the ancient Greece. Many famous Greek leaders came to have
their questions answered at Delphi.

The Delphi technique used nowadays is not the mythical one mentioned above.
It mainly developed by Dalkey and Helmer at the Rand Corporation in the 1950s
[7, 8], which is a widely used method for achieving convergence of opinion con-
cerning real-world knowledge solicited from experts within certain topic areas. The
Delphi technique is designed as a group communication process that aims at
conducting detailed illumination and discussions of a specific issue in various
fields. The technique attempts to address the question of what should be expected in
case a situation occurs [9].

The Delphi technique is well suited as a means and method for building a
convergent agreement using a series of questionnaire to collect data from a panel of
selected informants. The process requires multiple iterations designed to develop a
convergence of opinion concerning a specific topic. Theoretically, the Delphi
process can be iterated until consensus is determined to have been achieved or none
of the experts changes the idea. However, studies suggested that three iterations are
often sufficient to collect the important information and to reach a convergence in
most cases even in different topics of study [8, 10, 11].

There is a series of steps to construct a checklist that can be applied to the
standard data collection form development. We suggest an approach consisted of
five predefined steps [10, 12–15].

(1) Literature review: A thorough literature review must be done so that a list of
symptoms and signs related to the disease under study is formulated. There are
different textbooks and schools of CM, those written or taught in those text-
books and schools must not be omitted.

(2) Checklist design: The researchers/developers draft the initial checklist in
which symptoms and signs should be systematically grouped in domains for
ease of making decision by experts.

(3) Scores of the items: Experts are asked to score their opinions on the items in
semi-quantitative scales (see the next topic). The semi-quantitative opinions
can be one of the 3, 5, or 10 Likert-type scales, or they can be in a visual
analog scale.
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(4) Expert consensus: Now that the initial checklist is made, send the checklist to
a group of no less than five experts to review and score it in at least three
rounds. The developers must ask their opinions if any missing items should be
added. Experts must be distributed in different schools of CM. The details of
Delphi process are discussed later.

(5) Finalization: After finishing Delphi process, the results must be published,
disseminated, implemented, and updated at interval.

The Delphi process is a series of activities to accomplish the conclusion of the
idea or a checklist of symptoms and signs of the disease of interest in CM. In
drafting a checklist, one may review the literatures and textbooks and design a
checklist by oneself. The problem of the action is the acceptance by experts and
practitioners. Being an expert is not the exception. To avoid this problem, it is
necessary to have experts and practitioners to get involved in the process. The
Delphi process to ensure valid results includes the following steps.

(1) Setting up a steering committee: The researchers must set up a steering
committee to control the quality of whole development process and determine
the contents of the checklist. The committee members must be senior
researchers who have authority in CM field. It is not necessary that they are in
the field of study and must not be the member of informant experts.

(2) Tasks of steering committee: Their tasks are to give the direction, to help in
any steps that the researchers request, and to make sure that the researchers are
not misconducting. The steering committee must discuss with the researchers
to approve the final list of experts and also approve the results of literature
search, the initial checklist, and facilitate the contact of expert panel through
their authority.

(3) Roles of expert panel: The expert panel must clearly know the aims of the
study and agree to complete all rounds of the discussion. They must know that
they themselves are also the subjects of the study.

(4) Rounds of Delphi process: In traditional Delphi process, it is advised that the
process should begin with open-ended questions [16]. In this chapter where we
are going to make a structural checklist, it is necessary to start with a structured
initial one. The researchers are responsible to draft an initial checklist and
distribute to experts who are approved by the steering committee. The
researchers are also collect their opinions and summarize the results of the first
round and send the feedback to them and ask for the second round of their
opinions. In summarization of the results of the first round, researchers must set
the threshold of the response before hand. Any items that get an average score
below the threshold would be cut from the second round of the checklist. Such
process and threshold must be known by the expert panel at the invitation to
join the study. Repeat the process in the third round. As mentioned earlier that
three iterations are usually enough to get a high intra-rater agreement even the
inter-rater agreement is not high [10], the results of the second and third rounds
are usually similar and the fourth round is not necessary.
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(5) Summary reports: Researchers must report back the results of the study to all
members of the expert panel and the steering committee. Together with the
report, a letter of thanks arid appreciation of their help should be sent.

For clinical use, it is easier to use when the checklist consists of items with
answers yes or no, present or absent. However, there are some cases that the
answers should be graded where the knowledge of constructing a semi-quantitative
answer described below is required. Thus, the final checklist for clinical use is not
the one that the expert panels see but is a practical checklist that is easy to use by
practitioners.

In summary, the Delphi technique is time and effort consuming procedure.
However, it is necessary if one needs a checklist of symptoms and signs in CM that
is accepted by the majority of the CM practitioner, irrespective of textbooks they
are using or the school from which they were graduated.

6.3 Construction of a Semi-quantitative Measurement

Some variables are in nominal scale and mutually exclusive. In this case, a
semi-quantitative measurement is not appropriate. For example, a patient can be
male or female but not in between the two. For allergy, a series of questions to
explore which allergen the patient exposed in the last few days, such as whether the
patient recently ate seafood, can be answered as yes or no. The amount of exposure
is not important in finding the potential allergen. In this situation, a binomial
measurement is suitable.

However, there are a lot more clinical symptoms and signs that the extent of the
phenomenon, i.e., the exposure to external environment and the manifestation of a
disease, can be graded with a quantitative measurement obtained from a medical
equipment such as body temperature and blood sugar level. However, there are a
number of gradable clinical manifestations that need interpretation by doctor’s
observation. In this case, a semi-quantitative measurement is needed.

A semi-quantitative measurement is the procedure to transform qualitative
measurement in detecting the presence or absence of a subjective observation to
provide a numeric representation of the amount of the observed phenomenon.
A binomial measurement of the presence or absence of a phenomenon of interest is
graded into a range of score for the observed event. The benefit of this method is to
make room for observers to state an uncertainty they observe between the presence
and absence of the occurrence of that symptom or sign. In fact, in many cases
observers are sure that the event is absent or present. In situation that they are not
certain to state the extremes, they have an opportunity to say that the fact is likely to
be somewhere between the two ends.

On the other hand, the semi-quantitative assessment is also used in interpretation
of the results in scientific measurement in percentage or continuous scales that are
hard to interpret into a few categories, i.e., low, medium, and high. In this case,
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uncertainty occurs around the cutpoints as well. This phenomenon is not important
to CM since it also occurs in results from medical equipment and statistical analysis
in WM.

Even one cannot avoid uncertainty of the semi-quantitative measurement, it is
better to state the intermediate or indeterminate decision rather than to force the
evidence to be on an extreme side of binomial determination. Some may prefer
Likert-type scales of 1 to 3, 5, 10, or 100 in measuring different phenomena. Some
may use a visual analog scale (VAS) where observers of patients can mark their
decision on the symptom or sign on a straight line where 0 and 10 or 100 are on the
two opposite ends. In measurement of severity of pain, doctors in WM usually use a
VAS score and 0 means no pain at all and 10 or 100 means the severity of pain that
the patient cannot tolerate.

The use of semi-quantitative measurement is clear when a doctor wants to follow
a clinical presentation in a long period of time. It is easy to follow the change in
ordinal or continuous scales than in a binomial scale. CM practitioners can adopt
such a concept to evaluate the presence of a phenomenon to an ordinal or con-
tinuous scale of its severity and use the score in statistical analysis.

CM practitioners may feel uncomfortable to classify zheng as a probability with
uncertainty as shown above. However, in clinical practice of CM, one can see
variability of signs, symptoms, and zheng in a patient. With this method, it is easy
in describing the change in these things over time. And it also allows CM practi-
tioners to communicate the zheng diagnosis in the way that a patient has got
moderate degree of this zheng and some degree of another or others at the same
time.

6.4 Statistical Methods for Grouping of Signs
and Symptoms

The presence of a group of signs and symptoms of patients, and probably with
history of past exposure to climate or diet, leads to zheng classification of a disease
and diagnosis of a disease. It is possible that the classification of zhengs and
diseases is different from one to another school of CM, and it may change when
systematic analysis of signs and symptoms is evaluated by systematic methods
using statistics of grouping.

There are a series of statistical methods to solve grouping problems of clinical
manifestations of a disease to identify underlying zheng classification. Usually, we
use statistical models in the group of latent class analysis and cluster analysis. Other
appropriate models can be applied whenever they can group sets of variable with
reasonable statistical presumptions and constrains.
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6.4.1 Latent Class Analysis

Latent class analysis (LCA) is a statistical method for identifying unmeasured class
membership among subjects in a dataset using categorical and/or continuous
observed variables. LCA procedure defines latent classes by the criterion of ‘con-
ditional independence.’ This means that each variable is statistically independent of
every other variable within each latent class. For example, within a latent class
corresponding to a distinct syndrome, the presence/absence of one symptom is
viewed as unrelated to presence/absence of all others. Alternative models were
described by Lindsay et al. [17].

The study of Yang et al. [18] was an example of the use of LCA on dichotomous
outcomes. Zheng classification of psoriasis was evaluated using this method on a
standardized clinical checklist developed by the Delphi technique [10]. Three
zhengs were identified and the difference from those documented in the textbooks
was discussed. In Yang’s study, dichotomous nature of signs and symptoms was
used. For grade characteristics such as tongue coating, they transformed the grades
into a series of binomial variables, i.e., thing and thick tongue coating to the
presence of thin tongue coating—yes or no, thick tongue coating—yes or no.

Further derivation of LCA is the latent tree model (LTM) described in detail by
Zhang et al. [19, 20]. In-depth explanation of the statistical methods of both LCA
and LTM is skipped since the aim of this chapter is on standardization of data
collection not on statistical analysis.

6.4.2 Cluster Analysis

Cluster analysis is a multivariate method which aims to classify a sample of subjects
(or objects) on the basis of a set of measured variables into a number of groups in
which similar subjects are placed [21]. It is used in various fields in sciences. An
example where the method is used in the field of psychiatry is to characterize
patients on the basis of clusters of symptoms. In public health, it is used to identify
disease outbreaks. It can also be applied to identify clusters of signs and symptoms
which relate to zhengs in a disease [22]. Cluster analysis is also used in classifi-
cation of Chinese herbs and network of herbs used in some diseases [23, 24].
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Chapter 7
Methods for Assessment of Interrater
Reliability for Diagnosis and Intervention
in Traditional Chinese Medicine Studies

Arthur Sá Ferreira and Ingrid Jardim Azeredo Souza Oliveira

Abstract Traditional medicines experienced an increasing interest in theoretical,
experimental, and clinical research since its recognition in the Alma-Ata
Declaration. Particularly, Chinese medicine (CM) was developed by a society
geographic, social, and culturally different from the Western community during the
last 3000 years. The diagnostic process of CM has a unique feature: patterns, the
counterpart of Western diseases, are identified through a process named pattern
differentiation. The collection of clinical manifestations of an individual is obtained
using four examinations known as inspection, auscultation-olfaction, inquiry, and
palpation. As a corollary, CM diagnosis is considered as subjective because only the
five senses are used to gather meaningful clinical data and must be interpreted by an
expert; no equipment or diagnostic exam was developed for collecting data for
pattern differentiation until the last decades. Pattern differentiation comprises a
procedure subjected to errors as any other diagnostic system, but this variability in
diagnosis might have consequences: different patterns might lead to distinct treat-
ment choices such as herbs or acupoints selection. In contrast with Western medicine
that has treatment protocols for various diseases, there are no defined protocols of
acupoints for patterns because of the personalized aspect of CM’s diagnostic process
and the possibility of selecting acupoints using a variety of criteria. Therefore, it is
important to assess simultaneously the amount of agreement—mainly among dif-
ferent raters—for CM diagnosis and the diagnostic accuracy for pattern differenti-
ation to determine the validity of this traditional system in both clinical and research
scenarios. In this sense, high interrater agreement (i.e. the degree to which raters
achieve identical results when performing the same assessment under similar con-
ditions) and diagnostic accuracy (i.e. the rate of correct diagnosis) are important
characteristics of any model used for health classification. Previous studies inves-
tigated the agreement for pattern differentiation and/or for acupuncture prescription,
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though they present important limitations either from the traditional or scientific
perspective. A lack of calculating and reporting statistical measures of agreement or
a lack of investigating the relationship between diagnosis and therapeutic pre-
scription was observed. Finally, the above-cited studies used real human patients, in
which the true pattern was unknown and therefore it is not possible to assess the
diagnostic accuracy with a gold-standard model. This chapter introduces advanced
methods for assessing interrater reliability for diagnosis and intervention in CM.
More specifically, this chapter discusses the choices of study design and statistical
methods for measuring interrater reliability and diagnostic accuracy in the context of
pattern differentiation and acupuncture prescription. Sample size calculation and
proper agreement coefficients for the multinomial, univariate or multivariate sce-
narios are presented. The role of computational simulation as a gold-standard
method is also addressed. Finally, computational methods for statistical analysis of
reliability and diagnostic performance are presented and discussed in the context of
reliability and diagnostic accuracy analysis in CM.

Keywords Reliability � Diagnostic performance � Chinese medicine �
Rehabilitation

7.1 Introduction

This chapter presents a collection of methods for a study protocol aiming to
investigate interrater agreement for pattern differentiation and diagnostic acupoints
prescription, as well as diagnostic accuracy for pattern differentiation. In particular,
this chapter is designed to help researchers develop study protocols aiming (i) to
determine interrater agreement of Chinese medicine (CM) experts for pattern dif-
ferentiation, (ii) to determine interrater agreement of CM experts for acupoints
prescription, and (iii) to determine diagnostic performance of a sample of CM
experts. Although this text is not a complete guide to such a task, it is our
expectation that the researcher may start designing his/her own study protocol using
the recommendations provided herein.

7.2 On the Need for Assessing Reliability and Accuracy

Traditional medicines experienced an increasingly interest in theoretical, experi-
mental, and clinical research since its recognition in the Alma-Ata Declaration [1].
Particularly, Chinese medicine (CM) was developed by a society geographic,
social, and culturally different from the Western community during the last
3000 years [2, 3].

The diagnostic process of CM has a unique feature: patterns, the CM’s coun-
terpart of Western diseases, are identified through a process named pattern
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differentiation. The collection of clinical manifestations of an individual—the
so-called manifestation profile—is obtained using the four examinations, namely
inspection, auscultation-olfaction, inquiry, and palpation [4]. As a corollary, the
diagnosis is considered as highly subjective because only the five senses are used to
gather meaningful clinical data that must be yet interpreted by a CM expert.
Interestingly, despite the high advances of early Chinese societies [2], no equipment
or diagnostic exam was developed for collecting data for pattern differentiation until
Western science meet the Chinese one in the last decades. Though CM practitioners
follow systematic–philosophic relationships between the humans and Nature to
identify the diagnosis [5], CM’s pattern differentiation comprises a procedure
subjected to errors as any other diagnostic system.

InWestern medical practice, errors are difficult to recognize but are not rare [6–8].
Misdiagnosis, late diagnosis, and no diagnosis are among the types of diagnostic
errors most commonly practiced in medicine. Many cases of diagnostic errors are
due to difficulties in differentiating between two closely related or similar diagnoses.
Nonetheless, they might have very different prognosis or therapeutic options.
Likewise, different CM patterns might lead to distinct treatment choices such as
herbs combinations and selection of acupoints. In contrast with Western medicine
that has treatment protocols for various diseases, there are no defined protocols of
acupoints for patterns because of the personalized aspect of CM’s diagnostic process
and the possibility of selecting acupoints using a variety of criteria [4]. For instance,
CM experts are expected to combine several yin-yang rules for balancing—or even
unbalancing—an acupuncture prescription, including left-right, upper-lower,
front-back body parts, generic-specific, and local-distal rules [4].

Therefore, it is important to assess both the amount of agreement for CM diag-
nosis and the diagnostic accuracy itself to determine the validity of CM intervention
in either clinical and research scenarios. In this sense, high agreement—mainly
among different raters, i.e., the degree to which raters achieve identical results when
performing the same assessment under similar conditions—and diagnostic accuracy
are important characteristics of any model used for classification from which
health-related decisions are taken.

7.3 What Have We Learned from Previous Research?

Investigation of reliability and diagnostic accuracy are well-established research
methods within Western researchers. Nonetheless, experts on CM only drove their
attention to this matter very recently. Previous studies investigated the agreement
for pattern differentiation and/or for acupuncture prescription [9–17], though they
present important limitations either from the CM or scientific perspective. Among
these limitations, we might highlight a lack of: calculating and reporting statistical
measures of agreement [10–12, 14]; investigating the relationship between diag-
nosis and therapeutic prescription [11, 13–17]; assessing the influence of diagnostic
errors on both agreements of CM experts for pattern differentiation and for
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acupuncture prescription. Most importantly, the above-mentioned studies used
real human patients whom the true pattern was unknown beforehand—only the
diagnosis of CM expert, which is prone to rater’s subjectivity and thus diagnostic
error—and thus it is not possible to assess diagnostic accuracy with a true
gold-standard model.

At this point one, may argue what could be used instead; another starting point is:
simulated human patients. Simulation of human patients has becoming a very useful
practice in several medical fields, with aims varying from education through training
to evaluation. As a matter of fact, automated systems have been developed to study
the pattern differentiation process, most of them focused in the diagnosis itself and
not in the simulation of human patients [18]. To overcome major limitations due to
limited availability and fragmented implementations of computational models, a
large project on computerization of CM research and practice is ongoing—the
SuiteTCM [19]—and some tools are already available from this initiative.

SimTCM1 is the first simulation tool designed to simulate human patients
according to CM patterns using computational models [20]. SimTCM is the second
generation of simulation models that evolved from the early algorithm for simu-
lation of manifestation profiles (MPSA) [21], which was proposed for simulation of
manifestation profiles with known diagnosis, either cases or controls subjects with
respect to prevalences of patterns and manifestations. Another interesting compu-
tational tool is the pattern differentiation algorithm (PDA), introduced in that same
study [21] used an objective criterion for selection of candidate patterns and ranking
them as diagnostic hypothesis, namely explained information, F%. Simply stating,
F% captures the proportion of manifestations reported by a patient that explains
each pattern belonging to a dataset of possible patterns, in the sense that the larger
F% is for a given pattern the higher the possibility that all manifestations reported
by the patient belongs to that pattern. In a sequential study [22], PDA incorporated
another objective criterion, namely available information N%, also used for can-
didate pattern selection and diagnostic hypotheses ranking. Using the same dataset
of 69 zangfu patterns in both studies, a statistically significant increase in diagnostic
accuracy was found using both PDA’s criteria F% and N% as compared to F% alone
(accuracy: 94.7 vs. 93.2 %; sensitivity = 89.8 vs. 86.5 %; specificity = 99.5 vs.
99.9 %, respectively; p < 0.001). As related to the second criterion, a specific
proportion of available information (N% = 28.5 %) was required to achieve the
optimal diagnostic accuracy—neither too few nor too many manifestations make
easier to diagnosis—which was recommended as a cutoff value.

PDA and MPSA were used to investigate diagnostic errors in pattern differen-
tiation; it was possible only because the true target-pattern of the human patients
were known a priori from the simulation procedure [23]. In that study, diagnostic
outcomes were separated into correct diagnosis, misdiagnosis, or no diagnosis.
Testing the pattern differentiation among 73 zangfu patterns and using the four
examinations the lowest misdiagnosis and no diagnosis rates were observed

1Available at http://www.unisuam.edu.br/index.php/downloads-cr.
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(6.0 and 1.4 %, respectively) and shared manifestations among dual patterns was
identified as an important source of error in pattern differentiation.

Statistical softwares might also be of some help not only for study designing but
also evaluating the study’s results. An interesting tool is The R Project for
Statistical Computing2 [24], a free software environment that performs statistical
computing and generates graphics for visual representation of data. What makes
this software interesting—besides being freely available—is that researchers share
packages they developed, which are solid grounded in literature. As for reliability
and diagnostic accuracy studies, some of the most appealing packages comprise
‘blockrand’ [25], ‘boot’ [26], ‘caret’ [27], ‘irr’ [28], ‘kappaSize’ [29], ‘psy’ [30],
and ‘xlsx’ [31] packages.

7.4 Designing Reliability and Diagnostic Accuracy Studies

Research guidelines have been proposed for a variety of study designs, including
reliability and diagnostic accuracy.3 On the one hand, for assessment of reliability,
researchers are strongly recommended to follow the Guidelines for Reporting
Reliability and Agreement Studies (GRRAS) [32]. Also, whether the reliability for
intervention selection is to be assessed the Standards for Reporting Interventions in
Clinical Trials of Acupuncture (STRICTA) [33, 34] is also required, mainly for
determining the characteristics of the CM experts enrolled in the study. On the other
hand, for assessment of diagnostic accuracy, researchers should follow the
Standards for Reporting of Diagnostic Accuracy (STARD) [35]. A general flow-
chart for reliability studies is presented in Fig. 7.1 and is depicted in the next
sections.

7.4.1 Ethical Issues

The first issue to consider for planning studies enrolling human subjects is ethics in
research. Any study protocol must be elaborated in accordance with major ethical
policies such as the Declaration of Helsinki and national resolutions regarding
ethics in research involving humans. Also, the study protocol must receive an
approval by the institutional ethics Committee prior to its execution, and reporting
the register number of this approval is strongly advised. Another major requirement
is that all participants—raters in this case—must be unambiguously informed about
the study aims, potential risks, and benefits associated with their participation.

2Available at http://www.r-project.org.
3Enhancing the QUAlity and Transparency Of health Research (EQUATOR network) available at
http://www.equator-network.org.
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The signature of an informed consent form agreeing to participate in this study after
such explanations certifies this criterion and is mandatory for each rater included in
the study.

All above-cited guidelines—GRAAS, STARD, and STRICTA—strongly rec-
ommend to collect and provide summary information regarding the sample of
raters. More specifically, the duration of training period, and the duration of clinical
experience in CM are possible confounders of interrater reliability and diagnostic
accuracy.

7.4.2 Sample Size Requirements

Sample size calculations are often disregarded in CM research and the reasons behind
this fact are easily speculated: information for calculating sample sizes is not often
available in previous studies, and when available the difficulty lies in finding the
sample size formula that better suits the plan for statistical analysis as well as the study
hypothesis. An additional limitation is that only few computation implementations of

Fig. 7.1 Framework for a study protocol aiming to assess interrater reliability
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formulas for calculating sample sizes are available, making it difficult to the less
experienced researcher to correctly estimate the required sample size. Nonetheless,
sample size calculations are formal requirements for all guidelines consulted herein.

Let us just not miss the point: sample size calculations are the better way to
observe the desired effect size (i.e., difference, correlation, reliability, and accuracy)
considering a given type-I (the so-called significance level or a, usually established
on 5 % or lower) and type-II (the so-called power of study or 1-b, usually estab-
lished on 75 % or higher) errors while avoid spending more resources (i.e. human,
time, and financial) than necessary. It must be emphasized that as for reliability and
diagnostic accuracy studies, there are two sample sizes to be calculated: the sample
size of raters and the sample size of patients to be diagnosed.

Another important issue to consider is missing data and dropouts. To avoid
reducing the study’s power due to either one of these reasons, researchers are
advised to inflate their minimal sample sizes by a factor of say 10 % or higher
depending on the expected rates of respondent raters.

7.5 Sample Size of Raters

The major factor that influences the power of statistical analysis in reliability studies
is the number of cases being analyzed by each rater. It is not advantageous to
increase too much, the number of raters because the effects on the statistical power
and amplitude of confidence intervals are small. It was demonstrated that the
number of raters is inversely proportional to the required number of cases, although
the saving in sample size rapidly decreases after five raters [36]. Although interrater
reliability might be evaluated for two raters only, a minimum sample size of five
raters is easily obtained and strongly advised.

It is worth noting that estimates of sample sizes for raters are related to each
group being analyzed in the research. This means that if a study protocol aims to
compare the reliability between two groups of raters defined by a given factor—say,
<5 and �5 years of clinical practice—each group must present the minimal sample
size of raters as estimated.

7.6 Sample Size of Patients

Available formulas implemented in computational models for determining the
sample size of cases consider the number of raters, the expected value of agreement
against a given null hypothesis (or alternatively, a confidence interval of 95 %
[CI95%]), and the number of categories in the studied variable—in this case, the
number of possible CM patterns that could be considered as the diagnosis.

It is not clinically relevant to test the null hypothesis H0: j0 = 0.00 versus
j0 = j because reliability equal to 0 only means that agreement was achieved by
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chance alone. Therefore, it is strongly recommended to establish a minimal relia-
bility value as the null hypothesis to calculate the sample size and consequently to
accept the results as clinically relevant. As a matter of fact, j = 0.75 or higher is
usually regarded as the lowest yet relevant reliability. Therefore, it is suggested to
establish the null hypothesis as j0 = 0.75 with CI95% = [0.71; 0.80]. Yet, because
agreement is acknowledged as varying from poor to excellent in CM, a less con-
servative approach would be to consider the null hypothesis as j0 = 0.70 with
CI95% = [0.41; 0.99].

Sample sizes can be obtained using the R package ‘kappaSize’ [29] with a basic
starting code such as the code in the box below:

# Install the required package for sample size
calculation
require("kappaSize")
# Load the package
library(kappaSize)
# Display the reference of the package
print(citation(package = "kappaSize", lib.loc = NULL))

Example 1 Consider that a study aims to assess the interrater reliability (k = 2) for
detecting the presence of a given CM pattern (0 = absentee; 1 = present).
Significance level was set at a = 5 % and the prevalence at 50 %. Using the con-
fidence interval approach, one may calculate the required sample size to test the null
hypothesis j0 = 0.70 with CI95% = [0.41; 0.99] using the code in the box below:

# Display the estimated sample size
print("Confidence interval approach")
print(CIBinary(kappa0=0.70, kappaL=0.41, kappaU=0.99,
props=0.5, raters=2, alpha=0.05))

which outputs:

[1] "Confidence interval approach"
[2] A minimum of 39 subjects are required for this study
of interobserver agreement

Example 2 Consider that another study aims to assess the interrater reliability
(k = 2) for detecting the presence of a given CM pattern (0 = absentee;
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1 = present). Significance level was set at a = 5 %, the power of the study was set
to b = 80 %, and the prevalence at 50 %. Using the power-based approach, one
may calculate the required sample size to test the null hypothesis j0 = 0.41 versus
j1 = 0.70 replacing those last lines of that code by these in the box below:

# Display the estimated sample size
print("Power-based approach")
print(PowerBinary(kappa0=0.75, kappa1=0.41, props=0.55,
raters=2, alpha=0.05, power=0.80))

which outputs:

[1] "Power-based approach"
[2] A minimum of 30 subjects are required for this study
of interobserver agreement

7.6.1 Participants Screening and Admission

The studied sample should be selected from the population of raters, with proba-
bilistic or no probabilistic sampling schemes; the researcher must clearly state the
selection method in details no matter the choice made. With the list of raters
available, the principal investigator must contact each rater in an independent
manner for clarification of the study aims, methods, and presentation of a critical
analysis of potential risks and benefits. Raters must be made blinded regarding the
results of the other raters enrolled in the same study and to the diagnostic outcomes
of the cases to be presented in the questionnaire.

A self-administered questionnaire for sample characterization as well as for
checking the adherence for inclusion criteria must be developed prior to data col-
lection. According to the reporting guidelines [33, 34], at least the following
questions about personal and professional characteristics of the rater are necessary:
age (years), sex, area of graduate course, professional occupation, period of com-
pletion of the course of expertise (in years), time (in hours), and duration (in hours)
of acupuncture training in the specialization course. Questionnaires must be filled in
loco immediately after the participant’s admission. Summary data analysis may be
conducted only after data collection from all raters.
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7.6.2 Eligibility: Inclusion and Exclusion Criteria

General recommendations for inclusion criteria are as follows: (a) bachelor degree
(or equivalent) in any health-related course recognized by the National Ministry of
Education, including but not limited to medicine, nursing, physical therapy, speech
therapy, physician, nutrition, dentistry, psychology, and occupational therapy;
(b) graduate or postgraduate training in acupuncture registered at the respective
national professional council; (c) clinical practice for at least 1 year; and (d) signature
of the informed consent form after reading about the objectives, potential risks and
benefits for participating in this research. Other criteria may be added to meet any
specific requirements for attaining the study aims.

It is strongly advised that only certified professionals should be enrolled in such
studies as raters. The inclusion of raters not yet certified will be only acceptable in
case reliability and diagnostic accuracy are studied in the context of education.

It is part of the ethics in research that raters should be excluded from the study
upon request to the principal investigator. However, problems might occur in the
process of gathering data, which is usually made using questionnaires. Indeed,
returning rates of questionnaires may be very low and the number of incomplete
questionnaires may be conversely high [37]. Therefore, the most general recom-
mendation is to exclude from the study raters that do not provide answers to all
questionnaires.

7.7 Implementing Reliability and Diagnostic Accuracy
Studies

At least three steps may be organized for implementing reliability and diagnostic
accuracy studies using the framework of simulation. Those steps are depicted in
Fig. 7.2 and are explained in details in subsequent sections.

7.7.1 Obtaining a Valid Domain of Patterns for Diagnosis

There are at least two requirements to work with simulation of patients. The first
one is a database with the patterns of interest for research. Current research
advocates the paradigm ‘pattern|disease’ [38], which is based on the concept that a
given disease (in the Western sense) may present a limited set of CM patterns.
Therefore, the database of patterns must contain all possible patterns that were
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identified in previous researchers for that respective disease; whenever this infor-
mation is not available it is possible to select a set of patterns from CM literature.
For instance, a study [23] elaborated a dataset of 73 zangfu patterns described by a
total of 509 unique manifestations distributed among the four examinations
inspection (n = 103, 20.2 %), auscultation-olfaction (n = 31, 6.1 %), inquiry
(n = 349, 68.6 %), and palpation (n = 26, 5.1 %). In general, datasets of patterns
are made by manual insertion of data from CM literature and thus it is prone to
typos and other kinds of errors, such as repeated manifestations within the same
pattern. The consistency and quality of the database must be computationally tested
before simulation of patients to ensure that patterns are mutually exclusive (i.e., all
patters are uniquely described in the dataset) and collectively exhaustive (i.e., all
patterns in dataset are related to the underlying disease), and have no duplicated
manifestations among the four examinations in each pattern.

7.7.2 Simulation of Human Patients: True and False
Profiles

The second requirement for simulation of patients is the simulation model itself. As
previously explained, the SimTCM is a useful model for simulation of patients with
respect to CM theory [19, 22]. Briefly, SimTCM simulates a patient with a given
pattern by selecting variable and random numbers of manifestations that form that
pattern. This procedure is repeated for all patterns in the dataset until the desired

Fig. 7.2 Stages for implementing reliability studies using the framework of simulated patients
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sample size is achieved. For this simulation, one may assume that the probability
for occurring each manifestation for each pattern follows a uniform probability
mass function in the general population, or a given probability mass function if
available from previous studies. Using the SimTCM no user intervention is required
other than the set-up of the simulation.

For diagnostic purposes, patients should be simulated under two conditions,
namely true and false profiles; only in this way, contingency tables can be con-
structed for assessment of diagnostic accuracy. A true profile means that SimTCM
samples a given target-pattern from the dataset, which is actually simulated by
sampling manifestations from this same pattern. In this case, the label of the
target-pattern equals the label of the simulated one and thus it represents a case for
that target-pattern. Conversely, a false profile means that SimTCM samples a given
target-pattern from the dataset, excludes it from the dataset, and only then samples
another pattern that is actually simulated by sampling manifestations from this
another pattern. In this case, the label of the target-pattern differs from the label of
the simulated one and thus it represents a control for that target-pattern.

These definitions of ‘cases’ and ‘controls’ might seem odd at first approach, but
it is legit for both CM and epidemiology [39]. From the CM point-of-view to
diagnose is to differentiate a pattern among other patterns that are likely to occur
and thus an asymptomatic ‘control’ group for comparison is not adequate. From the
epidemiology point-of-view, ‘control’ groups must include those at risk of pre-
senting such patterns, for instance with the same disease that might present other
pattern and not being an asymptomatic subject—although other patterns may be
identified in asymptomatic subjects because constitutional, behavioral or emotional
characteristics are also of diagnostic value in CM. Nonetheless, both kinds of
patients are required if the study aims to access all components of the accuracy,
including true- and false-positive, true- and false-negative rates as explained in the
upcoming sections.

The following data is exported from SimTCM as a combined TXT file to be used
in subsequent stages of the research: (i) a label representing the target-pattern under
simulation; (ii) a label representing the pattern randomly selected for simulation;
(iii) the manifestation profile as comma-separated values; and (iv) the binary code
representing the patient as “1” or “0” if the human patient simulated corresponds to
either a true profile or a false profile.

7.7.3 Elaboration of the Questionnaire with Simulated
Patients

With the sample size of patients calculated and the simulated patients available, the
next stage comprises the elaboration of the questionnaire for presentation of such
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patients to the sample of raters. The sample of simulated patients with known true
and false profiles will compose the questionnaire. All questions will be prepared
and presented clearly, avoiding dubious interpretation.

To avoid concentration of profiles with the same block of data, i.e., true or false
profiles, the questionnaire should be randomly distributed for a better distribution of
simulated patients. For this purpose any automated method for generating numbers
and sequences can be used, including online resources.4 Using the R package
‘blockrand’ [25] is an interesting method for such a task and may begin with the
following code:

# Install the required package for randomization
require("blockrand")
# Load the package
library(blockrand)
# Display the reference of the package
print(citation(package = "blockrand", lib.loc = NULL))

Example Suppose a study protocol simulated 30 patients for generating the ques-
tionnaire in a 1:1 ratio of true:false profiles. To create random assignments for an
experiment in which the subjects come prospectively, i.e., one at a time (as is the
case of the simulated patients to be presented in the questionnaire) the random-
ization is done within blocks to balance the amount of true and false profiles. By
doing this, the ratio of true:false profiles stays close to equal throughout the
questionnaire using the following code lines:

# Stratified by profile type, 15 in stratum, 2 levels
Q <- blockrand(n=30, num.levels=2, levels=c("True pro-
file", "False profile"), id.prefix="Question #", block.
sizes=1:1, uneq.beg=FALSE, uneq.mid=FALSE, uneq.
min=0, uneq.maxit=10)
# display the randomization chart
print(Q)

which yields a nice balanced randomization of the simulated cases into questions as
can be seen in the following output:

4Available at www.random.org.
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id block.id block.size Treatment

1 Question #01 1 2 False profile

2 Question #02 1 2 True profile

3 Question #03 2 2 True profile

4 Question #04 2 2 False profile

5 Question #05 3 2 True profile

6 Question #06 3 2 False profile

7 Question #07 4 2 True profile

8 Question #08 4 2 False profile

9 Question #09 5 2 False profile

10 Question #10 5 2 True profile

11 Question #11 6 2 False profile

12 Question #12 6 2 True profile

13 Question #13 7 2 True profile

14 Question #14 7 2 False profile

15 Question #15 8 2 False profile

16 Question #16 8 2 True profile

17 Question #17 9 2 False profile

18 Question #18 9 2 True profile

19 Question #19 10 2 False profile

20 Question #20 10 2 True profile

21 Question #21 11 2 False profile

22 Question #22 11 2 True profile

23 Question #23 12 2 False profile

24 Question #24 12 2 True profile

25 Question #25 13 2 True profile

26 Question #26 13 2 False profile

27 Question #27 14 2 False profile

28 Question #28 14 2 True profile

29 Question #29 15 2 False profile

30 Question #30 15 2 True profile

7.7.4 Face-to-Face Interview of CM Experts Using
the Questionnaire

There are several ways for delivering a questionnaire for respondents, including
phone calls, printed correspondence, and online surveys. Although online surveys
are increasingly used by researchers because of its appealing advantages—includ-
ing low cost and high coverage of respondents—the quantity of data loss due to
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missing or incomplete data is also huge. Alternatively, a hardcopy questionnaire
may also be delivered face-to-face, containing a brief survey of possible risks
and benefits of this research to society and in particular to the respondent. The
questionnaire should be self-administered such that the investigator does not
interfere in its completion.

The set-up for raters filling-up the questionnaire must be as close as real to the
clinical practice. Instead of confining raters into closed laboratories without access
to literature, one may consider conducting this stage at the rater’s facilities with
his/her own literature resources more likely to increase the external validity of the
study. To reproduce clinical conditions, the rater may be allowed to consult the
reference book used for generating the dataset of patterns, though shall not be
encouraged to do so. To the raters, a sufficient amount of time must be allowed to
familiarize themselves with the questionnaires and related material; also, no time
limit should be posed to complete the questionnaire.

The following material must be available to the rater: a hardcopy table with
many options as candidate patterns plus the option “It is not possible to identify the
pattern.” Likewise, if the reliability for acupuncture prescription is aiming to be
assessed a hardcopy table must also be available with many options as candidate
acupuncture points (e.g., 361 options for channel acupoints [40], 17 miscellaneous
acupoints [4]) plus the option “No acupoint.” For questions about the diagnosis, it
will be required only one answer; for questions about the acupoints, it might be
required 1 or more (up to 8 answers were observed in the literature [9–17]).

A practical strategy is to provide individual, separated response forms for filling
the respective answer regarding the identified pattern and the prescribed acupoints
for each simulated patient. All these data must be tabulated in electronic worksheets
with automatic data validation to avoid typos. If data is typed in Excel (Microsoft
Corp., USA) the R package ‘xlsx’ [31] can be used for data import with the
following code lines:

# install the required package for import data
require("xlsx")
# load the package
library(xlsx)
# display the reference of the package
print(citation(package = "xlsx", lib.loc = NULL))
# define working directory
local <- setwd(paste(getwd()))
# import data from electronic worksheet
rawdata = as.matrix(read.xlsx("FILENAME.xlsx",
sheetName="SHEETNAME", as.data.frame=TRUE,
header=FALSE, keepFormulas=FALSE))
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7.8 Data Tabulation for Analysis

The rater’s response to each patient must be paired to the numbering of the
questions. The coding for responses concerning patterns and acupoints must also be
typed into the electronic worksheet, also paired to the numbering of the questions.
For calculating reliability for pattern differentiation or acupuncture prescription, the
formatting exhibited in Table 7.1 immediately allows the calculation of interrater
agreement.

Parameters related to the diagnostic performance [23] of each rater can be
obtained from 2 � 2 contingency tables (Table 7.2) made from the comparison
between the results of the simulation with SimTCM (i.e., gold-standard) and the
pattern differentiation by each rater (i.e., diagnostic test result):

– True-positives (TP): manifestation profiles simulated with the target-pattern that
were correctly identified by the rater as present;

– True-negatives (TN): manifestation profiles not simulated with the target-pattern
that were correctly identified by the rater as absent;

– False-negatives (FN): manifestation profiles simulated with the target-pattern
that were erroneously identified by the rater as absent; and

– False-positives (FP): manifestation profiles not simulated with the target-pattern
that were erroneously identified by the rater as present.

7.8.1 Statistical Analysis Plan

Statistical analysis of data is usually separated by study’s outcome, including
descriptive, comparative, associative, reliability, and diagnostic performance.
Herein, a suggestion of statistical analysis plan is provided based on the methods
presented.

Table 7.1 Classification
table for comparison among
n raters assessing N patients

Rater #

Patient # 1 2 3 … n

1 d1,1 d1,2 d1,3 … d1,n
2 d2,1 d2,2 d2,3 … d2,n
3 d3,1 d3,2 d3,3 … d3,n
… … … … … …

N dN,1 dN,2 dN,3 … dN,n
dN,k Categorical datum form each patient as obtained from each
rater
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7.9 Descriptive

Because of the usually small sample size of raters (5 or less), data analysis must be
reported based on single measurements of each rater alongside group values pre-
sented as median [minimum; maximum] for continuous variables. Categorical
variables must be presented using absolute and relative frequencies (%).

Coefficients of agreement can be qualitatively interpreted as poor (<0.00), slight
(0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80), or
almost perfect (0.81–1.00) [41].

The correlation values and their qualitative levels of association will be
described as no association (0.00), negligible (±0.01 to ±0.20), weak (±0.21 to
±0.40), moderate (±0.41 to ±0.70), strong (±0.71 to ±0.99), or perfect associa-
tion (±1.00) [42].

7.10 Interrater Agreement of CM Experts for Pattern
Differentiation

The Light’s j (kappa) coefficient [43] is recommended for studies with fully
crossed design in which all cases are classified by multiple raters [44] for the
univariate case (1 variable = the identified pattern).

For a given n*k matrix (‘r’) with n = sample size of patients and k = sample size
of raters), the R package ‘psy’ [30] presents the command line structure for cal-
culating this statistics:

Table 7.2 Contingency (2 � 2) table for assessment of diagnostic performance of Chinese
medicine experts using human patients simulation

SimTCM output (Reference test)

True manifestation
profilea

(Simulated = target)

False manifestation
profileb

(Simulated 6¼ target)

Result from
CM expert
(New test)

Target-pattern + (Identified = target) True-positive (TP) False-positive (FP)

Target-pattern − (Identified 6¼ target) False-negative (FN) True-negative (TN)

Summary coefficients of diagnostic performance SEN = TP/
(TP + FN)

SPE = TN/
(TN + FP)

PPV = TP/
(TP + FP)

NPV = TN/
(TN + FN)

ACC = (TP + TN)/(TP + TN + FP + FN)

SEN sensitivity; SPE specificity; PPV positive predictive value; NPV negative predictive value; ACC
accuracy
aTarget-pattern present
bTarget-pattern absent
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# install the required package for calculation
require("psy")
# load the package
library(psy)
# display the reference of the package
print(citation(package = "psy", lib.loc = NULL))
# general structure
lkappa(r, type = "Cohen", weights = "squared")

7.11 Interrater Agreement of CM Experts
for Acupuncture Prescription

The j statistics is only useful for testing reliability for acupuncture prescription in
case only one acupoint (i.e., one variable) is expected as a treatment; whenever
more than two variables are to be considered simultaneously, the j coefficient is no
longer adequate. The Janson and Olsson’s i (iota) coefficient [45] is recommended
for studies with multivariate analysis by multiple raters on the same participants for
the multivariate case (N variables = acupoint #1, acupoint #2, …, acupoint #N).
Such statistics is an estimate corrected for chance agreement in multivariate clas-
sifications from several raters. Statistics i is interpreted as an extension of j for
several raters and several variables.

For a given list (‘ratings’) of k matrices sized n*m with one list element for each
variable, n = sample size of patients, and k = sample size of raters the R package
‘irr’ [28] presents the command lines for calculating this statistics as follows:

# install the required package for calculation
require("irr")
# load the package
library(irr)
# display the reference of the package
print(citation(package = "irr", lib.loc = NULL))
# general structure
iota(ratings, scaledata= c("quantitative", "nominal"),
standardize=FALSE)
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7.12 Diagnostic Performance of CM Experts

Accuracy (ACC), sensitivity (SEN), positive predictive value (PPV), specificity
(SPE), and negative predictive values (NPV) can be calculated according to the
equations in Table 7.2 [46, 47]. Results from both single rating and whole sample
rating using the output from SimTCM as gold-standard and the output from CM
raters must be provided separately.

The R package ‘caret’ [27] presents the command lines for calculating this
statistics as follows:

# install the required package for analysis of confusion
matrix
require("caret")
# load the package
library(caret)
# display the reference of the package
print(citation(package = "caret", lib.loc = NULL))
# calculating coefficients from confusion matrix
confusionMatrix(data, reference, positive=NULL, dnn= c
("Prediction", "Reference"), prevalence=NULL)

7.13 Associative Analysis

The researcher might be interested in investigation the relationship between the
personal characteristics of the sample of raters and the diagnostic performance for
pattern differentiation. This finding may be observed using the Spearman’s q cor-
relation coefficient [48] by analyzing the correlation of control with outcome
variables. The Spearman correlation is the method of choice because both the small
sample sizes of raters and the measurement scale of the variables to be tested for
association.

7.14 Confidence Intervals

Confidence intervals [95 %CI] might be calculated using the bootstrap procedure
and bias-corrected accelerated method (BCa) using the R package ‘boot’ [29], with
B = 1000 replications [49]. Empirical p values might be calculated from the 95 %
CI using (r + 1)/(B + 1), where r is the number of replications that produce
p values greater than or equal to the p value calculated with statistical data [50].
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7.15 Concluding Remarks

This chapter presented and discussed methodological choices for designing study
protocols aiming to investigate interrater reliability for pattern differentiation and
acupoint prescription. Developing a study protocol for unveiling these outcomes is
particularly challenging: to combine traditional theories with contemporary
instruments and procedures without mutual interference is virtually impossible.

Particularly, the major challenge comprised the need of a gold-standard method
for assessing the accuracy of pattern differentiation and the presentation of these
cases to the CM experts in a systematic fashion. We recommend to use patients
simulation instead of real cases, and consequently to present them as a written list of
manifestations. Although this methodological choice provides a gold-standard
method for measuring accuracy, it might compromise the observation of clinically
meaningful information for pattern differentiation. As a corollary, diagnostic
accuracy itself may be underestimated as compared to real human patients from
whom additional data can be obtained during the interview. Nonetheless, the use of
written clinical cases has been the method of knowledge transmission regarding
CM for at least two millennia and thus it is consistent with the CM’s mode of
thinking. Because face-to-face interviews have been considered as the approach of
choice for data collection in epidemiological studies, questionnaire becomes an
important tool in the study of diagnostic accuracy when combined with robust
software for data simulation and analyzing the responses of CM experts.

From the methodological point of view, study protocol designed with more
robust methods also highlights new methodologies to the CM field, which are
already available in epidemiology, statistics and related areas. The usage of sepa-
rated coefficients of agreement for the univariate (pattern differentiation ! j) and
multivariate problems (acupunctures prescription ! i) comprises a novelty in
comparison to the previous ones on this subject. The majority of the previous
studies used simple percent agreement for assessing reliability, which is not rec-
ommended mainly because it is not chance-corrected. Although both j and i have
their own limitations, they possess desirable characteristics for coefficients of
agreement and are applicable to CM problems as well.

The Chinese art of pattern differentiation for diagnosis is essentially a subjective
analysis. Therefore, the quantification and standardization of diagnostic procedures
for CM practitioners are an urgent need. The last two decades have witnessed the
growth of importance of research related to computerization of pattern differenti-
ation. Important advances in biomedical instrumentation and software development
opened new possibilities to research on this important aspect regarding CM
examination. Therefore, planning research studies with an integrative design is a
unique challenge but is also a required step towards the development of an
evidence-based practice of CM. It is expected that the information herein might
provide new insights about interrater reliability for diagnosis and intervention.
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Chapter 8
Bioinformatics for Molecular
Authentication of Chinese Medicinal
Materials

Ka-Lok Wong, Yat-Tung Lo and Pang-Chui Shaw

Abstract Correctly identified medicinal materials are the premise of research and
applications on Chinese medicine. DNA authentication is an accurate method for
routine identification of medicinal herbs. The molecular authentication procedure
involving DNA sequencing takes five steps: (a) to extract DNA from the sample, (b) to
amplify a specific region of the genome by polymerase chain reaction; (c) to sequence
the PCR product; (d) to find the available DNA sequences in a nucleotide database;
and (e) to compare the unknown sequence with the available reference sequences.
Molecular authentication can also be done by DNA fingerprinting that assess the
whole or specific region of genome. In the process, informatics assists in: (a) providing
a means for storing, sorting, retrieving, and analyzing of experimental data; (b) pro-
viding computer programs for identifying the unknown sample by matching with the
reference sequences; and (c) aiding the design of appropriate testing procedures and
identification tools. This chapter introduces several public databases for the search of
taxonomic and nucleotide information, such as Flora of China, NCBI Nucleotide
database, Barcode of Life Data Systems (BOLD), and Medicinal Materials DNA
Barcode Database (MMDBD). The procedures of mass retrieving and sorting of
sequences from databases will be demonstrated. The pros and cons of various DNA
sequence formats like FASTA, Abstract Syntax Notation 1 (ASN1), eXtensible
Markup Language (XML) will be discussed. Finally, the precautions of using software
packages for performing sequence alignment, matching species in databases, and
constructing phylogenetic trees will be described.
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8.1 Introduction

Bioinformatics is an interdisciplinary science, utilizing various informatics tech-
niques, such as computer sciences, statistics ,and mathematics to analyze, organize,
and understand biological data, especially nucleotide and protein sequences [1].
The term Bioinformatics was first coined by Paulien Hogeweg and Ben Hesper in
1978 [2] which was defined as “a study of information transfer in biological sys-
tem,” but after 1980, it was changed to “conceptualizing biology of macro-
molecules information” [3]. Since the publication of the double-helix model of
DNA structure in 1953 [4] and the first complete genome sequencing of bacteria in
the 1995 [5], numerous genomic data have been available thereafter. In order to
deal with and share such great amount of information, biological databases have
been established which act as platforms for data storage, analyzes and exchange.
With the advance of internet technologies, some online databases and software
programs are accessible that further reduce cost and time. Nowadays, bioinfor-
matics is an indispensable part of biomedical and life sciences research. It also
becomes a conventional tool for molecular authentication of Chinese medicinal
materials. In the 2010 edition of Pharmacopeia of the People’s Republic of China
(PPRC), molecular techniques have first been announced as a legal basis for the
authentication of Chinese medicine materials, including Agkistrodon (Qishe),
Fritillariae Cirrhosae Bulbus (Chuanbeimu), and Zaocys (Wushaoshe) [6]. There
are two general approaches for molecular authentication of Chinese medicinal
materials: generating DNA fingerprints and DNA sequencing. In this chapter, we
put more emphasis on the bioinformatics of DNA sequencing, as it is a more
definitive method.

8.2 The Role of Bioinformatics in Molecular
Authentication

Bioinformatics has three major roles in molecular authentication: (a) to provide a
mean for storing, sorting, retrieving, and analyzing of experimental data. There are
about 900 species recorded in PPRC [6], of which DNA sequences of over 700
species have already been recorded in the Nucleotide databases of National Center
for Biotechnology Information (NCBI) [7]. The Medicinal Materials DNA Barcode
Database (MMDBD, http://www.cuhk.edu.hk/icm/mmdbd.htm) developed by our
group has also recorded 1661 species of medicinal herbal sequences and their
adulterants [8]; (b) to provide computer programs for identifying an unknown
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sample by matching its sequence with the database sequences. In principle, genome
sequence of a species is unique, and therefore, it can be used for identification
purpose. Even the reference sequence is not available, one is often able to find a
related sequence and obtain the identity at genera level. Phylogenetic tree can also
be constructed to understand the evolutionary relationship between related herbal
species, which may aid for finding alternative; and (c) to aid the design of appro-
priate testing procedures and identification tools in DNA fingerprinting, DNA
sequencing, and DNA microarray. In principle, mutations in DNA sequences, like
substitution, insertion, deletion, duplication, and even single nucleotide polymor-
phism (SNP) are markers for species identification. Bioinformatics tools help to
search, process, and utilize these sites from massive amount of data.

8.3 Workflow of Molecular Authentication

The process of molecular authentication on medicinal materials generally involves
three major steps: extracting DNA from medicinal materials, amplification of DNA
loci, and data analysis. Besides DNA extraction, subsampling from different bat-
ches or positions of the sample is also important for consistent identification results
(Sect. 8.4).

To find the identity of an unknown sample, DNA barcoding, which is based on
determining a short genetic sequence from the standard part of genome with species
differentiation power [9], is often employed (Sect. 8.5). Basic local alignment
search tool (BLAST) is then performed to check the quality of generated sequence
and to get a preliminary identification (Sect. 8.8.1). The identity of the unknown
sample is further validated using Clustal (Sect. 8.8.2) by comparing sample
sequence with reference sequences, in many cases, downloaded from databases
(Sect. 8.7). Analyzing programs are then employed to calculate the sequence
similarities (Sect. 8.9.1) and construct phylogenetic trees to reveal the relationship
among the identified samples and its related species (Sect. 8.9.2) (Fig. 8.1).

Another molecular authentication approach is DNA fingerprinting. This
approach is simpler and quicker than DNA sequencing but less definitive. It can be
subdivided into whole genome and specific region approaches and are briefly
described in Sects. 8.10.1 and 8.10.2, respectively. To design a diagnostic primer
for specific region DNA fingerprinting, the taxonomic information of the target
species, its closely related species and common adulterants should be obtained from
databases for organism classification and nomenclature (Sect. 8.6) with a view to
defining the scope of the test. DNA sequences are then downloaded from nucleotide
databases (Sect. 8.7) and aligned (Sect. 8.8.2) for primer design (Sect. 8.10.2.1) or
using NEBCutter to find available restriction sites (Sect. 8.10.2.2). They have to be
experimentally validated (Fig. 8.2).
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8.4 Sampling, DNA Extraction and Purification

It is advisable to collect and test more than one sample from the same batch of
medicinal materials. Sampling from solid materials should be taken from the top,
middle, and bottom sections; while liquid materials should be taken after careful
homogenization [6, 10]. Obtaining high quantity and quality of DNA is also crucial
for molecular authentication because many polymerase chain reaction (PCR)-based
methods are sensitive to DNA degradation [11] and inhibitors [12]. Several
extraction protocols are commonly used: potassium acetate/sodium dodecyl sulfate
(SDS) [13], cetyltrimethylammonium bromide (CTAB) [14] and “ready-to-use”
kits. The first method is suitable for most medicinal materials while CTAB

Fig. 8.1 Overview of the steps involved in identifying unknown samples using DNA barcoding
techniques. Number indicates the section at which the topic is discussed
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extraction especially suitable for most plants and their treated samples [15].
“Ready-to-use” kits provide a convenient means of extracting high-quality DNA. The
extraction procedure usually involves: (i) mechanical breakthrough and solubilize cell
membrane to release nucleic acid into solution, (ii) removal of solid residue in high
salt solution, so that nucleic acids do not electrostatically bind to it, (iii) binding of
nucleic acid to the silica matrix with contaminants flowing thorough the column by
centrifugation, and (iv) elution of concentrated DNA from the matrix for analysis [16].
In order to assess the quantity and quality of DNA extracted, measurement of UV
absorbance at 260 and 280 nm is recommended. The 260/280 nm ratio of DNA at 1.8
or above is generally regarded as pure. If this ratio is lower than 1.8, it may probably
due to the presence of protein, phenol or other contaminants which have a strong
absorbance at 280 nm. 260/230 nm is another indicator of nucleic acid purity and it
should commonly in the range of 2.0–2.2 [17].

8.5 DNA Barcoding

In 2003, Paul Hebert and colleagues proposed the use of DNA barcodes for species
identification purpose [9]. DNA barcodes possess the following features: (a) primer
binding sites are conserved across different groups of organisms, (b) easy to be
amplified with a single primer pair, (c) highly polymorphic interspecifically but
(d) low in intraspecific variation. For instance, the mitochondrial cytochrome c
oxidase subunit I (COI) gene is suggested as barcode for animal and other

Fig. 8.2 Overview of the
steps involved in identifying
unknown samples using DNA
fingerprinting. Number
indicates the section at which
the topic is discussed
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eukaryotes [9]; chloroplast large subunit of the ribulose-bisphosphate carboxylase
gene (rbcL) and maturase K (matK) genes are selected for land plants [18]; and
nuclear internal transcribed spacer (ITS) region are designated for fungi [19].

8.6 Databases for Organism Classification
and Nomenclature

The diversity of medicinal materials is extraordinary: majorly plants, with numerous
animals and fungi. Besides the herbs listed in PPRC, it is estimated that there are about
ten thousand of organisms currently used as ethnic drugs [20]. Databases of organism
classification and nomenclature hold and organize information regarding biological taxa.
NCBI (http://www.ncbi.nlm.nih.gov) is a platform provides the access of living
organism information. Taxonomy database of NCBI (http://www.ncbi.nlm.nih.gov/
taxonomy) is a classification and nomenclature domain for all of the organisms in public
sequence database. As Taxonomy and Nucleotide of NCBI are interconnected, relevant
nucleotide data of a taxon can be retrieved via the hyperlink. Flora of China (http://flora.
huh.harvard.edu/china) is an authoritative document in Chinese plant taxonomy [21],
and it describes more than 30,000 kinds of plants for their nomenclatures, morphologies,
habitats, geographical distribution, and economic values. The International Plant Names
Index (IPNI, http://www.ipni.org), Tropicos (http://www.tropicos.org) and Index
Nominum Genericorum (ING, http://botany.si.edu/ing/) are online database of the
names and associated basic bibliographical details of plant worldwide. Medicinal Plant
Names Services (MPNS, http://mpns.kew.org/mpns-portal) provides pharmaceutical,
trade and common names besides taxonomy, and scientific nomenclature of medicinal
plants and herbal materials. In addition, our group has established the first database for
DNA barcoding of Chinese medicinal materials: MMDBD. Besides various DNA
sequences, it provides photos and description of the herbs and online searching and
comparison services [8].

The role of database for organism classification and nomenclature in molecular
authentication is to define the scope and range of species to be studied. For instance,
for designing diagnostic primers to differentiate ginseng (Panax ginseng) from its
closely related species, researchers should consult Flora of China, MPNS or other
databases to obtain the list of species in genus Panax. Taxonomy database of NCBI
also acts as a starting point for the retrieval of nucleotide sequences. One downloading
approach is to first get the target scopes of species in this Taxonomy database, and the
result page gives the lineage and ranks (order, family, genus, etc.) of the species. Using
the identification of P. ginseng as an example again, searching this species in
Taxonomy database will generate hyperlinks for each rank. To get the information of
all species in Panax, user can click hyperlink “Panax.” If test needs to identify all
species in family Araliaceae (the family that P. ginseng belongs to), just click the
hyperlink “Araliaceae” (Fig. 8.3). For the sequence downloading procedures in NCBI,
please refer to Sect. 8.7.
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8.7 Databases of Nucleotide Information

Nucleotide database is a core part of bioinformatics. In DNA barcoding, nucleotide
database provides standard sequences as markers for species identification.
Moreover, the nucleotide sequences are prerequisite of diagnostic primer design
(Sect. 8.10.2.1) which is implemented by finding sequence differences between
genuine species and its adulterant (Sect. 8.9). International Nucleotide Sequence
Database Collaboration (INSDC, http://insdc.org) comprises GenBank of NCBI,
the European Molecular Biology Laboratory (EMBL) [22] and DNA Databank of
Japan (DDBJ) [23]. These three organizations exchange data on a daily basis. The
Nucleotide database (http://www.ncbi.nlm.nih.gov/nuccore) of NCBI is a collection
of sequences from several sources, including GenBank. The Barcode of Life Data
Systems (BOLD, http://www.boldsystems.org) is an online database for acquisi-
tion, storage, analysis, and publication of DNA barcode sequences [24], which also
allows barcoding sequences accession and facilitates species identification by
simply matching the unknown sample sequences with the reference barcoding
sequences in the databases. Following is the guideline for obtaining the nucleotide
sequences from the NCBI Nucleotide database.

(ii) (i)

Fig. 8.3 Search page of NCBI Taxonomy databases. After taxonomic search, NCBI Taxonomy
database will show a summary of the target species, including its common names, lineage and
Entrez records held in other NCBI databases. User can retrieve the relevant information of each
rank via the hyperlinks, for example, (i) Family Araliaceae and (ii) Genus Panax
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8.7.1 Acquisition of Nucleotide Information from NCBI
Nucleotide Database

NCBI Nucleotide database accepts sequence data submission from research groups.
Like NCBI Taxonomy database, Nucleotide database is cross-platform in nature
which allows users to get quick access and track for the related information. In
practice, users can directly use the locus name, such as “internal transcribed spacer
2,” as a query. To make the search more specific, include the Boolean operators
AND, OR, NOT between keywords. The query of “(Panax ginseng) AND (internal
transcribed spacer 2)” can retrieve all ITS2 sequences of P. ginseng from the
database system. “Nucleotide Advanced Search Builder” is a user interface that
facilitates building search criteria without memorizing complex syntax (Fig. 8.4a).
After searching, Nucleotide database will show a summary of matched sequence
entries. User can alter the display format, the number of records shown on each
page, and the sort order, by choosing different options within “Display Settings”
drop down menu at the left-hand corner. Information can be exported in several
formats, including FASTA, Abstract Syntax Notation One (ASN.1) and three types
of XML files (Sect. 8.7.2), by clicking “Send to” drop down menu at the right hand
corner (Fig. 8.4b).

8.7.2 Sequence Format

FASTA is originally the name of a sequence alignment software package. The file
format gradually becomes a standard due to the widely acceptance of FASTA in the
field of life sciences. Each sequence in FASTA format has two parts: a description
line that starts with “>” symbol followed by the identifier of the sequence, and lines
of sequences data (Fig. 8.5). The majority of sequence analyzing program accepts
FASTA format, including BLAST [25] (Sect. 8.8.1), Clustal [26] (Sect. 8.8.2),
Muscle [27], and BioEdit [28]. Although FASTA is versatile, compact and
cross-platform, except for the identifier and sequence, it carries limited background
information of the sequence. NCBI offers ASN.1, an International Standards
Organization (ISO) data representation format, as an alternative to FASTA. NCBI
uses ASN.1 for the storage and retrieval of nucleotide data and consequentially the
downloaded ASN.1 file contains all the information of the sequence. Scripting
languages like Pearl can parse ASN.1 to extract required data fields. Recently,
NCBI gives eXtensible Markup Language (XML) as another option. XML is a
markup language that defines rule for encoding documents, and it becomes the
standard for online data exchange [29]. Extensible Stylesheet Language
Transformations (XSLT) is used to transform the tags and data in the XML file into
other formats. To draw an analogy, the tags and data in XML like the alphabets, and
XSLT likes the spelling. By using different XSLT files, user can obtain the desired
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information (spell the vocabulary) using the same XML file (the alphabets). NCBI
distributes three kinds of XML formats, including XML, INSDSeq XML and
TinySeq XML. Since the simple data structure of TinySeq XML, Microsoft Excel
can directly convert and open it. XML and INSDSeq XML are much complicated
and a custom XSLT is required for the transformation.

(i) (ii) 

(a)

(b)

Fig. 8.4 Search page of NCBI Nucleotide database. a NCBI Nucleotide database provides a
“Nucleotide Advanced Search Builder” function which allows user to combine words and phrases
to define the searching parameters. b After searching, nucleotide database will show a summary of
matched sequence entries. (i) User can alter the display format, the number of records shown on
each page and the sort order, by choosing different options within “Display Settings” drop down
menu. (ii) Information can be exported in several formats by clicking “Send to” drop down menu
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8.8 DNA Sequence Alignment

Sequence alignment is an algorithm to arrange two sequences in the highest sim-
ilarity way in order to locate the differences between them. When the analysis
involves more than two sequences, it is called multiple sequence alignment.
Sequence alignment can be subdivided into local (Sect. 8.8.1) and global
(Sect. 8.8.2) ones according to the way of comparison. BLAST and Clustal are
analyzing tools implemented with local and global alignment algorithm, respec-
tively (BLAST also provides a global alignment tool and please refer to
Sect. 8.8.2).

8.8.1 Blast

BLAST (http://blast.ncbi.nlm.nih.gov) is a sequence comparison tool in NCBI,
which lets user to match a query sequence with a database of sequences. In this
context, it adopts local alignment algorithm by dividing the whole query sequence
into shorter fragments to calculate the degree of similarity between the query and
the matched. NCBI offers three categories of BLAST to suit different searching
requirements: BLAST assembled genome, basic BLAST and specialized BLAST.
Among them, Nucleotide BLAST in basic BLAST is often used for molecular
authentication. It is worth mentioning that user needs to adopt one of the three
databases [“Human genomic + transcript,” “Mouse genomic + transcript,” and
“Others (nr etc.)”]. If wrong databases are chosen, BLAST may give a false neg-
ative result. As a thumb of rule, “Others (nr etc.)” database should be selected
[unless the medicinal material is derived from human or mouse, such as Hominis
Placenta (Ziheche)].

User can either paste the sequence into the text field of BLAST page or upload a
FASTA file. Upon completion, BLAST will show a search result page consisting of
four parts: (a) the information of query sequence and BLAST search criteria
specified by the user (Fig. 8.6a); (b) a graphic summary showing alignments

Fig. 8.5 Example of FASTA format of a DNA sequence. It consists of a description line that
starts with “>” symbol followed by the identifier of the sequence, and lines of sequences data
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Fig. 8.6 Sequence matching result page of BLAST. After performing a BLAST search on NCBI,
it will show a BLAST hits page consisting of four parts. a The uppermost part displays the
specified criteria, the properties of query sequence and the chosen database. b The second part is
the graphic summary. The red bar marked with “Query” represents the query sequence, and
subsequent bars are matched database sequences. The colors indicates the alignment score within
the particular region between the query and matched sequences. c In the third part, there is a
summary table listing the sequence identifiers, descriptions, and scores of BLAST hits. d In the last
part, sequence alignment between the query and the matched sequences is given
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between query and database sequences. Five color keys (black, blue, green, pink,
and red) denote the score ranges of alignment: the black key is the lowest while the
red one is the highest. Below these keys, the query sequence is represented as a red
bar labeled with “Query.” Throughout this red bar, there are numbers indicate the
nucleotide positions (Fig. 8.6b). The matched database sequences immediately
follow the query sequence; (c) a description table which lists the sequence identi-
fier, description, and the scores of matched database sequences (Fig. 8.6c). The
table can be sort by preferred criteria; (d) the alignment between query and database
sequence with corresponding BLAST scores are given (Fig. 8.6d).

BLAST can verify the reliability of the experimental data. For example, the
DNA sequencing data obtained from a plant or animal species should be discarded
if BLAST results show high similarity with fungal species which may possibly be
the contaminant. By using BLAST, the identities of the query sequences can be
determined preliminarily. However, it must be stressed that the identification may
not be correct when the query coverage is low, even though the sequence similarity
is shown as 100 %. As a local alignment program, BLAST discards the region of
sequences that has no significant similarity, and this region is excluded from cal-
culation. As an extreme example, suppose species A and species B are the two
matched candidates to a query of 200 bp. From the graphic summary, the entire
sequence of species A is red in color and the length is equal to the query. On the
other hand, only the first 100 nucleotides of species B are red, while the rest has no
shared similarity to query and thus are blank. In spite of this, BLAST will show that
the similarities of two species are 100 % to the query. Under the circumstance, we
should conclude that the query sequence is identical to species A but not species B,
even the first 100 nucleotides of species B is identical to the query. To accurately
reflect the overall similarity between sequences, we should employ the global
alignment, which is the topic of the next section.

8.8.2 Clustal

Global alignment is a way of arranging every nucleotide or amino acid in every
sequence from beginning to end to identify regions of similarity. Clustal is a
computer program developed by Higgins and Sharp [30], which allows global
multiple alignment of nucleotide or protein sequences. By uploading the sequences
in FASTA format to Clustal, it produces the alignment together with the similarities
and phylogenetic tree. Some software packages such as BioEdit [28] incorporates
Clustal as a built-in function. BLAST also provides a global alignment tool called
Needleman-Wunsch Global Align Nucleotide Sequences.

For sequences with high homology, similar in length, or belong to
protein-coding gene (such as rbcL), the global alignment result is generally reliable.
However, the alignment result needs to be adjusted manually for sequences with
low homology, varying amplicon sizes, or from intergenic region (such as ITS or
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chloroplast intergenic trnH-psbA spacer). Like other intergenic spacer regions, the
two ends of trnH-psbA region are protein-coding genes which are rather conserved.
On the other hand, as there is no evolutionary pressure in the intergenic spacer,
mutations such as insertion/deletion frequently occur, which result in varying length
among species. In fact, our group has found that the length of trnH-psbA can range
from 233 to 663 bp among herbal species used for ‘cooling’ beverage (Liangcha) in
China [31]. One important rule is that the conserved regions must be aligned
properly. Basically, Clustal automatically add gaps into the shorter sequences.
Nonetheless, if the intergenic spacers are too varied or the two conserved regions
are too far apart, Clustal may not be able to recognize the two conserved ends.
Consequently, the conserved region (protein-coding gene) of one species is aligned
with the intergenic spacer of another species. Changing the gap penalty may
improve the quality of alignment, or the resultant alignment can be adjusted
manually.

8.9 Bioinformatics Analysis of DNA Sequences

Sequences similarity (Sect. 8.9.1) and genetic distance (Sect. 8.9.2) are frequently
used for calculating the differences between sample and standard sequences.

8.9.1 Sequence Similarity Calculation

The sequence similarity between two sequences is calculated as:
(Identical bases between sequences/total length of sequence) � 100 % [32]
The online Clustal program can generate a list of similarity for each pair of

sequences, nevertheless, it is difficult to calculate values for more than two
sequences, such as the intraspecific variation among couples of collected samples.
Software package BioEdit [28] can generate sequence similarity matrix. By
exporting as CSV format, the matrix can be analyzed in Microsoft Excel.

8.9.2 Genetic Distance Calculation

The second approach is by calculating genetic distance between sample and the
reference sequences. For molecular authentication purpose, uncorrected p-distance
and Kimura 2-parameter (K2P) model are often employed [33–36]. Phylogenetic
tree can be constructed to determine the evolutionary position of the samples within
the taxon. Molecular Evolutionary Genetics Analysis (MEGA, http://www.
megasoftware.net) is a free phylogenetic software with graphical user interface [37].
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For DNA barcoding, species identification is reliable if there is a difference
between maximum intraspecific and minimum interspecific distance, and this dif-
ference is called DNA barcoding gap. It is recommended that the DNA sequence of
identified sample should be compared with its closely related species and adulter-
ants using global alignment algorithm (Sect. 8.8.2). The intraspecific and inter-
specific distances are then calculated using software. If, unfortunately, there is no
DNA barcoding gap, other DNA loci should be employed.

8.10 DNA Fingerprinting

DNA fingerprinting is an approach to identify variable nucleotide sequences in the
organism. Unlike DNA barcoding, no sequencing step is involved. The resultant
patterns are resolved and visualized using gel or capillary electrophoresis. The
identification is made possible by recognizing the unique DNA patterns of the
species.

8.10.1 Whole Genome Approach

DNA fingerprinting techniques that assess the whole genome, such as Rapid
Amplification Polymorphic DNA (RAPD) [38], Amplified Fragment Length
Polymorphism (AFLP) [39], are prone to the quantity and quality of DNA template.
The DNA degradation in medicinal materials may result in producing inconsistent
profiles. On the other hand, as these techniques compare the entire genome, the
resolving power may sometimes higher than that only targeting on a specific DNA
region (Sect. 8.10.2). GelQuest (http://www.sequentix.de/gelquest/index.php) and
GeneMarker (http://www.softgenetics.com/GeneMarker.html) are software pack-
ages which assist in analyzing raw data generated from DNA fingerprinting tech-
niques. They accept various data formats, such as gel image and signals produced
from capillary electrophoresis. The program determines the sizes of each DNA
band and performs cluster analysis using UPGMA and Neighbor-joining
algorithms.

8.10.2 Specific Region Approach

In contrast to RAPD and AFLP, Sequence-Characterized Amplification Region
(SCAR, Sect. 8.10.2.1), and PCR-Restriction Fragment Length Polymorphism
(PCR-RFLP, Sect. 8.10.2.2) only assess a specific region of genome, and they are,
in terms of reproducibility, less sensitive to the deterioration of the DNA template.
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8.10.2.1 SCAR

SCAR uses species-specific primers to conduct rapid screening for the target spe-
cies. Species differentiation can be achieved by the amplification of the polymor-
phic or varying size fragments. Primers should be experimentally validated for the
optimal annealing temperature, occurrence of nonspecific amplification and primer
dimers formation. Four factors should be considered to get specific and efficient
primers: (a) the bases provide the specificity should be located at the 3′ end of the
primer; (b) for sample that is dried, stored for long time or highly processed, the
employed DNA region should be kept to a minimum length of size while with
sufficient differentiation power; (c) check for the unexpected binding of the primers
to other species by using BLAST; (d) follow general primer design guidelines such
as those in reference [40], especially avoid the formation of self- or heterodimers.
Primer 3 (http://bioinfo.ut.ee/primer3) [41, 42] and OligoAnalyzer (http://sg.idtdna.
com/calc/analyzer) are online primer design programs that assess the feasibility of
designs according to the properties like melting temperate (Tm), GC content, DG of
hairpin, self- and heterodimers.

8.10.2.2 PCR-RFLP

PCR-RFLP amplifies a specific region of the genome using universal primers
followed by digestion with restriction enzymes. The fingerprinting profiles are
determined by the presence or absence of restriction sites on the region. NEBCutter
(http://nc2.neb.com/NEBcutter2) analyzes and finds available restriction sites. By
comparing the restriction maps of different species, user can choose an appropriate
restriction enzyme for the test.

8.11 Concluding Remarks

This chapter describes the application of bioinformatics in molecular authentication
of Chinese medicinal materials, introduces the databases and analytical tools, and
provides guidelines for obtaining high-quality DNA from herbal materials, and for
operating various software programs and designing PCR primers. For molecular
authentication of Chinese medicinal materials, a reliable database as reference for
sequence comparison is of paramount important. At present, many sequence data
disposed to the public database have not been validated. Therefore, it is essential to
take caution when using these sequences. With the advancement of DNA analyzing
techniques and high-throughput screening methods such as deep sequencing [43]
and DNA microarray [44, 45] many DNA sequences can be determined simulta-
neously. These will be useful for analyzing multicomponent medicinal products and
broaden the use of DNA technology in authentication and quality control of
Chinese medicinal materials.
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Chapter 9
Proteomic Response Fingerprinting
(ProReF) for Rapid Identification
of Protein Targets for Chinese Medicine

Yuanyuan Cheng, Jia Zhao and Jianhui Rong

Abstract Chinese medicine (CM) has been used as the clinical therapies for
thousands of years in China. The chemical complexity of Chinese medicines makes
it difficult to dissect the molecular mechanisms by single-target based approaches.
Proteomics is a recently emerged powerful technology for simultaneous detection
of multiple protein targets in the cells and tissues. Proteomic response fingerprinting
(ProReF) approach uses 2-D SDS-PAGE and MALDI-TOF mass spectrometry to
examine the effects of Chinese medicines on the expression levels of various cel-
lular proteins in the cell cultures or animal organs/tissues. In practical, following the
treatments with/without Chinese medicines, the protein lysates are analyzed by
two-dimensional gel electrophoresis (2-DE). Based on the change of signal inten-
sity, specific protein spots are selected and subsequently identified by mass spec-
trometry (MS) techniques. The selected proteins are systematically identified and
quantitated as the cellular responses to CM. Proteomic information is important for
the investigation of target proteins and relevant signaling pathways, thereby facil-
itating the understanding on the mechanism of action of CM. Here we reviewed the
application of proteomics to discover the molecular mechanisms underlying the
pharmacological activities of CM formula. We discussed the basic principles and
useful protocols for proteomic analyses. We provided detailed procedures for
sample preparation (control and CM-treated group), 2-D gel electrophoresis, image
comparison, spot excision, trypsin digestion, mass spectrometry identification, and
bioinformatics analysis. We also discussed the cellular and molecular approaches
for characterizing the regulation of protein expression by active compounds. We
anticipate that the readers will easily adapt these procedures for their discoveries of
the target proteins for the active CM compounds of interest.
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9.1 Introduction

Traditional Chinese medicine (CM) has been widely used to treat various diseases
for several thousands of years in China. Over the time, CM has gradually evolved
as a unique clinical medical theory involving the diagnosis, treatment, and pre-
vention of diseases. However, CM has not been globally accepted as the standard
clinical therapy due largely to the elusive pharmacology of most CM formulas [2].
In practice, a Chinese medicine practitioner often uses the raw medicinal materials,
which may not be incompatible with the criteria of Western medicine. In the
complex formula, each individual herb may have multiple active components. Such
chemical complexity largely hinders the study of the mechanism of action of CM.
Fortunately, several different types of modern omics technologies have recently
emerged to bridge the gap between CM pharmacology and modern pharmacology.

Omics including genomics, epigenomics, proteomics, and metabolomics are
modern systems biology technologies for deciphering the complex interactions
between different biological components. Proteomics is a powerful technology to
investigate the expression, post-translational modifications, and the interaction
networks of a large number of proteins under different biological conditions [14].
Proteomic techniques hold enormous potential to identify drug-targeted proteins
and elucidate the mechanism of action of drugs. With the integration of different
proteomic analytical techniques including two-dimensional gel electrophoresis
(2-DE) and tandem mass spectrometry (MS) technologies, proteomics provides a
systematically quantitative and qualitative map of evidence to identify the
drug-altered proteins and further uncover the relevant signaling pathways.
Post-translational modifications occur with disease progression or drug treatment,
and subsequently influence protein functions and the protein–protein interactions
[11, 23]. Thus, proteomics is a robust and versatile technology for the investigation
of the molecular mechanisms underlying the pharmacological actions of CM.
Importantly, the altered patterns of protein expressions constitute the fingerprints of
the cellular responses to CM treatment. Such fingerprints represent the global,
quantitative, and objective information for the pharmacological activities of CM
drugs.

In the present chapter, we reviewed the recent applications of proteomics in the
characterization of the pharmacological activities of CM and the underlying molec-
ular mechanisms, discussed the basic principles and provided several useful protocols
for general proteomic analysis. Recently, proteomic analysis could use the proteins
after labeling with the methods such as stable isotope labeling, mass tag labeling, and
fluorescent labeling [15]. Both isotope labeling and mass tag labeling introduce
combinatorial heavy isotopologues of C, N, H, and O into proteins via chemical
derivation for the measurement and differentiation by mass spectrometry [18].
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In contrast, fluorescent labeling is detected by fluorescence imagers [7]. All of these
labeling methods are used to monitor biological processes, enhance the detection
sensitivity, and locate the site of protein modification. Based on our previous appli-
cations of proteomics, we introduced the proteomic response fingerprinting (ProReF)
approach involving sample preparation, 2-D gel electrophoresis, comparison, spot
excision, trypsin digestion, mass spectrometric identification, and bioinformatic data
mining. We also introduced some cellular and molecular approaches for character-
izing the modulation of protein expression by CM active components.

9.2 Increasing Use of Proteomics in the Study of Complex
CM Drugs

Proteomics has been previously applied to study the mechanisms of action of CM
drugs against different diseases such as cancer, inflammation, neurological diseases,
and diabetes as summarized in Table 9.1. First, a large number of CM drugs were
recently reported to have anticancer effects. However, the specific anticancer
mechanisms for these CM drugs have not been fully investigated. We recently
compared the proteomic profiles of human HepG2 cells with or without the treat-
ment with astragaloside IV, the major saponin from Radix Astragali [16]. Our results
demonstrated that astragaloside IV inhibited the colonogenic survival and
anchorage-independent growth in HepG2 cells via downregulating the expression of
oncogenes such as Vav3.1. As another example, curcumin, which is isolated from
Curcuma longa L., is well known for its potential of cancer chemoprevention. By
employing proteomic approach, Fang and his colleagues identified 12 proteins
including acetylhydrolase IB subunit beta, eIF3i, ERP29, SF2/ASF, TDP-43,
3-PGDH, platelet-activating factor in human breast MCF-7 cells after exposure to
cucurmin [5]. These proteins were annotated to specific biological processes such as
DNA transcription, mRNA splicing, protein degradation, protein folding, protein
synthesis, protein translocation, and cell motility. Presumably, curcumin exhibited
anticancer activities via regulating most of 12 specific proteins. Similarly, Liu et al.
[10] also employed the proteomics approach to demonstrate that triptolide from
Tripterygium wilfordii inhibited colon cancer growth via altering the expression of
14-3-3 epsilon. Others have already demonstrated that 14-3-3 epsilon is an important
regulatory protein in cell cycle and apoptosis [13]. It was found that Garcinia
oblongifolia attenuated the proliferation of hepatoma cellular carcinoma (HCC) cells
[10]. By systematic proteomic analysis, Fu et al. [6] discovered that 1,3,6,7-
tetrahydroxyxanthone (TTA), one of the active compounds from G. oblongifolia,
inhibited cell growth by increasing the expression of p16 and 14-3-3r.

Second, inflammation is one of the most common target diseases for various
CM drugs. Following proteomic analysis with 2-DE and matrix-assisted laser
desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS),
Sun et al. [21] found that Salvia miltiorrhiza polysaccharides suppressed
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proinflammatory NF-jB activity via upregulating peroxiredoxin 6 (PRDX6)
expression in a mouse model of immunological liver injury induced by
lipopolysaccharide (LPS). Xiao-Qing-Long-Tang decoction is a famous classical
CM formulation for the clinical treatment of allergic bronchial asthma. In the mouse
model of ovalbumin-sensitized allergic airway inflammation, Xiao-Qing-Long-
Tang attenuated lung inflammation. Nagai et al. [12] demonstrated the critical role
of spectrin a2 downregulation in the anti-inflammatory activities of Xiao-Qing-
Long-Tang decoction by proteomics analysis. Moreover, Jiang et al. [8] also
investigated the anti-neuroinflammatory activities of Acanthopanax senticosus
extract (ASE) by proteomic analysis. As a result, ASE appeared to significantly
affect a total of 17 proteins in mouse microglial cell line BV-2 under LPS-induced
nitrosative stress.

Third, enormous effort has been made to dissect the pharmacological potential of
CM remedies in the treatment of stroke, Parkinson’s diseases, Alzheimer’s disease,
and major depression. We recently employed proteomics to identify the protein
targets for the botanical active compounds such as amygdalin from Semen Persicae
and puerarin from Radix puerariae lobatae. We demonstrated amygdalin exhibited
the neuroprotective and neuritogenic activities via upregulating calcium-binding
chaperone calreticulin expression [3]. Our results suggest that puerarin may reduce
NO-mediated mitochondrial damage in PC12 cells and primary rat midbrain neu-
rons via inducing arginase 2 as an endogenous mechanism [26]. Tao-Hong-Si-Wu
decoction (THSWD) is widely used to treat cerebrovascular disease in China. By
analyzing 2-D gel electrophoresis-based proteomic profiles, Qi et al. [17] found that
THSWD regulated Nrf2-mediated phase II enzymes to protect PC12 cells against
the injury induced by oxygen-glucose deprivation-reperfusion (OGD-Rep). Zhang
et al. [25] discovered that the combination of protocatechuic acid and chrysin from
Alpinia oxyphylla significantly suppressed neurotoxin-induced loss of dopaminer-
gic neurons in zebrafish and mice. Further proteomic analysis revealed that pro-
tocatechuic acid and chrysin synergistically upregulated nucleolin and heme
oxygenase-1 (HO-1) expression as the important neuroprotective mechanism. Xiao
Yao San (XYS) is another classical CM formula for the treatment of mood disor-
ders. Zhu et al. [27] suggested that XYS improved depression-like behaviors in rats
treated with chronic upredictable mild stress (CUMS) by suppressing the induction
of pyrophosphatase (inorganic) 2 (PPA2). PPA2 is a multimeric protein complex
involving structural A subunit, targeting B subunits and catalytic C subunit. The
hippocampal level of PPA2 was upregulated by CUMS, whereas XYS prevented
such increase of PPA2 expression.

Fourth, type 2 diabetes mellitus (T2DM) is characterized by high blood glucose
level and insulin resistance. Importantly, CM drugs showed therapeutic potential in
the treatment of chronic disease including T2DM. Proteomic analysis revealed that
Tian-Qi-Jiang-Tang capsule improved the diabetic symptoms by downregulating
haptoglobin and transthyretin expression [24]. Moreover, Shi et al. [19] used a
fluorescence-based differential gel electrophoresis method to investigate the effect
of Zi-Bu-Pi-Yin recipe on the hippocampus in a rat model of diabetic cognitive
decline. Based on the fold of change, nine protein spots were determined by mass
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spectrometry. It turned out that Zi-Bu-Pi-Yin recipe affected dystrophin related
protein 2 (DRP-2), pyruvate dehydrogenase E1 (PDHE1a) and other closely related
proteins in the regulation of energy metabolism, cytoskeleton regulation, and
oxidative stress.

These studies mainly focused on the differential expression of specific signaling
proteins in selective diseases. Proteomic approach has made it possible to identify
the target proteins for complex CM drugs. Nevertheless, successful application of
proteomic approach to study CM drugs should consider the following issues. First,
the selection of disease models (e.g., human, animal cell lines, and animal models)
is critical for sample collection. A disease model should be selected according to the
CM theory and the literatures. A good model should be well responsive to CM
treatment at the protein level, while false positive results should be prevented.
Second, the sensitivity of protein detection should be high enough to allow the
collection of the maximal protein spots as the cellular response to CM drugs. Thus,
the sensitive method should be chosen to stain the proteins in gels. Third,
peptide-based identification of the proteins should be against different database,
such as NCBInr and SWISS-PROT. Cross-database examination ensures more
information and better accuracy in the identification of proteins. Finally, functional
annotation of the identified proteins by bioinformatics should adhere to the thera-
peutic claims of CM drugs. It is well known that CM drugs may likely influence on
multiple protein targets and signaling pathways. The identified proteins should be
examined by the software platforms (e.g., STRING and KEGG) for the possible
networks of protein–protein interactions and different pathways. Currently,
National Institute of Health (NIH) of the USA established a network-based infor-
mation library on the biological alterations in gene expression and other cellular
process due to the exposure to perturbing agents (http://www.lincsproject.org/).
Careful comparison between CM drugs and the perturbing agents in this database
would be helpful to predict the potential mechanisms underlying the actions for CM
drugs.

9.3 Experimental Design

Over the past several years, we have applied the proteomic response fingerprinting
(ProReF) method (Fig. 9.1) to study the anticancer and neurological mechanisms of
three different CM drugs. We have successfully demonstrated that: (1) astragaloside
IV inhibited the growth and metastasis of cancer cells via downregulating the
expression of oncogene Vav3.1 [16]; (2) amygdalin elicited the neurogenic and
neuroprotective activities by regulating the expression of calreticulin and several
other proteins [3]; (3) puerarin inhibited 6-OHDA-induced neurotoxicity via
inducing arginase 2 expression [26]. The general ProReF procedure was illustrated
in Fig. 9.1, which involves sample preparation, 2-D gel electrophoresis, image
comparison, spot extraction, trypsin digestion, mass spectrometry identification,
and bioinformatics analysis. In this chapter, we intended to demonstrate how
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ProReF approach was applied to define the mechanism of action of CM drugs, with
special emphasis on amygdalin.

9.4 Materials and Methods

9.4.1 Regents

Amygdalin was obtained from Sigma-Aldrich (St. Louis, MO, USA). Antibodies
for calreticulin, heat shock protein 90 beta (Hsp90b), 14-3-3f/d, 14-3-3η,
glucose-regulated protein 94 (Grp94), and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) were purchased from Cell Signaling Technology (Boston, MA,
USA). Antibody against Rab GDP dissociation inhibitor alpha (RabGDIa) was
purchased from Santa Cruz Biotechnologies (Santa Cruz, CA, USA). Calreticulin
siRNA, control siRNA, and HiPerFect Transfection Reagent were purchased from
Qiagen (Hilden, Germany). The neurite outgrowth staining kit was obtained from
Invitrogen (Carlsbad, CA, USA).

9.4.2 Instruments

Eppendorf Centrifuge 5417R (Hamburg, Germany)
Bio-Rad Microplate Reader Model 680 (Hercules, CA, USA)
GE Healthcare EttanIPGphor 3 apparatus (Uppsala, Sweden)

Fig. 9.1 Schematic illustration of proteomic response fingerprinting (ProReF) approach for
studying the mechanism of action of CM drugs
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GE Healthcare ImagerScanner with LabScan software version 5.0 (Uppsala,
Sweden)
Applied Biosystems ABI 4800 MALDI-TOF/TOF mass spectrometer (Foster City,
CA, USA).

9.4.3 Experimental Procedures

9.4.3.1 Preparation of Samples (Duration 1–4 Days)

1. Seed PC12 cell at the density of 0.3 � 105/ml in 10-cm dishes. After overnight
incubation, culture the cells in the differentiation medium (1 % HS and 0.5 %
FBS) for 24 h.

• CRITICAL STEP: Cell density may affect the outcomes of ProReF studies.
The appropriate density of cells should be selected for specific cell lines.

2. Treat the cells with amygdalin (5 lM) in differentiation medium at 37 °C for
3 days, while vehicle was used as control.

• CRITICAL STEP: The drug concentration should be titrated based on the
cytotoxicity. The subtoxic concentration should be used in ProReF studies.

3. Wash the cells twice with 1� PBS solution when drug treatment is done.
4. Add 1 ml trypsin to the cell culture, incubate at 37 °C for 5 min, and then

harvest the cells by centrifugation at 1000�g for 5 min.
5. Wash the cell pellets twice with 10 mM Tris-HCl buffer (pH 7.0) containing

250 mM sucrose.
6. Lyse the cells by incubating the cells in 300 ll lysis buffer containing 40 mM

Tris, 65 mM dithiothreitol (DTT), 8 M urea, 2 % ampholine and 4 % CHAPS
at 4 °C for 30 min.

7. Centrifuge the mixture at 15,000�g for 15 min at 4 °C, collect the supernatant
as the cellular proteins for analysis, and measure the protein concentration by
the Bradford assay.

9.4.3.2 Two-Dimensional (2-D) Gel Electrophoresis
(Duration 28–29 h)

1. Run the 2-D gel electrophoresis according to the manufacturer’s instructions
from GE Healthcare (Uppsala, Sweden).

2. Perform isoelectric focusing (IEF) in 24-cm Immobiline Drystrips (pH 3.0–10.0)
on an EttanIPGphor 3 apparatus from GE Healthcare (Uppsala, Sweden).
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• CRITICAL STEP: The size of IPG strip should be decided based on the
experimental needs and sample load. The range of sample load onto the IPG
strip is suggested in Table 9.2.

3. Mix 300 lg of the cellular proteins with rehydration solution containing
10 mM DTT, 2 M thiourea, 7 M urea, 0.5 % immobilized-pH-gradient
(IPG) buffer (pH 3.0–10.0), and 2 % CHAPS to make up the total volume of
450 lL.

• CRITICAL STEP: The rehydration solution should be freshly prepared. The
total sample volume after the addition of rehydration solution should not
exceed the holding capacity of the strip.

4. Load the sample-rehydration solution mixture in the strip holders and overlay
each IPG strip with DryStrip Cover Fluid to reduce evaporation and urea
crystallization.

5. Treat the IPG strips with the following program: 50 V for 24 h, 500 V for 1 h,
1000 V for 1 h, and 8000 V until the current dropped below 25 lAm, over a
total of >100,000 V/h.

6. Equilibrate IPG strips with SDS-Equilibration buffer plus dithiotheritol
(DTT) for 20 min reduction, and with SDS-Equilibration buffer plus iodoac-
etamide (IAA) for another 20 min alkylation.

7. Wash the IPG strips with 1� SDS-PAGE running buffer to remove the
excessive DTT and IAA.

8. Place the equilibrated IPG strips onto 2-D gels between the two glass plates.
The filter papers were loaded with protein markers and subsequently inserted
the two sides of the IPG strips.

9. Add 1 mL of agarose sealing mixture over gel strips and use filter paper to
cover them completely. Allow the agarose to be solidified within 10–15 min.

10. Run 12.5 % SDS-PAGE gels at 20 W/gel for 4 h on EttanDalt electrophoresis
apparatus from GE Healthcare (Uppsala, Sweden).

• CRITICAL STEP: A suitable voltage should be used to run the gel without
causing overheating.

Table 9.2 Optimal sample loads onto IPG strip for silver and Coomassie staining

Immobiline Suitable sample load (lg of protein)

Size of dry strip (cm) pH Silver stain Coomassie stain

7 3–10 2–6 10–60

11 3–10 4–8 20–120

13 3–10 8–15 40–240

18 3–10 15–30 75–450

24 3–10 20–40 100–600
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9.4.3.3 Protein Imaging and Comparison (Duration 2–4 h)

1. Stain the gels with a standard silver staining kit (Invitrogen, Carlsbad, CA,
USA) or Coomassie Brilliant blue R-250 solution (Rio-rad, USA).

2. For silver staining, fix the gels with 10 % acetic acid in 40 % ethanol for
20 min.

3. Wash the gels with 30 % ethanol and water to decant fixative solution.
4. Incubate the gels in Sensitizing solution for 10 min, 30 % ethanol solution for

another 10 min, and wash the gels with water for several times.
5. Incubate the gels in silver staining solution for 15 min, and then in developing

solution for 8 min.
6. Add the stopper solution to terminate the reaction after the protein spots were

fully developed.
7. For Coomassie blue staining, stain the gels in Coomassie Brilliant blue R-250

solution for 2 h or overnight.
8. Destain the gels for 2 h or longer with multiple changes of the destaining

solution (10 % acetic acid in 40 % methanol) until the background is less dark.
9. Scan the stained gels on ImagerScanner with LabScan software version 5.0 (GE

Healthcare).
10. Analyze the images through background abstraction, spot intensity calibration,

spot detection, edition, and matching by using GE Healthcare ImageMaster
Platimum software version 5.0.

11. Quantify the signal intensity of each spot by calculating the spot volume after
the gel images were normalized.

12. Compare the spots in control and drug-treated maps, and select the protein spots
with significant change of density for further identification.

• CRITICAL STEP: Specifically, the spots for upregulated protein were
picked from the drug-treated map, whereas the spots for downregulated
proteins were picked from the control group.

9.4.3.4 Spots Extraction and Trypsin Digestion (Duration 1–2 h)

1. Cut the spots of interest on an automated spot picker and remove the silver stain
by incubating gel pieces with the destaining solution containing 30 mM
potassium hexacyanoferrate and 100 mM sodium thiosulfate (1:1, v/v) for
20 min.

• CRITICAL STEP: The destaining solution should be freshly prepared.

2. Wash the gel pieces twice with water, incubate samples in 100 mM ammonium
bicarbonate for 5 min and dehydrate with 100 % acetonitrile.

3. Remove the residual solvent by a vacuum centrifuge.
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4. Digest the proteins by 20 lg/mL proteomics sequencing grade trypsin
(Promega) in the ice-cold 40 mM ammonium bicarbonate buffer including 9 %
acetonitrile.

5. Extract the peptides twice with 5 % formic acid and 50 % acetonitrile for
15 min at room temperature and dry the samples in a vacuum centrifuge.

9.4.3.5 Peptide Identification by MALDI-TOF Mass Spectrometry
(Duration 4–6 h)

1. Dissolve the peptide residues in 10 lL of 0.1 % formic acid. After mixing with
an equal volume of 10 mg/mL a-cyano-4-hydroxycinnamic acid in 0.1 % for-
mic acid in 50 % acetonitrile, the mixtures were spotted onto the MALDI target
plates.

2. Perform the MS measurements on an ABI 4800 MALDI-TOF/TOF mass
spectrometer from Applied Biosystems (Foster City, CA).

3. Set the MALDI-TOF parameters for peptide mass fingerprint (PMF) as follows:
accelerating voltage, 20 kV; grid voltage, 64.5 %; delay, 100 ns; the number of
laser shots, 200; and peptide masses range, 900–4000 Da.

4. Switch MS survey scan to MS/MS, and set collision-induced-dissociation
(CID) MS/MS parameters as follows: positive mode, 2 kV, 5 monoisotopic
precursors, S/N > 200.

5. Use P14R and oxidized insulin chain B from bovine pancreas (Sigma) for
external standards and autolytic trypsin fragments as internal standards for mass
calibration.

9.4.3.6 Bioinformatics Analysis (Duration 4–6 h)

1. According to the tryptic fragment sizes, search PMF spectrum data in the
SWISS-PROT database (http://www.expasy.org/) or the NCBInr database using
Mascot program (http://www.matrixscience.com) for protein identification.

2. Set search parameters as follows: Species (Rats); trypsin digestion (� 1 missed
cleavage); cysteines modified by carbamidomethylation; methionine modified
by oxidation; the mass tolerance of 75 ppm; probability scores of >90.

9.4.3.7 Verification and Mechanism Study

1. Treat the cells with amygdalin or other CM drugs at different concentrations.
2. Verify the expression of the candidate proteins by Western blotting.
3. Explore how the drugs regulate the expression of selected protein and discover

the potential implications in the treatment of specific disease.
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Example results

At the end of drug treatment with amygdalin and vehicle control, the protein lysates
were prepared and resolved by 2-D gel electrophoresis. The representative images
are shown in Fig. 9.2 [3]. By comparing the intensity of protein spots in the gel
image A (amygdalin-treated) and the gel image B (untreated samples), a total of 11
protein spots were found to be significantly altered, in particular, 9 upregulated
protein spots and 6 downregulated protein spots. As shown in Fig. 9.2, the
amygdalin affected protein spots were indicated by arrows and indexed by numbers.
These protein spots were subsequently picked up, fragmented through in-gel
digestion and identified by MALDI-TOF-MS analysis. The individual protein spots
were identified and annotated using Mascot software (http://www.matrixscience.
com) against NCBInr and Swissprot protein databases.

As shown in Table 9.3, the levels of nine proteins expression were increased
after amygdalin treatment. These proteins include 14-3-3f/d (NP_037143), 14-3-3η
(NP_037184), calreticulin (NP_071794), elongation factor 1-c (NP_001004223),
hepatoma derived growth factor (NP_446159), Hsp90b (NP_001004082), Grp94
(NP_001012197), Rab GDIa (NP_058784), and c-actin (NP_001120921). On the
other hand, the levels of another two proteins were downregulated by amygdalin,
such as a-internexin (NP_062001) and phosphoglycerate mutase-2 (NP_059024).

To verify the effects of amygdalin on the expression levels of selected proteins,
we further analyzed six representative proteins including 14-3-3f/d, 14-3-3η, cal-
reticulin, Grp94, Hsp90b and Rab GDIa by Western blotting technique. These
proteins were selected based on their biological relevance to neuroprotection and
neurogenesis. To understand the regulation of calreticulin expression, we treated
PC12 cells with amygdalin at the indicated concentrations (e.g., 0, 2.5, 5, and
10 lM). As shown in Fig. 9.3, amygdalin upregulated the calreticulin expression in

Fig. 9.2 The proteomic maps (2-DE images) of PC12 cells after or before amygdalin treatment.
Image a represents the proteomic profile from the amygdalin-treated cells, whereas Image
b represents the proteomic profile from the untreated control cells. The arrows pointed to the
protein spots selected for MS identification. Reprint with permission from [3]
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a concentration-dependent manner. The other proteins including 14-3-3f, 14-3-3η,
Grp94, Hsp90b, and RabGDIa were also validated by Western blotting (Fig. 9.3)
[3]. These results were in consistent with the results of 2-DE analyses.

Table 9.3 MALDI-MS identification of the protein spots that were mostly affected by amygdalin

Spot
no.

Protein name Accession
number

MW
(KDa)

pI Protein
scores

Peptide
matches

Fold
change

1 Heat shock protein
90b

NP_001004082 83.57 4.97 477 25 +15.78

2 14-3-3η NP_037184 28.37 4.81 344 12 +4.79

3 Elongation factor-1c NP_001004223 50.37 5.42 193 12 +3.70

4 Endoplasmin NP_001012197 93.00 4.72 636 32 +3.27

5 Calreticulin NP_071794 48.14 4.33 641 20 +2.68

6 14-3-3f/d NP_037143 27.92 4.73 574 17 +2.52

7 Rab GDP
dissociation
inhibitor-a

NP_058784 51.07 5.00 321 17 +2.35

8 Actin, cytoplasmic 2 NP_001120921 42.11 5.31 596 16 +1.79

9 Hepatoma derived
growth factor

NP_446159 127.28 5.05 291 9 +1.79

10 Phosphoglycerate
mutase 2

NP_059024 28.94 6.67 421 13 −1.74

11 a-Internexin NP_062001 56.39 5.20 230 15 −4.69

Fig. 9.3 Western blot verification of protein expression in response to amygalin treatment. PC12
cells were treated with amygdalin at the indicated concentrations for 72 h. The cellular proteins
were extracted and analyzed by Western blotting. The selected proteins including 14-3-3f,
14-3-3η, calreticulin, Grp94, Hsp90b, and rab GDP dissociation inhibitor-a were detected by
specific antibodies. Reprint with permission from [3]
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9.5 Conclusion

In conclusion, the proteomic approach has been widely used to characterize the
biological activities of various CM drugs [4, 9]. Compared with genomics, pro-
teomics provides direct information on the difference in the protein expression in
the complex physiological and pathological processes [20]. This review introduced
the ProReF approach to promote the process of modernization and globalization of
CM drugs. It is undoubtable that ProReF approach will facilitate the integration of
proteomics and bioinformatics for the study of protein–drug interactions, protein
signaling pathways and disease mechanisms [1]. We believe that better under-
standing of the networks between the active compounds and the cellular proteins
will accelerate the development of evidence-based and mechanism-defined CM
drugs [22].
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Chapter 10
Chinese Medicines in Neurological
Diseases: Pharmacological Perspective

Jia-Hong Lu, Min Li, Ming-Yue Wu and Cui-Zan Cai

Abstract Neurological diseases are a wide range of diseases affecting central and
peripheral nervous system. Stroke, Alzheimer’s disease (AD), and Parkinson’s disease
(PD) are the most common and challenging neurological diseases which lack effective
treatment. Chinese medicine (CM) is an ancient yet still alive medical system widely
used by Asian people for preventing and treating diseases. The symptoms of stroke, AD,
and PD have been described in CM books as early as 2000 years ago. The causes as
well as the treatment principles for these diseases are also mentioned in the classic CM
books. According to CM theory, the diseases are caused by disharmony of Yin and
Yang, thus the treatment strategy is to restore the balance. Throughout the CM history,
the etiology and therapy for stroke, AD, and PD have been continuously developed.
Currently, Up to 20–40 % of patients with above-mentioned diseases are receiving CM
treatment in China, indicating the wide acceptance of CM for the treatment of neuro-
logical diseases (Liu in J Am Med Dir Assoc, 2015 [1]; Rajendran et al. in Neurology
57:790–4, 2001 [2]). The widely used formulas for neurological disease treatment
include: “Qi Fu Decoction”, and “Tongqiao Huoxue Decoction” for Dementia;
“Zhengan Xifeng Decoction”, “Angong Niuhuang Wan” “Tongqiao Huoxue decoc-
tion”, “Taohong Siwu Decoction” for Stroke; “Zhengan Xifeng Decoction”, “Lingjiao
Gouteng Decoction”, “Dao Tan Decoction”, “Renshen Yangrong Decoction”, and
“Dihuang Yinzi Decoction” for PD. Numerous studies have reported the efficacy of CM
in the clinic treatment of stroke, AD, and PD. However, most of the clinical studies lack
the experimental supports from diseases models and the reports were mainly written in
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Chinese, thus limiting the recognition of CM by worldwide researchers. With the
modernization of CM during the past decades, the experimental data of CM-originated
materials (formula, herb extract, and single compounds) on the stroke, AD, and PD
models are accumulating rapidly, providing important scientific evidence for the clinic
use of CM for treating neurological diseases. This chapter introduces the basic theory of
CM for treating stroke, AD, and PD, lists the currently used experimental diseases
models for the evaluation of pharmacological activity of CM, and summarizes the
CM-originated materials with protective effects in these disease models.

Keywords Chinese medicine � Neurological disease � Stroke � Neurodegenerative
diseases

10.1 Stroke

Stroke, also known as cerebrovascular accident, is a kind of “brain attack”. In America,
there are more than 500,000 people attacked by stroke annually, and one American dies
from stroke every 4 min [3]. In China, stroke has become the second leading cause of
death [4]. Stroke occurs due to interrupted blood supply which results in acute neuronal
death in affected regions. Subsequently, stroke symptoms that related to affected brain
regions appear. The most common symptoms of stroke are: (1) weakness or numbness
of some parts of the body; (2) vision lost; (3) deficiency of talking or comprehensive
abilities; (4) sudden severe headache; and (5) balance disability or unstable walking.

Stroke can be classified into two types: ischemic stroke and hemorrhagic stroke.
The ischemic stroke is the most common type, occupying about 80 % of all strokes.
Ischemic stroke often occurs when cerebral circulation is blocked by clots. Fatty
deposits and elevated cholesterol are known to be the major risk factors of clotting.
Hemorrhagic stroke is caused by breakage of blood vessels in the brain. High blood
pressure and brain aneurysms are risk factors for hemorrhagic stroke.

10.1.1 Stroke Models

10.1.1.1 Animal Models of Stroke

Animal stroke models have long been used to study the pathological mechanism of
stroke, and to test the therapeutic interventions. According to the different types and
etiologies of stroke, the animal models of stroke can be classified into different types,
including ischemic stroke, intracerebral hemorrhage, subarachnoid hemorrhage and
cerebral vasospasm, and sinus vein thrombosis. The intracerebral hemorrhage and
ischemic stroke are the most widely used ones.
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10.1.1.2 Animal Models of Ischemic Stroke

Ischemia animal models are the most commonly used stroke models. There are two
mechanistically distinct models of cerebral ischemia: global and focal ischemia.
Global ischemia occurs when cerebral blood flow (CBF) is globally interrupted in
the brain, while focal ischemia is confined to a specific region of the brain [5].
Models of cerebral ischemia have been established in many species, such as rabbits,
dogs, cats, and baboons [6].

To establish global cerebral ischemia model, there are several well-established
methods. Neck cuff technique has been used in rats for decades, but there are
several complicating factors such as venous congestion and vagal nerve compres-
sion, which lead to highly variable ischemic outcomes [5]. Neck cuff inflation plus
hypotension technique, a modification of neck cuff technique, has been utilized in
monkey and cats. This technique leads to injury in brain stem regions in monkey,
but the extent of pathology is different from other primate models [7, 8]. Ventricular
fibrillation technique is generally used in large animals, such as dog and pig. It is an
excellent and expensive technique, but it would result in whole body ischemia [5].
Four-vessel occlusion (4-VO) model has been well validated and well described. In
this model, blood flow in both carotid arteries and vertebral arteries is blocked for a
specified time period. It provides a method of reversible forebrain cerebral ische-
mia, and is produced in awake, freely moving rats [5]. However, the effects of
ischemia are variable between rat strains, and the results between laboratories are
variable either [5]. The two-vessel (2-VO) model of forebrain ischemia needs
bilateral carotid artery occlusion or sometimes along with additional systemic
hypotension to produce a reversible forebrain ischemia [5]. In general, the
histopathology of this 2-VO model is similar to which occurs in 4-VO model, and
the major advantages of the 2-VO model are the simple surgical preparation, readily
accomplished reperfusion, and suitability of chronic survival studies [5]. It is worth
noting that these models require very careful control of temperature [5].

Focal ischemia models are commonly induced by occlusion of one major
cerebral blood vessel such as the middle cerebral artery (MCA) in small or large
animals [5]. MCA occlusion (MCAO) occurs at either the proximal or distal part of
the vessel. Because the MCAO models are more relevant to human thromboem-
bolic stroke, they have been used extensively. The proximal MCAO can be pro-
duced by an intraluminal suture or with a vascular clip and resulting damage to
cortex and deep structures [6]. The distal MCAO is usually achieved by placing a
vascular clip on a distal vessel or by cautery [6]. In these models, the infarction
degrees are usually variable in different rat strains. For instance, Brint et al. [9]
found that cortical infarct volume was quite reproducible in SHRs, but not in other
strains, when they used MCAO coupled with permanent common carotid artery
occlusion. Electrocoagulation and photochemistry are two methods that used to
produce ischemia by some investigators. Electrocoagulation technique can reduce
cerebral blood flow corresponds closely to the area of neuropathological injury [5].
The photochemical MCAO model that involves the irradiation of some branches of
the distal MCA with beams from an argon-dye laser, can achieve consistent
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infarction in frontoparietal neocortex [5]. However, this photochemical reaction can
result in microvascular injury [5]. Blood clot fragments can be injected directly into
the carotid artery to form focal ischemia model, but the location of infarction is not
consistent [10, 11]. Reperfusion time is another important aspect for these models.
Long time of ischemia may appear “no-reflow phenomenon”, because of the
microvascular occlusion [12]. Moreover, apoptosis in these models is prominent
after 30 min MCAO followed by longer reperfusion time [13].

10.1.1.3 Animal Models of Intracerebral Hemorrhage (ICH) Stroke

The most commonly used intracerebral hemorrhage stroke models are intraparenchy-
mal infusion of autologous blood or bacterial collagenase [14]. Blood injection model
was designed to mimic the natural events that happen in spontaneous ICH in human,
and it is an effective technique to produce an intracerebral hematoma [15]. Collagenase
can disrupt the basal lamina of blood vessel, causing blood leak into the surrounding
tissue. Considering many patients who undergo continued bleeding or rebleeding,
collagenase model may be more appropriate for this hematoma expansion than blood
injection model [14]. In addition, collagenase model can easily change the lesion size
by varying dose, whereas high blood dose injection may affect lesion shape or cause
blood backflow along the injection path [14]. When comparing the progression and
extent of injury in these two models, collagenase model results in more severe damage
and distant injury in brain than blood injection model [14].

10.1.1.4 Cellular Models of Stroke

Oxygen-glucose deprivation (OGD) has been widely used as an in vitro model for
stroke. It mimics the interruption of the supply of oxygen and nutrients to the brain
occurring during an ischemic event [16]. Primary neurons culture from different
regions of brain can be established from rat or mouse embryos [6]. After depri-
vation of oxygen and glucose, these cells will display apoptotic and necrotic cell
death phenotypes that occur in ischemia [17]. Moreover, cultured brain slices can
be also used to study ischemic damage in vitro. For instance, the oxygen and
glucose-limited bathing solution would lead to the cell loss in the CA1 region of the
brain slice [18].

10.1.2 Stroke from View of Chinese Medicine (CM)

In CM theory, stroke has been called wind stroke, which is mainly characterized by
sudden collapse, loss of consciousness, facial paralysis, dysphasia, or aphasia [19, 20].
Before the Song dynasty, most CM practitioners believed that the cause of wind stroke
was related to external pathogenic wind. However, after song dynasty, CM
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practitioners begin to accept the theory that the wind stroke is caused by the interrupted
internal wind, and lead to Yin or Qi weakness, liver fire, wind-phlegm, phlegm-
dampness, or blood stasis, following imbalance between Yin and Yang, deficiency of
liver-Yin and Kidney-Yin, stagnation of phlegm and dampness [19, 20].Wind stroke can
be classified into Meridian stroke, Zang-fu stroke, and Sequela, and the therapeutic
approaches would be specifically used for different symptoms [20].

10.1.3 Active Component from CM with Neuroprotective
Effects for Stroke

In countries of South and East Asia, CM has been widely used to treat patients with
stroke for centuries. Nowadays, the CM are still routinely prescribes for stroke
patients, especially in the recovery stage, indicating the therapeutic potentials of
CM for stroke. In recent years, a growing number of pharmacological researches
have been undertaken to study the effectiveness of CM for stroke [19]. The main
mechanisms of therapeutic actions involved in these CM for stroke therapy are:
(1) inhibiting inflammatory pathways, such as NF-jB pathway; (2) inhibiting cell
apoptosis; (3) alleviating oxidative stress; (4) inhibiting platelet aggregation;
(5) attenuating glutamate-induced excitatory toxicity; and (6) increasing the
extracellular Gamma Amino Acid Butyric Acid (GABA), and so on.

10.1.3.1 Formula

Unlike some forms of herbalism and western medicine, CM is often used as mixture
(formulas) rather than individual drugs to maximize the therapeutic efficacy. It would
enhance the effects of individual ingredients, ameliorate adverse side effects, and cover
the variation of symptoms [19]. Nowadays, many kinds of formulas treated for stroke
have been established (Table 10.1), such as “Hu Xin Dan”, “Ren Shen Zai Zao Wan”,
“An Shen Bu Xin Wan”, “Dan Shen Tablets”, “Huanglianjiedu Decoction” [21],
“Qingxue-dan” [22], “Shenmai san” [23], “Buyang Huanwu Decoction” [24], and so
on. Researchers found that these protective abilities may result from their potential roles
of ameliorating disturbance in energy metabolism, alleviating oxidative stress and
inflammation, and inhibiting apoptosis [21–24].

10.1.3.2 Extract

More than 100 CMs have been used for stroke prevention and therapy by CM
practitioners [25]. Some studies have been performed to understand the therapeutic
effects of some extracts from CM. A recent research has characterized 58 CMs that
are used for the treatment of stroke in vitro [26]. The researchers found that the
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protective effects of CM may be attributed to different reasons [27–38]. Extracts of
Radix Scutellariae baicalensis [27, 28], Radix Salviae miltiorrhizae [31], green tea
[37] displayed antioxidative activity, Ramulus Uncariae [32] can suppress
inflammation pathway, and Acanthopanax senticosus [36] can both inhibit oxida-
tive stress and inflammatory pathway. Radix Stephaniae tetrandrae has been
reported to block the currents induced by NMDA [29, 30], and extracts from
ginseng and Ginkgo biloba can enhance the phosphorylation of protein kinase B
(Akt), cAMP response element-binding protein (CREB), and the expression of
Brain-derived neurotrophic factor (BDNF) in the brains [33, 34]. Corydalis yan-
husuo can prolong blood clotting time in rats [38]. These pharmacological actions
of CM may partially explain its neuroprotective effect for stroke.

10.1.3.3 Single Compounds

In recent years, active compounds from CM have been robustly studied for their
pharmacological effect against stroke. Ginsenoside Rb1, Bilobalide,
Epigallocatechin gallate [39], Puerarin, Magnolol, Protopine, Huperzine A,
Schisandrin B, Curcumin, Tanshinone II, Corynoxeine, Tetrandrine, Gastrodin,
Theanine, and Tetramethylpyrazine have been reported to show neuroprotective
effects on cerebral ischemia in rodent stroke models [39–54]. These compounds
exert their protective activity against ischemia-induced damages by many different
mechanisms, such as antioxidative stress, anti-inflammation, inhibiting apoptosis,
increasing GABA, activating erythropoietin activity, and so on [39–54].

10.2 Alzheimer’s Disease (AD) and Parkinson’s Disease
(PD)

AD and PD are two most common neurodegenerative disorders which threaten the
life quality of the elder [55]. The estimated worldwide prevalence of AD and PD are
5 and 1 % in population over 60 years old. Both AD and PD are associated with
depositions of abnormal proteins in the central nervous system (CNS), which
resulted in neuronal degeneration and ultimately neuronal death. AD is the major
cause of dementia in elder [56], and PD is the leading neurodegenerative movement
disorder [57] that destroys the motor function of patients.

10.2.1 Alzheimer’s Disease

AD is characterized by progressive impairment of memory and cognitive functions,
accompanied by amyloid plaque deposition [58, 59] and neurofibrillary tangles
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formation [60]. Amyloid plaque is caused by the extracellular accumulation of
amyloid beta peptide (Ab), a 40–42 amino acid peptide generated from series
enzymatic cleavage of amyloid precursor protein (APP). Neurofibrillary tangles are
formed by aggregation of hyper phosphorylated tau protein. These two events lead
to synaptic dysfunction, axon transportation impairment, neuronal dystrophy,
inflammation, and finally neuron loss. The most affected regions of AD are hip-
pocampus and cortex. Dementia and psychological symptoms (anxiety, depression,
irritability, delusions, and hallucination) are the major clinic features of AD [61].
Along with aging, these symptoms progressively get severe. In other words, age is
the principal risk factor for AD [62]. The incidence of the AD doubles every
5 years after 65 years of age, and after 85 years of age the incidence of the disease
reach to 30–40 % [63]. Till 2015, there are 46.8 million people suffering from the
disease worldwide according to the world Alzheimer report [64].

10.2.1.1 Experiment AD Models

Currently, AD is an incurable disease that lacks effective treatments. Current drug for
AD treatment are cholinesterase inhibitors and symptom-relieving agents such as
memantine, galantamine, rivastigmine, donepezil, and tacrine. The development of
therapeutic intervention to slowdown or reverse the degeneration process is still the
biggest challenge for researchers and doctors. Establishment of good model to mimic
the pathological features and pathogenesis of AD is a critic step for drug discovery.
Many animal models have been developed, including senescence-accelerated mouse
model, ischemia-induced model, neurotransmitter-based pharmacological models, AD
toxin injection models, and transgenic models. Among these models, transgenic animal
model is believed to be the most relevant to AD pathogenesis. The first transgenic
animal model was established by Dora Games and his colleagues in 1995. They used
platelet-derived growth factor (PDGf)-b promoter to drive human APP expression. The
mice express high levels of APP in the brain and develop pathological hallmarks of
AD, including Ab deposition and loss of neurons [65]. The Transgenic mice overex-
pressing the 695 amine acid isoform of APP harboring two mutations (K670N,
M671L) were soon generated. The mice develop age-dependent memory deficits and
amyloid pathology, as well as elevated Ab level [66]. Later a transgenic mouse using
Thy-1 promoter to drive tau protein expression was produced which progressively
develop many of the pathological hallmarks of AD including neurofibrillary tangles
and abnormally hyperphosphorylated tau [67]. Apolipoprotein E 4 (ApoE4) poly-
morphism has been reported to be the major AD genetic risk factor [68], and ApoE4
transgenic mice were also established as AD model which display spatial learning and
memory deficits [69]. Several APP/PS1 (with or without AD associated mutations)
double transgenic mice were developed which displayed elevated Ab generation,
accelerated plaque development and memory deficits [70]. The APP/Tau double
transgenic mice model was generated to study the interaction between Ab and tau
pathology in AD which develops both amyloid pathology and tau pathology [71].
A new transgenic mouse model combines APP, PS1, and tau mutations, was developed
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recently. The mice display more severe neuron loss and tau pathology including tau
hyperphosphorylation, misfolding, and truncations [72].

Beyond the transgenic animal models, there are other widely used animal AD
models, such as senescence-accelerated mice, toxin-induced lesion models, and
neurotransmitter-based pharmacological models. Natural aging model and
senescence-accelerated mice display some pathological phenomenon of AD [73, 74].
Direct intracerebral injection of Ab causes accumulation of Ab in brain and mediates
oxidative stress, local cell loss, inflammation, and AD-like behavioral alterations [75].
Okadaic acid [76], ibotenic acid [77], colchicines [78], heavy metal [79], scopolamine
[80], and NaN3 [81] were directly intracerebrally injected to induce AD-like neuronal
lesion as well as learning and memory deficits. In addition to the animal model, many
cell-based AD model were also established for mechanistic study and drug discovery.
These models include Ab incubation models, chemical-induced cell damage models,
mutated APP transgenic cell models, and mutated tau transgenic cell models.

10.2.1.2 AD from View of Chinese Medicine

In CM theory, AD was covered in the disease of “Dementia” which was first used
by a famous CM practitioner Zhang Jing-Yue in 1624. The definition of dementia is
“a kind of mind disease which results from dysfunction of vital activities due to
brain atrophy mainly manifested as dullness and stupidity” in CM theory. The key
pathogenesis of dementia in CM is believed to include: (1) Deficiency of vital
energy of the kidney, heart, and spleen; (2) Stagnation of blood and/or phlegm.
Dementia could be classified into several subtypes based on their clinical patterns,
such as Gan-Shen Yin Deficiency Syndrome, Shen Essence Deficiency Syndrome,
Qi Stagnation and Blood Stasis Syndrome, Pi-Shen Yang Deficiency Syndrome,
Phelegm Turbid Blocking Orifice Syndrome, and so on. Accordingly, CM formulas
were prescribed aiming to improve Shen-Qi Deficiency, Shen Essence Deficiency,
Xin-Qi Deficiency, Pi-Qi Deficiency, and Stagnation of Blood and Phlegm.

10.2.1.3 Neuroprotective Effect of CM-Derived Materials
in the Experimental AD Models

CM-originated materials including formulas, single herb extracts, and single
compounds have been widely tested on experimental AD models from cells to
rodent. The main mechanisms of therapeutic actions involved in these CM for AD
therapy are: (1) Anti-inflammatory; (2) Antioxidative stress; (3) Anti-apoptosis;
(4) Induction of autophagy; (5) Regulating APP processing; (6) Inhibited Ab
accumulation; (7) Suppresses RAGE-dependent signaling, and so on.

Huperzine A is an alkaloid isolated from Huperzia serrata (Thunb) Trev, which
is widely used in China to treat AD. Huperzine A significantly improved cognitive
function in AD patients [82]. Timosaponin-B II is an extract from CM
Anemarrhena asphodeloides Bunge, and has been administered as an antioxidant to
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alleviate AD pathology in a rodent AD model [83]. Indirubin is isolated from CM
Indigo Naturalis and has been shown to inhibit two protein kinas involved in
abnormal tau phosphorylation in AD [84]. It had been reported that EGb761
extracted from the leaf of Ginkgo biloba L can prevent and delay the progress of
AD [85]. EGb761 is a mixture of terpenes, flavonoids, and organic acids, playing a
substantial role in preventing apoptosis [86], oxidative stress [87], inflammation
[88], and the Ab fibril formation [89]. It has been reported that tenuifolin enhanced
cholinergic neurotransmission, inhibited AchE activity, and decrease the secretion
of Ab [90]. Berberine is isolated from the CM herb Coptis chinensis Franch which
can reduce Ab secretion by altering APP processing in a way to shift from the
amyloidogenic to nonamyloidogenic pathway [91]. Rhynchophylline extracted
from Uncaria hirsute Havil could inhibit Ab generation and prevention of Ab fibril
formation [92]. Timosaponin-B II could inhibit the BACE1 express and prevent Ab
accumulation. Notoginsenoside R1 can also inhibit Ab accumulation [93]. For
details of more CM-originated materials being tested in experimental AD models,
please refer to Table 10.2.

10.2.2 Parkinson’s Disease

PD is the second most common neurodegenerative disease characterized by progressive
loss of dopaminergic neurons in the substantia nigra [94] and presence of intracyto-
plasmic inclusions called Lewy body in the cell body and neurites of affected neurons
[95]. Genetic factors, oxidative stress, protein degradation deficits, mitochondria
damages, metal toxicity, and environmental toxins are involved in the pathogenesis of
PD. a-Synuclein (a-syn) is the primary component of Lewy bodies which is believed
to be the critic event contributing to the development of PD. a-Syn induces oxidative
stress [96], inflammatory [97] and affects autophagy pathway [98] in brain. The
manifested broad spectrum of PD symptoms includes motor (resting tremor, bradyki-
nesia, rigidity, and loss of postural reflexes) and nonmotor (sleep disturbances, con-
stipation, anxiety, and depression) symptoms. Other clinical features include secondary
motor symptoms, dysarthria, dysphagia, dystonia, freezing, festination, hypomimia,
micrograohia, glabellar reflexes, sialorrhoea, shuffing gait. The current treatments for
PD are mainly symptomatic to control the motor symptoms. Levodopa combined with
carbidopa is the first-line drug for PD which can help to control the symptoms effec-
tively; however, levodopa cannot slow down the neurodegeneration process and
long-term effects of levodopa are disappointing. There is a need to identify new
therapeutic intervention to prevent the dopaminergic neuron degeneration.

10.2.2.1 Experiment PD Models

Many experimental models have been developed to study the disease mechanism
and test therapeutic interventions. These models can be divided into two types:
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toxin-induced models and genetic models. The toxin-induced models aim to
reproduce the behavioral abnormality and neurodegeneration features of PD.
6-Hydroxydopamine (6-OHDA) is the first identified and still widely used classic
PD toxin [99]. 6-OHDA does not cross the blood–brain barrier, and has to be
directly injected into the substantianigra pars (SNpc) compacta, striatum, or the
medial forebrain bundle (MFB) parts to induce oxidative stress, inflammation, and
destroy catecholaminergic neurons [100]. After getting into the cells via dopamine
transporter, 6-OHDA accumulates in the mitochondria where it inhibits complex I
activity and leads to oxidative stress. By killing TH-positive neuron, 6-OHDA
causes striatum-nigra system dysfunction and behavioral abnormalities. Other
neurotoxins such as 1-methyl-1,2,3,6-tetrahydropiridine (MPTP) [101], rotenone
[102], and paraqua [103] are also developed to induce PD lesion in animals via
similar toxic mechanism.

The discovery of PD-associated genes is particularly exciting because these
discoveries have prompted our understanding toward the pathogenesis of PD and
the development of new models of PD. a-Synuclein coding gene SNCA was the first
gene to be linked to familiar form of PD and three point mutations (A30P, A53T,
E46 K) are regarded as causative to PD. A number of SNCA transgenic mice have
been established using a variety of promoters, such as TH promoter [104], PDGFb
promoter [105], Thy1 promoter [106], and mPrP promoter [107]. These SNCA
transgenic mice developed PD-related pathological features including intraneuronal
inclusions, dopamine reduction, TH-positive neuron loss, and motor function
impairments. Recently some scientists inject SNCA AAV virus or a-synuclein
fibrils into striatum or substantial nigra region to establish PD models which display
typical PD-associated phenotypes including intraneuronal inclusion, TH neuron
degeneration, and impaired motor function. Leucine rich repeat kinase 2 (LRRK2)
gene mutations have been associated with both inherited form and sporadic form of
PD thus triggers wide attention [108]. BAC transgenic mice overexpressing
G2019S and R1441G mutant LRRK2 protein have been widely used as PD animal
model. However, despite reduced dopamine level and impaired neuritis growth
were reported in these mice, no obvious signs of neurodegeneration, intraneuronal
inclusion formation, and motor function impairment were observed [109, 110].
Mutations in Parkin, DJ1, and PINK1 genes have been linked to familiar recessive
forms of PD. KO of these genes recapitulated specific aspects of PD pathology such
as mitochondria dysfunction, however none of the models generate the neuronal
degeneration phenotype [111].

10.2.2.2 PD from View of Chinese Medicine

The earliest description of PD symptoms can be found in the classic traditional
Chinese Medicine book, “Yellow Emperor Canon of Inner Medicine”. In the book,
the PD-likely symptom is described as “wind refers to the symptoms of shaking and
dizziness, resulting from the dysfunction of Gan and the symptoms of stiffness and
spasm result from wind or Dampness”. According to CM theory, PD can be
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classified into several subtypes based on the clinical patterns: Qi stagnation and
Blood Stasis Syndrome, Qi-blood Deficiency Syndrome, Gan-Shen Yin Deficiency
Syndrome, Phlegm Stagnation Syndrome, and Shen-Yang Deficiency Syndrome.
Accordingly, treatment strategies are to “calm the gan-wind”, “dissipating phlegm
for resuscitation”, and “nourish the Gan-Shen Yin deficiency”. “Tianma gouteng
decoction” is a widely used CM formula to calm the gan-wind for PD treatment.
“Jia Wei Liu Jun Zi Tang [JWLJZT]” is an ancient formula to tonify the Spleen-
stomach Qi and has been shown to improve the nonmotor function of PD patients
[112].

10.2.2.3 Neuroprotective Effect of CM-Derived Materials
in the Experimental PD Models

There are many reports showing that CM can relieve the clinical symptoms of PD,
implying that CM may improve the motor function of the patients and slow down
the DA neuron degeneration. The neuroprotective effects of CM-originated mate-
rials have been tested on the PD models. The mechanisms of therapeutic actions
involved in these CM-originated materials for PD therapy include inhibition of
apoptosis, inhibition of oxidative stress, inhibition of neural immune and inflam-
matory responses, improving mitochondrial energy metabolism, inhibition of
abnormal protein aggregation, and induction of autophagy. For example, Extract
from Qingxue-dan has been shown to exert neuroprotective effects by inhibiting the
release of proinflammatory molecules, ROS, and regulation of Bcl-2 family proteins
[113]. Lycium barbarum polysaccharides (LBP), extracted from the fruits of Lycium
barbarum L, have been shown to prevent 6-OHDA-induced apoptosis in PC12 cells
through inhibited the ROS-NO pathway [114]. Baicalein is a flavonoid isolated
from the Scutellaria baicalensis Georgi which has been reported to mitigate the
behavioral abnormality in the animal model of PD through inhibiting the activation
of astrocytes and microglia in substantia nigra. For details of more CM-originated
materials being tested in experimental PD models, please refer to Table 10.2.

10.3 Conclusion

CM has been widely used for treating stroke, AD, and PD in Asia from ancient to
today. Though accumulating evidence suggests its efficacy in clinic practice, several
concerns impair the enthusiasm toward more wide use of CM: the standardization
of clinical trials, the quality control of CM and the molecular mechanism of
pharmacological action. In this chapter, the experimental data showing the efficacy
of CM in the neurological diseases models and the possible molecular mechanism
are summarized and discussed. By providing experimental data and uncovering
underlying mechanism, the mystery of CM will be better understood.
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Numerous studies reported the protective effect of CM-originated materials on
the stroke, AD, and PD models. Among the mechanisms being revealed, antiox-
idative stress and anti-inflammation are the most common mechanism underlying
the neuroprotectivity. Oxidative stress and inflammation are critic events during
these diseases course. The CM-originated materials either serve as ROS scavengers,
or regulate cellular antioxidant system to prevent the oxidative stress, and regulate
the secretion of proinflammation cytokine release to inhibit inflammation. Other
mechanisms including neurotropic effect, mitochondria biogenesis, autophagy
induction, anti-iron toxicity, restoring ion homeostasis are also reported to be
involved in the neuroprotection. However, it has to be admitted that the mecha-
nisms underlying the neuroprotectivity of CM-originated materials are still not fully
understood.

The extracts from formulas and single herbs, as well as single compounds from
CM are extensively tested in these neurological diseases models. It is always easier
to investigate the molecular mechanism of single compounds compared with extract
that may contain thousands of compounds. However, the CM is administrated to
patients as extract not single compounds. The pharmacological activity of extract
may lose once the mixture was separated into single compounds and this happens
very often. It is therefore better to test pharmacological effects of both extracts and
representative compounds, especially on animal diseases models. Considering that
multiple factors and pathways are involved in the complex disease course, mixture
of compounds that target at different pathways may lead to a better protection
compared with single compounds. Based on the accumulating evidence revealing
neuroprotective effect of CM-originated materials, we are optimistic that CM can be
a potential source for drug discovery against neurological diseases including stroke,
AD, and PD.
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Chapter 11
Effects of Chinese Medicinal Components
on Chemokine Receptors: Theory, Results,
and Methodology

Jiang He, Zhen-dan He and Xin Chen

Abstract Chemokine receptors are involved in a broad spectrum of physiological
and pathological processes that include immune responses, inflammation, viral
infection, as well as development and metastasis of cancer. Targeting of chemokine
receptors has become a therapeutic strategy and the selective chemokine receptor
antagonists have important therapeutic implications. One of such examples is the
anti-HIV effect of inhibitors of CC-chemokine receptor 5 (CCR5) and CXC che-
mokine receptor 4 (CXCR4). Chinese medicines (CM) have been used for the
treatment of inflammatory diseases for thousands of years, however, the scientific
basis for the beneficial clinical effects of CM remains to be fully understood. So far,
our studies have identified a number of chemokine receptor antagonists with
defined chemical structures from CM with anti-inflammatory properties. These
naturally occurring compounds have in vitro activity in the blockade of binding of
chemokine ligands to their receptors, and consequently inhibited the chemotactic
migration of leukocytes induced by certain chemokines. Our studies indicate that
the clinical efficacy of anti-inflammatory CM is at least partially attributable to their
inhibitory effect on chemokine receptors. Therefore, identification of CM-derived
compounds capable of targeting chemokine receptors can unveil mechanisms
underlying the anti-inflammatory effect of CM, and may also lead to the devel-
opment of novel therapeutic agents. This chapter summarizes and discusses some of
the recent studies in this field and the relevant experimental protocols are also
introduced.
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11.1 Introduction

Chemokines are a family of chemotactic cytokines that direct the migration and
positioning of certain cell subsets. According to the site of the first two cysteines
that is adjacent to the amino terminus, chemokines have been classified into four
highly conserved groups—CXC, CC, C, and CX3C [1]. By targeting their recep-
tors, chemokines and chemokine receptors have pivotal roles in inflammation,
homeostasis, and metastasis. So far, up to 50 endogenous chemokine ligands and 20
signaling chemokine receptors have been identified. These receptors are G
protein-coupled receptors (GPCRs) that constitute the largest branch of the γ sub-
family of rhodopsin-like seven transmembrane receptors [2]. It has been shown that
the dysregulation of chemokine system involves in the inflammatory diseases [such
as atherosclerosis, pulmonary disease, multiple sclerosis (MS), rheumatoid arthritis
(RA), psoriasis, atopic dermatitis, and inflammatory bowel disease (IBD)], the
infectious disease (HIV infection), cancer, and stem cell mobilization [3]. Thus,
small molecule inhibitors of chemokine receptors have been intensively pursued as
therapeutic agents by pharmaceutical companies as well as research institutes. To
date, two of such compounds have been approved for the treatment of specific
diseases: Maraviroc, targeting CC-chemokine receptor 5 (CCR5), and AMD 3100,
targeting CXC chemokine receptor 4 (CXCR4) [4, 5]. There were several failed
Phase II clinical studies, and none compound has been approved for the treatment
of inflammatory and/or autoimmune diseases.

Chinese medicines (CM) have been used in the prescriptions for chronic inflam-
matory diseases, including RA, allergic asthma, liver injury and genital infection his-
torically [6–10]. Some studies suggest that the anti-inflammatory effect of CM is on the
basis of the inhibition of chemokines’ biological activity or blockade of chemokine
receptors’ functions [11]. Therefore, further study may yield novel compounds from CM
with the capacity to potently inhibit chemokine receptors’ functions. Such compounds
may merit future research and development into novel anti-inflammatory agents.

GPCR appears to be a “superstar” in the new drug research and development. In
the United States, more than 30 % of all marketed therapeutics target on these
proteins [12]. Unlike other cytokines with pleiotropic effects, chemokines only act
on specific subsets of cells such as leukocytes to induce migration of these cells
even without activating them in some cases. In this regard, blockade of a chemokine
or its receptor may have a relatively specific effect, therefore endowing them with
minimal adverse effects. Nevertheless, efforts in the development of novel and
effective chemokine receptor antagonists were quite frustrating. Several promising
compounds failed to enter into Phase III trials. These compounds were developed
by companies including Millennium (CCR1 and CCR2 antagonists), Merck (CCR2
antagonist), Berlex/Schering (CCR1 antagonist), and Amgen/Tularik (CXCR3
antagonist). The halt of trials was mainly due to a lack of efficacy [4]. It was
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probably caused by a number of reasons [4, 5, 13]. For example, the levels of drug
in the plasma were insufficient to neutralize the activity of the receptors. Some of
small molecule inhibitors had off-target effects; or owned poor drug-like properties.
And some of those antagonists had effect on experimental animals, but not on
human subjects, due to the differences of the immune systems between human
beings and animals. Furthermore, the redundancy of chemokine receptor function
also mitigated the effect of specific inhibitor.

Screening compounds from CM for chemokine receptor antagonists has some
advantages. Unlike the standard procedures of developing a new drug, CM have
been employed in the treatment of human diseases for centuries and the efficacy has
been firmly established. Further, recent laboratory research provided wealth sci-
entific evidences of CM. Therefore, components identified from CM with the
capacity of blocking chemokine receptors are likely to be active in human patients.
Furthermore, studies show that some compounds from CM targeted several che-
mokine receptors simultaneously [14]. This property may be exploited to overcome
the redundancy of functions of chemokine receptors.

This chapter provides a new insight into the theory of developing small molecule
chemokine receptor antagonists from CM. Evidence and mechanism of Chinese
herb-derived components with the capacity of directly targeting chemokine receptors
will be discussed. Methodology of the relevant studies will also be introduced.

11.2 Inhibitory Effects of CM Components on Chemokine
Receptors

CM are widely used in China and other Asian countries in the treatment of various
inflammatory diseases including RA. Their clinical efficacy is partially based on the
capacity of targeting GPCRs, as shown by recent laboratory research [15]. And a
considerable effort has been made by researchers to pursue small-molecule antag-
onists of GPCRs with good bioavailability from CM [16]. It has also been shown
the extract of CM used for the treatment of arthritis inhibited the migration of mast
cells, presumably by interfering the interaction of chemokine and its receptor [17].
Our group has identified a number of chemokine/chemokine receptor inhibitors
from CM with anti-inflammatory effects. Although modulation of the expression of
pro-inflammatory cytokines and chemokines/chemokine receptors is likely to be
one of major effect of anti-inflammatory CM [18], it is not included in this review.

11.2.1 Shikonin

Shikonin isolated from the Chinese herbal medicine Zicao (dried roots of
Lithospermum erythrorhizon) is a naphthoquinone pigment that shows potent
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anti-inflammatory capacity [19]. It has been used in the treatment of inflammatory
or autoimmune diseases, including RA, IBD, asthma, lupus nephritis, acute pan-
creatitis (AP), and lung injury, and its anti-inflammatory effect has also been shown
in some in vivo models [20–26]. Moreover, the derivatives of shikonin have effects
of inhibiting complete Freunds adjuvant-induced chronic arthritis in rats [27]. In a
previous study, our group found that shikonin blocked regulated upon activation,
normal T-cell expressed, and secreted (RANTES or CCL5) and macrophage
inflammatory protein-1α (MIP-1α or CCL3) binding to CCR1 and thus inhibited
RANTES other than epidermal growth factor (EGF)-induced migration of human
embryonic kidney (HEK) cells [28]. Furthermore, our investigation also showed
that shikonin, at nanomolar concentration, inhibited monocyte chemotaxis and
calcium flux in response to a broad spectrum of CC chemokines
(monocyte-chemoattractant protein-1, MCP-1, or CCL2, MIP-1α/CCL3, and
RANTES/CCL5), CXC chemokine (stromal cell-derived factor-1α, SDF-1α or
CXCL12), and classic chemoattractants (N-Formylmethionyl-leucyl-phenylalanine,
fMLP and complement fraction C5a). Blockade of signaling pathways of these
receptors was speculated to be responsible for the effects. Surface expression of
CCR5, a primary HIV-1 co-receptor, on macrophages to a greater degree than the
other receptors (CCR1, CCR2, CXCR4, and the formyl peptide receptor, FPR) as
well as mRNA levels was down-regulated by shikonin simultaneously.
Furthermore, shikonin inhibited the replication of a multidrug-resistant strain and
pediatric clinical isolates of HIV in human peripheral blood mononuclear cells. Our
results suggest that the anti-HIV and anti-inflammatory activities of shikonin may
be related to its inhibition of the expression and function of chemokine receptors
[14]. Moreover, as aforementioned, multiple-receptor antagonist is a possible way
to overcome the hurdle of redundancy of the targets, for example, several che-
mokine receptors are associated with the pathogenesis of RA. Thus, as a pan
chemokine receptor inhibitor, shikonin can be a promising candidate for developing
novel anti-arthritic or other anti-inflammatory chemokine receptor antagonist.

11.2.2 Bile Acid

Niuhuang (termed as calculus bovis, bezaor bovin, or ox gallstone), a biliary
product supposed to be able to remove heat and toxic substances in CM theory, has
showed immunosuppressive effect in previous report [29]. Bile acids (deoxycholic
acid, DCA, and cholic acid, CA) are major bioactive compounds of CM contain
Niuhuang or other kinds of biliary products. Qing Kai Ling (QKL), a multicom-
ponent herbal injection contains Niuhuang-derived DCA, was reported to inhibit a
number of chemokine and classic chemoattractant-induced leukocyte migration,
including blockade of fMLP-induced leukocyte migration by our group [30].
Consequently, we observed that fMLP-induced chemotaxis and calcium mobi-
lization of monocyte and neutrophil were inhibited by DCA markedly. The binding
of [3H]fMLP and anti-FPR monoclonal antibodies (mAb) to the cells was also
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blocked by DCA. The inhibitory effects of DCA on calcium mobilization and
anti-FPR-mAb binding to the receptor could be abrogated by washing DCA out of
the cell suspension, suggesting that DCA blocked fMLP receptors via a steric
hindrance mechanism, not via receptor internalization. However, DCA had no
significant inhibitory effects on MCP-1, SDF-1α, or C5a-induced monocyte func-
tion, or C5a- or interleukin (IL)-8-induced neutrophil function. These results sug-
gested that blockade of fMLP receptors might contribute to the anti-inflammatory
effects of CM containing DCA [30]. Moreover, chenodeoxycholic acid (CDCA)
and ursodeoxycholic acid (UDCA), two derivatives of DCA also showed inhibitory
effects on FPR and FPR-like-1 (FPRL1), though less potent than DCA [31]. Since
therapeutically targeting of FPRL1 inhibits inflammation in patients with arthritis
[32], this activity of bile acids (DCA, CDCA, and UDCA) is likely to contribute to
their effect in the treatment of RA [33–35].

11.2.3 Tannic Acid

We also found that Shuang Huang Lian injection (SHHL, an injectable multiple
CM preparation) inhibited certain chemokine-induced chemotaxis previously. By
testing the activity of fractions from the aqueous extracts of SHHL ingredients, we
found that an extract of Lianqiao (dried fruit of Forsythia suspense) potently
inhibited radiolabeled SDF-1α binding to cells. Guided by binding assay, we
sequentially purified active compounds in extract of Lianqiao by chromatography
procedures and found that a tannic acid was able to block SDF-1α receptors. Tannic
acid, at nontoxic concentrations (IC50, 7.5 µg/ml), specifically inhibited
SDF-1α/CXCL12-induced human monocyte migration but did not inhibit
MCP-1/CCL2, MIP-1α/CCL3, RANTES/CCL5, fMLP, or C5a-induced cell
migration. It markedly blocked SDF-1α/CXCL12 binding to THP-1 (a human
leukemia monocytic cell line) cells (IC50, 0.36 µg/ml). Tannic acid also inhibited
SDF-1α/CXCL12-induced, but not EGF-induced, migration of MDA 231 breast
tumor cells. In addition, tannic acid (0.5 µg/ml) selectively inhibited
SDF-1α/CXCL12-mediated, but not basic fibroblast growth factor (bFGF)- or
endothelial cell growth supplement-mediated, bovine aorta endothelial cell (BAEC)
capillary tube formation [36]. In this case, tannic acid not only inhibited chemotaxis
but also angiogenesis induced by the interaction of SDF-1α/CXCR4. Furthermore,
SDF-1α/CXCR4 axis is pivotal in retention of inflammatory cells in the synovium
and angiogenesis in RA [37, 38] and blockade of SDF-1α/CXCR4 interaction by
different agents has shown beneficial effect [39, 40]. Tannic acid has been reported
to inhibit adjuvant-induced polyarthritis in rat and to inhibit leukocyte migration to
the inflammatory site [41]. Therefore, blockade of SDF-1α/CXCR4 interaction may
be one mechanism underlying the anti-arthritic effect of tannic acid. Since tannic
acid is abundant in the plant kingdom, the impact of tannic acid in the daily dietary
vegetables and grains on the RA is merit for further study.
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11.3 Methodology

Chemokines act largely on leukocytes and have been shown to induce the direc-
tional (chemotactic) and random (chemokinetic) migration of selected cell types
including neutrophils, monocytes, lymphocytes, eosinophils, basophils, mast cells,
and fibroblasts. Some of these cytokines have also been shown to induce respiratory
burst, enzyme release, degranulation, intracellular free Ca2+ mobilization, cellular
polarization, morphologic changes, actin polymerization, and an increase in
adherence of leukocytes to endothelium and extracellular matrix. Each of the major
subclasses of chemokines has been shown to be selective for a particular subset of
leukocytes [42]. Though leukocyte degranulation assay, pH changes assay, respi-
ratory burst assay, actin polymerization assay, cellular polarization assay, and cell
adhesion assay can be employed in the experiments, in this review, we focus on the
introduction of major methods for the research on the inhibitory effect of CM on
chemokine receptor functions [42, 43].

11.3.1 Chemotaxis Assay

Chemotaxis assay is a sensitive method to evaluate the capacity of cell migration
while easy to perform. Thus, the primary screening of chemokine receptor antag-
onists from CM can be performed at most laboratories. It is similar to assess
monocyte chemotaxis and granulocyte chemotaxis, however monocytes and den-
dritic cells are permitted to migrate in response to a chemokine gradient across a
polyvinylpyrrolidone (PVP)-coated polycarbonate filter [42]. Nitrocellulose filters
can also be used for chemotaxis assay with the advantage of quantifying the rel-
atively accurate distance that a cell traffics in response to any given chemokine.
Meanwhile, fluorescence-based assay provides a rapid qualitative measurement of
cell migration, and requires fewer cells per well and permits the examination of
more groups per chamber.

The protocol of chemotaxis assay is briefly introduced as following.
Appropriately diluted chemokines or chemoattractants are loaded into the wells in
the lower compartment. Cell suspension is placed in the upper compartment of the
well. A polycarbonate filter is used to separate these two compartments. CM or
CM-derived compounds, diluted with chemotaxis medium, can be added to the
chemokine/chemoattractant, or added to the cells, depending on the purpose of
experiments. After incubation for certain time according to the cell type, the filter is
removed, fixed, and stained with DiffQuik. The cells on the underside of the
membrane are counted at a 200× magnification microscopy. And data can be
expressed as absolute number of cells migrated or as chemotactic index (CI), which
represents the fold increase in the number of cells migrate in response to
chemoattractants over the cell response to control medium [30].
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11.3.2 Calcium Mobilization

Binding of chemokines to their receptors also results in the elevation of cytosolic
calcium as an early biochemical event in leukocytes. Intracellular free calcium is
usually maintained at low levels by a calcium gradient through ion pumps and by
association of calcium into various intracellular compartments and cell membranes.
Chemokine receptor activation normally leads to the release of
membrane-associated calcium through the release of inositol triphosphate (IP3) and
phospholipases. IP3 subsequently induces the release of calcium from endoplasmic
reticulum, which in turn leads to an opening of the calcium channels on the plasma
membrane and the additional influx of extracellular calcium. The development of
fluorescent dyes that are trapped intracellular enables the monitoring of the
cytosolic calcium concentration. Calcium mobilization is typically measured using
acetoxymethyl (AM) esters of fluorescent dyes such as indo-1 and fura-2, two
fluorescent calcium dyes that undergo a change in fluorescent properties upon
binding free calcium. The emission ratio dye indo-1 exhibits a change in emission
spectrum upon binding calcium and the ratio of bound fluorescence to unbound is
used to estimate the calcium concentration [42]. Chemokine-induced calcium flux
can also be detected by flow cytometry [44], and different methods to load indo-1 or
fura-2 into cells have been developed for the experiments [45].

Following is a brief introduction of the procedure of conventional calcium
mobilization assay. Monocytes, neutrophils, or other cells are incubated in loading
buffer with Fura-2. The Fura-2-loaded cells are washed and resuspended in fresh
loading buffer and then transferred into quartz cuvettes that are placed in a lumi-
nescence spectrometer LS50 B. Chemokines and CM compounds at different
concentrations are added to the cuvettes at indicated time points. Results are
acquired from the ratio of fluorescence at 340 and 380 nm wavelengths that is
calculated by the FL WinLab (Perkin Elmer) program [46].

11.3.3 Binding Assay

To further verify the effect of chemokine receptor antagonist, the ligand binding
experiments can be employed with the radiolabeled chemokine ligand. Briefly, a
specific concentration of radiolabeled chemokine ligand is incubated with human
leukocyte or cell line transfected with chemoattractant receptor in the presence of
increasing concentrations of unlabeled chemokines, or in the presence of different
concentration of CM or CM-derived compounds. The protocol is also briefly
introduced as following. Cells are washed once with ice-cold PBS then are layered
onto a 10 % sucrose/PBS cushion in Eppendorf tubes after incubation. The cells are
centrifuged and the tips of the tubes containing cell pellets are cut and measured for
radioactivity using a gamma counter. The binding data can be analyzed and plotted
with a computer-aided program LIGAND (P. Munson, Division of Computer
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Research and Technology, NIH, Bethesda, MD). The level of specific binding is
determined by subtraction of nonspecific binding (cpm on cells in the presence of
1 μM unlabeled chemokines) from the total binding (cpm on cells in the absence of
unlabeled chemokines) [46].

Radiolabeled ligands has remained the gold-standard method in binding assay,
however, fluorescence-based techniques have also been developed as an alternative
method. For example, flow cytometric technique can employ commercially avail-
able fluorescent chemokine ligand as a probe in binding assay. Alexa Fluor 647
conjugate of CXCL12 was used to test the effect of AMD3100, a well-known
CXCR4 inhibitor [47]. It was reported a nonradioactive binding assay, using
fluorescence-based technology named Tag-lite®, was applicable in high-throughput
screening (HTS) [48]. Thus, those less harzardous nonradioactive binding assay can
also be applicable in the study of TCM-derived inhibitors of chemokine receptors.

11.3.4 FITC-Bearing Dendritic Cells Migration Assay

Our group has employed an in vivo migration assay for dendritic cells, a method
previously reported by Fukunaga et al. [49]. Briefly, FITC is first dissolved in
acetone/dibutylphthalate in a ratio of 1:1 before usage. Mice are then painted on the
halves of the dorsal ear with 10 µL of 1 % FITC solution. Mice are pretreated with
CM extracts. Draining auricular lymph nodes are collected 24 h after FITC painting
and then placed in RPMI 1640 medium. After that single cell suspension is pre-
pared and the cell number determined. Then the cells are incubated on ice for
30 min with PE-conjugated anti-mouse CD11c mAbs or isotype control, respec-
tively. The number and proportion of FITC-expressing CD11+ cells, for example,
dendritic cells migrated from skin to the draining lymphoid nodes can be analyzed
by this method [50].

11.4 Concluding Remarks

Extensive studies have aimed to develop small molecule inhibitors for chemokine
receptors that could overcome current hurdles in the treatment of inflammation and
autoimmune diseases. Efforts have also been made to unveil the mechanisms of
anti-inflammatory effects of CM from the aspect of acting on chemokine receptors,
resulting in the identification of shikonin, bile acid, and tannic acid as antagonists of
chemokine receptor. These compounds represent major active components of three
CM products which have been used for centuries in the treatment of inflammatory
diseases. Therefore, inhibition of chemokine receptor function should attribute, at
least partially, to the clinical efficacy of some anti-inflammatory CM products.
Further study may lead to the discovery of more potent small-molecule antagonists
of chemokine receptors from CM, which may be able to develop into therapeutic
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agents. The methodology introduced in this review, such as chemotaxis assay,
calcium mobilization assay and binding assay, could be employed by the investi-
gators in their studies aiming at discovery of novel chemokine receptor inhibitors
from CM.
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