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Abstract

[tis well-known that Prof. Tu Youyou won the Nobel Prize in Physiology or Medicine in 2015 due to the research on
artemisinin treating malaria, and this can be regarded as the milestone of modernization of Traditional medicine. This
first Nobel Prize in Traditional Chinese medicine (TCM) has aroused profound impetus in the investigation of TCM and
attracted global attention to the ancient books of TCM. Three new medicines for the treatment of COVID-19 derived
from Chinese Classical Formula (£ #4475, CCF) have been approved in 2021 due to their effectiveness for the treat-
ment of COVID-19. This article introduced the research background of CCF pharmaceutical preparation (CCFPP),
explained the ideas for the modernization of CCF and analyzed related issues involved in the development process
of CCFPP, including the origin of medicinal materials, processing methods, dosages and the preparation process of
CCF Material Reference. The strategy for industrialization was proposed in terms of the evaluation of the pharmaceuti-
cal properties, industrialization considerations, and clinical positioning of CCFPP. The key contents and requirements
for the development CCFPP were also summarized according to the recently published registration guidance by the
Center for Drug Evaluation in China. In addition, the safety issues of CCFPP were described, including the discussion
on the non-clinical safety evaluation and analyzation on the international registration of Traditional herbal medicines.
This article is aimed to provide references for enterprises, researchers, and relevant personnel of government depart-
ments that are engaged in the development of CCF to speed up the developing process of CCFPP.

Keywords: Chinese Classical Formulas, Material Reference, Origin of the medicinal materials, Processing methods,
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Introduction

Traditional Chinese medicine (TCM) has made out-
standing contributions to our health and the treatment
of many diseases, and this causes a global developmen-
tal upsurge. The research by Prof. Youyou Tu on the
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research of artemisinin treating malaria gained a Nobel
Prize in Physiology or Medicine in 2015. As the mile-
stone of the modernization of Traditional medicine, it
has attracted global interests to many scientists on the
investigation of TCM [1]. As the coronavirus disease
2019 (COVID-19) pandemic causes a significant global
public health problem, TCM was used as a treatment for
91.5% of the COVID-19 cases in China, which showed
promising results in improving symptoms and reducing
disease deterioration, mortality and recurrence rates [2].
Three formulas (Qingfeipaidu Decoction, Huashibaidu
Decoction and Xuanfeibaidu Decoction) developed from
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Chinese Classical Formula (2 #.447, CCF) have been
selected as general effective medicines for the treatment
of COVID-19 and approved as new medicines in 2021
[3].

CCF are the prescriptions recorded in the medical
records of the Qing Dynasty and before the Qing Dynasty
and are still widely used, and they have definite curative
effects and obvious characteristics and advantages [4].
The list of CCF should be promulgated by Chinese gov-
ernment and 100 CCF was promulgated in 2018 [5]. CCF
are essential and supportive for the development of pre-
scription theory. The prescription theory is based on the
system of "principles, methods, formulas and medicine" (
£ 75 %), After nearly two thousand years of continu-
ous practical use, analysis, improvement and comple-
ment on theories, a tremendous amount of formula/
prescription-related records have been accumulated.
Some formulas with more precise therapeutic effects are
widely used at a higher priority and considered as clas-
sical formula/prescription for the treatment of specific
diseases. CCF are the essential formulas that have accu-
mulated practical experience in the clinical application
of Chinese medicine since thousands of years ago. With
their remarkable therapeutic effects, they are currently
still in use by medical doctors. It is a vital strategy to
transform these Chinese treasures represented by CCF
into high-quality products for easy to carry and use,
which is a preferred shortcut for developing TCM prod-
ucts and meets the needs of diversified medications.

The development of CCF pharmaceutical preparations
(CCEFPP) is a "green channel” for the drug development
in China. Due to the complexity of TCM and its weak-
ness in basic research for modernization, the success
rate of new drug development from TCM is relatively
low. Only five new drug applications were approved dur-
ing 2014 to 2019, while forty new drug applications were
approved from 2007 to 2013 [6]. The document "Opin-
ions of the State Council on Reforming the Review and
Approval System for Drugs and Medical Devices" [7] fol-
lowed a series of reform policy documents that led to a
sharp decrease in the number of new drug applications.
The development of CCFPP has provided good ideas and
opportunities for the development of new drugs from
TCM. The core idea of CCF development is to refine the
application of ancient and modern clinical practice and
use it to design modernized pharmaceutical preparations
with stable quality. For the application of CCFPP registra-
tion, the core advantage is that pharmacological research
and clinical trial data are not needed. The research period
of CCF is considerably shortened and the cost is drasti-
cally reduced.

The development and research of CCFPP have
attracted a lot of attention to scientists, which has caused
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a large number of enterprises and researchers to invest in
it. Meanwhile, the preliminary research, production and
regulatory practice of China’s formula granules (FitJ5 %
$I) have also provided a lot of experiences and references
for the development of CCF in the past two decades.

The new version of the “Drug Administration Law”
implemented in 2019 in China requires systematic
research, quality control based on the whole manufac-
turing chain, quality traceability and adverse reaction
monitoring for drug registration, which put forward new
requirements for drug registration. The new law also
emphasizes the responsibility of enterprises and other
entities. There are still many gaps where policies have
not yet been implemented for some specific CCF varie-
ties. Although the authoritative role of expert consensus
has been clarified, the specific determination criteria are
still incomplete. The risks of CCF development are still
high with policy factors, market capacity and uncertainty
in the research process. Therefore, this study, was aimed
to provide references for enterprises, researchers and rel-
evant personnel of the governmental departments that
are engaged in the development of CCF to speed up the
developing process of CCFPP.

Ideas for the development of CCFPP

Simplified Regulations on the Administration of Registra-
tion and Approval of Traditional Chinese Classical For-
mula Pharmaceutical Preparations (CCFPP) (referred
to as Registration Regulations CCFPP) pointed out seven
conditions that should be met for the application of
CCEFPP, which can be exempted from performing clini-
cal trials [8]. When CCFPP meet the listed requirements,
they can provide pharmaceutical and non-clinical safety
research data for the registration of CCFPP without
pharmacological research and clinical trial data. These
seven regulations exclude the highly toxic Chinese medi-
cine materials, thereby ensuring their safety. Besides,
these regulations also limit the consistency of the for-
mula composition, preparation method and administra-
tion methods recorded in ancient books of TCM, thereby
ensuring the effectiveness and safety of the CCFPP.

Two stages for the development of CCFPP

The Registration Regulations of CCFPP pointed out that
the development of CCFPP is divided into two stages:
the research and development (R&D) of the CCF Mate-
rial Reference (MR, ¥J/FF£1fE) and the R&D of phar-
maceutical preparation based on the CCFMR to ensure
that the key quality attributes of CCFMR and CCFPP
are consistent [8] (Fig. 1). The CCFMR is a reference for
the production process optimization and quality evalu-
ation of the CCFPP. It refers to the standards of medici-
nal substances in CCF that are prepared based on the
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Fig. 1 The guidance for the development of Chinese Classical Formula pharmaceutical preparations (CCFPP). The standard decoction or the
material reference of CCF is a reference for the optimization of the production process and quality evaluation of the CCFPP

preparation methods recorded in the ancient medical
books, and it is called standard decoction (br#Ei%7])
for water decoction preparation. It is an intermediate
reference for the transformation of TCM from tradi-
tional individualized preparation to industrial pharma-
ceutical products. The involvement of CCFMR in the
development of CCF ensures that the clinical efficacy of
the pharmaceutical preparations is not decreased, their
toxicity is not increased, and their product quality is
stable and consistent.

To further ensure the safety of CCFPP, non-clinical
safety studies with Good Laboratory Practice (GLP)
specifications should be done for the application of the
CCEFPP according to the Registration Classification and
Application Requirements for Traditional Chinese Med-
icines [9] and the Registration Regulations of CCFPP.
Non-clinical safety research together with sufficient
clinical practical experience of CCF can further ensure
the safety of CCEPP.

The development of CCFMR

The concept of CCFMR has gone through a long period
of demonstration. The concept of standard decoction (
Fr#fEi777) was first proposed for the development of
Japanese Kampo (X 75 #l5l) in 1986 [10]. The standard
decoction is the chemical and biological base for the
development of Japanese Kampo to ensure good product
quality. Because Japanese Kampo preparations are mainly
derived from CCEF, the concept of "standard decoction"
proposed by Japan is worth learning for the industrializa-
tion of CCF in China. Therefore, the concept of "standard
decoction" was introduced as a reference for production
and quality management of CCFPP. In April 2016, Prof.
Shilin Chen proposed the concept of "standard decoc-
tion of medicinal material decoction pieces" [11, 12]. In
August 2016, the concept of "standard decoction" was
applied in the quality control of granules of decoction
pieces in the Technology for Quality Control and Stand-
ard-setting of Traditional Chinese Medicine Granules
of Pieces (Draft for Solicitation of Comments) promul-
gated by the National Pharmacopoeia Commission [13].
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Subsequently, the National Medical Products Adminis-
tration in China (NMPA) adopted the concept of stand-
ard decoction in the Registration Regulations of CCFPP
(Draft for Comments) promulgated in October 2017. The
concept of CCFMR was then adopted in the Registration
Regulations of CCFPB which was finally promulgated
in June 2018. Although the name of CCFMR has been
changed to different names, such as "standard decoction”,
"standard Jianye", "key samples", but their essence is the

same, namely the reference for CCFPP.

Key issues for the establishment of CCFMR

The preparation of CCFMR is based on the preparation
methods recorded in the ancient medical books but it is
a big difficulty in developing CCEF. There are no success
cases for referencing, and the officials has not published
declaration guidelines yet. There are also uncertainties in
relation to policies, healthcare market and R&D process.
There are four main issues, including the origins of the
medicinal materials, processing methods of the decoc-
tion pieces, dosages, and the preparation methods of the
CCEMR (Fig. 2). These key common issues are needed to
be verified by comprehensive consideration of the ancient
records with modern clinical applications, and some of
them may need be confirmed by the scientific research
evidence. The quality of CCEMR is also needed to be
evaluated with modern quality control methods, which is
important as a reference for the R&D of CCFPP [14].
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Origin of the medicinal materials

“Origin” is the systematic summary of the species, effec-
tive parts, and habitat of the medicinal materials. The
varieties and medicinal parts of some Chinese medicine
have changed with time due to the facts that it has been
used for a long history of thousands of years and the
original plants of the same family and genus have similar
morphology of the variety of species, and some records
on the morphology given by the ancient books are too
simple. Thus, it is necessary to clarify the historical ori-
gins and changes of the source of Chinese medicine
material through the research on origin to determine
their varieties and medicinal parts for the development
of CCEF, and to accurately pass the medical experience
to others and ensure good safe use of medicine. There
are 159 types of Chinese medicine materials involved in
100 CCE. The medicinal parts comply with the Chinese
Pharmacopoeia (ChP) for most of the Chinese medicine
materials, and most of those are from their original habi-
tat [15]. An essential purpose in the research of origin is
to identify species and avoid using substitute and adul-
terated medicine. Chinese medicine substitutes refer to
the medicine with the same taste, meridian entry (JH£),
function and indications as the original Chinese medi-
cine. Chinese adulterated medicine refers to the Chinese
medicinal products whose sources or medicinal parts
do not meet the criteria of ChP or other statutory drug
standards, including the confusion of species, medici-
nal parts, and intentional fraud. Chinese medicine sub-
stitutes and adulterated medicine can interfere with the
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Fig. 2 Key issues for the establishment of Material Reference of Chinese Classical formula (CCFMR). The preparation of MR is based on the
preparation methods recorded in the ancient books, but there are four main issues, including the origins of the medicinal materials, processing
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correct usage of the original Chinese medicine. To avoid
the influences by the substitute and adulterated medi-
cines, researchers will use textual research of the ancient
records to trace the change of their origins and combine
this with modern technology, like DNA barcoding [16],
trait identification [17], or Q-marker to identify the origi-
nal Chinese medicine materials [18].

Several main methods for the textual research of origin
are Materia Medica Research, Botanic (animal, mineral)
Taxonomy Research, Molecular Identification Research,
and Chemical Identification Research. Materia Medica
Research reviews the literature on material medica and
its traits to verify the name, origin, and habitat of differ-
ent Chinese medicine materials in each era. The basic
operation process of the textual research on material
medica includes the acquisition of drug characteris-
tic information and proof of the origin. The acquisition
of characteristic information mainly includes three key
phases: reviewing, sorting out and selecting literatures.
The molecular identification of Chinese medicine is
mainly based on the characteristics of macromolecules
(protein and nucleic acid), which can be divided into pro-
tein and nucleic acid identification. At present, the main
methods of molecular identification of Chinese medi-
cine are DNA barcode identification, specific polymerase
chain reaction method, population genetic analysis, and
molecular lineage geographical analysis. Chemical iden-
tification research on Chinese medicine is a method that
targets the analysis of characteristic chemical compounds
in Chinese medicine materials.

Processing method verification

Most of the Chinese medicine used in the CCF have
been processed (Paozhi). Paozhi refers to the processing
medicinal materials, which allow them to store easily,
meet their clinical needs and improve their clinical effi-
cacy. Most of the processing methods that were recorded
in those 100 CCF are specifically stipulated in the ChP.
However, more research is needed to study the process-
ing methods that are not regulated or not consistent with
the methods in the ChP. The main processing method in
the CCF is to remove the unrelated parts of the medici-
nal materials. Simultaneously, slicing and the use of addi-
tional material processing (with auxiliary materials) are
also widely used in the processing of CCF. The processed
medicinal materials are called decoction pieces, whereas
the unprocessed medicinal materials are called fresh
drug. The existence of fresh drugs reflects the diversity of
paozhi methods and the distinctive characteristics of pre-
scription in CCF. For toxic Chinese medicine materials,
the control of their toxic components is achieved through
Paozhi, but more proofs are still needed for the safety use
of toxic Chinese medicine materials [19].
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Paozhi technologies are widely recorded in ancient
medical books. However, some of them contain unclear
information, confusing words, and non-accurate records,
so some double-textual research or more research are
needed to resolve these problems to standardize the spe-
cific details for processing [20]. Besides, there are only
a few descriptions on the quantification of the Paozhi
technologies in the ancient records. Even though there
are some descriptions, most of them are subjective
judgments, quantifying the Paozhi technologies is a big
challenge in the research field. The same Paozhi technol-
ogies used may have different processing steps, so textual
research on Paozhi should also compare the medicinal
experience from the ancient books in different dynasties.
Simultaneously, looking at the effects of each medicinal
material in the prescription can help to trace back the
original method and clear purpose of the Paozhi, which
can provide more reliable evidence for the Paozhi method
verification of CCF. Take Dachengqi Decoction as an
example, the function of this decoction is to regulate the
gastrointestinal tract. After Dahuang is processed with
wine, its medicinal properties can be changed, and the
heat of the triple energizers can be removed, which help
to restore the health of the gastrointestinal tract. There-
fore, in this prescription, the original paozhi method of
Dahuang should be processed with wine.

Dosage verification

Dosage is an important factor influencing the safety and
effect of CCF. The dosage and ratio between each medici-
nal material determine its clinical efficacy. As the meas-
urement unit in ancient times is different from modern
times, the standard dosage of each CCF cannot be deter-
mined directly. Therefore, it is necessary to verify the
dosage to achieve the standardization of the current dos-
age, which is important to ensure the safety and stability
of the current dosage for the development of CCFE.

Dosage is a comprehensive reflection of the treatment
concepts from the ancient clinical doctors, which passes
on their unique therapeutic thoughts, medication habits
and the historical background of the prescriptions. The
main factors that determine the dosage include: (1) the
type of disease determines the primary medicine and
dosage used in the prescriptions; (2) the age and physical
conditions of the patients determine the overall dosage;
(3) the prescription dosage form also has special require-
ments for the dosage; (4) the historical factors and medi-
cation habits in ancient times have a direct impact on the
dosage.

The CCF are derived from the ancient records in the
medical books of the past dynasties. Most of them are
intuitive descriptions of the subjects, dosages, prepa-
ration methods, and there is lack of accurate data. The



Luo et al. Chin Med (2021) 16:70

verification of the dosage is the verification of the quan-
tity of medicinal materials. Due to the shortcomings of
TCM inheritance, the dosage of medicinal materials is
often considered confidentially, so there are many dif-
ficulties in verifying the dosages of some CCFs. In addi-
tion, CCF have a relatively large time span, the dosage
of their original prescriptions has changed due to some
errors in spreading and modification by clinical phy-
sicians, and the measurement units used in different
dynasties are different [21].

At present, the key information tables published by the
National Administration of Traditional Chinese medicine
in China (NATCM) provide the dosage information for
7 CCFs only. There are still no unified standard dosages
for the other CCFs [22]. The current reference for dos-
age is mainly from the ancient measurement units, clini-
cal prescriptions and general textbooks from colleges and
universities. The research on dosage is mainly focused
on three aspects: ancient records, physical objects and
clinical experience. After verifying the usage and dosage
of CCFs recorded in the ancient books and their repre-
sentative monographs on measurements in different eras,
the actual dosage in the original prescriptions is finally
determined. Due to political, economic and cultural dif-
ferences, geographical and climate changes in ancient
and modern times, and differences in the human body
conditions, the dosages used in the original formula can
be adjusted according to the clinical needs. The mate-
rial object, especially the object for measurement units,
in the specific dynasty is an important clue to determine
the dosage of CCFs from the ancient books. The meas-
urement units stipulate the measurement standard and
conversion of length, weight and capacity. By combining
the corresponding conversions of measurements in dif-
ferent eras, CCF will be in line with their original appear-
ance. However, due to many factors, such as changes in
time, differences in measurement, medicine and body
composition, it is difficult to achieve a unified dosage.
The practical experiences of clinical physicians have great
reference values for verifying the dosages of CCF. These
experience can also be used for some CCFs that cannot
be verified by ancient books, literatures, measurements,
or some prescriptions that are difficult to implement
after being verified by other methods.

Preparation process and quality evaluation methods

for MR

Preparation process of MR

The preparation of MR should be based on the key infor-
mation of CCF released by the Chinese government and
the contents of ancient books. The released key infor-
mation of CCF is based on the textural research, clini-
cal experience of CCF and feasibility of industrialized
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production. If there are no details on the processing and
preparation methods, it is necessary to refer to the Man-
agement Regulations of Traditional Chinese Medicine
Decoction Room in Medical Institutions (Z=J7 H1¥ & 25 Hil
2 =B IE). Meanwhile, it is necessary to seek opin-
ions from the clinical physicians and consider the feasi-
bility of industrialized production. It is also important to
ensure that the processing method is suitable for large-
scale industrial production. The CCFMR samples are
generally concentrated extracts and dried products, but
no auxiliary materials should be added. Low-temperature
concentration, freeze-drying, suitable storage containers,
storage conditions and other suitable methods should be
selected to ensure the stable quality of the CCFMR sam-
ples during the research period.

MR quality evaluation method

The quality of MR can be characterized in technical
and product aspects, including the paste yield change,
transfer rate, specific identification, multi-component
measurement and holistic quality evaluation. Different
methods, such as qualitative identification, quantitative
determination of characteristic components and deter-
mination of total components, can be used to charac-
terize each medicine in a CCF (Fig. 3). Among them,
thin-layer chromatography and characteristic chroma-
togram have the characteristics of integrity and specific-
ity, which are important methods for the identification of
each medicine in a CCFE.

Commonly used high performance liquid chroma-
tography (HPLC) technology can provide a more com-
prehensive composition profile based on the MR. By
optimizing chromatographic conditions, using station-
ary phases with different separation principles, and
optimizing sample preparation methods, the quality
analysis of each medicine in the CCF can be achieved.
However, due to the inherent defects of some special
medicinal materials, such as medicinal materials con-
taining many volatile and fat-soluble ingredients, or
medicinal materials with polysaccharides or amino
acids as the main active substances [23], or medici-
nal materials with no specific standards in the existing
pharmacopoeia, a single HPLC method cannot fully
reflect the properties of all the compounds in the pre-
scriptions, so it is necessary to use multiple detection
methods for quality evaluation under multiple chroma-
tographic optimization conditions [24].

The key quality attributes of the medicinal materi-
als should be determined by correlation analysis of the
medicinal materials, decoction pieces, intermediates, and
their preparations. The pharmacological effect of com-
ponents and the efficacy of the CCF are important fac-
tors for the selection of quality indicators for MR, which
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Fig. 3 Holistic quality control methods for Chinese Classical Formula Material Reference (CCFPP). The quality of MR can be characterized in
technical and product aspects, including the paste yield changes, transfer rate, multi-component measurement, specific and holistic identification

reflects the correlation between the quality of the prepa-
rations and their clinical efficacy [23].

Three rules were recommended in selecting crucial
quality attributes or quality indicators for the qual-
ity evaluation of CCF effectively [12]: (1) Identification
of all the flavors (each individual herb in a formula)
to ensure that indicators can reflect the characteris-
tic ingredients of each flavor in the CCFE. (2) Measure-
ment of the indicators in the key flavor of CCF to ensure
the accurate ratio of the valuable medicine, namely the
sovereign and minister flavors of a formula (£ ). (3)
Presentation of adjuvant flavors ({£ff) to ensure that
the uniform quality of preparations is stable [14]. For
sovereign and minister flavor and valuable flavor in the
CCEFPP, it is necessary to achieve quantitative control.
However, precious medicine, such as ginseng, is only
used in a small amount in the preparations, and the
content of key components is too low for accurate quan-
tification, but it can be qualitatively identified with its
characteristic peaks.

Development of CCFPP

With their background and clinical efficacy, CCF are the
most important part of TCM due to its clinical efficacy,
and it has drawn significant attention to many scientists.
In April 2018, to implement the "TCM Law of the Peo-
ple’s Republic of China" and promote the steady develop-
ment of TCMPP derived from the ancient CCF, the State
Administration of TCM in conjunction with the State
Drug Administration promulgated the "Ancient Classi-
cal Formulas Directory” (ACFD) [5]. This directory cov-
ers hundreds of prescriptions since the Han Dynasty,
and recruits a variety of ancient medical books, includ-
ing "Treatise on Febrile Diseases” ({7Zi£) and "Synop-
sis of the Golden Chamber" (4:[% ZH%). The preparation
forms include decoction (#7), boiled powder (G&H#Y),

powder preparation (#{f]) and paste preparation (&
7). Meanwhile, the selected prescriptions include more
than ten traditional effects, such as clearing heat (FB#),
release the exterior (f#%k), purgation (Y5 T), harmoniz-
ing and releasing effects (Mfi#). These selections in the
directory have the characteristics of complete varieties,
wide sources, and a variety of dosage forms. Therefore,
in terms of R&D for CCFPP, more opportunities can be
brought to the industrial companies, but it also requires
in-depth thinking and careful selection.

Prof. Shilin Chen and colleagues concluded that a sys-
tematic investigation should be considered for the selec-
tion of CCF from three perspectives: drug evaluation,
industrialization and clinical positioning [14]. They also
proposed R&D ideas for CCFPP. Therefore, this provides
a reference for the actual R&D and safety evaluation of
CCEFPP.

Developmental strategy
Evaluation of druggability
Although the safety and effectiveness of CCF have been
tested in clinical practice to a certain extent during the
long-term application process, the registration policy
clearly states that only the preparations with rigorous
pharmaceutical researches and pre-clinical safety evalu-
ation studies can be approved by the simplified approval
method for registration and can be exempted from clini-
cal trials. This registration policy is for making CCF
into high-quality, safe and controllable products for the
improvement of the quality of TCM. Therefore, evaluat-
ing the druggability of CCFPP should be focused on its
pharmaceutical and pre-clinical safety research.
According to the requirements of issued policies
(Table 1), the development of CCFPP has strict require-
ments for pharmaceutical research, which includes the
R&D of CCFMR and the R&D of CCFPP. Firstly, the
CCFMR must be developed by the prescriptions and
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Table 1 Relevant policy documents for Chinese Classical Formulas pharmaceutical preparations

No Time Documents Main contents

1 2008.01  Supplementary Provisions by the Administration of Registration of =~ Three principles, exempt from clinical trials, no certificate for new
Chinese Medicines drugs

2 2015.08 Opinions on Reforming the Review and Approval System for Simplified the approval process
Drugs and Medical Devices

3 2016.02  Outline of the Strategic Plan for the Development of Traditional Encourage the development of classical Chinese medicine pre-
Chinese Medicine scriptions

4 2016.12 Law of the People’s Republic of China on Traditional Chinese Article 30: Comply with national regulations and provide non-
Medicine clinical safety research data

5 201703 The Selection Scope and Selection Principles of the Formulation of 4 Selection principles
the Ancient Chinese Classical Formulas (CCF) Catalog

6  2017.10 Opinions on Reforming the Review and Approval System and Article 13: Review and approve in accordance with simplified
Encouraging the Innovation of Drugs and Medical Devices standards

7 2017.10 Simplified Registration and Approval Management Regulations for  Simplified the approval process for CCFPP
Chinese Classical Formulas pharmaceutical preparations (CCFPP)
(draft for comments)

8  2017.10 Application data requirements for standard decoction of Chinese  Standard decoction related information should be provided
Classical Formulas pharmaceutical preparations (draft for solicita-
tion of comments)

9  2017.10 Requirements for the application materials of Chinese Classical Exempt drug effect tests and clinical trials
Formulas pharmaceutical preparations (draft for soliciting com-
ments)

10 2017.10 Technical Guiding Principles for the Evaluation of Chinese Medi- Estimated consumption, potential risks and sustainable use
cine Resources measures

11 201804 The State Administration of Traditional Chinese Medicine, in Release the first batch of CCF (100 CCFs)
conjunction with the State Drug Administration, announced the
"Catalogue of Ancient Classic Prescriptions (First Batch)"

12 2018.05 Simplified Registration and Approval Management Regulations for - Material benchmark, key quality attributes
Ancient Chinese Classical Formulas pharmaceutical preparations

13 2019.03 Application Requirements of Ancient Chinese Classical Formulas File a data declaration request
pharmaceutical preparations and Substance Standards

14 2020.04 Special Regulations on Registration and Management of Chinese  Accelerate the promotion of Chinese Medicine Innovation
Medicines (Draft for Solicitation of Comments)

15 2020.09 Classification of Chinese Medicine Registration and Filing Require-  Ceased review and release the unified standard of "Classic Named
ments Substance Standards"

16 2020.10 "Key Information Principles of Ancient Classical Prescriptions” (7 Rendered related requirements of key Information
Prescriptions)"

17 2020.11 Technical Guidelines for Research on Homogenization of Tradi- Ensure uniformity and stability of product
tional Chinese Medicine

18 2021.04 Technical Guidelines for Pharmaceutical Research on Chinese Technical Guidelines for Pharmaceutical Research on CCFPP

Classical Formulas pharmaceutical preparations administered
in accordance with the ancient famous prescriptions (Draft for
Solicitation of Comments)

preparation methods published in the ACFD. Secondly,
the pharmaceutical research of CCF prescriptions must
be conducted according to the CCFMR to ensure that the
critical quality attributes of CCFMR and preparations are
consistent.

Although certain highly toxic medicinal materials that
have been proved to be toxic by modern toxicology are
restricted when selecting in the ACFD, some prescrip-
tions still contain toxic medicinal materials, such as
Aconite, Pinellia and Asarum. Meanwhile, as the require-
ments for clinical trials are exempted, the requirements
for non-clinical safety research are even higher. The

registration regulations clearly state that experiments
must be conducted in a laboratory with GLP qualifica-
tion, and they should strictly follow GLP specifications.
Therefore, enterprises should be aware of the importance
of non-clinical safety research during R&D processes.
The ACFD provided the ancient dosages, which can-
not be clearly converted to the modern dosages and may
not consider the safety and druggability of the prescrip-
tions. There are two main disputes on the dosage conver-
sion of "Treatise on Febrile Diseases", such as "1 Liang (
M)=13.8 g", and "1 Liang=3 g". The difference in dos-
ages is nearly five times. If one CCF is developed into an
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MR according to different dosages, it will lead to a phe-
nomenon that the content of MR of the same CCF used
by each enterprise is entirely different. Thus, this will fur-
ther increase the difficulty in evaluating CCF and making
it difficult to unify the standard of CCFMR [14]. There-
fore, it is recommended to select an appropriate dose
during R&D and conduct related safety tests under GLP
specifications.

Industrialization considerations

The basic principle of the industrial production of
CCEFPP is to produce modern preparations with the same
quality as traditional preparations. Its focus is to establish
a manufacturing process that is reasonable, low cost, sta-
ble and controllable, and to produce products with qual-
ity that is biologically and chemically consistent with the
CCFMR. The industrialization considerations of CCFPP
mainly involve the production process, and control of
quality influencing factors and production cost. In actual
industrial production, many problems from the extrac-
tion process, solid-liquid separation, concentration,
drying and formulation processes may be encountered.
Among them, the main factors affecting the quality of
CCFPPs are the quality of raw materials, extraction pro-
cess parameters, and industrialization of powder (H{5)
and paste (B 7]) preparations. The prerequisite for the
stable quality of CCFPP is that the quality of the decoc-
tion pieces used in the prescriptions should be uniform
and stable. Mixed batch feeding of decoction pieces may
be a feasible way to ensure the uniform and stable qual-
ity of CCFPPs. The production costs of Chinese medicine
are mainly composed of raw medicinal material and aux-
iliary material costs, packaging material cost, direct labor,
fuel engine power, and manufacturing cost. Among them,
direct material and labor costs account for more than
50% of the production costs. Achieving effective con-
trol on raw material and labor costs is the key target to
improve cost control and management.

Clinical positioning

CCF should not be developed into the type of drug that
could cure all types of diseases, because this is not con-
ducive to the precise clinical use of CCF and this cannot
fully reflect their advantages. A broad range of clinical
positioning can lead to unreasonable clinical use, which
is one of the main reasons that can affect the efficacy of
Chinese medicine. It does not only affect the efficacy of
Chinese medicine, but also leads to the repeated occur-
rence of adverse reactions and even toxic effects from
Chinese medicine [25-27]. For example, "Xiao Chai Hu
Tang incident” in Japan is an example of misuse due to
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unclear clinical positioning [28]. If the clinical position-
ing is accurate, the toxic and side effects of Chinese med-
icine can be minimized, and their therapeutic effects can
also be maximized.

The clinical positioning of the CCF refers to the re-eval-
uated clinical efficacy of listed Chinese patent medicine.
Firstly, the clinical use of CCF should be sorted out sys-
tematically in the records from clinical physicians in the
past dynasties. Meanwhile, modern research and applica-
tion of CCF should be collected, sorted and summarized.
The systematic evaluation method of the evidence-based
medicine is then used to analyze and evaluate CCF one
by one to provide a clinical basis for the layout of CCFE.
Clinical indicators are primary selected for each spe-
cies. Modern pharmacological and toxicological research
results of the prescriptions are then analyzed and sum-
marized to provide references for current research. The
scope of clinical positioning of the prescriptions should
be narrowed. Finally, the clinical characteristics of the
prescriptions should be summarized, the main therapeu-
tic effects should be clarified. They should also consider
the secondary effects of the prescriptions, pay attention
to their side effects, and confirm its clinical position-
ing after multidisciplinary approaches, especially on the
demonstration from clinical experts [14].

Processes for developing CCFPP

There are three main steps in the development of CCFPP,
preparation method optimization, quality analysis
method development and quality standard, and safety
evaluation (Fig. 4). The content of each step is elaborated
below.

Preparation techniques

The research of CCFPP should aim at producing CCFPP
with same quality as the CCEMR. The research contents
include studying and determining the technical processes
and parameters (ranges) of the pre-treatment, extraction,
solid-liquid separation, concentration, drying and prepa-
ration molding of CCFPP. Furthermore, it should com-
plete commercial-scale production process verification
and draw up detailed operating procedures. Due to the
limitation of historical technologies, the traditional prep-
aration methods of CCF are relatively rough and indi-
vidualized. The development of new drugs is based on
the large-scale industrial production. Many parameters
in the manufacturing process can be gradually optimized
in the pilot study to achieve the goal that the key qual-
ity attributes of the CCFPP are consistent with the those
determined by the CCFMR, while realizing the rational
use of Chinese medicine resources. In the pilot research
and large-scale industrial production, water should
be kept as the extraction solvent for decoction. Other
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 Pretreatment

« Extraction methods (water volume, time, decoation times)
« Solid -liquid separation
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Fig. 4 Critical steps for developing Chinese Classical Formula pharmaceutical preparations (CCFPP). There are three main steps in the development
of CCFPP, optimization of the preparation methods, development of the quality analysis methods and quality standards, and safety evaluation

« Fixed formula in the catalogue
* Fixed preparation methods

* Fixed application (routes administration, dosages,
indications, populations),

* Recognition criteria for General Kampo Formulas
(no safety and efficacy test)

* European Community (>15 years of use history)

» United States (Clinical research, including the history
of human use of botanicals )

preparation processes can be changed according to the
requirements of large-scale production equipment, such
as the amount of water, the number of extractions, the
extraction time, the filtration method, the concentration
method, the drying method, and the preparation method.

Quality is another important factor for optimizing
the preparation process to ensure process stability and
reduce the fluctuation range of preparations. Clarifying
the upper and lower limits of the control range, including
paste yield, transfer rate and other indicators of process,
is important to ensure the stability of the preparation
production process. It is also important to ensure the
uniformity and stability of the preparation quality. The
relevant administrative departments in China stated that
the acceptable fluctuation range of the main testing indi-
cators for the preparation quantity is 70—130% in average.
For indicators outside this range, it is required to analyze
the reason by correlation analysis between medicinal
materials, decoction pieces, preparation intermediates
and CCFPP.

The composition of Chinese medicine is complex, and
its therapeutic effects are the joint effects of multiple

components. When the composition ratios of differ-
ent components are the same or similar, their therapeu-
tic effects will be similar. Therefore, when exploring the
process parameters for CCFPP, the composition ratios
between different components must be compared.
Importantly, the composition ratios should be consistent
with the CCFMR.

Quality evaluation and stability test

The holistic quality standard of the preparation is impor-
tant to measure the quality of the product. The methods
of quality control should strengthen with specific identi-
fication and multi-component quality control. It should
at least include the extraction rate, quantitative deter-
mination of the characteristic components and their
transfer rate, and fingerprint/characteristic map. The
fingerprint/characteristic map should clarify the require-
ments of similarity, relative retention time and relative
peak area. The main components should be identified as
much as possible in the fingerprint/characteristic map.
At the same time, factors related to safety should be paid
attention.
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A scholar Prof. Dai proposed that the development
process of quality control methods and standards for
CCEFPP can be divided into three steps (Fig. 5) [24].
Firstly, the medicinal materials and decoction pieces
are tested according to the existing quality evaluation
methods and standards in the ChP to select the quali-
fied raw materials. Secondly, with the CCEMR as the
object, a holistic quality control method should be devel-
oped, which can detect all the medicinal materials in
the formula. The key quality attributes and key quality
indicators can also be selected by correlation analysis of
the medicinal materials, decoction pieces, intermedi-
ates and CCFPP. With the key quality attributes, holistic
quality control methods can be established for CCFPP,
and its quality standard can be established accord-
ing to the quality data of different batches of CCFPPs.
The medicinal materials from which the index compo-
nents are derived from can be confirmed by correlation
analysis between CCFMR and decoction pieces. If the
determined quality indicators/index is different from
the index components in the existing quality evaluation
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methods of the medicinal materials in the ChP, a new
quality control method with the new index component
for medicinal materials and decoction pieces should be
developed by the third step. Finally, with the determined
quality indicators, optimized quality control methods
for raw materials and decoction pieces should be devel-
oped. With the new analysis methods, decoction pieces
and medicinal material are analyzed to determine the
required quality standards of decoction pieces to meet
the standards of CCFPP [23]. These new quality con-
trol methods and quality standards of raw materials and
decoction pieces can be used as internal quality control
methods and standards in enterprises to ensure the qual-
ity of CCEPP.

The validity period of CCFPP should be determined
based on the results of long-term test. In general, the
data of 6-month accelerated stability test and 18 months
long-term stability test should be provided. After the
drug is put on the market, the stability test should be
continued.

Existing quality
control methods

New method development

pieces—intermediates--preparations

Medicinal materials detection
(pharmacopoeia method)

Decocting pieces detection
(pharmacopoeia method)

Processed decocting
pieces detection

CCFMR detection
Medicinal materials—decocting

correlation analysis

Key quality attribute &
Quality control index

Medicinal materials &

Internal quality control standard
in enterprises

CCFPP detection cinal : 5

decocting pieces detection .

Quality control method (@etfty S Quality standard
& Stanfiard for ?CFPP & for CCFPP for medicinal materials ]
its materials | & decocting pieces E

Fig. 5 The development process of holistic quality control methods for Chinese Classical Formula pharmaceutical preparations (CCFPP) based
on the whole manufacture process. The holistic quality control methods include the quality control from medicinal materials—decoction pieces
Chinese Classical Formula pharmaceutical material reference (CCFMR) — Chinese Classical Formula pharmaceutical preparations (CCFPP) with key

quality control index
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Non-clinical safety evaluation

After long-term clinical practice tests and accumulated
experiences, prescriptions with poor efficacy and safety
have been gradually eliminated, while CCF with safety
and definite efficacy have been used until today. To enable
CCEF to meet the needs of patients, the NMPA in China
have issued relevant regulations, clarifying that “for CCF
preparations that meet the requirements, they can pro-
vide pharmacy and non-clinical safety research data
without reporting pharmacological research and clinical
trial data". This is aimed to simplify the registration and
approval procedures to promote the development of Chi-
nese medicines. However, there are concerns about this
as simplified registration may reduce the requirements
for drug safety and lead to medication risks.

Safety evaluation for simplified registration and approval
of CCE CCF are derived from ancient medical records
and have a long-term basis from clinical application. The
safety and effectiveness have been confirmed by clini-
cal practice, so it is reasonable to implement simplified
registration and approval for them. Misuse of medicinal
materials, improper processing, unreasonable long-term
medication, improper compatibility and inconsistent use
of medicine are the main reasons for the occurrence of
adverse reactions in recent years [21]. To avoid the poten-
tial safety problems caused by the simplified registration
and approval, the NMPA in China has established regu-
lations on the selection of prescriptions and has also set
requirements for simplified registration of CCEF, including
formulations, preparation methods, routes of administra-
tion, dosages of drugs, therapeutic effects and indications,
applicable populations, and qualifications of manufactur-
ers in many aspects. Besides, each CCF preparation needs
to conduct non-clinical safety studies that follow GLP
standards to systematically, objectively and comprehen-
sively evaluate the safety of CCFPP to ensure the safety of
clinical medications. In this case, only the prescriptions
listed in the ACFD are eligible for simplified registration
and approval. The prescriptions selected in this directory
should meet the requirements of "widely used, definite
therapeutic effects, obvious characteristics and advan-
tages, sufficient records and evidence in medical records
from ancient times, sufficient clinical and experimental
research reports in modern literatures, further clinical
studies of Chinese medicine and widely recognized by
authoritative experts, described in various Chinese medi-
cine textbooks" and other requirements.

The context of safety evaluation for CCFPP The long-
term clinical application and reasonable formulation of
the CCF could reduce the toxicity of Chinese medicine to
achieve relatively mild effects. However, due to the use of
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many new technologies in the modern Chinese medicinal
preparations, there are significant changes in the routes
of administration, dosage forms and material bases. Some
changes are unknown, especially when the contents of
key ingredients are significantly increased, their phar-
macological effects may be significantly enhanced, and
the adverse reactions may also be increased. Therefore,
CCEPPs should be tested for safety evaluation, including
acute and long-term toxicity studies.

The pre-clinical safety evaluation of the CCFPPs can
be selectively conducted according to the specific con-
ditions of the drug itself. For example, the safety test
can be conducted as needed, and the toxicity of a single
dose can be tested in a single type of animal. For toxic-
ity test, repeated doses test can be firstly conducted with
repeated doses in one type of animal (rodent). When
toxicity is found, further studies are needed to test the
toxicity with repeated doses in other kinds of animals
(non-rodent). Special toxicity tests, such as genetic toxic-
ity test, reproductive toxicity test, carcinogenic test and
dependence test, are all needed when evidences suggest
that they should be conducted (preliminary experimental
results and literature reports). This requires a systematic
summary and evaluation of the current safety informa-
tion of the prescriptions before conducting the research.
Therefore, making an experimental design and a research
plan are necessary and should be based on the character-
istics of the prescriptions.

International administration for the registration of Tra-
ditional herbal medicine "World Health Organization
(WHO) Traditional Medicine Strategy 2014—2023" by
the WHO pointed out that Traditional and alternative
medicine can be found in almost every country around
the world, and its demand is growing. Herbal medicine
is essential for the implementation of Traditional medi-
cine. As its safety and effectiveness have been confirmed
to a certain extent in ancient times, many countries and
regions have given specific simplified requirements for
the application of registration of Traditional herbal medi-
cines according to their respective circumstances.

The recognition criteria for General Kampo Formula is
the basis for the research and production of Kampo med-
icine in Japan. Under this circumstance, within the range
mentioned in the regulation, when only water is used as
the extraction solvent, any companies can independently
determine the compatibility of medicinal materials, select
dosage forms, formulate process and quality standards,
and directly produce the products without pharmaco-
logical and clinical researches [10]. For Kampo medicine
that was not included in the “Recognition criteria for
General Kampo Formula” but was approved for produc-
tion from 1968 to 2015, other companies only need to
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conduct the process and quality standards studies when
applying for production without the needs of providing
pharmacological and clinical research data if there are no
added solvents other than water in the formulas.

According to the characteristics and uses of Traditional
herbal medicine in European Union countries, the Euro-
pean Parliament stipulates that registered enterprises
within the European Community can be exempted from
conducting clinical and pre-clinical experiments when
applying for the registration of Traditional herbal medi-
cine if the products can meet the listed requirements,
including oral, topical or inhaled Traditional herbal prep-
arations that do not require clinical physicians to diag-
nose, prescribe and supervise with certain specifications
and dosages. The medicine needs to have at least 30 years
of medication history before the registration, including at
least 15 years of use history in the European Community,
sufficient data showing the traditional and safe use of the
product under certain conditions, and confirmed phar-
macological efficacy [19].

In the United States, the United States Food and Drug
Administration (FDA) allows the application of new
medicine under the over-the-counter drug (OTC) mon-
ograph system or new drug application (NDA) if their
safety and effectiveness are approved as some botani-
cal products and they have been used for a long time in
the United States. However, clinical research data are
needed for the application for botanical drug marketing
under the OTC monograph system and NDA application
system. Among them, the safety information provided
by the human use history of botanicals should also be
considered. Considering the characteristics of botani-
cal medicine, the United States FDA reduces the techni-
cal requirements for the first clinical trials, so for most
botanicals at this stage, the characteristics of the botani-
cals (chemical composition, manufacturing and quality
control) are not required for guarantee. Simultaneously,
for the plant products that are legally listed on the market
as supplementary food, pre-clinical pharmacological and
toxicological research are also not required when apply-
ing for the first clinical trials if there are no safety issues
and the dosage is roughly the same [20].

Pharmaceutical research and safety Following the
requirements of Chinese 6.1 categories new medicine
from Drug Regulation Management Measures and other
related policies, toxicological research is needed to pro-
vide 7 types of experimental research data: (1) Summary
of toxicological research data. (2) Acute toxicity test
data and literature reviews. (3) Long-term toxicity test
data and literature reviews. It is also necessary to con-
sider whether the following research data are needed
according to the specific circumstances of the research
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project: (4) Safety test data and literature reviews on
allergy (local, systemic and photosensitive toxicities),
hemolytic and local irritation and dependency (vascu-
lar, skin, mucous membrane and muscle) that are related
to local and systemic administration. (5) Genetic tox-
icity test data and literature reviews. (6) Reproductive
toxicity test data and literature reviews. (7) Carcino-
genicity test data and literature reviews. Considering
the characteristics of CCF and strict screening proce-
dures, only 1-3 types of experimental research data are
required under normal circumstances. If necessary, 1-3
more types of individual experimental research data or
all other experimental research data should be supple-
mented.

Conclusions

As avital part of the clinical prescriptions, CCF are the
primary support for all the prescription science and
even for the theoretical system of TCM. The long-term
practice has provided evidences to show their clinical
efficacy and low safety risks. Combining ancient and
modern applications and standardizing their prepara-
tion methods are key considerations for the develop-
ment of CCF. Expert consensus might also be a good
approach to solve the major issues of the moderniza-
tion of CCEF, including the origin of the medicinal mate-
rials, processing methods, dosages, and preparation
processes. The modernization of CCF by the pharma-
ceutical industry has become mature, the R&D of CCF
is expected to promote the development and improve-
ment of the theoretical system of prescriptions and
benefit more to the patients in a broader range.
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