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ARTICLE INFO ABSTRACT
Keywords: Ethnopharmacological relevance: Traditional pharmacopeias have been developed by multiple cultures and eval-
Pain uated for efficacy and safety through both historical/empirical iteration and more recently through controlled

Traditional medicine
Indigenous medicine
Healthcare economics
Phytomedicine
Network pharmacology

studies using Western scientific paradigms and an increasing emphasis on data science methodologies for
network pharmacology. Traditional medicines represent likely sources of relatively inexpensive drugs for
symptomatic management as well as potential libraries of new therapeutic approaches. Leveraging this potential
requires hard evidence for efficacy that separates science from pseudoscience.

Materials and methods: We performed a review of non-Western medical systems and developed case studies that
illustrate the epistemological and practical translative barriers that hamper their transition to integration with
Western approaches. We developed a new data analytics approach, in silico convergence analysis, to deconvolve
modes of action, and potentially predict desirable components of TM-derived formulations based on computa-
tional consensus analysis across cultures and medical systems.

Results: Abstraction, simplification and altered dose and delivery modalities were identified as factors that in-
fluence actual and perceived efficacy once a medicine is moved from a non-Western to Western setting. Case
studies on these factors highlighted issues with translation between non-Western and Western epistemologies,
including those where epistemological and medicinal systems drive markets that can be epicenters for zoonoses
such as the novel Coronavirus. The proposed novel data science approach demonstrated the ability to identify
and predict desirable medicinal components for a test indication, pain.

Conclusions: Relegation of traditional therapies to the relatively unregulated nutraceutical industry may lead
healthcare providers and patients to underestimate the therapeutic potential of these medicines. We suggest
three areas of emphasis for this field: First, vertical integration and embedding of traditional medicines into
healthcare systems would subject them to appropriate regulation and evidence-based practice, as viable inte-
grative implementation mode. Second, we offer a new Bradford-Hill-like framework for setting research priorities
and evaluating efficacy, with the goal of rescuing potentially valuable therapies from the nutraceutical market
and discrediting those that are pseudoscience. Third, data analytics pipelines offer new capacity to generate new
types of TMS-inspired medicines that are rationally-designed based on integrated knowledge across cultures, and

Abbreviations: TRP, Transient Receptor Potential channel; WHO, World Health Organization; TCM, Traditional Chinese Medicine; TM, Traditional Medicine; CAM,
Complementary and Alternative Medicine; TTTM, Translated/Transformed Traditional Medicines; ISCA, In silico convergence analysis; TMS, Traditional Medical
System.

* Corresponding author. Chaminade University, 3140 Waialae Ave, WSC116, Honolulu, Hawai’i, 96816, USA

E-mail addresses: chad.jansen@chaminade.edu (C. Jansen), jonathan.baker@chaminade.edu (J.D. Baker), kodairae@pharm.kitasato-u.ac.jp (E. Kodaira), liana.
ang@student.chaminade.edu (L. Ang), ann-janin.bacani@student.chaminade.edu (A.J. Bacani), johnnyaldanl4@gmail.com (J.T. Aldan), lori.shimoda@
chaminade.edi (L.M.N. Shimoda), mouauia.salameh@student.chaminade.edu (M. Salameh), andrea@gbsciences.com (A.L. Small-Howard), astokes@hawaii.edu
(A.J. Stokes), hturner@chaminade.edu (H. Turner), president@adra.institute (C.N. Adra).

https://doi.org/10.1016/j.jep.2020.113477
Received 8 July 2020; Received in revised form 23 September 2020; Accepted 13 October 2020

Available online 21 October 2020
0378-8741/© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:chad.jansen@chaminade.edu
mailto:jonathan.baker@chaminade.edu
mailto:kodairae@pharm.kitasato-u.ac.jp
mailto:liana.ang@student.chaminade.edu
mailto:liana.ang@student.chaminade.edu
mailto:ann-janin.bacani@student.chaminade.edu
mailto:johnnyaldan14@gmail.com
mailto:lori.shimoda@chaminade.edi
mailto:lori.shimoda@chaminade.edi
mailto:mouauia.salameh@student.chaminade.edu
mailto:andrea@gbsciences.com
mailto:astokes@hawaii.edu
mailto:hturner@chaminade.edu
mailto:president@adra.institute
www.sciencedirect.com/science/journal/03788741
https://www.elsevier.com/locate/jethpharm
https://doi.org/10.1016/j.jep.2020.113477
https://doi.org/10.1016/j.jep.2020.113477
https://doi.org/10.1016/j.jep.2020.113477
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jep.2020.113477&domain=pdf
http://creativecommons.org/licenses/by/4.0/

C. Jansen et al.

Journal of Ethnopharmacology 267 (2021) 113477

also provide an evaluative framework against which to test claims of fidelity and efficacy to TMS made for

nutraceuticals.

1. Introduction: TM practices across cultures and geographies

Practices known as traditional medicines (TM) include ethnomedical
beliefs and traditions specific to individual cultures, as well as tradi-
tional medical systems practiced more widely across multiple cultural
contexts. The World Health Organization (WHO) defines traditional
medicine as “the sum total of the knowledge, skills, and practices based
on the theories, beliefs, and experiences indigenous to different cultures,
whether explicable or not, used in the maintenance of health as well as
in the prevention, diagnosis, improvement or treatment of physical and
mental illness” (World Health Organization, 2013). Each culture has its
set of ethnomedical beliefs and practices associated with health and
illness, which shape diagnosis, treatment, and expected outcome.
Indigenous medical practices employ a wide range of diagnostic and
treatment modalities, including, for example, divination, preparation
and use of medicines from plant and animal sources, practitioner-led
mending of social transgressions, massage, and a wide range of spiri-
tual/religious rituals incorporating singing, chanting, dancing, and
other bodily movements and vocalizations. These practices are guided
by and logically consistent with the culturally specific beliefs about what
contributes to health and illness, and how illness should be treated.
While similarities across the medical practices of many indigenous
groups can be seen (e.g., many cultures employ herbal preparations
therapeutically), the underlying cultural rationales may differ signifi-
cantly (Rubel and Haas, 1996).

Traditional medicine is often contrasted with ‘scientific’ medicine.
This is problematic terminology since it is colonizing (with the latter
being assumed to be the purview of Western practitioners, assuming a
lack of science in indigenous cultures and relegating these medical
systems to ‘folk medicine’) and outdated since in numerous medical
systems there are now significant evidence bases using the Western
definitions of efficacy (such as randomized or otherwise controlled tri-
als, in vitro and in vivo proofs of mechanism) that support some uses of
TM. However, WHO notes that “inappropriate use of traditional medi-
cines or practices can have negative or dangerous effects” and that
“further research is needed to ascertain the efficacy and safety”. Indeed,
there are multi-dimensional problems associated with the prevalence of
TM, a field contaminated by fraudulent practitioners, adulterated
medications, pseudoscience, unsafe supply chains, toxic components
and alternative medical approaches vaguely and improperly abstracted
from their original use and formulations. There is also an extensive
global nutraceutical (defined as pharmacological alternatives that claim
physiological benefit) industry that sits in a space between Western and
TM systems, often claims fidelity to some form of traditional knowledge,
and is poorly regulated. The (World Health Organization, 2013) call to
action from WHO to develop evidence bases for the use or rejection of
TM has a number of inherent challenges and challenges rooted in ten-
sions between Western and traditional medicine, and consideration of
these is the impetus for the current review.

2. Background: medical systems

This section provides brief descriptions of some of the more profes-
sionalized medical systems (TCM, Kampo, Ayurveda, Unani). The dif-
ferences between more and less formal medical systems are not meant to
be value judgments on the quality or validity of the practices. Instead,
they are meant to provide descriptive insight for the following discus-
sion of different medical systems. However, the more professionalized
medical systems exemplify both the promises and pitfalls of trying to
establish an evidence base for use of TM and we focus on discussion of
them and leave for other studies an in-depth treatment of African, Native

North American, Shamanic and other important medical approaches
(Abdullahi, 2011; Adekson, 2016; Isaac et al., 2018; Macfarlane, 2009;
Nauman, 2007; Steinhorn et al., 2017; Van Wyk, 2020; Wambebe,
2018).

The degree of formalization, standardization, and professionaliza-
tion varies considerably across indigenous medical practices. While all
culturally specific medical beliefs and practices are systematic in the
sense that they are organized according to cultural logic and that they
integrate into the ways and values of society, many indigenous ethno-
medical practices are relatively informal in their structure and social
organization. By contrast, systems like Traditional Chinese Medicine
(TCM) and Ayurveda have formal, professional training and licensure of
practitioners defined and overseen by state government authorities,
have standardized written medical texts (including pharmacopeias
which are critical guides for formulation, compounding, etc.) shared
widely among students and practitioners, and have professional asso-
ciations and institutions (Leslie, 1998; Leslie and Young, 1992). These
medical systems are often practiced across a diverse cultural landscape,
alongside more regional ethnomedical traditions, in a syncretic fashion
(Chitindingu et al., 2014). Examples derived from the historical and
contemporary landscape of medical systems of interest in this paper are
presented in brief below:

Traditional Chinese Medicine (TCM). Mental and physical practices as
well as phytomedicine, animal and mineral remedies, the Doctrines of
Chinese medicine are rooted in cosmological concepts such as yin—-yang
and five phases known as water, wood, fire, earth and metal. TCM de-
scribes health as the harmonious interaction of these entities and the
outside world, and disease as a disharmony. TCM diagnoses trace
symptoms to patterns of the underlying disharmony, by measuring the
physiological indicators. TCM was developed over ~3500 years with
standardization efforts from 1950s onwards in the People’s Republic of
China (Hsu, 2018).

Kampo medicine. Kampo is a component of medical practice in
contemporary Japan that has its origins in Chinese medical practices
first developed in the Han Dynasty (206 BC-AD 220) (Otsuka, 2016).
The medicines and associated practices were first introduced to Japan
via Korea in the seventh to ninth centuries AD, with a subsequent influx
of Chinese medical practices beginning in 1498 (Inoue et al., 2017).
Though Kampo shares many elements with Traditional Chinese Medi-
cine, it also developed into a uniquely Japanese practice between the
two periods of Chinese introduction and subsequent to Japan cutting off
contact with outsiders in 1630 CE (Inoue et al., 2017; Otsuka, 2016).
During the Meiji Restoration (beginning in 1868), Kampo fell out of
favor due to being perceived as not modern, and the Japanese govern-
ment adopted German medical practice as the country’s standard (Inoue
et al., 2017; Otsuka, 2016). After the end of the second world war,
Kampo underwent a renaissance in popularity. In 1976, it was included
in the Japan National Insurance Programme, and today it is taught in all
Japanese medical schools alongside Western biomedicine (Inoue et al.,
2017; Otsuka, 2016).

Ayurveda. Ayurveda (Mukherjee et al., 2017) is an Indian medical
system, based around epistemology of three energies (doshas): Vata is
the energy of movement; pitta is the energy of digestion or metabolism
and kapha is the energy of lubrication and structure. The cause of dis-
ease in Ayurveda is viewed as a lack of proper cellular function due to an
excess or deficiency of vata, pitta or kapha. Disease can also be caused by
the presence of toxins. Balance in constitution is ideal and the natural
order; imbalance is disorder. Health is order; disease is disorder. Ayur-
vedic therapeutic approaches include phytomedicine, meditative prac-
tices, physical manipulation, diet, environment.

Traditional European medicine. Medicine in pre-Enlightenment
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Europe was a combination of elements derived from Greek and Roman
medical writings, acquired through translations from Greek and Arabic
sources, along with a mix of relatively poorly documented indigenous
practices (Horden 2009; Leonti and Verpoorte 2017) (Horden, 2009;
Leonti and Verpoorte, 2017). The more systematic of these practices
were largely based on humourism, which is the belief that disease is
caused by imbalance among the four “humours” (blood, phlegm, yellow
bile, and black bile) (Hebron 2017) (Hebron, 2017). Humoural medicine
sought to treat disease symptoms by inducing symptoms (often with
extreme methodologies such as purging and bloodletting) seen as
opposite to those of diseases rather than treating the underlying causes.
Disease was viewed as caused by an excess of one humour and thus
would be treated by inducing its opposite, however damaging. Unani is
an Arab-Persian medical system also practiced widely in India. It is
focused on prevention of disease and is similar to early European med-
icine in its idea of imbalances between fundamental humours. It focused
on three therapeutic paths: Izalae Sabab (elimination of cause), Tadeele
Akhlat (normalization of humours) and Tadeele Aza (normalization of
tissues/organs).

Islamic medicine greatly informed the development of Western med-
icine through the dissemination of its essential texts, especially via the
Ottoman Empire (Masic, 2017), and promotes holistic approaches to
health as well as a ground-breaking emphasis on public hygiene and the
authentication of phytomedicines (Masic, 2017).

Allopathic Western medicine. Strongly influenced by Greek philosophy
and Arab/Islamic medicine prior to 1500 (Majeed, 2005), Allopathic
Western medicine developed an increasingly evidence-based framework
from the Renaissance through enlightenment and the industrial age.
Allopathic Western medicine is science-based, modern medicine, that
uses medications or surgery to treat or suppress symptoms or the ill
effects of disease. Allopathic Western medicine utilized an
evidence-based regulatory framework that demands a continuum of
proofs of mechanism and efficacy prior to delivery.

A full discussion of timelines, geographies, and the complexities of
comparing medical systems cross-culturally is beyond the scope of this
paper, but we refer readers to Leonti and Verpoorte (2017) (Leonti and
Verpoorte, 2017) for an excellent recent review of geographic and
temporal influence of different medical traditions on each other. See also
Etkin et al. (2008) (Etkin et al., 2008) and Etkin (2006) (Etkin, 2006) for
discussion of cultural factors influencing therapeutic practice, and Leslie
(1998) (Leslie, 1998) on comparative study of Asian medical systems.

3. Tensions between traditional and Western medicine

The relationship between TM and Western medicine is complex but
there is an urgency to the development of frameworks to navigate the
tensions between these two systems of knowledge. Frustration with
‘superstition’ and the very real threats deriving from the pseudoscience
that contaminates most nutraceutical or naturopathic approaches leads
Western allopathic medicine to strongly reject ‘alternative’ approaches,
a position that may in fact play into the anti-establishment and anti-elite
narratives of those promoting these approaches in an increasingly
polarized society such as the US. However, there are realities in both the
West and developing countries that Western medications are, or are
becoming, out of reach economically for many patients (Ewen et al.,
2017) (Wirtz et al., 2017). In developing nations there is a moral
imperative to establish a framework for safe and effective use of these
medicines since they may be all that is available, although this can be
countered by an argument that such a reliance stifles medical progress
towards a contemporary, Western system of treatment. The argument
about costs extends also to markets such as the US where spiraling costs
are removing conventional medicine from the low income or elderly
patients (Briesacher et al., 2007) (Morgan and Lee, 2017; Zivin et al.,
2010). Further, there is the potential critique that Western medicine is
‘throwing the baby out with the bathwater’ with respects to their
reluctance to integrate TM into the current healthcare system. In a
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rejection of non-Western approaches rooted in the frustration and the
clear threats of pseudoscience and quality-control issues described
above, the opportunity for symptomatic management with TM-derived
formulations that can be shown to be efficacious and utilized under
the supervision of practicing physicians within “standard of care”
guidelines is missed (Nishimura et al., 2009; Watanabe et al., 2011).
Furthermore, the decreased costs and increased availability associated
with rational integration of TM is not leveraged (Arita et al., 2016).
Moreover, reconsideration of the position of rejection based on new
evidence (such as ‘re-discovery’ of a compound that is a component of an
established TM as efficacious using Western drug screening approaches,
or new data showing efficacy of a TM formulation using a Western
clinical trial format) is not taking place in a systematized way and is not
driving a pathway for drugs out of the nutraceutical and into the phar-
maceutical realm. The latter is especially problematic due to the re-
quirements of the intellectual property system that forms the profit base
for the pharmaceutical industry, as well as obvious issues with oppor-
tunistic cultural appropriation and bioprospecting that ‘re-discovery’
can create in a system that rewards corporations. A clear-sighted
re-evaluation of TM with the goal of rational, evidence-based integra-
tion and de-relegation from nutraceuticals into regulated mainstream
medicine may be desirable but requires some significant study of ad-
vantages and disadvantages of non-Western approaches (see Etkin
(1988), Etkin and Elisabetsky (2005), and Browner et al. (1988) for
discussions of ethnopharmacological methods for cross-cultural evalu-
ation of medical systems; see also Farquhar (1994), Wolfgram (2009))
(Browner et al., 1988; Etkin, 1988; Etkin and Elisabetsky, 2005; Far-
quhar, 1994; Wolfgram, 2009). This paper evaluates various aspects of
this challenge with a specific focus on plant-derived medicines, estab-
lishing these as an outgroup from other alternative medical approaches.

4. De-grouping: plant derived medicinal compound mixtures as
an outgroup in CAM

The central thesis of this section is that plant-derived complex
compound mixtures used in TM may be differentiated from several other
groupings of complementary and alternative medicines (CAM) and
therapies and should be considered separately when evaluating their
potential. There is a very large number of approaches grouped under
CAM, with varying degrees of evidence base for efficacy, biological
mechanistic plausibility and potential for differentiation from placebo
effects. Instruments such as indices of biological plausibility, variants of
the Bradford-Hill criteria (Lucas and McMichael, 2005) or Koch’s pos-
tulates, and statistical evidence from pre-clinical and clinical experi-
mental settings can be used to discern the potential value of such CAM.
We propose an adaptation of the Bradford-Hill criteria (Table 1) for
application to CAM. Some CAM are gaining acceptance via demonstra-
tion of potential mechanism, statistical out-performance of the placebo
effect and a clinical evidence base. For example, these include
plant-derived medicines and acupuncture. In contrast, there are ele-
ments of the CAM spectrum that will likely never rise to these levels,
such as homeopathy, miraculous water, urine therapy, and others. In the
middle ground there are CAM that are in motion as their biological
plausibility, evidence base and societal acceptance morph. For example,
as mainstream appreciation of integrative medicine approaches that
integrate mind-body-spirit wellness concepts and practices increases
(and patient demand for them increases) there are CAM that are gaining
acceptance across mainstream healthcare providers, major medical
systems, and insurers. Some of these include yoga and other movement
practices, massage, acupuncture, diet and herbs, chiropractice, visuali-
zation, meditation and spiritual practices.

The more complex the medical intervention, even if sham, then the
higher the potential for placebo effect (Geers et al., 2018). For in-
terventions with low biological plausibility and high potential for pla-
cebo effect there has been extensive discussion as to their utility and
whether they should be covered by insurers or recommended by
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Table 1

Adapted Bradford-Hill criteria for evaluation of traditional medical approaches.

Bradford-Hill
Criteria (BHC)

Re-stated BHC definition for
application to TM evaluation

Approach/Recommendations

Strength Prescriptions that strongly
affect therapeutic outcomes

are the most credible.

Consistency Multiple methodologies, studies
and context support the
association between therapy

and outcome.

The prescribed exposure is
necessary and sufficient to
generate the therapeutic
outcome.

Specificity

The prescribed exposure must
precede the therapeutic
outcome.

Temporality

The likelihood of a causal
therapeutic association is
increased if a biological
gradient or dose-response
curve can be demonstrated.

Biological
gradient

Plausibility A plausible biological

mechanism for efficacy exists

Invest in robust programs of
study that enable reductionist
evaluation of a potential
therapeutic for its statistical
improvement over placebo or
control, and its relative efficacy
to standard-of-care approaches.
Strengthen systems to educate
consumers, discredit and
prevent adoption of therapeutic
approaches that are ineffective.
Design in vitro and in vivo
experiments, and clinical trials
that employ best practices
(reductionist experimentation,
randomized controlled trials,
prospective and retrospective
observational studies) to assess
the statistical improvement over
placebo offered by a candidate
therapeutic.

Measure specific clinical
indicators of outcome not
general health, weakly
associated phenomena or
perceived value.

Apply reductionist approaches
in in vitro, in vivo and clinical
work;

Disaggregate effects from
confounding exposures (e.g.
other medicines, CAMs) in
clinical data analysis;
Systematize capture and
inclusion of patient reported
outcomes (PRO) in
considerations of efficacy in a
manner that can apply statistical
tests.

Design in vitro, in vivo and
clinical studies appropriately;
Incorporate temporality into
judgement of biological
plausibility (e.g., s time taken to
act consistent with the behavior
of the disease?).

Design in vitro, in vivo and
clinical studies appropriately;
Account for dose, modality and
formulation when converting
potential therapeutics between
medical systems;

Generate dose-response
relationships with an emphasis
on effect sizes that statistically
out-perform placebo;
Contextualize dose-effectiveness
relationships by comparison
with an appropriate standard-of-
care approach;

Contextualize reports on efficacy
with analyzes of safety and side
effect profiles, again in reference
to standard-of care approaches.
Use in silico and computational
approaches for unbiased
identification of potential
therapeutic components and
associate them with plausible
mechanisms before applying
them in laboratory or clinic;
Understand that what is viewed
as biologically plausible depends
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Table 1 (continued)

Bradford-Hill
Criteria (BHC)

Re-stated BHC definition for
application to TM evaluation

Approach/Recommendations

Coherence A cause-and-effect
interpretation of a therapeutic
association between therapy
and outcome should fit with the
known facts of the natural
history, biology and be
temporally appropriate.
Experiment Therapeutic actions taken on
the basis of a demonstrated
cause-and-effect association
alter the frequency or severity
of the outcome.

upon the ‘biological knowledge
of the day’ and consistently
surveilled literature to re-
evaluate potential therapeutics
in light of new scientific
evidence for potential
mechanisms;

Establish standards for
publication of data that
summates all arguments for
strength (efficacy), coherence
and plausibility, safety and side-
effect profiles based on
experimental and scholarly
analysis.

Use in silico and computational
approaches for unbiased
identification of potential
therapeutic components and
associate them with plausible

mechanism before applying
them in laboratory or clinic;
Design in vitro and in vivo
experiments, and clinical trials
that employ best practices
(reductionist experimentation,
randomized controlled trials,
prospective and retrospective
observational studies) to assess
the statistical improvement over
placebo offered by a candidate
therapeutic.

Measure specific clinical
indicators of outcome not
general health, weakly
associated phenomena or
perceived value.

Develop open source resources
that collate and curate examples
of analogous therapies with
rigorous evidence bases;
Develop a system for regular
meta-analyses that compares
scholarly evidence across
indications and contexts.

Analogy Analogous proven examples of

therapies exist.

providers. In reality, the use of insurance coverage as a proxy for
regulation is inadequate in markets such as the U.S, where consumers
have every right and opportunity to self-medicate, and is broadly irrel-
evant in many other countries. This is a complex debate with viewpoints
ranging from the pragmatic to the radical: ranging from those arguing
against any unproven therapy being embraced in mainstream medicine
to those for whom a placebo effect that ‘does no harm’ can still be useful
in care (Snow, 2016). It seems unlikely that the latter is true for many
applications because nutraceuticals can do harm due to duplicative
dosing, as well as unknown and unmonitored interactions with other
nutraceuticals or prescription medicines that can occur. In TM, the
definition of harm can be far broader than effects upon personhood of an
informed consumer, making an argument for enhanced regulation ac-
cording to global standards. Examples of this potential for broad impact
beyond individual health can be found within the animal medicine
practices of China, southeast Asia and Africa. The pursuit of animal
supply chains endangers species and upsets the balance of ecosystems.
The trade in animal parts suborns cruelty and juxtaposes zoonoses with
humans. For example there were a few days in early 2020 when it
seemed that pangolins were a secondary reservoir for SARS-Cov2 and
that their trade as a medicinal component was an initiating event in the
global COVID-19 pandemic (Cyranoski, 2020; Zhang et al., 2020). In this
case, as in the earlier implication of civet as a reservoir in the prior
SARS-1 outbreak, the data were erroneous but at the very least placed
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the species in brief danger of retaliatory or preventative culling (Luk
et al., 2019).

Plant-derived compounds and therapeutic mixtures — if correctly
designed and administered - are an out-group when compared to most
CAM in terms of their high biological plausibility and relatively high
evidence base for proof of efficacy (shown schematically in Graphical
Abstract). While, in general, the more complex a therapy the higher
likelihood of placebo effect (Kaptchuk, 2002; Paterson and Dieppe,
2005), in the case of phytomedicines their actual complexity may be
masked by an apparently simple delivery regimen, and so their potential
for placebo effect may be hard to predict and needs individualized study.
We note that it was extremely hard to place indigenous medical prac-
tices as experienced within their cultural context and with fidelity to delivery
modalities, doses and formulations on this schematic. There are precisely
zero Cochrane analyses on this subject and few papers in PubMed that
approach this problem in the context of cultural medicine, and this may
reflect the bias inherent in indexing primarily English-language studies.

Both high biological plausibility (plausibility of mechanism) and
lower potential for statistical out-performance of placebo are perhaps
uniquely strong features of plant-derived medicines. These are phar-
maceuticals and so by any definition their mechanism of action is
through a receptor interaction with a small molecule that initiates
cellular, tissue, organ and organismal effects on a biological system. The
success of plant-derived mainstream drugs such as taxol, aspirin and
artemisinin has decreased a priori skepticism of plant-derived therapies,
and there is a burgeoning literature in identifying active compounds and
their biological targets (Cragg and Newman, 2005). Moreover, in some
TM settings, there is an active in-culture will and process for
de-convolving and ‘proving’ the mechanism of action of traditional
formulations, both as a validation and as a source of potential phar-
maceutical approaches (e.g., Japan, China, Korea, India). However, in
other settings, including some indigenous groups, this de-convolution
and abstraction of medicines from their cultural context is viewed as
neo-colonial, economically exploitative, and counter-cultural to indig-
enous values (Mark et al., 2019). Moreover, it may be viewed as
conceptually unnecessary where indigenous practitioners and users of
TM believe that simply being in touch with or using their cultural form
of medicine brings spiritual benefits in and of itself. Proof-of-mechanism
itself assists in decreasing skepticism, and indeed the differentiation
between herbal medicines and allopathy is artificial when the efficacy of
the herbal medicines has been demonstrated in controlled clinical
studies. Western medicine has focused on the ‘bench to bedside’ para-
digm, and there is the potential for the reverse ‘bedside to bench’
deconvolution and ‘rediscovery’ of active constituents from
non-Western medical formulations. However, mechanism may not be a
pre-requisite to the successful use of herbal medicine when there is
clinical evidence or observable benefit, reflected in some of the simpli-
fied regulatory frameworks based on traditional use evidence that have
been established in Europe (the Traditional Herbal Medicine Directive),
Canada and Australia.

5. Transformation as a barrier to the study of efficacy: apples to
oranges

When adopted outside its traditional or root culture, traditional
medicine is often classified as a form of alternative medicine (AM), for
example by Western professional medical organizations, insurers and
healthcare systems. This problematically leads to lack of regulation (e.
g., in the U.S. where these approaches are at best relegated to the nu-
traceutical market largely outside the FDA sphere of regulation) and a
lack of fidelity to original formulations, dose schedules, delivery
methods and indications. It may also be regarded as patronizing and
neo-colonial by many indigenous and traditional practitioners who work
within their own epistemological framework for effectiveness (Mark
et al., 2019) (Wolfgram, 2009). We refer to these as Trans-
lated/Transformed Traditional Medicines (TTTM). It is in these contexts,
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rather than in indigenous settings with fidelity to the TMS under study,
that many of these TTTM have been studied for efficacy and dismissed as
either statistically insignificantly different from placebo or ineffective
compared to a standard of care drug. In addition, TTTM, especially in the
form of nutraceuticals adopted by an already heavily medicated popu-
lation such as that of the US, have a false perception of ‘naturalness
equates to safety” when in fact there are numerous drug-nutraceutical
interactions that pose hazards to health and natural products can be
intrinsically harmful. An additional issue arises in the directionality of
the perceived drug interaction, where a patient already exposed to
multiple prescription drugs adds a nutraceutical and that is viewed as
the toxic, drug interaction. Further, the regulatory system itself where
marketing authorizations are ruled by International Commission on
Harmonization (ICH) guidelines (e.g., US, Europe, Japan, Australia) use
quality, efficacy and safety (in that order) as benchmarks for approval.
This leads to a focus on quality and consistency rather than efficacy, and
allows the manufacture of products referring to tradition, but techni-
cally unrelated to the traditional preparations.

The types of transformation/abstraction that occurs when medicine
moves between cultures, and particularly from a traditional framework
to the Western nutraceutical market can be summarized as follows:

e Simplification and abstraction. TM formulations in systems such as
Kampo or TCM are typically multiple herbs each of which may
contain tens to hundreds of bioactive or potentially bioactive con-
stituents. These are, by definition, polypharmacy approaches that
may leverage synergy between plant components (Williamson,
2005). They are formulations that are ‘multi-targeting’ of parallel or
complementary physiological or pathophysiological processes.
Typical nutraceuticals simplify these mixtures to one or a few com-
ponents while not down-scaling the claims of efficacy, which in turn
do not have to be robustly proven so long as the labeling of dietary
supplement is maintained. This simplification may translate to the
loss of helpful interactions that contribute to efficacy in a
poly-pharmacy formulation and may eliminate compounds that are
minor or obscure constituents (bioactive components, excipients,
etc.) contributing to efficacy but are not immediately obvious can-
didates for inclusion in a nutraceutical formulation.

e Delivery modality, formulation and dose schedules. Asian medical sys-
tems are strongly biased towards modalities that emphasize powders
and teas, and chronic delivery of low doses, usually daily. This
strongly contrasts with the Western prevalence of tablets and
encapsulation in medical and pseudo-medical settings. These
different delivery modalities will fundamentally change the phar-
macodynamic and pharmacokinetics of the compounds. Similarly,
formulation with natural excipients or even nano-izing agents (Iit-
suka et al., 2018) that are components of the TM may not be repli-
cated with the filling agents, preservatives and other components
that are more usually found in nutraceutical formulations for West-
ern markets. Dose amounts may also be significantly altered as they
are transposed between cultures, through either lowering to ho-
meopathic amounts or heightening daily doses, based on consider-
ations of lability and stability rather than evidence-based efficacy.

Conceptual basis for action and epistemology. The worldview and

medical knowledge of the historical developers of TM, and indeed

even of contemporary practitioners is fundamentally different from
the underlying philosophy and knowledge base of Western medicine.

In this section we examine a series of case studies that illustrate the
abstraction, transformation and epistemological conflicts that arise
when TM enters a context such as the US nutraceutical market.

From ‘Awa to kava to Happy Camper. An extraction of Piper methysti-
cum is used in several indigenous Pacific cultures as a drink associated
with ritual, conflict resolution and socialization. The drink is known by
the following names in the Pacific: ‘awa (Hawai'i), ‘ava (Samoa), yaqona
(Fiji), sakau (Pohnpei), seka (Kosrae), and malok or malogu (Vanuatu),
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with kava being a generic term (Showman et al, 2015). ‘Awa is
non-psychoactive and non-stimulant, providing instead sensations of
well-being, calm and is a mild soporific. It has a low side effect profile,
with 1999-2001 reports of hepatotoxicity being now overwritten, and
chronic use associated with a reversible icthyoform dermopathy in some
Pacific populations (Kuchta et al., 2015; Showman et al., 2015). There is
good clinical evidence that it is an anti-anxiolytic which is consistent
with its use in traditional contexts (Sarris et al., 2013) and it may have
potential for facilitation of tobacco cessation (Wang et al., 2020).
Despite one widely cited fallacious report (Steiner, 2000), there is no
epidemiological evidence for any protective effects in cancer although
some of its components may show pro-apoptotic effects when applied to
isolated cell lines in vitro or in murine models (Celentano et al., 2019;
Einbond et al., 2017; Triolet et al., 2012). In the Pacific, ‘Awa is
extracted using a tepid water extraction, broadly filtered using available
materials (from Hibiscus mucilage to waste fabric or coffee filters).
Nutraceutical formulations have largely relied on alcohol extraction
which will significantly change the composition from the traditional
aqueous extraction (Ji et al., 2018). Notably, one vendor from Fiji ap-
proaches yaqona with fidelity to cultural methods. ‘Awa in
non-traditional use is subject to abstraction from contextual use and
applications, adulteration resulting from economic issues and supply
chain pressure, and altered extraction methods. Expansionist claims
present on sales and promotional websites are bootstrapped from its
effectiveness as an anti-anxiolytic and mild sedative action to stress,
PMS, sleep disorders, neurodegeneration, cancer, migraines, infections,
‘cravings’, digestive health, inflammation, and rheumatism (VH Nutri-
tion, 2020; Scaccia, 2018; Walle, 2018). There is no evidence base for
these expanded claims.

From Rikkunshito to Licorice. ‘Rikkunshito’ is a Japanese Kampo
(Nishimura et al., 2009) prescribed for loss of appetite due to various
stomach issues. It consists of 8 distinct herbal medicines, ginseng,
Atractylodes rhizome, Poria sclerotium, pinellia tuber, citrus unshiu peel,
jujube, glycyrrhiza and ginger. ‘Rikkunshi-to’ (REFH, YV 2 <AL L
[) is a Japanese Kampo prescribed for loss of appetite due to various
stomach issues. It consists of 8 distinct herbal medicines: Ninjin rhizome
(A%, ICA U A, ginseng; Panax ginseng C.A. Mey, Araliaceae), Byaku-
jutsu rhizome (B, O % < U ® D; Atractylodes japonica Koidz, Aster-
aceae), Bukuryo sclerotium (X35, 5 < V) & 5; Wolfiporia extensa (Peck)
Ginns, Polyporaceae (syn. Poria cocos F.A. Wolf)), Hange tuber (¥ &, &
LtF; Pinellia ternata (Thunb.) Makino, Araceae), Chinpi peel (BREZ, 5 A
[, Citrus reticulata subsp. Unshiu (Markov) Rivera & et al., Rutaceae),
Taiso fruit (K&, =\ ¥ S, jujube; Ziziphus jujuba Mill, Rhamnaceae),
Kanzo root (HE, A" A ¥ 3, licorice; Glycyrrhiza uralensis Fisch. Ex DC,
G. inflata Batalin, and G. glabra L, Fabaceae), and Shokyo root (%%,
[l& 5 & & 5, ginger; Zingiber officinale Roscoe, Zingiberaceae). Pinellia
tuber is an anti-nausea component and citrus unshiu peel is anti-emetic.
In this Kampo, Glycyrrhiza is not used to cure a symptom of stomach
trouble. The function of Glycyrrhiza in this Kampo is to be an adjust-
ment, harmonizing force, or pivot between another seven herbal medi-
cines based on epistemology. Mechanistically, it, in fact, may be an
excipient or nano-izing agent (litsuka et al., 2018; Zhou et al., 2019)
and/or broad immunostimulant (litsuka et al., 2018). Glycyrrhiza, or
the root and stolon (runner) of licorice, is used in 72% of the 294 Kampo
formulations. Moreover, it is supplied as part of a polypharmacological
preparation not as a single component medicine. In terms of delivery
modality, Kampo preparations include tablets, encapsulations and pol-
ypharmacological teas which will exhibit different pharmacodynamics
to preparations seen in the Western nutraceutical market. Thus, when
one sees multiple examples of Licorice capsules and Licorice extracts for
digestive relief in the U.S nutraceutical market, there is clearly a
disconnect between the Asian ‘inspiration’ for the use of licorice and the
practicality of its marketing as a nutraceutical. Licorice may, however,
have value outside of digestive relief, but with caveats that could only be
revealed using detailed scientific analyses: a Cochrane methodology
meta-analysis concluded that there were “... positive effects of licorice
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consumption on the reduction of body weight and BMI of patients. However,
the results also show the increase in blood pressure of patients associated with
the hypernatremia caused by licorice. Consequently, licorice consumption
should be avoided by hypertensive patients (Luis et al., 2018).” Of course,
licorice nutraceuticals sold as dietary supplements carry no such
warnings.

From penetration to pangolin scales. Pangolin, which is a scaled
mammal indigenous to Asia and sub-Saharan Africa is highly trafficked.
In traditional Chinese medicine, and similarly in Vietnam, pangolin
scales are prescribed for a wide range of mechanistically unconnected
disorders loosely unified by the idea of a blockage, these range from
female infertility, lactation problems, intestinal discomfort, to blood
clots. The epistemological basis for this association is not connected to
any potential bioactive constituent of the scales (which are almost
entirely medically inert keratin). Rather, the concept of a connection
between pangolins and blockages derives from aspects of their structure
and function on the animal, especially the fact that they are armored
with scales which embody protection and penetration and let them
move through dense growth, and that they grub into hidden spaces with
long penetrative tongues. The Chinese name for pangolin, chuan shan jia,
“penetrating-the-mountain scales” emphasizes this idea and uses ideo-
grams that represent penetration, even of massive obstructions such as
mountains. Thus the epistemology of why pangolin scales might be
thought to be effective does not translate to modernity, yet the trade
persists and is perpetuated by inclusion in both Chinese and Vietnamese
official pharmacopeia (Lv et al., 2020).

Post-COVID: implications for management of pre-existing con-
ditions through TM. The metabolic syndrome and its associated con-
ditions (cardiovascular disease, hyperlipidemia, type 2 diabetes,
obesity, kidney disease, neuropathy, glaucoma) have been major health
burdens in both Western and developing nations in recent decades.
These are chronic conditions with long-term implications for morbidity
and associated mortality. However, the COVID-19 pandemic has
sharpened our focus on these conditions as they are clearly associated
with greatly increased risk of short-term mortality from COVID-19 as
well.

TM for management of metabolic syndrome disorders. There are man-
agement solutions for metabolic syndrome disorders that have success-
fully translated from TM phytomedical settings to application in
Western medicine for control of glycemia and insulin secretion (Allen
et al., 2013; Medagama, 2015; Wang et al., 2017). These include allicin
(from garlic), cinnemaldehyde and cinnamon catechins (from cinna-
mon) which are found in many TM formulations. While the etiology of
these disorders may not have been historically stated in terms that
translate to Western understandings, we see indications such as ‘leth-
argy, kidney yang deficiency, frequent urination’ in historical pre-
scribing frameworks and in more recent times the linkages to more
modern diagnostic criteria. These compounds have made major inroads
into nutraceutical use and there is relatively strong evidence for their
use in peer-reviewed studies. Interestingly, they seem to be TTTM suc-
cess stories where their application as isolated compounds in Western-
ized modalities is quite successful.

Contextualization of potency and modes of action. Where there are
some limitations in terms of potency relative to ‘standard of care’ drugs
(Leach and Kumar, 2012; Wang et al., 2017; Yeh et al., 2003) it may be
important to consider a number of factors, such as: the consequences of
abstracting a single compound from a multi-ingredient formula or a
suite of therapeutic interventions; weighing the very low side-effect
profiles of these GRAS (Generally Regarded as Safe, FDA) phytomedi-
cines against modest therapeutic benefits, which may result in risk/be-
nefit profiles comparable to or better than more potent pharmaceuticals;
and the need to identify a mode of action that can then be used in SAR to
improve potency.

In the case of allicin and cinnemaldehyde, the TRPA1 ion channel has
been documented as a target receptor but, given the prevailing under-
standing of this channel as a nociceptor, the main interpretation of this
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ligand-receptor relationship has been in the mechanism of the burning
sensation associated with those compounds, However, recent data from
our team (AJS, unpublished data) has shown a definitive in vivo proof-
of-mechanism for TRPAL1 ligands in the lowering of blood sugar. This
study shows that TRPA1 knockout mice have chronically decreased
blood sugar that this can be replicated by TRPA1 ligands and provides a
biochemical mechanism by which this cation channel links to central
metabolic pathways via a novel regulatory interaction with creatine
kinase. This study provides a mode of action that is foundational for the
credibility of these approaches as well as their future optimization.

As relatively low-cost solutions to some of the underlying conditions
that are major health burdens and risk factors for COVID-associated
mortality, these therapies may be of particular use in economically
disadvantaged settings.

6. Lost in translation: epistemological contrasts between TM
and western scientific medicine

In addition to the dichotomy between polypharmacy and the West-
ern ‘magic bullet’ or ‘one drug, one active constituent, one receptor’
approach, there are complex epistemological and metaphysical/philo-
sophical distinctions between TM and Western medicine. We can use
Chinese TM as an example: Kavoussi (2007) tells us that Chinese TM is
“a proto-scientific (Kuhn, 1970) observational system of health observances
and practices based on a symptomatological classification of disease using
two elementary dynamical-processes pattern categorization schemas: a hi-
erarchical and combinatorial inhibiting—activating model (Yin-Yang), and a
non-hierarchical and associative five-parameter semantic network (5-Ele-
ments/Agents)”. The fundamental thought-architecture of TCM is a
combination of two key dynamical-processes pattern categorization
schemas: (1) A metaphysical view of ontogenesis as the product of in-
fluence by an inhibiting and an activating force (Yin, Yang). Events
(symptoms) that occur are assessed for their impact on the net state
between Yin and Yang (Qi) that maps to predicted outcomes and for
which there are prescriptive pharmacological and behavioral in-
dications. (2) TCM utilizes a five-element system that identifies essential
parameters of health or sickness, places intensity/value judgements on
them and documents their linkages, all of which is used to guide pre-
scription. There is a discretization of all possible health or sickness
phenomena into five mutually-exclusive variables of Water, Wood, Fire,
Earth and Metal. Each variable is further divided into a finite set of states
ranging from deficient to excessive, which is the basic diagnostic indi-
cator for treatment. A system of vectors interlinks all variables with
“parental” influences that divide into two healthy, the Generating
(Sheng) and the Controlling (Ke), and two unhealthy, the Overacting
(Cheng) and the Insulting (Wu), vectors that influence diagnosis and
prescription. Layered over this entire framework are spiritual, super-
stition, and magical dimensions of belief that would influence
decision-making and prescribed practice advised by practitioners.

A patient presentation to a Chinese TM practitioner in historical
times would therefore have prompted a pattern recognition process by
which a series of vector connections would be applied to the matrix to
indicate a course of action. An experiential experimental/observation
framework would have been applied longitudinally during a practi-
tioner’s career and between practitioners laterally and generationally to
add another layer of directionality to actions based on apparent efficacy
or lack thereof. Historically, these decisions were made without the
benefit of structure-function relationships in anatomical, physiological
or molecular levels of understanding and the concept of disease causality
would have been largely anachronous. So, what does this epistemolog-
ical contrast mean for TM in a contemporary context?

Practice. Contemporary TM practitioners are more likely to occupy a
liminal space where the traditional empirical framework is informed by
modern expertise and understandings of anatomy, physiology, disease
mechanisms, pharmacology and molecular biology. In China and Japan,
there are both traditional pharmacies with a primarily TM mission and
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worldview, and a type of integration of Western and TM in medical
provider settings more usually associated with the former. For example,
Kampo-based medicine was integrated into the Japanese health care
system in 1961 (Yakubo et al., 2014). Medical doctors in Japan learn
Western medicine in medical school but they can also prescribe
Kampo-based medication (Watanabe et al., 2014). There is a type of
vertical integration of Kampo into Japanese medicine. Kampo medicines
for mild symptomatic management (e.g. for headache, allergies, cold
and flu) are sold side by side with Western formulations in pharmacies
(Nishimura et al., 2009; Watanabe et al., 2011). A physician might
prescribe Kampo for symptomatic management of mild disorders with
approximately a similar frequency to a Western prescription, but as
symptoms increase in severity the focus shifts into a vertical progression
through more advanced diagnostic tools (e.g. imaging, blood tests,
molecular diagnostics), interventions, and therapies (Katayama et al.,
2013; Melby et al., 2019). This type of deployment of Kampo by medical
providers appears reconciled with their Westernized, Hippocratic (‘do
no harm’) training and ethos based on four principles: (i) historical and
traditional understandings of efficacy and applications, (ii) a burgeoning
peer-reviewed scientific literature that has tested, validated and pro-
vided plausible mechanisms of action for many TCM and Kampo for-
mulations, (iii) historical and contemporary understandings of low side
effect profiles and (iv) the compartmentalization of these therapies into
symptomatic management and the avoidance of a false sense of equiv-
alency with the type of intervention needed for major disorders. It is
worth noting that (ii) has been facilitated by the lack of barriers to this
type of validation that we see in TCM, Kampo, and, to some extent
Ayurveda, in contrast with many indigenous medical systems. In the
former contexts there has been the development, in country, of a major
biomedical research infrastructure and there seem to be few barriers to
validation of these therapeutic approaches using modern biomedical
and paradigms and methodologies. In contrast, for indigenous medical
systems developed in areas such as the Pacific and Oceania, by American
First Nations and other oppressed and colonized peoples, this type of
‘validation’ is viewed as neo-colonial, imperialistic and often as a route
to further exploitation of traditional knowledge and wisdom (Mark
et al., 2019). Absent a parallel effort placing intellectual property, in-
clusion in the scientific endeavor, and control over the research process
into the hands of indigenous peoples, it seems likely that these this
barriers will persist with the parallel effects of: (i) not bringing poten-
tially important indigenously-derived medicines or their therapeutically
active components into the medical mainstream, and (ii) increasing the
likelihood of cultural appropriation and inappropriate abstraction/-
translation of indigenous medicine by the nutraceutical industry.
Translation. The epistemological framework for TM prescribing (for
example for TCM and Kampo) and development of indication-
prescription relationships uses a set of assumptions and anachronistic
knowledge that would seem to have no utility or translatability to
modern medicine. However, the empirical evidence basis for efficacy of
a formulation deriving from potentially hundreds of years of
observation-iteration cycles is not easily dismissed, and indeed there is
burgeoning validation from peer-reviewed studies using controlled
methodologies that many of these formulations indeed contain compo-
nents that have been independently identified by Western medicine as
therapeutically active and mechanistically plausible (e.g., artemisinin,
cinnemaldehyde, salicylate, capsaicin, others) (Baranidharan et al.,
2013; Namazi et al., 2019; Sunshine et al., 2000). The epistemological
challenge comes when trying to draw a line between a decision to pre-
scribe made using an ancient or historical worldview and then extrap-
olating that to a decision to formulate a nutraceutical. Just because a
component is in a formulation indicated for ‘stomach issues” there may
not have been the diagnostic granularity to differentiate say, between
food poisoning or an ulcer, and a particular component may have had a
primarily excipient or unrelated quasi-beneficial role (e.g. the inclusion
of Xiancao or ginseng in many TCM formulations as an aid to immor-
tality, or at least general vitality). Translation and inclusion of



C. Jansen et al.

components to nutraceuticals based on this type of correlative perfor-
mance expectation and bootstrapping across cultures, geographies and
time is at best overly optimistic, and may be disingenuous, misleading
and harmful. This is particularly concerning when claims become
expansive and create false equivalencies as part of this bootstrapping
process.

7. Resolution: viable implementation models and research
imperatives for integrative therapeutic approaches

Integrative implementation models. Relegation of all non-Western
medicines to the unregulated nutraceutical industry is unsafe and an
abdication of ethical responsibility. It also potentially risks missing
therapeutic opportunities. When we review integration of Kampo in
Japanese healthcare and TCM in China (Teng et al., 2016), it is clear that
benefits occur at levels from the individual provider to the system. The
defining driver is the inclusion of Kampo or TCM into the national
pharmacopeia, which links to coverage by the national insurance system
and payment models. This creates a need for training and licensure and
for these approaches to be covered in allopathic medical school
curricula, where there will be a parallel emphasis on critical thinking
and evidence-based practice. There is vertical integration of TM and
allopathic approaches across rural and urban provider settings as well as
across age and socioeconomic demographics, at least partly avoiding the
idea that these are ‘barefoot medicine’ approaches to be foisted on the
rural poor. The TM solutions are positioned within the vertical pro-
gression of treatment firmly (Arai et al., 2014) at the level of symp-
tomatic management, and are not touted as cures. The pursuit of an
evidence base for components of TM is an important aspiration and is a
driver for the ‘Western disease’ based prescription approach that
matches components, via a model of plausible efficacy, with symptoms,
without requiring fidelity to the historical/traditional epistemologies of
prescribing patterns. In this sense the TM formulations simply become a
very large library of potential bioactive components that can be pre-
scribed according to modern medical paradigms and in which poly-
pharmacy can be preserved to varying degrees or not at all. Innovative
approaches such as the development of a statistical decision support
system (Yoshino et al., 2016) for the opposite paradigm (making the
traditional pattern diagnosis accessible to contemporary physicians with
little Kampo training) are also being developed. While this leaves aside
questions of efficacy, it is a move towards standardization that will allow
for later comparative study.

Research imperatives. Scientific training and research institutions,
scientific journals and funding agencies should leverage their ability to
influence the field towards well-designed studies that are unbiased,
prioritize comparison with placebos, are statistically rigorous, and do
not legitimize the employment of components from threatened species
or those that are potential zoonotic reservoirs. Scientists and publishers
bear responsibility for the publication of studies that perpetuate pseudo-
scientific tropes, are self-reinforcing, and do not triangulate or layer
evidence. The application of modified Bradford-Hill, or other similar
schema could be adopted as a required or recommended component of a
publication that seeks to evidence efficacy for a TM approach. The
language bias of systematic reviews towards English language publica-
tions needs to be addressed, as it may be either hiding in-country proofs
of efficacy or, perhaps more likely, missing an opportunity to call out
poor quality studies regardless of their language origin.

Data analytics and prediction. Data science has the potential to
transform understanding and evaluation of TM. Here, we discuss two
examples and present one case study of the utility of data analytics in
TM.

First, the application of DNA barcoding to TM offers opportunities
for maintaining fidelity of supply chains, detecting adulteration,
detecting the use of threatened or zoonotic reservoir animal compo-
nents, and monitoring the consistency of formulations (Chen et al.,
2014, 2017; Pedales et al., 2016). Misformulation, which can arise both
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from cynical inclusion of ingredients, to genuine misidentification of
hard-to distinguish plant materials, can cause poisoning, allergic re-
actions and liver toxicity. In this context, DNA barcoding of the entire
materia medica has the potential to improve safety and efficacy.

Second, the value of unbiased computational studies that link com-
ponents to mechanisms based on the explosion of understanding in
chemical biology should be a priority for the field as a potential foun-
dation on which further layers of rational study can be built. Compu-
tational studies are relatively resource-friendly and have significant
predictive power that can then be used to focus and rationally design the
more cost-, labor- and time-intensive pre-clinical and clinical studies.
There are several examples of open-access computational pipelines to
deconvolution of TM, suggestions of plausible mechanisms and hy-
pothesis generation for subsequent testing. KAMPO-DB (Sawada et al.,
2018) and BATMAN-TCM (bioinformatics analysis tool for molecular
mechanism of Traditional Chinese Medicine (Liu, Z. et al., 2016b)) and
others are (Tao et al., 2018) annotative and relational. They are linked
databases with user interfaces and various output choices that generate
lists of components based on constituent analysis of target proteins,
biological pathways, gene ontologies, target genes and multi-omic da-
tabases. Kampo-DB, in particular, is an advance because it incorporates
a molecular modeling process where targets are predicted through
application of Al and machine learning to docking simulations, which
has also been applied by other groups (Tao et al., 2018). BATMAN-TCM
was initially published in a study where its predictions for efficacy and
application of a TCM in a cardioprotectant were then experimentally
validated. Such databases have the potential to accelerate mechanisms
and mode of actions, link therapies to new potential target applications,
and rapidly accelerate the validation (and exclusion) of TM. Integration
with toxicological and drug iteration databases would seem to be a
necessary next step for the annotative and relational approaches (Ike-
gami et al., 2004). We note also the recent publication of an analytics
study of plant representation in African medicine, which highlights the
sophistication of African ethnopharmacology (Van Wyk, 2020), which
couple with metabolomic studies suggests eventual development of
similar computational pipelines will be possible for these medical sys-
tems (Anokwuru et al., 2020).

Third, new data science pipelines (HT, AJS, unpublished) are being
developed that provide an additional layer of analysis from relational
and mode-of-action prediction approaches used in prior network phar-
macology (Zhang et al., 2019). We developed a process called In silico
Convergence Analysis (ISCA) which looks at an indication (e.g. pain,
hyperglycemia) across TM systems from multiple cultures and seeks to
identify compound-level commonalities in the solution sets that
different cultures have arrived at through empirical/historical experi-
mentation. We envision that these analyses will eventually develop a
transcultural virtual ‘meta-pharmacopeia’. We propose that validation
of this approach could lead to three potential benefits to the field: (1)
Using convergence in formulation composition between TM systems to
make connections between components and targets that provide new
insights into modes and mechanisms of action. (2) Predicting minimal
and/or essential compound sets that reflect consensus understandings of
efficacy across TMS and can be used to formulate new therapeutic
mixtures for subsequent pre-clinical and clinical testing in particular
indications. (3) Providing compositional benchmarks and reality-checks
for evaluation of claimed fidelity to TM in nutraceutical formulations.

In our first set of studies (unpublished and in Jansen et al. (2019)),
we evaluated pain and hyperglycemia. As an example, our ISCA
approach to pain is shown in Figs. 1 and 2 and described below. We
started with formulations derived from TCM and Kampo approaches to
pain that had been validated in controlled studies (2 Kampo and 2 TCM
formulations; Goshajinkigan, Gohsuyuto, Xie Xin Tang, Si Mo Tang
(Cook and Emken, 1990; Hamaguchi et al., 2017; Liu, T. et al., 2016a;
Odaguchi et al., 2006)). Formulation component lists (~800-2000
components) were generated using databases such as BATMAN-TCM
and KAMPO-DB and were triaged for obviously non-bioactive
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Fig. 1. In silico convergence analysis (ISCA) of TCM and Kampo pain formulations. In silico Convergence Analysis (ISCA) examines an indication (e.g. pain)
across TM systems from multiple cultures and seeks to identify compound-level commonalities in the formulations that different cultures have arrived at through
empirical/historical experimentation. Two Kampo and two TCM formulations indicated for pain were assessed using ISCA. Formulation component lists (~800-2000
components) were generated using databases such as BATMAN-TCM and KAMPO-DB and triaged for obviously non-bioactive components (leading to lists of
~200-400 compounds). We identified a convergent set of compounds that were represented in 2 (one Kampo, one TCM) or all 4 proposed analgesic formulations. In
one of the pairwise comparisons, 121 compounds were shared between the 2 (one Kampo and one TMC) formulations. These were then re-categorised using literature
analysis into opioid/alkaloid candidate analgesics (alkaloids related to known opioid receptor ligands, 4 convergent compounds red bars), potential ligands for noci-
ceptive ion channels (terpenes, 49 convergent compounds, green bars), components with other demonstrated neuroactivity (15 convergent compounds, blue bars),
components with bioactivity indirectly related to pain (anti-inflammatory, anti-oxidants, 16 convergent compounds, purple bars) and compounds with other types of
bioactivity but no obvious link to analgesia (56 convergent compounds grey bars). (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)

<

components (leading to lists of ~200-400 compounds). For pain we
identified a convergent set of compounds that were represented in 2
(one Kampo, one TCM) or all 4 proposed analgesic formulations. In one
of the pairwise comparisons, 121 compounds were shared between the 2
(one Kampo and one TCM) formulations. These were then re-categorised
(Fig. 2) using literature analysis into opioid/alkaloid candidate analgesics
(alkaloids related to known opioid receptor ligands or ion channel li-
gands, 4 convergent compounds) (Bienz et al., 2002; Kai et al., 1998;
National Center for Biotechnology Information; Nichols and Lee, 2018;
Qi et al., 2019; Saeed et al., 1997; Song et al., 2000; Xu et al., 2005;
Zhong et al., 1995), potential ligands for nociceptive ion channels (terpenes,
49 convergent compounds), components with other demonstrated neuro-
activity (15 convergent compounds), components with bioactivity indirectly
related to pain (anti-inflammatory, anti-oxidants, 16 convergent com-
pounds) and compounds with other types of bioactivity but no obvious link
to analgesia (56 convergent compounds) (Antwi et al., 2018; Bommar-
eddy et al., 2019; Crupi and Cuzzocrea, 2017; Devi et al., 2015; Do et al.,
2019; Henry and Maisch, 1890; Herout and Sykora, 1958; Huang et al.,
2015; Hui et al., 2015; Kimura et al., 2001; Ko et al., 2017; Kumar and
Muller, 2000; Kwon et al., 2018; Le et al., 2018; Li et al., 2009; Madeo
et al., 2018; National Center for Biotechnology Information; Ng et al.,
2008; Qian, 2002; Shim et al., 2018; Wang et al., 2019; Ye et al., 2018;
Zeisel, 1981). These data are summarized in Fig. 1. Finally, we identified
divergent compounds that were non-overlapping between different
cultural solutions to the indication of pain (Sun and Yang, 2019), which
may mean they are low priority for further study or that there are yet
unknown relationships that render them interesting.

We, and others, have previously shown that agonist ligands for the
nociceptive TRPV ion channels can act as analgesics through agonist-
mediated chronic desensitization of the channel. This has been
demonstrated for example using the archetypal TRPV1 ligand capsaicin
as a pain therapy and we have demonstrated it for cannabinoid and
terpene ligands for TRPV1 (Backonja et al., 2010; De Caro et al., 2019;
Jansen et al., 2019; Starkus et al., 2019; Talavera et al., 2020). Nocio-
ceptive TRPs have an extensive pharmacopeia of plant secondary me-
tabolites (Baj et al., 2019). Thus, agonist ligands for TRPVs that are
found in plant secondary metabolomes can act as analgesics. We asked if
TRPV1 ligands were present in the convergent compound set identified
by ISCA. We find the potential for TRPV agonists-desensitizers in both
the alkaloids (e.g. celabenzene is a polyamine and related compounds
are potent TRPV1 ligands (Ahern et al., 2006); Protopine is a component
of extracts implicated in TRPV1 regulation) (Haustedt et al., 2014) and
terpenes (Jansen et al., 2019; Oz et al., 2015; Rodrigues et al., 2016)
identified in the convergent compound list. Notably in the divergent list
there is significant representation of gingerols and related compounds
(Kamatou et al., 2012), which are TRPV1 ligands and may therefore
have the capacity to agonize/desensitize these nociceptive channels.
The inclusion of these compounds seems specific to the analgesic solu-
tion set arrived at by TCM, but not Kampo, for these particular
formulations.

Fig. 2 summarizes this ISCA case study for pain. Fig. 2A presents a
summary of the convergent compounds identified. Our interpretation of
these data is that the formulation is polypharmaceutical, with stacking
and overlapping of multiple compounds of likely moderate efficacy
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rather than one high efficacy compound that would be more reflective of
the Western paradigm. It contains multiple relatively low specific ac-
tivity ligands that may possibly be agonist-desensitizers for TRP chan-
nels (Fig. 2B and C) (Jansen et al., 2019; Starkus et al., 2019), and a few
probably higher potency (but still weak relative to opioids used in
Western medicine) alkaloids (Fig. 2B). There are also anti-inflammatory
and antioxidants in the formulations that have the potential to
contribute to reducing tissue inflammation, decreasing pain sensation
and accelerating healing. Outside the realm of direct receptor-ligand
interactions, both convergent and divergent compound sets contain
possible excipients and delivery-enhancing agents such as saponins.
Viewed through a Chinese/Japanese epistemology, the data in Fig. 2
would seem to reflect the TCM/Kampo concept of JUN-CHEN-ZUO-SHI
(‘Monarch, Minister, Assistant and Envoy’) (Huang et al., 2017; Lin and
Li, 2009; Zhao et al., 2015) medicine assembly from compounds that fall
into the categories of denominator (a drug that directly targets the
pathological factor related to a disease), an assistant/enhancer (that en-
hances the effect of the denominator) or corrector/addresser (that limits
adverse effects), and a messenger (delivery, excipient component).

Our convergent compound set found further overlap and potential
validation when we compared it with published studies: For example,
ginsenosides, sitosterol and arachidonic acid metabolites converge be-
tween our study (Sun and Yang, 2019) and that of Sun and Yang (Fufang
Danshen formulation). A study by Zheng et al. (2020) of endometriosis
pain formulations overlapped with our in numerous terpenes, gingerols,
and sitosterol). Huang et al. (2017) studied dysmenorrheal pain
(Xuangui formulation) and identified gingerols, terpenes, and arach-
idonic acid metabolites that overlap with our findings. Sun and Yang
identified dauricine, sitosterol and a number of other compounds
overlapping with our list in their network pharmacology analysis for
pain (Sun and Yang, 2019). These data demonstrate that ICSA had the
potential to identify active, multi-agent, compound mixtures with
plausible mechanisms of action/molecular targets, that are now candi-
dates for further study as analgesics in laboratory and clinic.

8. Summary

At best, integration of TM with Western medicine offers democra-
tized, cheaper, accessible and effective symptomatic management. At
worst it widens health gaps, peddles pseudoscience and condemns the
poor to ineffective care. Evidence is the only viable currency in this
debate, and the regulatory abdication of placing these therapies into the
nutraceutical market in the U.S. means that we need to look primarily to
TM host cultures for the needed evidence-based research. Computa-
tional methodologies hold great promise for rapid assessment of mech-
anistically plausible bioactive components as well as the identification
of unrecognized or interacting components of the polypharmaceutical
formulations. The unregulated translation of TM into Western nutra-
ceuticals is a highly permissive step for unfounded claims of efficacy,
simplification, and reformulation that would likely destroy any efficacy
if it existed, and the creation of false equivalence with Western medicine
that will harm health outcomes if relied upon by consumers. The moral,
regulatory, and scientific space in which nutraceuticals exploit and
Western science under-studies these TM needs to be re-evaluated.
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increases in relative fluorescence units (RFU) were calculated, vehicle subtracted and plotted. Comparison plots show the relative intensity of the intracellular free
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