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Summary

Modernization of TCM has been one of the major initiatives of the Chinese government.  Billions 
of dollars have been invested into raising the standard of TCM, with the aim to close the gap 
between pharmaceuticals and TCM. The major obstacles are the identification and quantification 
of the active ingredients in TCM. In this presentation, a new drug discovery platform technology 
is introduced to mine the active ingredients of TCM.  Instead of using the conventional “silver 
bullet” approach to screen TCM, the idea is to quantify the active ingredients, which are 
responsible for the effects in TCM.  A typical product developed using this approach will have 
multiple active ingredients aiming at multiple targets, a step closer to the traditional paradigm 
of therapy.  The dosages of the active ingredients in these products are defined, meeting the 
pharmaceutical standard.  The list of active ingredients will be the template for cultivation, 
extraction and formulation.
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human health and life-style.  In the 60’s, the introduction of contraceptives has enabled women 
to have sexual equality, Valium to cope with stress and monoamine oxidase inhibitors to treat 
depression.  In the 70’s, we witnessed mass innovation on oncology medicines and Angiotensin-
converting-enzyme  (ACE) inhibitors.  

At the end of the 70’s, pharmaceutical industry focused on making “block-buster” drugs, drugs 
that brought in over a billion US dollars a year.   Examples are Tagamet in 1977 and Prozac and 
statin in 1987.

Since then, the pharmaceutical industry has been fixated at the development of blockbusters.  
Unfortunately, this came with an enormous price tag for R&D.  Since the barrier of entry is 
high, generic drugs and “me too” products were springing up to lower development risks.  Patent 
protection and defense of IP rights became a way of life for the pharmaceutical industry in the 
80’s. 

In contrast to the past, technological advances in the past two decades have done little to speed 
up drug development (Thomson Reuters: The Changing Role of Chemistry In Drug Discovery, 
2011).   The advancement of combinatorial chemistry, high throughput screening, molecular 
modeling, fragment-based drug design and the completion of human genome project have no 
effect on improving the chance of new drug discovery, these fantastic technologies actually led to a 
drop in the output.   Since its introduction in the mid 90’s, no new drug has been developed using 
combinatorial chemistry.    The cost of new drug development is over $1.8 billion US (Munos 
2009).   In the last 25 years, the introduction of new molecular entities (NME) has dropped to 
half for the large pharmaceutical companies, and the patents for the blockbusters were expiring 
causing a sharp drop in revenue. 

The aim for developing blockbusters is simply not sustainable.  Pharmaceutical industry is 
scrambling to search for a new paradigm to improve its output.  M&A, partnering with smaller 
biotech companies, academia and NGOs are common headlines in biotech news.  

A brief overview of natural medicine
Natural remedies, particularly Traditional Chinese Medicine (TCM), have been used for more 
than five thousand years (Liu and Yang 2006).   Despite its long history of use, the treatment 
modalities have not been accepted by the post industrial revolution mainstream medicine.   There 
is a series of drawbacks of this ancient paradigm of treatment.   Using the modern approach of 
clinical testing, the success of TCM is at best sporadic.   In the absence of defined dosages of active 
ingredients, and the lack of quality control, it is an uphill battle in trying to convince clinicians 
and scientists that TCMs have therapeutic values.   Adding insult to injury, the natural product 

This new pharmaceutical platform technology (PPT) consists of a proprietary fractionation 
process, a physiologically based pharmacokinetic/pharmacodynamic (PBPK/PD) model.  The 
model is built using in vitro and in silico methodologies to produce parameters for the PBPK/PD 
model.  The validity of the model is demonstrated using a well-known herb, Red clover, whose 
active ingredients are known. 

Introduction
Both natural medicines and modern medicines (pharmaceuticals) have a common origin.  From 
a historical perspective, the two branches of medicine took a different path, one followed the 
evolution of science and the other maintained its traditional approach.  Tracing the steps of 
pharmaceutical evolution, it is clear that its digression is influenced by the advancement of science.  
However, it is also clear that it has not totally removed itself from its roots.  The advancement of 
science revealed that the ancient paradigm treatments have scientific merits.  In fact, it may just be 
what the pharmaceutical industry needs.  The aim of this chapter is to present a technology, which 
could be used to bridge the gap between modern and ancient medicines.  Before the discussion, 
an understanding of the history of pharmaceutical industry and traditional medicine including 
TCM would reveal the gap between the two.  

A brief overview of the pharmaceutical Industry
The pharmaceutical industry has its roots dated back to the Middle Ages when traditional remedies 
were dispensed by apothecaries and pharmacies.   However, the industry as we know it started 
at around the middle of the 19th century (http://www.pharmaphorum.com/articles/a-history-of-
the-pharmaceutical-industry).   The scientific revolution in the 17th century, which embodied the 
ideas of rationalism and experimentation, and the industrial revolution in the 18th century, which 
revolutionized the production of goods, laid the foundation of pharmaceutical industry.    

In the past two hundred years, advance in science and technology, the two World Wars, 
regulation, intellectual properties and the introduction of social health care systems have shaped 
the pharmaceutical industry.   The industry has witnessed a series of transformations in the last 
century.  Bayer commercialized aspirin at the turn of the 20th century.   Arguably, this is still one 
of the most consumed drugs today.  In the early 1920’s, production of insulin by Eli-Lilly has 
saved countless lives of diabetics.   The discovery of penicillin by Alexander Fleming in 1928 and 
subsequent developments of penicillins marked a new era for the way the pharmaceutical industry 
developed drugs.   Penicillin made a huge impact in the Second World War, saving thousands 
of soldier’s lives.  After the war, United Kingdom introduced National Health Service, created a 
more structured system for drug reimbursement.   This system has provided drug manufacturers 
a lot of incentives to invest in new drug developments.   Along with technological and scientific 
advances, the pharmaceutical industry has brought on products that have an immense impact on 
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botanical screening increases (Pan, Zhou et al. 2013).  The number of data banks on herbal 
products is becoming more extensive.  Unfortunately, the rate of return is disappointing.  What 
is wrong with this scenario?  This question has been raised time and again.  A change in strategy 
in drug discovery is not only necessary; it is crucial to the advancement of the pharmaceutical 
industry. 

Since the beginning of modern medicine, single molecules have been developed as drugs.  For 
example, salicylic acid from willow bark was discovered to have anti-inflammatory effects.   By 
adding an acetyl group to salicylic acid synthetically, the stability of salicylic acid was improved 
and aspirin was born.  As biological science progresses, disease related drug targets and biomarkers 
are becoming more available.  Botanicals are screened for potential activities using these targets.  
This development formed the foundation for the “silver bullet” approach in drug discovery.  A 
success story was the development of artimisinin, derived from Artemisia annua, a Chinese herb, 
for the treatment of malaria.  

The process of herbal drug screening usually begin with a known history of use, as the use of 
thousand of botanicals are well documented.  Potential leads are generated using activity driven 
extraction.  When a lead is identified, chemical modifications of the new structure to improve 
efficacy and toxicity profiles follow.  The advantages of this approach are obvious.  Chemicals 
occurred naturally are not patentable; hence it has little use for the profit driven pharmaceutical 
industry.  After chemical modifications, a lead usually has better drug-like properties and efficacy.  
This new chemical entity is patentable.  Unfortunately, the toxicity of the new chemical entity is 
not always apparent and it may not be detected during the discovery and development process.  
There are a number of examples, which show that products developed using the silver bullet 
approach had tragic endings.  Examples are Vioxx (Davies and Jamali 2004), Avendia (Nissen 
and Wolski 2007), and lately resveratrol (http://www.myelomabeacon.com/news/2010/11/30/
glaxosmithkline-halts-all-further-development-of-resveratrol-drug-srt501/) .  In some cases, 
pharmaceutical companies end up with multi-billion dollar lawsuits to compensate sufferers of 
severe side effects (http://www.drugwatch.com/vioxx/lawsuit/). 

If the silver bullet approach is providing a diminishing return, is the pharmaceutical industry 
willing to consider an alternative approach?  There is little doubt with regard to the answer of this 
question, but in order to maintain profitability and exclusivity, the product would have to satisfy 
a set of preconditions.  These conditions are:  patentability, low cost, short development time and 
a good therapeutic and safety profile.  Does TCM have these potentials?  Could TCM be screened 
differently? Is a single compound strategy a must?

industry contributed negatively to the reputation of natural medicines like TCM.   Adulterations, 
contaminations with heavy metals, insecticides and herbicides, etc. are frequently associated with 
TCMs (http://globalnews.ca/news/899174/herbal-products-contain-fillers-contaminants-omit-
ingredients-on-labels-study/)(Newmaster, Grguric et al. 2013).  

In an attempt to raise the profile of TCM, the Chinese government has signed a landmark 
treaty with France to jointly develop TCM in 2011(http://news.at0086.com/Chinese-Medicine/
China-France-to-Jointly-Develop-Traditional-Chinese-Medicines.html).The French spokesman, 
Douste-Blazy said, “France is ready to use its expertise in modern medicine to make TCM safer, 
more effective and to bring it into line with modern medical practices.  France has had a total of 
47 Nobel laureates, 8 of whom are in the medical field.”  As of to-date, no new developments have 
been reported as a result of this joint effort.   

It is not a lack of effort; it is not a lack of technology; it is not a lack of willingness for the western 
scientists to cooperate with TCM practitioners; it is a matter of complexity (Williamson 2001) and 
perhaps mindsets.  TCM and other natural medicines are mixtures of a high number of chemical 
compounds, many of which are not active until they are metabolized by the body (Wakabayashi, 
Hasegawa et al. 1997, Wakabayashi, Murakami et al. 1998, Hasegawa 2004).   To identify a 
group of ingredients that work synergistically together is extremely difficult, if not impossible 
(Williamson 2001).  As recently as 2010, in the natural products field, the standardization of 
herbal formulas was based on the fingerprinting of individual compounds, which may or may not 
have therapeutic effects.  Presumably, it is due to a lack of adequate methodologies to accurately 
assess component-component interactions (Ip, Zhao et al. 2010).  

Is it possible to transform TCM into pharmaceutical?
There are a lot of motivations within the natural product industry to raise the standard of botanical 
medicines.  Government and industry alike have been attempting to raise the bar of quality, 
hoping that one-day the quality of herbal medicine would be accepted into the mainstream (Pan, 
Neeraj et al. 2013).  Although there are success stories, they are few and far in between.  What 
would it take to make the transformation of TCM into pharmaceuticals happen? One may take a 
look at the gaps between the two:

Mindset of the pharmaceutical Industry 

In the early stage of pharmaceutical development, a large percentage of pharmaceuticals (>60% 
in certain categories like cancer) were derived from botanicals.  Aspirin, vincristine, artimisinin, 
camptothecin, lovastatin, taxol, to name a few, are pharmaceuticals that have natural roots.  As 
science and technology progress, now that we are in the post-genomic era, the speed at which 
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Challenges for TCM development 

The ancient paradigm of treatment is based on herbs and herbal formulas and the approach is 
holistic.  Implicitly, multiple compounds aiming at multiple targets or networks in the body are 
the approach to treating a disease.  The success of artimisinin was a success of the silver bullet 
approach in identifying an active compound from a Chinese herb, Artemisia annua; it is not a 
triumph of TCM because its paradigm was not used to treat malaria.  As science and technology 
progress, the chemical composition of herbs is becoming known.  In fact, the pharmacological 
properties of various classes of compounds present in nature are also known (Pan, Zhou et al. 
2013).  With these advances, isn’t it high time to try to understand how the ancient paradigm of 
disease treatment works?

It is often professed that the constituents of natural medicines work in unison together, suggesting 
synergism and antagonism for efficacy and toxicity.  Previously, these claims were not convincing 
as the cause and effect relationship in terms of chemical dosages was not known.  As natural 
medicine research progresses; solid examples are demonstrated.  In a review article, Spelman 
(2009) has convincingly articulated that a disease has to be treated with multiple compounds 
because the process involves a number of targets.  There are examples in the literature showing 
that when an active compound is purified from an herb, it is a lot less active as opposed to a group 
of compounds acting in unison from a mixture (Rajapakse, Silva et al. 2002, Spelman 2009).  

Despite TCM research advances by leaps and bounds, the challenges remain.  TCM has not 
advanced to a stage where identify of active ingredients could be unveiled.  It appears that if this 
problem is solved, a bridge between “modern medicine” and TCM can be built.  This is clearly 
reflected by the activities going on in the United States.

After US FDA (Food and Drug Administration) established a set of guidelines for approving 
botanical drug in 2004 (US FDA 2004), the barrier of entry is lower compared to that of 
conventional pharmaceuticals.  Despite the bar is lower, there are only two products approved 
to-date.  This low approval rate has not stopped natural product and pharmaceutical companies 
from trying.  At present, there are more than a thousand ongoing clinical trials in different phases 
of development.  The main issue manufacturers are facing is the production of reproducible 
batches of raw materials, which meet the stringent Chemical Manufacturing and Control (CMC) 
requirements that are similar to that of pharmaceuticals.  This hurdle could not be overcome 
because there are no means to determine the active compounds in an herb that are responsible 
for the clinical efficacy.

It is the belief of the author that if a technology is available to mine a set of compounds, which are 

responsible for the effects of an herb, there would be a reconciliation between modern and ancient 
medicine.  Furthermore, a safe, efficacious, and patentable product could be produced.  The 
scientists in Sinoveda understand the complexity of this task.  We have spent more than 10 years 
to come up with PPT to tackle this problem.  Our strategy is to start with herbs that have sporadic 
positive clinical trial results.  This provides an indication that the herb is efficacious.  The reason 
for clinical inconsistency is due to the lack of knowledge of active compounds; hence, quality 
control is not properly maintained.   There is no surprise that if the dosages of active compounds 
were not standardized, the clinical effects of the product would be compromised.  Our logic is 
that the safety profile of an herb is known after hundreds if not thousands of years of use.  If the 
herb is shown to be clinically effective, all is required is the identification and quantification of 
active compounds.  In terms of drug discovery, this approach has significant advantages over the 
conventional silver bullet approach.  It provides human data on safety and efficacy before clinical 
trial begins.  Consequently, the development time should be short and the cost would be low 
and the chance of success would be high compared to the conventional pharmaceutical drug 
discovery/development paradigm.   

To show that we have provided a solution to bridge the gap between pharmaceuticals and TCM, 
the following is a description of the platform technology developed by Sinoveda Canada Inc. 
for mining bioactives in botanicals that are clinically active.  The name of the technology is 
Pharmaceutical Platform Technology (PPT).  Two families of patents have been filed; some are 
allowed, while the others are being prosecuted (Tam, Tseng, Lin and Sloley, 2014, US serial no. 
61/974,294; Tam and Tuszynski, 2014, Japan registration no. 5491377; Korea registration no. 
1459805; Tam and Tuszynski, 2013, Australia registration no. 2008234619).   The following is 
an excerpt of Sinoveda’s invention.
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Pharmaceutical Platform Technology (PPT)

PPT was designed to identify and quantify active ingredients that are responsible for the 
therapeutic actions of a clinically active herb or herbal formula.  Basically, we are trying to answer 
a broader question:  Could we use pharmaceutical technology to mine active ingredients in a 
complex mixture? 

!

Figure 1:  A schematic showing the fate of a complex mixture after it is ingested into the body.

The concept of PPT is developed starting with the kinetic processes of a mixture, like that of 
an herbal preparation, after ingestion.  Figure 1 is a schematic description of the fate of these 
chemicals in the body.  After ingestion, the mixture travels down the gastrointestinal tract.  Some 
of these chemicals are absorbed, some are active (color balls), most are inactive (brown balls), some 
are unstable and some are metabolized by enzymes in the intestinal lumen and/or colonic bacteria.  
The resultant metabolites might be active and absorbed.  After the compounds are absorbed into 
the blood stream, the first organ these compounds face is the liver, where metabolism occurs.  
Along with the absorbed species, liver metabolites are released into the general circulation.  
These compounds would be distributed into tissues, organs, and the kidneys for excretion.  The 
kinetic processes for absorption, distribution, metabolism and excretion of these compounds are 
characterized by their pharmacokinetic properties.  

In due process, some of these compounds would arrive at the site of actions where they could 
interact with targets to produce a biochemical reaction, which would eventually produce a 
biological response.  The efficacy of a compound is dependent on dose and potency.  Synergism 
or antagonism occurs when more than one compound interact with a target.  The events that 
happen at the sites of action are the pharmacodynamic properties of these compounds. 

PPT is used to capture and quantify the pharmacokinetic and pharmacodynamic processes of 
these chemicals in the body.   These processes are estimated using in vitro and in silico techniques 
which are commonly used in drug discovery/development.  The biggest challenge here is the 
complexity created by a huge number of components, as the current PK/PD methods apply only 
to a single compound. 

To facilitate the assessment of these kinetic processes, a number of steps have been created within 
the platform technology.  It begins with a set of proprietary fractionation of an herb or a complex 
mixture.  By strategically preparing fractions, the absorbable components could be identified.   
The distribution, metabolism and excretion of these components and their potential interactions 
at the pharmacokinetic level could also be identified and estimated.

Targets are selected based on the historical use of the herb and pharmacodynamic studies are 
performed using the absorbable components and circulating metabolites.  This step is important 
because potential interactions among herbal components might not occur, as some of these 
components may not reach the site of action.  For example, the lack of absorbability of a potential 
interacting compound would preclude it from participating in the interaction at the site of 
action.

After the pharmacokinetic and pharmacodynamic properties are identified for the components 
in the mixture, maximization processes are performed to identify the active ingredients and the 
optimal dosages are estimated in humans. 

At this point, a list of bioactives with specified dosages becomes available.  These active compounds 
are responsible for the therapeutic efficacy of the herb.  This list of compounds is patentable, and 
it would be the target for developing an optimal extraction process.  This list of compounds would 
also be used as a template for Chemistry Manufacturing and Control (CMC) and for dosage form 
design. 

Unlike the silver bullet approach, leads generated using PPT will have unprecedented advantages.  
The advantages are safety and clinical efficacy.  The probability of unexpected adverse events after 
the product enters the market is low because the product has a long history of use. The cost of 
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development will be low and time for development is significantly shorter.  

Since the barrier of entry for securing an IND following the US FDA botanical pharmaceutical 
track is way lower than that of regular synthetic drugs, the probability of passing safety requirements 
with minimal number of studies will be high.  Most of the clinically effective herbs do not survive 
a huge Phase III trial because batch-to-batch consistency is extremely difficult to maintain, as the 
active ingredients in these preparations are not known.  Interestingly enough, US FDA does not 
require the actives to be identified and quantified; hence, it is not uncommon to see candidates 
failing Phase II or III trials.  To a lot of herbal companies, including TCM companies, the goal for 
obtaining a new drug approval appears to be remote.  However, the use of PPT to develop these 
products has a high probability of success because the obstacles of not knowing the right actives, 
let alone dosages and proper CMC are removed. 

We have applied this new technology to test drive its prime capability.   The goal is to apply PPT 
to identify the active ingredients of a known herb.  The following is a summary of the studies 
performed using Red clover as an example.  The presentation is divided into two parts:

Pharmacokinetics
After decades of research, there are numerous publications on this herb (Beck, Rohr et al. 2005), 
which is rich in phytoestrogens.  The active ingredients of Red clover are pretty well known and 
there have been a number of clinical trials performed using a standardized product of this herb 
(Booth, Piersen et al. 2006).  Like other herbal products, the effects of Red clover preparations 
on osteoporosis are inconsistent.  The goal of this study is to show that, not only PPT could 
be used to identify the active ingredients; it is also capable of quantifying interactions among 
the ingredients, shining lights on the issues facing Red clover as an effective agent for treating 
osteoporosis.  

Figure 2:  HPLC, UV (upper panel) and MS (lower panel) of a Red clover extract.

The first step was to evaluate events happened in the gastrointestinal tract (GIT).  These include 
chemical stability in the GIT and metabolism by the colonic bacteria.   Figure 2 is a typical HPLC 
analysis using two detection methods:  UV and MS.  They show that there are more than 40 
chemicals in the extract.  The major components in the extract are phytoestrogens: formononetin, 
biochanin A, daidzein and genistein.  The corresponding glucosides, such as ononin, biochanin 
A-3-O-glucoside, daidzin and genistin are also abundant.  Stability studies in simulated gastric 
and intestinal juices show partial conversion of the glucosides to the corresponding aglycones.  

Human fecal metabolism studies showed that key aglycones were metabolized by colonic bacteria 
(Figure 3).  Daidzein and genistein, a metabolite of formononetin and biochanin A, respectively 
and equol, a metabolite of daidzein are found in measurable quantities.  Daidzein and genistein 
are also found in small quantities in Red clover.  Equol was identified to be an active metabolite, 
which was not found in Red clover.

!
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Figure 3:  Metabolism of major a glycones of in Red clover by human colonic bacteria.

Table 1 shows the permeability of the key components in Red clover using CaCO-2 cell monolayers, 
a system that is well characterized for estimating bioavailability of compounds.   Components with 
permeability values at or higher than E-05 are highly absorbable.  As expected, aglycones such as 
biochanin A, formononetin, daidzein and genistein are highly absorbable.  Whereas some of the 
glucosides, such as genistin, daidzin, which have permeability values closer to the mid E-07range, 
are partially absorbable.  Ononin and biochanin A glucoside are practically unabsorbable as their 
permeability values are at the low E-07 and E-08 range, respectively.

Table 1: CaCO-2 cell permeability of isoflavones in Red clover

Metabolic events occur during the absorption process were evaluated using human intestinal 
microsomes.  There is evidence in the literature suggesting that glucosides are converted to their 
respective aglycones by the metabolic enzymes in the enterocytes.  Figure 4 shows the rate of 
metabolism of the major aglycones and an active metabolite, equol, in a preparation of human 
intestinal microsomes.  Biochanin A has the highest rate of metabolism.  Formononetin and 
daidzein have the slowest rate of metabolism.

!

Isoflavones Mean Peff, cm/sec STDEV 

Biochanin A 

glucoside 

1.64E-08 1.11E-09 

Biochanin A 1.08E-05 3.83E-07 

Daidzein 2.66E-05 1.11E-06 

Daidzin 5.36E-07 8.30E-08 

Formononetin 2.20E-05 6.85E-07 

Genistein 2.75E-05 1.22E-06 

Genistin 3.46E-07 9.20E-08 

Ononin 1.22E-07 1.93E-08 

!

!
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Figure 4: Metabolism of isoflavone mixtures by human intestinal microsomes.

This first set of studies showed that the four aglycones in Red clover are absorbable.  In a separate 
study, it was also found that the active metabolite equol was also absorbable.  

The next set of studies was focused on the hepatic metabolism of the absorbable ingredients. 
Hepatic metabolism of the four native aglycones and the active metabolite was evaluated using 
human hepatocytes (Figure 5).  Unlike the results obtained in the human intestinal microsomal 
studies, equol has the highest rate of elimination, followed by biochanin A.   Daidzein, 
formononetin and genistein have similar rates of metabolism.  Phase II metabolism was the major 
elimination pathways, leading to the formation of conjugates.

The volume of distribution and renal excretion of the absorbable components were estimated 
using in silico methods (Poulin, Schoenlein et al. 2001, Poulin and Theil 2002, Poulin and Theil 
2002, Brightman, Leahy et al. 2006).

Pharmacodynamics

Figure 5:  Metabolism of isoflavone mixtures by human hepatocytes.

As an herb rich in phytoestrogens, one of the indications of Red clover was osteoporosis.  The 
focus of the following studies was to evaluate the effects of these compounds on the rate of bone 
formation and bone resorption.  Unlike bisphosphonates, which target bone resorption, a more 
balanced approach was adopted.  Two cell models were chosen to evaluate bone formation and 
resorption.  The former was MC3TC cells and the later was Raw264.7 cells.  The biomarkers 
selected for evaluating osteoblast differentiation was alkaline phosphatase (ALP) and acid 
phosphatase (ACP) for osteoclast differentiation.   An elevation of ALP was a positive sign of 
bone formation and a reduction in ACP was taken as an inhibition of osteoclast formation, a 
retardation of bone resorption.  The effects of the five phytoestrogens, mixtures of phytoestrogens 
and Red clover extract were tested on an equimolar basis.  

!
!
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Figure 6: Effects of Red clover isoflavones on osteoblast (MC3T3 cells) differentiation.  Where, B is biochanin 

A, D is daidzein, E is equol, F is formononetin, G is genistein and RC is red clover extract.

Biochanin A is the most effective in promoting osteoblast differentiation out of the five 
phytoestrogens and daidzein was the least effective (Figure 6).  It is apparent that the effect of 
Red clover extract was somewhere in between, suggesting ratios of phytoestrogens would be a 
deciding factor.

Figure 7:  Effects of Red clover isoflavones on osteoblast (MC3T3 cells) differentiation.  Where, B is biochanin 

A, DB is daidzein/biochanin A mixture, EB is equol/biochanin A mixture, FB is formononetin/

biochanin A mixture, G/B is genistein/biochanin A mixture and RC is red clover extract.  The total 

phytoestrogens in each mixture is 10 μM.  Mixtures with biochanin A have a ratio of one part 

phytoestrogen and 9 parts of biochanin A.

When mixtures containing biochanin A were evaluated, the addition of genistein or daidzein 
produced the highest response.  This response is higher than that of the most effective 
phytoestrogen: biochanin A (Figure 7).   When the mixture effects were investigated further using 
a mixture of genistein and biochanin A, the mixture that produced the highest response is 1 part 
of genistein and 9 parts of biochanin A (0109).  Again, the response was higher than that of pure 
biochanin A (Figure 8).
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Figure 8: Effects of Red clover isoflavones on osteoblast (MC3T3 cells) differentiation.  The first two digits 

are the number of parts of genistein in the mixture and the second two digits are the number of 

parts of biochanin A in the mixture.  For example, 0703 is seven parts of genistein and 3 parts 

of biochanin A.  The total concentration of isoflavone in a mixture is 10 μM.  RC is Red clover 

extract.

These studies suggested that a synergistic reaction occurred with a combination of genistein and 
biochanin A and the optimal ratio is 1:9 (genistein: biochanin A).  

Inhibition of bone resorption was estimated using the Raw264.7 cell line.  An inhibition of 
cell differentiation was a measure of reduction in bone resorption, a desirable effect.  Again, 
given as a pure compound, biochanin A was the most effective.  A mixture of biochanin A with 
formononetin, equol or daidzein was also found to be effective (Figure 9). 

Figure 9:  Inhibition of osteoclast (Raw264.7 cells) differentiation by Red clover isoflavones. Where, B is  

biochanin A, D is daidzein, E is equol, F is formononetin and G is genistein, DB is daidzein/

biochanin A mixture, EB is equol/biochanin A mixture, FB is formononetin/biochanin A mixture, 

G/B is genistein/biochanin A mixture and RC is red clover extract.  The total phytoestrogens in 

each mixture is 10 μM.  Mixtures with biochanin A have a ratio of one part phytoestrogen and 9 

parts of biochanin A.

Data generated from the in vitro and in silico studies were fed into our PBPKPD model.  This 
model was used to estimate plasma profiles of the Phase II metabolites of Red clover aglycone 
published in a clinical trial (Howes, Waring et al. 2002).  Model predictions were satisfactory and 
the levels were within two-fold of that of the experimental observation (Figure 10).  
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Figure 10: Pharmacokinetic parameters estimated using in vitro and in silico techniques were used to construct 

a PBPK model to estimate the plasma concentration vs. time of the conjugated metabolites of 

formononetin, biochanin A, daidzein and genistein.  The dotted lines and open circles are data 

published by Howes et al (2012) (Permission was obtained from The Journal of Alternative and 

Complementary Medicine to use this set of data).  The red lines are model predicted lines.  The 

model appears to have relatively good power to predict the pharmacokinetic behaviors of the 

phytoestrogens.

When the pharmacokinetic parameters of the Phase II metabolites were compared, a very good 
agreement has also been found (Table 2).  Armed with this validation, the aglycone plasma levels 
were predicted.  The aglycone levels were important for the estimation of pharmacodynamic time 
courses.

Table 2:   Prediction of Red clover isoflavone Phase II metabolite area under the plasma concentration vs. time 

curve values at steady-state (AUC0-24) and estimated aglycone plasma levels of the corresponding 

aglycones. *: (Howes, Waring et al. 2002).

From this exercise, it has been demonstrated that PPT could be used to mine active ingredients 
from an herb like Red clover accurately (Table 3).  Furthermore, synergism among active 
ingredients is also demonstrated.  

Table 3:  A comparison between literature reported active ingredients and that of PPT predicted active 

ingredients in Red clover. *: Active metabolite.

In conclusion, PPT could be used as a new drug discovery platform for transforming tradition 
medicines including TCM into mainstream pharmaceuticals.  The author is of the opinion that 
if the pharmaceutical industry keeps an open mind, there is a place for ancient paradigm of 
botanical therapy to be adopted into drug discovery/development in pharmaceutical industry.  
Judging from the way the pharmaceutical industry is going; the time to look for a new paradigm 
is now.  It is difficult to argue about the economic benefits of a discovery technology, which has 
low risk, low cost, short development time, safe and a high success rate.   

Commercial Applications
The concept of PPT has been incorporated into the development of dietary supplements and 
pharmaceuticals.  Ginoba® and Panaseng® were the first approved herbal drugs in Bangladesh.  
It is marketed by Radiant Nutraceuticals (http://radiantnutrabd.com/).  A line of highly 
standardized TCM products will be distributed by MaxChoice Hong Kong(www.hknest.com) in 
2015.  Proflexa, a topical cream for treating arthritic pain and sports injury, will be introduced to 
Canada, by Habit (http://habithq.ca/) in 2015.

After the announcement of a successful clinical trial in May 2014, a multi-mineral calcium 
supplement with vitamin D will be introduced worldwide in the next few years.  Sinoveda also 
has a pipeline of pharmaceuticals and nutraceuticals under development.  These products are 
targeted towards aging related ailments, such as osteoporosis, arthritis and cardiovascular health.  
The characteristics of Sinoveda products are multiple actives.  The dosages of actives are clearly 
defined.  

Active Ingredients PPT Predicted Active Ingredients 

Formononetin Formononetin 

Biochanin A Biochanin A 

Daidzein Daidzein 

Genistein Genistein 

Equol* Equol* 

!

!! AUC0-24, ng*h/mL 

!!

Phase II metabolites 
Aglycone 

(simulation) 

!! Howes’ data* Simulation Oral 

Formononetin 112±35 123 9.47 

Biochanin A 518±518 519 4.99 

Daidzein 891±135 693 7.49 

Genistein 1463±115 1231 3.85 

!

!
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