
A PHARMACEUTICAL PLATFORM TECHNOLOGY FOR THE DEVELOPMENT OF NATURAL
PRODUCTS 5[0001]This application claims benefit of U.S. Serial No.
60/909,018, filed March 30, 2007. The entire content and disclosure
of the preceding application is incorporated by reference into this
application. 10[0002]Throughout this application, various references
are referred to and disclosures of these publications in their
entireties are hereby incorporated by reference into this application
to more fully describe the state of the art to which this invention
pertains. 15 BACKGROUND OF THE INVENTION [0003]Natural products have
been used by the human civilization for thousands of years. Their
medicinal values have 20 been recorded throughout history. Since the
advancement of pharmacology, clinical pharmacology, pharmacognosy and
analytical chemistry, the active components in a natural substance
were beginning to be unveiled.A good example is the discovery of
acetylsalicylic acid in willow bark.Bayer has recently 25 celebrated
the 100th anniversary of Aspirin, a purified form of acetylsalicylic
acid. [0004]There are two streams of natural product research. Since
the dawn of modern pharmaceutical sciences, there has been 30 an
insatiable quest for the isolation and purification of a single
active component in a natural substance. In fact, more than 60% of
the pharmaceuticals which have been developed for treating cancer,
hypertension and migraine are either natural in origin or natural
product mimics (Newman et al., 2003). Although 35 combinatorial
techniques have succeeded as methods of optimizing structures, no de
novo combinatorial compound approved as a drug has been identified on
or before 2002. This is not surprising because lead candidates of
natural origin are becoming limited.  2 [0005]Natural remedies are
often composed of one or more herbs.Each herb has multiple active
components.The identification, purification, activity determination,
using known pharmacological models for a complex mixture, has been a
5 monumental task. The complexity of this area of research has been
the major obstacle in natural medicine development (Williamson,
2001).. In his review, Liu and Yang (2006) commented that identifying
active components in traditional Chinese Medicine (TCM) is the most
important issue in the development of TCM. The 10 active components
could be active metabolites of the principle components of the
preparation. For example, ginsenosides are major components
responsible for the efficacy of ginseng. However, the activity of
these ginsenosides is low and their bioavailability after oral
administration is minuscule. The 15 metabolic products,
protopanaxadiols and protopanaxatriols are easily absorbed and
pharmacologically active (Hasegawa, 2004). Although it is important
to understand the pharmacokinetic and pharmacodynamic nature of the
active components in TCM, there was no suggestion for sorting out the
complicated interrelationships 20 between potential pharmacokinetic
and pharmacodynamic interactions. [0006]The study of active
ingredients in natural substances has been rather primitive in
pharmaceutical sciences terms. The 25 approach is stagnated at the
discovery stage of pharmaceutical development. The general approach
is to employ activity guided extraction to identify targets that have
in vitro activities. This approach is extremely unsuitable for the
development of nature products. For the longest time, Panax ginseng
was thought 30 to be an expensive "junk" because it has no apparent
active ingredients. It was not until Hasegawa (2004) reported that
the inactive ginsenosides of Panax ginseng were acting like prodrugs,



and pharmacokinetic studies on natural substances such as St. John's
Wort (Schulz et al., 2005) and Ginkgo (Kwak et al., 2002; Ahlemeyer
and Krieglstein, 2003) are increasing. There is no lack 30 of
publications in the area of herb-drug interactions (Brazier and
Levine, 2003; Hu et al., 2005; Williamson, 2005), herbal effects on
drug metabolizing enzymes (Venkataramanan et al., 2000; Mathews et
al., 2002; Komoroski et al., 2004; Yim et al., 2004; Chang et al.,
2006) and pharmacokinetics of active ingredients of herbs 35(Mathews
et al., 2005; Zhou et al., 2005; Yan et al., 2007).The latter is
limited to a single component. There are studies which  4 attempted
to predict in vivo herb-drug interaction using in vitro
methodologies(Williamson,2001;Mohutskyetal.,2006;   Venkataramanan et
al., 2006).These studies met with partial success and the general
conclusion is that an in vivo study is 5 required to confirm the
results. [0008]It has been frequently postulated that the advantage
of alternative therapy is the relatively low dosage required for the
treatment of an ailment (Williamson, 2001).Active components 10 could
act either additively, synergistically or antagonistically. In the
absence of an understanding of the number of components involved and
their respective drug-like properties, it would be close to
impossible to determine these intricate interactions in the body. 15
[0009]Pharmaceutical technologies for drug discovery have not been
employed extensively in the development of natural products. There
are a number of in vitro microsomal or hepatocyte studies reported
for evaluating herb-drug interactions (Hu et al., 2005; 20
Williamson, 2005; Venkataramanan et al., 2006) and metabolism of
active components (Komoroski et al., 2005). However, there is no
study on using physiologically based pharmacokinetic and/or
pharmacodynamic models to predict the time course of active
ingredients of an herbal extract in the body, nor are there any 25
studies using the same approach to quantify the time course of a
response. No in silico methods to-date employed for drug discovery
have been applied to predict pharmacokinetic and pharmacodynamic
interaction of active components and their metabolites after
administration of an herbal extract. 30 [0010]There are a number of
patents filed in the last 20 years outlining methods for
standardizing natural products.The most advanced ones are that of
Paracelsian's BioFit% (Blumenthal and Milot, 2001), CV Technologies'
ChemBioPrints' (Pang et al., 2000) 35 and PharmaPrint Inc's.
PharmaPrint technologies (Khwaja and Friedman, 2000; Khwaja and
Friedman, 2002). The later two utilize  5
bioassaysinvolvingconcentratingfractionsthatare pharmacologically
active and one or more markers are standardized along with desired
activities.When both conditions are satisfied, the batch is
accepted.PharmaPrints rates these 5 extracts pharmaceutical grade.
They have used this technology to produce standardized herbs such as
St. John's Wort (Khwaja and Friedman, 2000). ChemBioPrints appears to
be a bit more involved in that in addition to the in vitro assays, in
vivo assays are also incorporated in the standardization procedures.
Neither of 10 these two standardization procedures directly links the
activity with the putative standardized ingredients. Therefore, it is
not known whether the standardized ingredients are of the right
amount or the appropriate ratios. There is also no information on
active ingredients that are not identified. It is well known that
some 15 of these ingredients are inactive in vitro, but they have



[0012]There was a news release in January 2008 by an Indian firm
Avesthagen announcing a new technology, MetaGrid, for the
standardization of multi-constituent plant-based extracts. This
technology is based on matching retention times of active 5
components analyzed using an analytical method. While the technology
may be useful for standardizing active components, however, these
so-called active components have not been subjected to vigorous
testing for in vivo testing. In other words this technology does not
provide information on the "drug-like" 10 properties of these
components. [0013]In short, there is no method available to
adequately mine the physiologically active components of an herbal
substance. It is generally believed that the activity of
phytomedicine is 15 mediated by a large number of active ingredients,
each of which constitutes a relatively low quantity compared to those
used in Western medicines. Furthermore, each ingredient, if given
individually, would require a much higher dose to achieve the same
physiological effect. It is believed, however, (while rarely 20
demonstrated directly by experiment) that these individual
ingredients, when taken together, may mutually reinforce each other
synergistically. For example, in a given herbal extract (e.g.
Echinacea or Ginkgo biloba), there could be several hundred chemical
entities, dozens of which are active compounds and a 25 subset of
these can strongly interact with each other synergistically or by
mutual inhibition. However, existing technology does not allow
stringent quality control because there have been no success in
elucidating the activity of these ingredients as a group. In this
invention, a platform technology, 30 which is based on formulating a
mathematically rigorous procedure of describing these interactions
through a combination of in vitro and in silico modelling and data
analysis resulting in reverse engineering of the process and then
designing an optimal composition in order to yield the most
efficacious multi-component 35 formulation, is described. The
advantage of this approach is that there is no requirement to study
the components individually. As a  7 result,separation,isolation and
purification of active components are not necessary; therefore,saving
time and resources. Figure 1 illustrates a model which is used to
describe the concentration and effect time course of a single
component and 5 this same model can be used for describing the time
course of multiple components after incorporating the mathematical
procedures described herein. SUMMARY OF THE INVENTION 10
[0014]Mathematical models for solving multiple unknowns which are
linearly independent and/or interacting with each other have been
incorporated into a set of in vitro and in silico methodologies for
predicting in vivo pharmacokinetics and 15 pharmacodynamics of
multiple components. This method is applied to develop phytomedicines
which contain multiple active ingredients without prior
identification, isolation and purification of these components.
20[0015]The in vitro techniques include, but are not limited to:
incubation with artificial gastric and intestinal juice, intestinal
flora, intestinal microsomes, cell membrane, intestinal tissue,
hepatocytes, plasma, and blood. In silico techniques
includeanaugmentedphysiologicallybased 25 pharmacokinet
c/pharmacodynamic model, prediction of log P, log D, volume of
distribution and renal excretion. [0016]In one embodiment, the
present invention provides a method of predicting in vivo



that follows Michaelis-Menton kinetics. Figure 23 shows the same
relationship graphically transformed to depict log dose vs. 10
response. Response is approximately linear related to log dose in the
range between 20 - 80 % of maximum. [0020]Figure 3 shows a general
flow chart of the optimization procedure; illustration of procedure.
15 [0021]Figure 4 shows a dose-response relationship of the
Michaelis-Menton type, where r is a linear transformation of response
in relationship to dose. r = response/(1-response). 20 [0022]Figure 5
shows a log dose-response relationship of 25 mixtures containing 15
hypothetical components. The error of each response measurement was
assumed to be  10%. [0023]Figure 6 shows predicted (open bars) vs.
actual (hatch 25 bars) potencies (1/EC50). Figure 6A: Relative
potencies of the 15 hypothetical compounds.Compounds 2, 9, 10, 12 and
13 are predefined to be active (>10 % noise).Figure 63: Compound 16
(compounds 4 and 10) and 17 (compounds 7 and 8) showed activities
higher than the individuals combined.Compounds 18 and 19 are 30
fictitious pairings of compounds 1 and 2; and 3 and 4, respectively.
[0024]Figure 7 shows the response for each individual formulation
(for the hypothetical sample). The curves on the plot 35 represent,
in order from the bottom-most curve, samples 25, 15, 14, 10, 9, 18,
20, 7, 24, 22, 6, 5, 3, 23, 11, 2, 17, 12, 13, 19, 4, 1, 21, 16, and
8.  10 [0025]Figure 8 shows a schematic illustration of the principal
component analysis applied to a two-dimensional data set.
[0026]Figure 9 shows the results of the application of the PCA 5 to a
set of synthetic data. Note that 10 variables out of 5 (transformed
variables) cover 80% of the variation in data. This suggests very
little correlation/ dependence/ interaction and the information are
spread over all the variables. 10 [0027]Figure 10 shows an analytical
elaboration of the location of the peak X*. [0028]Figure 11 shows an
illustration of the various dose dependent functions in example.
Original data, model responses, 15 and differences between the
original and the models. Locations used in the model fitting are
marked with circles. Plots of (a) the original data, (b) the
eight-term model, (c) the eight-term difference, (d) the six-term
model, (e) the six-term difference, (f) the four-term model, and (g)
the four-term difference. 20 [0029]Figure 12 shows a schematic
showing the transit of a component and its decomposition products
and/or metabolites along the gastrointestinal tract.Decomposition is
chemical and metabolism could originate from enzymes of pancreas in
the 25 duodenum or intestinal flora in the colon. Xi, Zi, and Mi
represent substrates, decomposition products, and metabolites,
respectively. [0030]Figure 13 shows a schematic showing the transport
of a 30 component and its metabolites across an enterocyte.Within the
enterocyte, metabolism of the component and its metabolite could also
occur. The rate at which these species traverse is measured by their
permeability, which can be used to estimate absorption rate. Xi and
Mi represent substrates and metabolites, 35 respectively.  11
[0031]Figure 14 shows events occur to a representative hepatocyte.
The uptake of a component and/or its decomposition products and
metabolites is potentially governed by passive and active processes.
Within the hepatocyte, all of the species could 5 potentially be
bound or metabolized. The exit of these species is also governed by
passive and/or active processes. Xi, Mi, and Me represent substrates,
metabolite /, e and h are metabolites formed in the intestinal lumen,
the enterocytes and the liver, respectively. These metabolites are



10 enterocytes. [0032]Figure 15 is a schematic showing the
distribution of a component in blood. In general, the free
concentration in plasma, Xi, is the target for measurement. 15
[0033]Figure 16 shows concentration vs. time profiles of the 15
components after 50 units of mixture 1 was administered orally.
Components 2, 9, 10, 12 and 13 are shown in bold. Note: Concentration
of compound 2 was too low to be shown. 20 [0034]Figure 17 shows
combined effect vs. time profile after 50 units of mixture 1 was
given orally. The response is mainly contributed by components 2, 9,
10, 12 and 13. 25 [0035]Figure 18 shows a system of 50 components,
each with a linear response and two pairs with additional
interactions. With a Michaelis-Menton style limit to the total
interactions and 5 % noise was noted that the above curves are
typical of the overall response data for mixtures with components
randomly distributed 30 between 0 and 1 unit in each mixture.
[0036]Figure 19 shows 150 mixtures and overall responses from
the 1.0 dose point assuming a linear response from each of the 50 35
components.  12 [0037]Figure 20 shows a plot of the correlations
between the residual and each of the multiplicative pair terms.Higher
correlations are darker. 5 [0038]Figure 21 shows a new and improved
estimate yielded by adding four pair terms as pseudo-components 51 to
54. [0039]Figure 22 shows an estimate obtained by repeating the
same systems, but now using data from three dose points (1.0, 0.3, 10
and 0.1) gives a tighter and more accurate fit in the first estimate.
[0040]Figure 23 uses the same four pseudo-components and gives      a
second estimate with a better fit than in the single dose point
15case. [0041]Figure 24 shows time curves for doses of 4 and 0 units
in the intestine and body compartments respectively at time 0 for the
system described in Table 9. [0042]Figure 25 shows the Area Under
Curve (ADC) for the quantity in body-time curves.This data was given
in Table 9. Note the broad range of effective absorption and
elimination (nearly 2 orders of magnitude in variation). [0043]Figure
26 shows the same set of 150 mixtures scaled by the AUC of each
compound (taking the AUC values to be the exposure of the body to
each compound). 30 [0044]Figure 27 shows the residuals, which vary
dramatically from the previous plots. The darkness in each of these
plots is scaled to the most correlated points in the plot, so the
appearance of individual points can only be compared within each of
these figures and not between them. The strongest correlations 35 are
actually weaker in this plot than in the previous one.  13
[0045]Figure 28 shows a second estimate with four pseudo- components
added.It is not much different from the first estimate, and the
pseudo-components have very small responses as the components
composing them are not significantly present. 5 [0046]Figure 29 shows
the time curves given by the second set of pharmacokinetic
parameters. [0047]Figure 30 shows the AUCs corresponding to the
quantities 10 in the previous plot. [0048]Figure 31 shows how the
first estimate now reveals two 



important components, and two moderate ones. 15[0049]Figure 32 shows
how, again, adding four pseudo- components has little effect on the
system as the synergistic terms are largely suppressed. [0050]Figure
33 are representative ultra violet (UV) and Mass 20 spectrometric
(MS) chromatograms obtained from an extract of Red clover (Trifolium
pretense). It is clear that the precursors of genistein and daidzein
are the major components in the extract.  14 DETAILED DESCRIPTION OF
THE INVENTION [0051]The present invention describes a process to: a.
identify a group of active compounds from a mixture such as, but 5
not limited to, that of an herbal extract; b. identify groups of
ingredients, be they active or inactive, which interact with each
other to produce an observable effect; c. estimate pharmacokinetic
and pharmacodynamic characteristics of the active ingredients; d.
estimate concentration time profiles of active ingredients at the 10
site of action in vivo; e. estimate the overall response time
profile; and f. calculate optimum dosage to provide desired response
profile. Pharmacokinetics of a single component 15[0052]An
understanding of the pharmacokinetics of a compound is important for
the illustration of the concept behind this invention.
Pharmacokinetics is a discipline which deals with absorption,
distribution, metabolism and excretion of a compound in the body.
Basically, it is a mathematical description of the 20 time-course of
a compound in the body. The name, pharmacokinetics, was first coined
by Dietrich in 1952. This area became an important branch of
pharmaceutical development after stellar research performed by
Professors Gerhard Levy, Milo Gilbaldi, Leslie Benet, along with
other prominent 25 pharmacokineticists of our time. Apart from our
understanding today, these researchers also had to convince
pharmaceutical scientists at the time that a potent chemical is not
effective and cannot be developed into a drug unless it can be
absorbed and delivered to the site of action in adequate amounts. Not
only 30 must the ingredient be delivered to the site of action in
adequate amounts, the component also has to be retained at the site
of action for an adequate period of time before an adequate clinical
response can be measured. This fundamental concept has led to the
understanding that in order for a chemical to be developed into a 35
drug, it has to have adequate potency and it also has to have
adequate "drug-like" properties. Drug-like properties are quantified
by pharmacokinetic properties. Potency is a measure of  15 the
inherent activity of a chemical,for example,the
concentrationwhichcouldinhibitanenzyme(suchas cholinesterase) by 50%.
5 [0053]Traditionally,pharmacokinetic parameterssuch as clearance,
half-life and volume of distribution, are measured in vivo. In the
last two decades, many in vitro and in silico methods have been
reported in the literature. These methodologies are being refined
constantly and their predictive power improves 10 over the years
(Brightman et al., 2006a). Nowadays, there are commercial programs
available for estimating pharmacokinetic and pharmacodynamic
characteristics of a lead
(http://www.simulationsplus.com/products/gastro_plus.html). 15
[0054]Since one object of this invention is to develop natural
products, most of which are given orally, the pharmacokinetics of a
compound after oral administration is described in detail in this
invention. It should be noted that this concept can easily be
extended for components which are administered parenterally or 20



[0056]The rate and extent of permeation of a component into
enterocytes is dependent on its physicochemical properties, such as
solubility, pKa, lipophilicity, partition coefficient, etc. Inside
the enterocytes, the component is exposed to metabolic 15 enzymes
which could potentially convert it to metabolites. Again, these
metabolites may be active. Z-ligustilide, glycerrhetic acid, etc. are
good examples of intestinal metabolism. [0057]After the component is
absorbed, it is transported by 20 blood in the mesenteric circulation
which drains into the liver through the portal vein. This component
is then faced with an abundance of liver metabolic enzymes which
could metabolize it into more polar metabolites. 25 [0059]The loss of
a component through chemical or metabolic degradation during the
absorption process is called first-pass effect. The bioavailability,
F, of the component is determined by: [0059]F =1- FgF,(1) 30
[0060]where Fg is the fraction that survives the intestine, and F1 is
the fraction that passes through the liver intact. Fg is estimated
using the following equation: [0061]F8 =1-- Fga -(2) [0062]where Fd
is fraction of dose decomposed in the gastric 35 and intestinal
lumen; Fm1 is the fraction that is metabolized by the enzymes in the
intestinal lumen; F" is the fraction which is  17 not absorbed and
F""int is the fraction which is metabolized by enterocytes.
[0063]Distribution: The component, which survives first-pass, 5 is
carried by blood to the heart through the superior vena cava. After
being pumped through the pulmonary circulation, the component is
transported to the rest of the body through the blood circulation.
During this process, the component is distributed to various organs
and tissues such as lungs, heart, brain, kidneys, 10 adipose tissues,
red blood cells and muscles. The component could also bind to cell
membranes, plasma and cellular proteins. The extent to which a
component distributes in the body is dependent on its physicochemical
properties. A pharmacokinetic parameter describing the extent of the
distribution of a component is called 15 volume of distribution (Vd).
[0064]Elimination:While the component is being circulated and
distributed in the body, it could be degraded chemically or
metabolized by enzymes in the blood, liver, kidneys and the lungs. 20
The component and its degradation products may be secreted into the
bile and/or excreted through the kidneys. The component or its
degradation products that are eliminated through the bile may be
absorbed from the intestine again. The later process is termed
enterohepatic cycling. 25 [0065]The time course of a component in
plasma or blood can be described using a pharmacokinetic
model.Pharmacokinetic parameters that are used to describe a
component are: absorption, F, volume of distribution, Vd, and total
body clearance, CIT. ClT 30 is a term which includes all the
elimination processes in the body. This term is described by equation
3: [0066]ar=a0-0,.+00","(3) [0067]where Clh is hepatic clearance, Cl,
is renal clearance, and Clodher is elimination by other organs. 35
18 Pharmacodynamics of a single component [0068]While the component
is being distributed to various parts of the body, it could also
react with various cellular components,including receptors,to trigger
a series of 5 biochemical responses. These responses may be
translated into a measurable clinical response. For example,
ginkgolide B has been shown to be a platelet-activating factor
receptor antagonist and it has a potential of being used to treat
asthma when used in combination with carotenoid astaxanthin (Mahmoud



[0070]When a mixture of components, such as that of a natural 20
substance, is administered orally, they will undergo pharmacokinetic
processes such as absorption, distribution and elimination that are
similar to that of a single component. The complication with a
mixture is that the administered components may interact with each
other at various levels. For example, a 25 component may enhance the
absorption of other components. Rutin has been shown to increase the
bioavailability of a natural substance. A component may be stabilized
by the presence of other components. For example, z-ligustilde is
stable in an alcoholic Chuanxiong extract; whereas the pure compound
itself is unstable. 30 Interaction at the enzyme level is well
documented in the literature. For example, hyperforin in St. John's
wort has been shown to induce P450 isozymes, particularly, CYP 3A4.
This induction has led to a number of serious herb-drug interactions
(Venkataramanan et al., 2006).A component may play a role in 35
changing transporter functions,leading to a change in permeability of
other components which are substrates for these transporters. Hence,
the rate of absorption and elimination of a  19 component may be
changed significantly. [0071]Components could compete for plasma
protein binding sites. This competition could lead to a change in
.)7,1, leading to a 5 change in distribution and elimination of the
affected components. Components may also compete for renal excretion
where an active process is involved. [0072]Besides pharmacokinetic
interactions, the components and 10 their breakdown products have the
potential to interact at the receptor level; thereby changing the
potency of another component. Challenges of developing a multiple
component product [0073]It is very clear that the development of a
multiple 15 component product is extremely complicated, particularly
when the conventional approach is used. Imagine trying to isolate all
active substances from a mixture and study them individually before
the actives are studied again in combination. It is no wonder this is
not a preferred route for developing new 20 pharmaceuticals or
nutraceutic als (Williamson, 2001).The obvious question is: Is there
a Can the pharmacokinetics and components and their mutual simpler
way? To be more precise: pharmacodynamics of individual interactions
be evaluated and  quantified without disturbing the mixture? 25
[0074]In this invention, a detailed approach in obtaining
pharmacokinetic and pharmacodynamic parameters of individual
components in a mixture is described. Figure 3 is a flow chart of the
optimization procedure; which illustrates the steps taken in 30 the
procedure. These examples highlight the theoretical aspects of this
invention. Through simulations, it is demonstrated that active
components in a mixture can be accurately identified without
purification of individual components, a process which has created a
barrier for natural product research. Furthermore, the 35 method
described herein is employed to develop an herb, Red clover
(Trifolium pratense), which is rich in phytoestrogens, for the  20
treatment of postmenopausal osteoporosis. [0075]In one embodiment,
the present invention provides a method of predicting in vivo
pharmacokinetics and pharmacodynamics 5 of a mixture with multiple
components, comprising the steps of: (a) determining the rate of
metabolism of individual and interacting components in the mixture in
gastrointestinal tract and liver; (b) determining distribution of the
components in blood or plasma; (c) determining the rate of the
components' renal 10 elimination; and (d) determining the potency of



the concentration of substrate and EC50 is the concentration at which
50% of the maximum rate occurs. [0077]In one embodiment, rate of
degradation (dc/dt) is 25generally assumed to be first order. What
this means is that the rate of decomposition is concentration
dependent: dc -= une-Kt [0078]dt [0079]where c is concentration at
time t, Co is the    concentration at time zero and K is the first
order degradation 30rate constant.This rate equation can be
integrated and transformed to: C Coe-KI [0080] [0081]The half-life of
a substance is determined as time for 50% of the original
concentration to disappear. From the above  21 r - 0.693 [0082]
[0083]In one embodiment, the arrows shown in Figure 1 are      first
order processes that provide description for the 5decomposition.
[0084]In another embodiment, the method of the present invention
further comprises the step of determining parameters for active
metabolites of the components according to steps (a)  10 through (d)
described above, wherein outputs of the mathematical models will
predict the pharmacokinetics and pharmacodynamics properties of the
mixture and their metabolites in vivo. In general, pharmacokinetics
and pharmacodynamics properties comprise concentration-time profiles
and response-time profiles for the 15components and their
metabolites. [0085]In one embodiment, the method of the present
invention comprises mathematical models that are capable of solving
multiple unknowns which are linearly independent or interacting with
each 20 other. For example, the models include a model of weighted
linear functions and the same model with added higher-order
polynomial terms in single component doses and terms in the products
of pairs of doses. In another embodiment, the mathematical models of
the present invention comprise equations (7), (13) and/or (14) as 25
described herein. [0086]In one embodiment, determining the rate of
metabolism in gastrointestinal tract comprises in vitro assays.For
example, such assays comprise artificial gastric or intestinal juice,
30 intestinal flora, intestinal microsomes, or permeability studies
using cultured cells or intestinal tissues (e.g. Caco-2 cells or MDCK
cells). [0087]In one embodiment, determining the rate of metabolism
in 35 liver comprises assays using freshly harvested hepatocytes,
cryopreserved hepatocytes, hepatic microsomes, hepatic cytosol or  22
S-9 fractions. [0088]In one embodiment, the determination of
distribution in   blood or plasma comprises determining binding to
plasma protein, 5 binding to blood protein, pKa, log P. log D, and
volume of distribution of a component.
[0089]Inoneembodiment,thedeterminationofrenal elimination is based on
the components' chemical structure. 10 [0090]In one embodiment,the
determination of potency comprises receptor binding assay, enzymatic
assay, biochemical response assay, and assays with isolated tissues
or organs. 



15 [0091]In another embodiment, the present invention also provides a
composition comprising multiple components as identified by the
method disclosed herein, wherein the components have desirable in
vivo pharmacokinetics and pharmacodynamics properties as determined
by the method disclosed herein. For 20 example, the composition may
comprise Red clover (Trifolium pretense). In one embodiment, the Red
clover comprises formononetin, biochanin A and their glycosides in
amounts determined by the method disclosed herein. 25EXAMPLE 1
Approach To Model Development For Estimating The Contribution of Each
Component To The Response of A Mixture [0092]The objective of this
example is to establish a 30 mathematical framework upon which a
mathematical model is developed to describe and quantify activity of
individual components in a mixture. The mathematical problem that
arises can be formulated as follows. Suppose one had a number of
samples of the same herbal preparation (for example, Panax ginseng)
coming 35 from different sources, each of which has a potentially
different composition in terms of quantity of active components.
Suppose the samples are labeled by an index "i" that runs from 1 to
M.  23 Suppose also that each sample contains N active ingredients
labeled by index "j" that runs from 1 to N. The concentration of each
ingredient can be determined and is denoted as c(i,j) such that
summing c(i,j) from 1 to N over j gives 1 (or 100% as they 5 all add
up to the total amount in each sample) for all samples (denoted by
i's). It should be assumed that it is known that the physiologic
effect (activity) of each sample to be A(i) as determined by some
available empirical data. It should in general be assumed that
activity A is an a priori unknown nonlinear 10 function of the
concentrations c(i,j). This in some cases can be established via
experimentation, whereby the function A versus either individual
component concentrations or the total dose can be measured
experimentally. The only other thing of note is that it must be
assumed here that when simulations are performed, a 15 certain type
of nonlinear relationship has to be assumed for obtaining fits to
empirical data. The problem at hand is to determine the form of the
function A(c(i,j)) using the limited size of the data sets available.
Note that the form of A is not unique but it depends on the choice of
the basis set of functions 20 used in representing the dependence of
A on the individual concentrations. There may be various functions
used for this purpose; polynomial, exponential or trigonometric, for
example. It could be assumed naively that A was to be a linear
combination of individual concentrations but this would immediately
eliminate the 25 possibility of either saturation effects or
interactions between the ingredients (both inhibitive and
synergistic). [0093]Consequently, a much more reasonable approach is
to expect A to be represented as a series of polynomials of c(i,j) 30
starting with linear functions of c, followed by bilinear
combinations, then quadratic functions of c, then trilinear
combinations, cubic functions of c, etc. In this case, the first task
is to determine the highest order of the polynomial in the expansion
that will be consistent with the amount of data 35 available. On the
other hand, it is generally expected that the activity at high
concentrations should show saturation effects  24 which are more
consistent with sigmoidal dependence and hence an exponential series.
These saturation effects may be readily handled with a
Michaelis-Menton, or other type of limit, by including an appropriate



15 relationship is that at low doses, responses are proportional to
dose. However, response reaches a limit at higher doses. In this
example, the Michaelis-Menton equation: RmnC  [0098]R=(4) EC50+C
[0099]Where R is response, Rmay. is maximum response, C is dose 20 or
concentration, and EC50 is C that elicits 50% of RmaK, is used to
model this type of dose-response behavior (Figure 2). To facilitate
modeling, R is linearized using the following equation (Figure 4):
[0100]r- 1-R(5) 25[0101]In constructing the model, it is convenient
to shift from considering the dose of a mixture, to considering the
doses of the individual components. The first step in constructing
the initial model is to choose a central reference point. The mean
dose of each component across all the mixtures is obtained to 30
provide a set of means. While any point could serve as this
reference, best results are likely obtained if the reference is near
the region of interest. The models are constructed using the
difference between the doses at the point of interest, di, and the
corresponding reference doses, 74. The transformed response at this
35 dose, F, is expected to be the mean of the doses.  26 [0102]As an
initial model, the responses are assumed to be proportional to dose,
for doses near a reference dose.This is equivalent to a model of
weighted linear functions: 5[0103]r=T-FET0i,-(4)(6) [0104]A minimum
of N linearly-independent mixtures are required to ensure that the
system is linearly solvable.With data from more samples the system
will be over-determined, and the optimal solution is obtained using
least-squares. 10 [0105]Once the f rst model of physiological
response is generated, it can be compared to the experimental data.In
particular, the residuals, the differences between the model and the
data are examined. At this stage, trends that have not been  15
accounted for by the model are identified. The model can be improved
by adding higher-order polynomial terms in single compound doses and
terms in the products of pairs of doses. Degrees of correlation
between the residuals and functions of these additional terms are
calculated. A Pearson correlation 20 coefficient is calculated
between each of the possible additional terms and the residuals.
Trends in the data not accounted for by the model should give rise to
strong correlations, indicating that these terms should be added to
the model. In practice it is expected that many terms will have
little or no correlation. By 25 excluding these from the model,
problems of fitting many near-zero weights to the noise in the data
are avoided. Ultimately the model may take the form:
[0106]r="ir+Eivi(di -di)+Eiv;(d, -a;)2+Ew,j(d, -74)(d -di)(7)
[0107]Where thefirstsummation isjust thelinear 30 contributions as in
the previous equation, the second sum adds single-component
non-linear behaviors, and the third sum adds two-component
(pair-wise) interactions to the model. While this expression assumes
that all possible square and pair terms are added, it is expected
that only a few will be of real interest,  27 and many may be ignored
or omitted, or equivalently, the respective weights taken as zero. If
applicable, higher-order polynomial and non-polynomial components may
also be used. 5 [0108]As the model is improved through the process of
adding terms to the model, the residuals should decrease in magnitude
and become less ordered. Ultimately, a model should be obtained that
adequately describes the data. As the model is developed, it may be
desirable to use it to suggest locations to sample data that 10 may
help to reduce the uncertainties of the weights in the model or to



[0111]Using the model building approach described above, individual
potency of each component was estimated (Figure 6). These values were
compared to that of the predetermined values. The established model
was capable of correctly identifying the 30 five active components
(Figure 6A), and the model could also identify pairs of components
that are interacting with each other (Figure 6B). [0112]This
simulation shows that active components and their 35 interacting
species can be identified without the need to use purified components
to obtain the desired information.This  28 approach will tremendously
shorten the time to study a complicated mixture. [0113]This
methodology can be used to identify active 5 components and their
interactive species in more complicated mixtures which have different
characteristics. This methodology can also be used to estimate
permeability and rate of metabolism of the individual components in a
mixture. The saturable processes can be described using either the
Michaelis-Menton type 10 of relationships or the modified forms
thereof.In this invention,this approach will also be used to produce
pharmacokinetic parameters for individual components.  29 TABLE 1 The
Amount of 15 Components In Each of The 25 Mixtures Mixture 1 2 3 4 5
6 Component 78 9 M 11 12 M 14 M 1 0.73 IN 0.76 IN 0.61 175 1250.67
1.00 0.02 an 



am am om an 2 131 an an 103 an ao 0.10ON 0.49 0.97 0.64 0.49 0.36 om
an 3 au au au ao ao an aoan au am am am am ao an 4 173 IN IN IN IN am
aman IN 0.61 au 132 



190 10 am 5 IM 151 184 am am am amau au an an an am an am 6 0.78 159
tN IN 148 au amam au am an aw am an an 7 0.52 IM IN IN 0.81 tN 154151
IN am am am 0.49 



0.89 0.25 8 IN IC 195 IN 122 am 049am am IN IN am au am am 9 am am an
an am am omam am an an am am ao am w am au au am am IC ON144 162 181
193 am am ao 



am 11 am an am ao am au aoam am am ao am am am am m am am am am am am
amam 0.17 am am an 0.26 112 138 M IN on an an IN IN 0.07IC 156 am an
am 0.11 0.96 0.42 



14 0.62 MS am am am au amam am an am au am am am m an au 0.34 0.0 am
am amao am an 108 IN 145 105 10 M 146 IN 0.13 IN IM IC amIN IN IC au
au am an an 17 



an au 0.28 0L4I on an aman am au an an an an an IS am am an 0.85 MR
0.20 amam om ao am 0.37 0.89 0.64 0L16 19 0.65 40 an an an an amam am
am am am 0.07 0.27 0L55 a 0.19 



an an an an am amam an an am an IN IN 194 21 IN an 0.82 0L25 0.12
0.92 0L06008 0.0 0L19 0.96 0.13 0L52 197 199 22 116 IM IN om an am
anan am 0.12 an an am an an n an am 



an am am an onam 0.07 0.27 0.13 0.52 0.98 0.71 0.48 24 0.58 0.04 0L28
an an an 0.40an 0.91 an an an am an am a 0.06 0.95 0.11 0L57 0L80
0L37 anao am am ao am an am am  TABLE 2 Dose-Response Relationship of
The 25 Mixtures  



Relative Dose     Mixture 301 0.03 OA 03 1 3 10 30 1 0.01 0.03 0.08
0.23 0.48 0.76 0.91 0.96 2 0.01 0.03 0.10 0.24 0.50 0.73 0.79 1.02 3
0.01 0.02 0.06 0.16 0.38 0.66 0.89 0.99 4 0.02 



0.05 0.13 0.33 0.60 0.82 0.93 0.98 5 0.02 0.05 0.14 0.33 0.62 0.85
0.92 0.96 6 0.01 0.04 0.11 0.28 0.54 0.78 0.94 0.96 7 0.01 0.02 0.07
0.19 0.42 0.67 0.75 1.05 8 0.01 0.03 0.10 0.26 0.52 0.79 0.92 0.94 9
0.02 0.05 



0.13 0.33 0.62 0.82 0.97 0.99 10 0.02 0.06 0.17 0.39 0.65 0.88 0.95
0.99 11 0.02 0.05 0.14 0.33 0.61 0.83 0.94 0.99 12 0.01 0.04 0.12
0.31 0.59 0.84 0.96 0.97 13 0.02 0.06 0.16 0.38 0.65 0.87 0.93 0.96
14 0.02 0.05 0.15 



0.37 0.64 0.86 0.95 0.98 15 0.02 0.05 0.14 0.34 0.61 0.84 0.94 0.96
16 0.01 0.04 0.10 0.27 0.52 0.78 0.91 0.63 17 0.01 0.03 0.10 0.25
0.54 0.82 0.94 0.97 18 0.01 0.05 0.13 0.31 0.57 0.80 0.94 0.90 19
0.02 0.05 0.14 0.35 



0.65 0.88 0.97 0.99 20 0.02 0.05 0.13 0.33 0.63 0.83 0.95 1.00 21
0.01 0.03 0.09 0.24 0.50 0.74 0.88 0.95 22 0.01 0.04 0.12 0.30 0.57
0.79 0.94 0.98 23 0.01 0.03 0.09 0.23 0.47 0.71 0.78 1.03 24 0.01
0.04 0.11 0.27 0.55 



0.79 0.93 0.99 25 0.01 0.04 0.12 0.30 0.57 0.82 0.92 0.97  30 EXAMPLE
3 Detailed Approach In Identifying Active Components And The
Interacting Species  5[0114]The objective of this example is to
outline an approach to mine all the active and interacting components
in a mixture. In an herbal extract, there may exist hidden unknowns
that have not been previously identified. This may occur when the
components are transparent to quantitative or qualitative analysis;
for 10 example, components may have very little UV absorbance when a
UV detector is used for identifying individual components. This
aspect makes the problem open-ended from the point of view of model
development and refinement in the course of experimentation.
15[0115]This problem was looked at from a couple of different angles
stated below. 1) It could be determined that by accounting for all
the known variables, it is still not possible to describe the
activity properly which will warrant additional empirical studies of
the composition. 2) It is possible to assume that 20 unknowns always
exist and they can be lumped together as one group without our
explicit knowledge of their identities. [0116]A criterion for the
existence of active hidden components can be introduced whereby a
variability of more than 25 the noise of an assay (for example, 15%)
within a given set of experimental data indicates the presence of
additional active components. [0117]Moreover, a simple extension of
the present modeling 30 methodology can be accomplished such that
several different types of activities may be assessed simultaneously
and the activity function: Ak (C4, Cj) becomes a vector in a
multidimensional space instead of a scalar. It can be optimized for a
specific activity using the same procedures as those outlined above.
35[0118]Below are illustrations of some pertinent mathematical
approaches that allow one to solve the mathematical problem at hand,
using a typical synthetic data set (shown in Tables 3 and  31 4).
First address the issue of the data fit using a nonlinear model was
addressed. In this case, the number of components may be either the
actual one identified empirically or reduced to only the active
component set using the principal component analysis 5 approach or
any other dimensionality reduction method. APPROACH #1: Curve Fitting
Using Nonlinear Regression Analysis [0119]Here, for example, 15
components that represent the 10 composition of the hypothetical
sample of herbal medication, were arbitrarily chosen. In summary
there were 1+N+(N*(N+1))/2 = 121; N=15, representing the number of
parameters to be determined by the fitting procedure, and 200 data
points provided from experiment. Table 3 shows a dose-response value
for 25 15 hypothetical samples whose activity is measured at 8
different dose values. [0120]The main task is to find the sensitivity
coefficients that minimize the expression 20Mina [Di(F(a, p;c)-R)2 1;
(8) using a nonlinear regression analysis. Tables 3 and 4 have shown
the synthetic data for 15 components in a mixture with 25 different
samples studied.  32 TABLE 3 



The Amount of The 15 Components In Each of The 25 Mixtures
(Hypothetical Sample)   Isles Cotnonent   I 2 3 4  6 7 8 9 10 11 12
13 14 15  6.440 3.415 0.014 0.000 7.003 0.173 0.000 0.000 0.676 0.002
0.009 0.000 0.030 0.000 0.183 2 0.000 1.371 0.119 3.847 0.003 0.000
0.208 



0.002 0.551 0.000 0.063 0.000 0.000 0.005 0.017  0.000 0.607 0.000
0.004 7.000 2.500 2.758 0.002 0.016 0.047 0.002 0.023 0.000 0.144
0.001  0.000 0.004 0.024 0.253 0.000 0.002 0.290 0.034 0.071 0.099
0.000 4.407 0.015 0.000 0.200 O 5.041 0.546 0.023 0.000 1.473 



0.013 0.401 0.049 0.070 0.083 0.000 0.002 0.000 0.001 0.000  0.002
0.000 0.000 0.006 0.221 0.009 0.700 0.168 0.030 0.000 0.000 0.010
2.388 2.014 1.279 7 0.000 0.015 0.001 0.000 7.508 3.342 0.300 0.004
0.129 0.000 0.055 0.362 0.000 0.006 0.263 0 2.130 0.003 0.079 



0.000 0.000 0.014 0.300 0.025 0.002 0.002 0.000 9.245 0.283 0.000
0.983 9 0.029 0.037 0.001 0.000 2.054 2.614 0.001 0.000 0.000 1.659
0.156 0.000 0.000 0.288 0.003 20 0.001 0.000 0.000 0.000 0.034 0.130
0.000 0.010 0.695 0.022 7.537 0.000 0.002 0.210 2.018 11 0.129 



1.072 0.010 0.064 2.656 0.002 0.000 0.291 0.070 0.000 0.000 0.046
0.000 0.011 0.006 12 0.000 0.000 5.867 0.137 0.004 0.005 0.002 0.001
0.250 1.011 0.000 3.242 0.000 0.021 0.017 13 0.002 0.584 0.026 0.006
7.000 0.000 0.085 0.011 0.001 0.000 0.010 0.000 9.246 1.547 3.552 



14 0.009 0.000 1.680 0.574 0.000 3.393 0.252 0.028 0.201 0.003 0.001
0.000 0.105 0.000 0.000 25 1.914 0.022 0.006 0.001 0.000 0.465 2.587
0.197 0.000 0.033 0.000 0.001 0.000 0.025 0.239 16 0.000 0.002 0.000
0.035 0.000 0.303 0.004 0.062 0.000 0.190 0.018 6.994 0.000 



0.013 0.689 17 0.002 0.000 1.407 0.000 0.147 0.008 0.704 3.921 0.000
0.030 0.038 2.370 0.000 0.197 0.001 18 0.027 0.002 0.017 0.000 0.021
2.568 2.243 0.000 0.399 0.073 0.001 0.000 0.381 0.002 0.000 19 0.402
2.792 0.144 0.000 0.000 0.002 0.000 0.000 0.001 0.109 0.040 



0.006 0.003 0.019 4.075 20 0.569 0.000 0.000 0.085 0.002 0.001 0.005
0.000 0.028 2.659 0.000 0.000 0.710 2.857 0.025 21 0.002 0.694 0.005
0.000 7.000 0.000 0.066 0.069 0.556 0.053 0.000 4.968 0.001 0.005
0.008 22 0.002 0.000 0.000 0.014 0.202 0.001 0.084 0.004 0.342 



0.076 0.008 0.000 2.223 0.000 2.591 23 0.266 0.665 0.092 0.011 0.002
3.356 1.331 0.002 0.000 0.001 0.000 0.008 0.000 0.000 0.213 24 0.000
0.018 0.000 0.021 0.025 0.296 0.325 0.683 0.000 4.165 0.002 0.001
0.226 0.002 0.000 25 0.000 0.000 0.001 0.171 2.108 0.019 0.306 



0.000 0.007 0.000 3.230 0.010 0.000 0.133 1.144   33 TABLE 4
Dose-Response Relationship of The 25 Mixtures (Hypothetical Sample)
Samples Doses  0.01 0.03 0.1 0.3 1 3 10 30  0.031 0.091 0.241 0.501
0.761 0.909 0.969 0.990  0.013 0.041 0.119 0.299 0.575 0.810 0.931
0.977  0.006 0.018 0.055 0.155 



0.367 0.647 0.853 0.948 4 0.029 0.086 0.230 0.486 0.749 0.904 0.968
0.990 5 0.005 0.016 0.048 0.138 0.335 0.615 0.834 0.941 6 0.005 0.016
0.048 0.137 0.335 0.614 0.834 0.941 7 0.003 0.008 0.026 0.078 0.212
0.460 0.729 0.895 8 0.058 0.164 0.383 0.662 0.861 



0.951 0.984 0.995 9 0.001 0.004 0.012 0.038 0.110 0.282 0.553 0.797
10 0.001 0.002 0.007 0.022 0.066 0.182 0.413 0.690 11 0.010 0.031
0.091 0.241 0.502 0.761 0.910 0.970 12 0.022 0.066 0.182 0.414 0.691
0.876 0.957 0.986 13 0.024 0.071 0.195 0.433 0.707 0.884 



0.960 0.987 14 0.001 0.002 0.005 0.016 0.049 0.140 0.340 0.620 15
0.000 0.001 0.002 0.007 0.021 0.064 0.178 0.407 16 0.044 0.128 0.318
0.596 0.823 0.936 0.979 0.993 17 0.016 0.048 0.136 0.333 0.612 0.833
0.940 0.980 18 0.001 0.004 0.013 0.039 0.115 0.291 0.564 



0.804 19 0.025 0.075 0.203 0.446 0.718 0.890 0.962 0.988 20 0.002
0.008 0.024 0.072 0.198 0.439 0.712 0.886 21 0.038 0.112 0.285 0.558
0.800 0.927 0.976 0.992 22 0.005 0.015 0.045 0.129 0.319 0.598 0.824
0.937 23 0.006 0.019 0.058 0.163 0.381 0.661 0.860 0.951 



24 0.003 0.009 0.027 0.081 0.219 0.470 0.737 0.899 25 0.000 0.000
0.001 0.004 0.011 0.034 0.100 0.260 5 [0121]Table 4 is a summary of
concentration information for each of the 25 hypothetical samples,
each of which contains 15 independent ingredients.Figure 7 is a
schematic illustration of the dose-activity dependence for a set of
different 10 combinations of compounds involving the same basic
ingredients. Each curve represents a different set of activity
coefficients. It is shown how the choice of these coefficients
affects the overall activity of the compound and how the top curve
would be chosen to represent the most efficacious combination. 15
[0122]The available data for study is a set of administered doses of
the (mixed) compounds and a corresponding response. In a real case,
these doses are likely imprecisely known and the response is prone to
some (hopefully negligibly small) 20 measurement uncertainty.  34
[0123]The method proposed is a generalization of an earlier approach
in which the same mixture at several strengths was administered. The
data was treated at differing strengths separately and then were
combined in follow-up processing. By 5 treating each strength case as
a separate dose, the process was simplified. There is a positive
effect on the accuracy of some cases. [0124]Besides a direct linear
contribution from the dose of 10 each component, the model considered
includes additional pseudo-compound components. One function of these
is to allow consideration of synergistic interactions between
components, another could be antagonistic. Doses of additional
pseudo-compounds are constructed as the products of the doses of two
15 other compounds. To prevent such pseudo-compounds from interfering
with the parent compounds, they are constructed using an orthogonal
polynomial. Note that if desired, higher order pseudo-compounds may
be constructed from another pseudo-compound. 20 [0125]A second type
of pseudo-compounds is necessary to work with large numbers of
compounds without requiring enormous amounts of dose-response data.
In this case, cluster analysis techniques identify several compounds
with similar patterns of 25 dosing. Note that in Figure 7, several
areas were seen where the dose-response curves for different
components are very similar. The similar patterns of dosing are
nearly co-linear, are more common in such large sets and require
large numbers of dose-response pairs to accurately solve for the
individual 30 components. Replacing the members of these clusters
with either a synthetic or representative member, a pseudo-compound
representing the cluster is considered. If the cluster should prove
to be important, it may be necessary to obtain additional
dose-response pairs to properly resolve the contributions of 35
individual members. 



35 [0126]The creation of the pseudo-compounds results in a purely
linear system were discussed. The vector of responses, R, and dose
matrix, D, lead to the simple matrix equation R = D S, where the
unknown vector S is a sensitivity to each compound. 5 The
dose-sensitivity products, or activities, resulting from each
compound (and pseudo-compound) add to produce the observed response.
Note that the sensitivity, especially of pseudo-compounds, may be
either positive or negative. 10[0127]The essential problem is one of
solving an under- determined system. In general, this is not
possible, however here it is achieved by assuming that many of the
terms are negligible. Treating these values as zeros, the problem is
simplified to an over-determined system. This reduced system is 15
then solved. By bootstrapping, estimates of the uncertainties in the
solution may be obtained. The level of noise expected in the
responses of any realistic data set is such that the system must be
reduced to a point at which it is significantly over-determined
before an accurate solution may be obtained. If the 20 reduction
results in a system of equations that is only slightly
over-determined, then noise present in the data leads to large
uncertainties in the result. Thus the number of data points available
must be significantly larger than the number of unknowns to be
solved. Unfortunately, this number is not known 25 at the outset.
[0128]As the number of dose-response pairs increases, the effect of
noise in the response is decreased. Mathematically, this is
equivalent to averaging a number of repeated 30 measurements,
obtaining a more accurate value. In the simulated data sets, the
strongest activities are consistently and accurately obtained.
However, any error associated with a large component "contaminates"
the rest of the data as the difference will be assigned to other,
lower activity components where the 35 error represents a much larger
proportional contribution.  36 [0129]The first step is to calculate
(linear) correlations between the observed responses and doses.
Components with weak (or no) correlations are taken to be inactive.
In practice, on simulated data, this assumption is verified. Strong
correlations 5 tend to be from both strongly active components and a
few weakly- or non-active components. Once a small number of the
system components have been identified as relevant, by their strong
correlation with the response, the simplified system with only those
components may then be solved. The over-determined 10 systems do not
have true solutions, however the solution that optimally solves the
system, while minimizing the ID S - RI2 difference (least-squares
solution), may be obtained. [0130]To estimate result uncertainty,a
bootstrapping 15 process is used. One hundred thousand dose-response
sets are constructed by selecting pairs (with replacement) from the
observed pair set. Each constructed set is then solved, and the
statistics from the distribution of these solutions are then taken as
estimates for the solution of the observed pair set. 20 The resulting
solution may then be subtracted from the observed data to obtain a
residual. Calculating correlations against the residual may reveal
additional components with significant activities not solved for in
the reduced system. Other components, solved in the reduced system
may have been found to 25 have only weak activity. The set of
components included in the reduced system may be adjusted and a new
solution obtained. By repeating, a final set of sensitivities that
describes the data may be obtained. 30 APPROACH #2: Principal



39 [0134]Now some general comments about subset selection in the
regression analysis are made. The choice of a model for a given set
of data with many variables may pose a challenge. When there are many
predictors (with many possible interactions), it can be 5 difficult
to find a good model. The question arises which main effects should
be included; and an associated question is which interactions to
include. Model selection tries to simplify this task. This is an
"unsolved" problem in statistics: there are no magic procedures to
obtain the "best model". Data mining can be 10 used for model
selection. To implement this, there was a need for a criterion or
benchmark to compare two models, and a search strategy. With a
limited number of predictors, it is possible to search all possible
models. 15 [0135]Possible criteria are now examined. R2 is not a good
criterion, as it always increases with model size, and hence
erroneously suggests that an optimum result would be obtained by
taking the biggest model (Using adjusted R2 is better, since it
penalizes bigger models.) Mallows' Cp (named for Colin Mallows) 20 is
mostly used as a stopping rule in stepwise regression. It is similar
to Akaike's information criterion, and depends less on the number of
effects on a model than R2. It is defined, for a subset of P
regressors out of the total set of regressors K, as E(17,-Y,p) -N
+2P(9) S2 25 where /1(17,-4) is the error sum of squares for the
model, Yip is the ith predicted value of Y out of the P regressors,
S2 is the residual mean square after regression on the complete set
of regressors, and N is the sample size. Akaike's Information
Criterion (AIC) and Schwarz's BIC are also considered. One search 30
strategy is the "best subset" search, which involves searching all
possible models and taking the one with highest adjusted R2 or lowest
C. A stepwise search (forward, backward or both) involves the
choosing of an initial model and taking the biggest jump (up or down)
within the selected criterion. The implementation in R  40 Software
Package includes a "Best subset" search which uses adjusted R2, Cp or
BIC and does exhaustive searches with the branch-and-bound algorithm,
and a stepwise search, which works by minimizing the Akaike
Information Criterion (AIC). 5 Model Fitting: Other Possibilities
[0136]Multiple Linear Regression may not be enough.Using
optimization to get a better fitting function, may result in getting
a non-concave function after interpolation.A concave 10 function may
be needed to find the maximal response easily. nun A- a- rTx--1xTQx
(10) -Q?.0 [0137]Where x is a vector representation of the ingredient
compounds, xr is its transpose, A the activity, Q is an optimization
parameter, and a is a vector of linear coefficients 15 in the
activity function. Now it must be decided whether to use generalized
linear regression or logistic regression. Subset Selection: Results
[0138]Selectedvariables(components)arechosenas 20 x, x,, xn, xixn,
xnx0. The resulting model is:            A = a0 + a,x, + anx" +
a13x13+/3115x1x15+ fi,,,"xiox" [0139]The fitted model is: (11)    A =
0.16 + 0.25x, ++ 0.05.x13 -0.13x1x15+ 0.04x10x1, (12)    Where the
final term represents synergism and the second-to-last 



25 term representsinhibition.Thelinearregression an adjusted R2 of
0.9. results give  Finding Maximal Response
[0140]Apossiblynon-concaveinterpolated function was 30 considered:
A = ao -FE Dv,(13) 1.11.1 j=1 [0141]Global optimization was used to
find the maximal response over the range of all possible (or
interesting) concentrations:  41    i=1 j=1 x; = s.t.En 1=1 x, 0, v,
[0142]All other variables were fixed except for two and 5 analyzed
the graphs of the responses. [0143]In order to determine which
components interact significantly (25% criterion), estimated values
were compared for their activities with the observed ones. If the
observed values 10 differ by much (>25%), this indicates the presence
of interactions. A first order perturbation to the fully nonlinear
function using linear coefficients as approximation was used.
[0144]The response function in(11) is based on the 15 optimization of
the nonlinear function (12) in general to the same data set as
before. It gives (12) as the best fit with the correlation
coefficient of 0.9. Note that as stated before, there is no magic
statistical method so it is necessary to try as many as possible and
select the one that gives the best outcome (i.e. 20 highest
correlation with the data set). Here, obviously, the PCA and the
optimization of the function (12) using multiple linear regression do
not give a perfect agreement, however they do identify the x12 and
xixis terms. PCA suggests x13x15 while the other method suggests
x10x12 is an interactive term. If different 25 statistical methods
produce divergent results, then in the absence of empirical evidence
against either result, both results should be kept. [0145]In
conclusion, it can be seen from the above example 30 that it is
possible to identify the active components using statistical tools
and PCA. One can also create an activity model using multi-linear
regression. Optimized drug response can be found with a given
activity of the compounds. The minimum number of measurements
required for a unique solution with N components  42  1 + N +
N2/2(15) 



[0146]Hence a number of measurements can be reduced by subset
selection. 5 [0147]To find an optimum composition of the compound,
equations(13) and (14) were used in the general case. Specifically,
for the simplest possible example where two ingredients have been
isolated but their relative concentration 10 has not been optimized
yet, the following example was considered. Suppose the activity
function depends on these two components x and y according to:
AaNity=03x+0Ay+03Ay(16) [0148]Where the last term describes the
synergistic action of 15 the two ingredients. Since the entire
mixture only contains components x and y, the condition: x+y=1
exists. The activity function was then transformed into:
Activity=0.4+0.6x-0.7x2(17) [0149]such that this is effectively a
function of only one 20 variable, namely x. Activity was minimized
with respect to x to obtain: d(Activity)0 giving x=0.43(18) dt
[0150]Consequently the optimized formulation is: x=0.43 and y =0.57.
This example is illustrated in Figure 10. 25 [0151]The same approach
can be applied to a combination of many ingredients but will require
a multi-dimensional analysis. [0152]In Figure 11 a three-dimensional
illustration is given 30 with several examples of dose dependence for
two ingredients affecting the overall response (the left-hand side
panel) and how the residuals emerge in each case (the right-hand side
panel).    43 EXAMPLE 4 Use in vitro Techniques To Generate Kinetic
Data In The  Gastrointestinal Tract For The
Pharmacokinetic/Pharmacodynamic Model Outlined in Figure 1  5 [0153]A
more detailed description of the model is presented in Figure 12. The
kinetics of decomposition, metabolism and absorption will be measured
using: a. artificial gastric and intestinal juice; b. intestinal
flora; c. intestinal microsomes; 10 and d. Caco-2 or MDCK cell
membrane or intestinal tissue.  [0154]Stability in artificial gastric
and intestinal juice: A mixture of components is incubated with
artificial gastric and intestinal juice.A standard procedure for
preparing the 15 artificial gastric and intestinal juice is described
in the United States Pharmacopoeia. The kinetics of degradation is a
measure of the stability of individual components in the mixture.
Using the approach similar to that described in Example 1, (with the
modification that r is replaced by degradation rate constants 20 in
equations 4 and 5), the stability of individual components and
potential interactions in terms of altering stability or
decomposition by other components could be identified.
[0155]Metabolism by intestinal flora: Standard procedures for 25
studying metabolism of herbal mixtures by intestinal flora are well
established (Hasegawa et al., 1996; Hasegawa and Uchiyama, 1998;
Hasegawa et al., 2000; Hasegawa, 2004). Ginsenosides are known active
components of various types of ginseng including Panax ginseng,
rotoginseng, American ginseng, etc. 30 Interestingly, these
components have little pharmacological activity.The aglycones
produced by step-wise removal of the glycosides by intestinal
bacterial enzymes are active.These aglycones have a much better
bioavailability than the corresponding ginsenosides. The rate of
metabolism of individual 35 components and potential interactions
among them by intestinal flora will be quantified using the approach
described in Example 1. [0156]Permeability: Caco-2, MDCK cells, rat
intestine and 



44 PAMPA are commonly employed for the measurement of intestinal
permeability. Caco-2 cell layers are a common model employed for the
estimation of the permeability of potential leads, although it is not
a good model for predicting chemicals that are absorbed 5 via
paracellular transport. MDCK cells cultured with an in-house
proprietary process provide a much better estimation. However, cell
cultures are not often suitable for studying permeability of dosage
forms, natural extracts or formulations. Experience tells us that the
integrity of these preparations is not always 10 guaranteed. PAMPA
has not been used for the evaluation of natural substance absorption.
It is not clear whether this model will be applicable for natural
product research. Rat intestinal tissues have been used extensively
to study absorption of synthetic and natural substances (Ruan et al.,
2006).In 15 general,the bioavailability estimated using this model
corresponds well with that of rats and humans (Chiou, 1995; Chiou and
Barve, 1998; Chiou et al., 2000). Using these methods and the
approach described in example 1, the permeability of individual
components and their effects on the permeability of 20 other
components in a mixture could be measured. [0157]Intestinal
microsomes: Components that are permeable are selected for incubation
with intestinal microsomes.These
componentscouldbedecompositionproductsinthe 25 gastrointestinal
lumen, metabolites formed from intestinal flora, or intestinal
enzymes. The reason for this is the fact that components that are not
absorbable have no access to these enzymes (Figure 13). 30 [0158]The
rate of metabolism of individual components in a mixture can be
estimated using the approach outlined in Example 1. Interacting
components can also be identified. The rate of metabolism, enzyme
induction or inhibition could be measured and scaled using a
pharmacokinetic model similar to that of Figure 1. 35 [0159] Data
generated from this series of studies will provide all the parameters
for describing the stability, metabolism and rate of absorption in
the gut after oral administration of a  45 mixture (parameters for
Figures 1, 12 and 13).Potential interactions can also be identified
at the absorption and metabolism level. 5EXAMPLE 5 Generate Hepatic
Metabolism Data For The Liver Compartment In The Pharmacokinetic
Model  [0160]It has been shown in recent literature that metabolic 10
data generated using cryopreserved human hepatocytes provide better
prediction of hepatic clearance in human than human liver microsomes
(Lam and Benet, 2004; Hallifax et al., 2005). The advantage of using
hepatocytes is that membrane uptakes of components into the cell are
accounted for (Figure 14). 15 [0161]Only components and their
metabolites which are absorbed from the intestine are studied.These
substances will    be concentrated from intestinal microsomes. The
absorbable components are collected from the basal compartment of the
20 apparatus after a permeability study. [0162]The approach described
in Example 1 may be used to evaluate the rate of metabolism of a
component in a mixture. Instead of using the concentration-effect
relationship, the rate 25 of metabolism is used in the place of
effect. Data collected from these studies will also permit
component-component and component-metabolite interactions.
[0163]Hepatic clearance can be predicted using published 30 methods
(Lau et al., 2002; Hallifax et al., 2005).These data will be
incorporated into the pharmacokinetic/ pharmacodynamic model for
profile prediction. EXAMPLE 6 35Estimation of Plasma Protein Binding



20 [0166]Free fraction of components in the plasma will be obtained
from these types of in vitro studies. The data can be used in two
ways: 1. the free fraction is inserted into the
pharmacokinetic/pharmacodynamic model in the blood compartment; 25
and 2. Volume of distribution can be predicted using plasma protein
binding and log P values of the components (Lobell and Sivarajah,
2003). Again, this parameter can be inserted into the
pharmacokinetic/ pharmacodynamic model. 30EXAMPLE 7 Prediction of The
Rate of Renal Excretion of Components And Their Metabolites [0167]The
rate of renal excretion of components and their 35 metabolites can be
predicted using a published method (Brightman et al., 2006a). Again,
potential interactions among components can be predicted using the
approach described in Example 1. The  47 only difference is the
concentration-effect relationship is replaced with the excretion rate
constants. EXAMPLE 8 5Use of A Physiologically Based Pharmacokinetic
And Pharmacodynamic Model To Describe The Concentration And Effect
Time Course of Components In A Mixture After Oral Administration
[0168]Thisphysiologicallybasedpharmacokineticand 10 pharmacodynamic
model is graphically represented in Figures 1, and 12-15. The
parameters for this model can be generated by the studies outlined in
examples 4 to 7.Potential pharmacokinetic interactions can be
predicted using the data.If appropriate pharmacological model(s) is
chosen for measuring such multi- 15 component activities as those
outlined in example 1, the composite response by these components can
be described. In this example, the theoretical aspects of the
pharmacokinetic/pharmacodynamic model (Figure 1) are described. 20
[0169]The Segmental Dissolution, Transit and Absorption  (SDTA) model
accounts for the dissolution and transit flow in the stomach,
duodenum, jejunum, and ileum and the absorption in the duodenum,
jejunum, and ileum. The gastrointestinal tract is divided into three
compartments: Stomach, small intestine, and 25 colon. The human small
intestine can be described by seven sub-compartments, where a drug
transfers from one sub-compartment to the next one in a first-order
fashion (Yu et al, 1996). The SDTA model includes the following two
assumptions: First, that absorption from the stomach is insignificant
compared with that 30 from the small intestine; and the second is
that a drug moving through the small intestine can be considered as a
process of flowing through a series of segments, each described by a
single sub-compartment with linear transfer kinetics from one to
next, and all compartments may have different volumes and flow rates,
35 but the same residence times.  48 mass distribution. Within any
particle size group, all particles are the same size and their size
will not change as dissolution or precipitation occurs. Instead,
dissolution and precipitation occurs by changing the number of
particles. Therefore, for a 5 non-degradable drug dosed in an
immediate release dosage form, the dissolution, absorption, and
transit in the gastrointestinal tract can be depicted as follows:
[0171]Stomach dAdc 10 di' (19)  d di' KM &Yr,(20) [0172]Small
intestine , -K+ KA Ma. '-n=1, 2, _7(21) 15dMI._KA414.1c01:_lc.,All
n=1, 2, _7(22) [0173]Colon di KIM 



d All  dr K,1141-1(cM1+1C4M:-Ka'1141(24) 20 [0174]where t is time,
Ai: MM: are the amounts of solid drug in stomach, nth segment of
small intestine, and colon respectively. K" Kt, K" and Ka are the
rate constants of gastric emptying, small intestine transit, colon
transit, and intrinsic absorption, respectively. In Eq. (3,4), when
n=1, the term KtM is 25 replaced by KsMs. [0175]The overall rate of
drug absorption can be calculated by: dM 0 _2P  di'R 213,ff ic M,
Rooko (25)  49 [0176]where Ma is amount of drug absorbed at time t,
Peff is the effective permeability of intestinal membrane to the
drug, R is radius of small intestine, ML=EMnL, n=1,2,Peif(co1or) is
effective permeability of the colon membrane to the drug and Rcolon 5
is the colon radius. The fraction of dose absorbed can then be
calculated by Fa= M ajM o= m oj21  o[ R m L+21m Lidt 3 eff(26)
[0177]Equations 25 and 26 can be used to estimate the 10 fraction
dose absorbed and the rate of drug absorption which in turn can be
related to conventional compartmental pharmacokinetic models.
[0178]The absorption can be limited by dissolution rate and 15
permeation rate, where permeation rate refers to the flux of drug
across the intestinal membrane. The supply rate of dissolution and
the uptake rate of permeation determine the concentration of drug in
GI tract. However, the concentration in GI tract is also limited by
the solubility of drug. When the supply rate is far 20 more than the
uptake rate, the drug concentration in the gastrointestinal fluid
approaches its solubility limit. Mathematically, the dissolution rate
is expressed by: Ratedissoludon 3DMM dhrsV(27) [0179]Where D is
diffusion coefficient, h is diffusion layer 25 thickness, d is
density of solid drug, Cs is the solubility, and V is the volume.
Thus, poor dissolution can be caused either by particle size (r) or
solubility. [0180]This model simulates the transport, dissolution,
and 30 absorption of compounds through the human intestine and
computes flux into the portal vein, the total fraction absorbed, and
(if body pharmacokinetic parameters are available) the
concentration-time curve in the plasma. Intestinal transport is
modelled as serial compartments, which has been shown to reproduce
the small  50 intestinal transit time distribution with sufficient
accuracy given the in vivo variability (Lartigue et al., 1991).
Dissolution dynamics are either interpolated from an in vitro
dissolution curve or are simulate d using the Noyes-Whitney 5
equation, accounting for the particle size, the solubility as
adjusted for pH using the Henderson-Hasselbach equation, and local
saturation. Local absorption rate is proportional to dissolved drug
concentration; i.e. the apical membrane is assumed to be the rate
limiting barrier to absorption, with absorbed drug 10 sufficiently
rapidly mixed with the body compartment as to maintain sink
conditions, and transport to be either passive or in a linear regime.
The absorption rate coefficient is determined by in vitro experiment
using Caco-2 or MDCK cells or intestinal tissue, anatomical
properties of the small intestine, and a 15 correction factor
determined by a single parameter fit to a diverse set of drugs. The
primary purpose of the correction factor is to account for the
increased surface area available for absorption in vivo as compared
with the flat in vitro monolayers, but there is also a
phenomenological component to the correction, 20 as evidenced by
substantial difference between the correction required for MDCK and
Caco-2 monolayers. Absorbed flux enters the central body compartment



51 hours for the entire GI tract. Thus, fluid motion in the gut lumen
may be assumed to be highly laminar and poorly mixed in the radial
direction. The properties of a cylindrical laminar flow model with
wall absorption have been studied in the context of 5 heat exchangers
and have also been applied to intestinal absorption (Amidon et al
1980 and Elliot, 1979). The principal problem with this approach is
that the precise details of fluid flow and drug transport are
unlikely to be reflective of the physiological situation, given the
variations in tube shape, the 10 peristaltic nature of fluid
transport, the motions of the individual, and so on. Much simpler
models, such as complete radial mixing coupled with longitudinal
dispersion, are just as reflective of gut transit characteristics,
and are easier to work with. The most popular model, the
compartmental absorption and 15 transit model, in fact includes
dispersion only implicitly through the use of a small number of
longitudinal compartments.
[0183]Aone-dimensionaladvection-diffusionmodelfor transport in the
gut would be as follows: aac 20c - = D2c - v a- + F (C)(28) atax2ax
[0184]Where x is the location along the gut, C(x,t) is the substance
concentration, assumed uniform across the gut cross section, at a
particular place and time, v is the velocity of transport through the
gut, D is the dispersion constant, and F is 25 a function capturing
non-transit characteristics such as absorption, metabolism, etc.
[0185]Discretizing the advection term for use in a finite difference
model, showed 30 ac c(x+8)-c(x) =ac +1 sa2co(s2) +(29) axSax 2 aX2
[0186]Which shows that there is a diffusive component of the
discretized equation, called numerical diffusion, which is usually
seen as an annoyance. The compartmental absorption and transit model
takes advantage of this by using it to model the  52 diffusive nature
of the underlying system, and adjusting the discretization size g
appropriately to capture the dispersion observed in vivo. 5[0187]The
function F(C), included above, is selected to capture absorption,
metabolism, and other characteristics. The simplest and most
important factor, passive absorption, is given by F(C)=-K aC(30) 10
using 7AP K - R [0188]Where Peff is the effective permeability, R is
the gut radius, and A is a surface-to-volume correction factor
selected to allow for the surface area differences between the
foliations 15 of the actual gut wall and the relatively flat surface
of a cell monolayer. [0189]The drug flux into the portal vein J and
the fraction absorbed Fa are computed as 20AO= EKaCa(t)(32) A-44.-4d
Fa = fJ(Odt(33) 0 [0190]Active transport can be modeled by replacing
Peft with a 



25 concentration dependent permeability P (C) " eff- Km+C(34)
[0191]Where the maximum rate of permeation Pm.," and the effective
binding constant Km may be estimated from in vitro experiments and
are potentially region dependent. 30  53 local model that converts
parent to metabolite. Although this is possible to extend to any
number of metabolites, the current model is illustrated using a
single metabolite. The transformation terms are of the form:
[0193]Where V", and Km may be region dependent and each component
(parent and metabolite) following similar transport and absorption
dynamics. 10 [0194]Dissolution is modeled similarly by considering
the transformation from the solid phase to the dissolved phase.
Dissolution is limited by diffusion of the dissolved species away
from the solid particle. For the case of uniform spherical particles
dissolving into an infinite medium, the diffusion 15 equation can be
solved in the form of the Hixson-Crowell Cube Root law, mor3 -mrs
=(36) [0195]Where K is the cube root dissolution constant. Since
the flux input is based on the quantity of original undissolved 20
material, a term for input from dissolving solids of the form was d
cid _3C, /1 v (37) di/Td) [0196]Where C" the concentration of
undissolved particles, is altered only through transport and Td, the
dissolution time is defined as dp  (38) 2C,D1h [0197]Where d is the
particle diameter, p is the density of the particles, Cs is the
solubility, D is the diffusion constant, and h is the effective depth
of the unstirred layer. This input is set to zero when t > Td.  54
luminal surface-to-volume ratio 2/R and the gastric emptying rate are
all relatively independent of drug but depend on the species under
consideration (Table 4). 5TABLE 4 Species-Specific Parameters   Human
Rat Dog Number of compartments Total small intestine transit time
Effective gut radius Gastric emptying time 'Yu et al,1996,2Twanaga et
71 199 min' 



1.75cm' 15 min al,1998 180 0.2 15 7 min  cm min 7 83 min2 0.75 cm 15
min  [0199]The number of compartments is an indication of the 10
dispersion, and takes into account the degree of longitudinal mixing
during the transport of material along the small intestine. The
transit time is the average amount of time material spends in the
small intestine. The gastric emptying time is the amount of time
required for half of the gastric contents 15 to enter the duodenum
through the pyloric valve. While gastric emptying is quite variable,
the dynamics of gastric emptying do not have a large effect on
fraction absorbed, due to the principle of superposition. Gastric
emptying will however affect the detailed dynamics of the drugs,
altering pharmacokinetic 20 parameters such as Cmax and Truax.
[0200]While computational systems can in general only be validated
through careful design and implementation, there are several specific
tests applicable to the current system that act 25 to ensure both
that the numerical integrations have a sufficient degree of accuracy
and that certain kinds of gross errors are absent.  55  somewhere: it
must be excreted, distributed to some part of the body, or
transformed into some metabolite. Mass balance is often used in
experimental pharmacokinetics, and it has value here as well. 5
[0202]For the special case of drugs which exhibit purely passive
diffusion, high solubility, and no regional permeability, the system
of equations may be solved exactly for F, giving =1-(i+K(2/C-N(39)
10Where Kt is the transport constant between each compartment and N
is the number of compartments. [0203]Within the pharmacokinetic
model,the body is      represented with several compartments. Each
has a volume and the 15 parameters are listed on Table 7. [0204]Of
particular interest is the "Tissue Compartment" which represents body
tissues not otherwise accounted for in the model. The compound
concentrations in this compartment determine 20 the intensity of
physiologic effect.This is shown by the striped connection to the
adjacent "Response" box. [0205]The movement of materials between
compartments is shown with arrows.Initial doses enter the stomach,
while the colon, 25 liver, and kidneys are sites of potential
elimination from the system. The movement of the compounds between
compartments is proportional to the volume of fluid flow between the
compartments and the concentration of the compound in the originating
compartment, and inversely proportional to the volume of the 30
original compartment. [0206]The model assumes a "mass-balance"
approach, with equality between the amounts of material that leave
one compartment and the amounts that enter into another. 35  



56 various compartments, the model is integrated forwards in time,
using a 4th order Runge-Kutta algorithm, with variable time-steps. 5
[0208]The tissue compartment is sized so that the sum of the
compartments, excluding the GI-tract interiors, is equal to the
volume of distribution for a 70 kg man. [0209]Using the 15-component
mixture described in example 2, 10 a list of pharmacokinetic
parameters is generated and is detailed on Table 5. The parameters
that are inherent to the pharmacokinetic model are listed on Tables 6
and 7. These data are extracted from published data (Bernareggi and
Rowland, 1991; Davies and Morris, 1993; Brown et al., 1997). 15
[0210]The above examples outline the integrated in silico and in
vitro methods which are used for identifying active and interacting
species from a mixture, similar to those of a natural substance.Using
the physiologically based pharmacokinetic and 20 pharmacodynamic
model, the concentration time course of each of the 15 components is
estimated (Figure 16). Similarly, the time course for the composite
response is also calculated (Figure 17). Once data such as that of
Figure 17 is generated, an optimal dosage to produce a desired
response can be reconstructed. This 25 dosage consists of an
ingredient profile, which is essential for the development a new
product and/or dosage form.  57 TABLE 5 Pharmacokinetic Parameters of
The 15 Compounds Compound Number Intestinal Permeability, min<
Intrinsic Hepatic Clearance, min< Hepatic Clearance, L/min Volume of
Distribution L/kg 1 0.17 632 0.59 0.53 2 0.86 6633 1.31 1.16 3 4.02
1104 0.79 0.36 4 



4.43 2011 1.01 0.66 5 1.89 183 0.24 0.52 6 0.52 810 1.34 1.64 7 2.40
555 0.54 0.95 8 6.88 8929 1.35 0.58 9 0.14 15406 1.41 0.90 10 0.19
1428 0.89 1.57 11 0.12 792 1.33 2.28 12 0.20 294 0.35 0.35 13 0.80 



915 0.72 0.79 14 2.99 223 0.28 0.80 15 0.38 443 0.46 0.95  TABLE 6
Blood Flow Rate To And From Various Organs FlowClearance, mL/min
along GI tract2       blood -235 intestine/colon intestine/colon ,235
liver blood - liver239 liver , blood1180 blood - tissue3110  58 TABLE
7 Physiological Volumes of Various Organs Compartment Volume, L
interiors of stomach/intestine/colon 0.155 intestinal segments 0.212
colon 0.371 kidneys 0.280 liver 1.69 blood 5.20 5EXAMPLE 9 An
Integrative Example Showing The Contribution of "Drug-Like"
Properties To The Effective Ingredients  



[0211]The objective of this example is to provide a means of 10
estimating the active ingredients in a simulated mixture of 50
components. In Table 8, the in vitro response for each of the fifty
components in the system is shown. Additionally two pairs of
components (3, 23) and (20, 50) have synergistic interactions with
activities of 0.800 and 1.00 respectively. A 5 % was 15 randomly
added to the data and the overall response of each mixture show a
Michaelis-Menton style limit to the total interactions. Figure 18
shows typical of overall response data for mixtures with components
randomly distributed between 0 and 1 unit in each mixture. 20
[0212]Using randomly generated pharmacokinetic parameters for these
ingredients, this example also illustrates the importance of the
drug-like properties in the determination of therapeutically relevant
ingredient profile. 25  59 TABLE 8 In vitro Response For Components
In The System No. Activity No. Activity No. Activity No. Activity No.
Activity  3.34x10-1 11 1.36x10-2 21 9.68x10-3 31 1.05x10-2 41
7.58x10-3 2 9.11x10-3 12 6.19x10-3 22 9.43x10-3 32 2.51x10-1 42
7.37x10-3 3 6.71x10-1 13 2.88x10-2 23 



6.84x10-1 33 4.55x10-1 43 9.08x10-3 d 6.40x10-3 14 2.57x10-1 24
4.63x10-3 34 5.88x10-3 44 1.03x10-2 5 6.15x10-1 15 5.81x10-4 25
6.14x10-4 35 2.05x10-2 45 5.56x10-4  5.48x10-3 16 8.75x10-1 26
3.48x10-3 36 1.34x10-2 46 6.03x10-3 7 6.62x10-3 17 1.90x10-2 27
3.85x10-3 37 2.58x10-2 47 1.61x10-2 8 



2.08x10-2 18 2.09x10-2 28 7.18x10-3 38 6.80x10-3 48 1.18x10-2 9
1.41x10-2 19 7.43x10-3 29 5.03x10-2 39 1.43x10-2 49 1.83x10-2 10
4.53x10-4 20 5.81x10-1 30 3.71x10-1 40 2.25x10-1 50 10.0x10-1  5
[0213]With 150 mixtures and overall responses from the 1.0 dose point
(Figure 18) and assuming a linear response from each of the 50
components estimated responses (x with 1 standard deviation error
bars).These generally compare well with the 10 actual responses (o),
but some large differences are present (Figure 19). [0214]Using the
approach described in Example 3, the correlations between the
residual and each of the multiplicative 15 pairs terms is plotted.
Higher correlations are darker, particularly striking is the (20,50)
pair, one of the interacting pairs in the input activities (Figure
20). [0215]Adding four pair terms as pseudo-components 51 to 54 20
yields a new and improved estimate. Particularly noticeable are that
51 and 54 are active, while 52 and 53 are not. Generally component
may be classified as active or inactive (Figure 21). [0216]Repeating
the same systems, but now using data from 25 three dose points (1.0,
0.3, and 0.1) gives a tighter and more accurate fit in the first
estimate (Figure 22). [0217]The residual correlation plot looks very
similar to the single dose point case and is omitted for
brevity.Using the 30 same four pseudo-components gives a second
estimate with a better 



60 fit than in the single dose point case. Similar observations are
observed with the four pseudo-components. Components 51 and 54 are
shown to interact and 52 and 53 are found to be inactive (Figure 23).
This example clearly shows that activity of 5 individual components
and their interactions can be accurately predicted using the approach
described in this invention. [0218]In the second part of this study,
a two compartment pharmacokinetic system with first order kinetics
was used for the 10 simulation. The first compartment is intestinal
with a volume of 0.4 for all fifty components. From the intestinal
compartment there is direct elimination from the first compartment
and absorption into the second compartment with differing clearances
for each component. The second compartment represents the body, 15
for which each component has a different volume and clearance from
the system. All of these are listed in Table 9, along with the
half-lives and area under the time-quantity curves in the body
compartment. The volumes and rate constants were generated with
uniformly distributed pseudo-random values over appropriate 20
intervals and all other numbers were calculated from these. TABLE 9
Intestinal ClearancesBody Compartment Elimination Absorption Volume
Clearance Half-life AUC 8.3x1024.8x10"1378.1011.70.39
27.6x10-21.3x10-3975.7111.71.15 38.2x10-26.3x10"1304.7918.90.82
47.7x10-25.1x10"1346.3314.60.55 57.6x10-24.9x10"1042.6027.71.01
67.6x10-23.6x10"1105.5613.80.37 77.5x10-22.6x10"14913.847.40.15
88.6x10-23.8x10-31328.6910.52.54 98.4x10-21.9x10-314110.639.21.19
108.4x10-21.3x10-3840.52112.2 10.06 118.3x10-27.8x10"772.3922.21.19
127.4x10-23.3x10-3876.109.92.45 137.3x10-24.0x10"1182.8428.80.90
147.9x10-22.2x10"590.6761.31.00 158.3x10-21.0x10-21107.1310.70.75
168.7x10-23.7x10-41208.2610.00.24 177.4x10-24.4x10"837.018.20.28
187.8x10-23.0x10"453.449.10.20 198.1x10-23.5x10-3885.0911.92.84
208.6x10-21.4x10-31317.7211.81.07 217.5x10-25.8x10"701.8027.11.20
227.9x10-21.8x10-3851.8631.84.08 238.4x10-22.1x10"1157.2811.00.16  61
24 8.4x10- 2.9x10 24 2.87 30.0 0.60 25 8.1x10-2 



2.6x10" 91 7.06 8.9 0.16 26 7.8x10-2 2.0x10-3 125 9.49 9.1 1.32 27
8.8x10-2 1.2x10-3 67 3.15 14.8 1.20 28 8.3x10-2 2.1x10" 130 1.96 45.8
0.67 29 8.0x10-2 3.4x10" 61 2.43 17.4 0.42 30 8.0x10-2 8.3x10" 133
6.54 14.1 0.84 31 8.7x10-2 1.9x10-2 62 1.35 32.0 



3.89 32 7.5x10-2 1.3x10-3 37 0.77 33.0 3.33 33 7.5x10-2 3.5x10-3 122
2.41 35.2 8.99 34 7.9x10-2 1.2x10-3 134 9.91 9.4 0.80 35 8.4x10-2
1.0x10-3 56 1.75 22.3 1.51 36 8.4x10-2 3.2x10" 78 5.67 9.5 0.21 37
8.8x10-2 2.9x10" 129 5.69 15.7 0.30 38 7.5x10-2 7.5x10-4 



133 6.75 13.6 0.77 39 7.9x10-2 1.1x10-3 43 1.15 25.9 2.13 40 7.5x10-2
3.7x10-3 129 10.22 8.8 2.35 41 7.6x10-2 1.5x10-3 118 8.79 9.3 1.04 42
8.3x10-2 9.0x10-4 73 2.40 21.0 1.30 43 7.9x10-2 1.4x10-3 38 0.32 82.1
8.51 44 7.7x10-2 2.2x10" 114 3.16 24.9 0.42 



45 7.5x10-2 3.5x10-4 82 4.79 11.9 0.32 46 8.1x10-2 9.4x10" 41 0.23
124.3 8.23 47 7.6x10-2 3.2x10" 93 2.83 22.8 0.55 48 8.4x10-2 2.7x10-4
59 3.95 10.3 0.19 49 8.7x10-2 3.8x10-3 55 3.94 9.7 2.33 50 7.5x10-2
8.4x10-4 109 7.87 9.6 0.61  [0219]Using the pharmacokinetic data
generated and an oral    dose of 4 units for each of the 50
components (Table 9), a family 5 of concentration-time curves is
produced (Figure 24). [0220]Area Under Curve (AUC) for the
concentration in body- 



time curves is an indicator of exposure, a net result of absorption
and elimination.This data was given in Table 9. 10 What is striking
is that the range of AUC values can span as much 2 orders of
magnitude (Figure 25). [0221]Taking the AUC values to be the exposure
of the body to each compound, the same set of 150 mixtures can be
scaled by the 15 AUC of each compound. This corresponds to the
difference between in vitro and in vivo experiments when compound
activity is modulated by varied pharmacokinetic properties. The
previous case is identical to one in which every component has the
same properties. Note that what was a moderately active component in
20 the previous system is now overwhelmingly the most active due to
favorable pharmacokinetic properties. With fewer activities remaining
in the system the estimates using the same three doses  62 are quite
good (Figure 26). [0222]The residuals, after incorporation the
pharmacokinetic parameters, vary dramatically from the previous plots
(Figure 27 5 vs. Figure 20). The darkness in each of these plots is
scaled to the most correlated points in the plot, so the appearance
of individual points can only be compared within each of these
figures and not between them. The strongest correlations are actually
weaker in this plot than in the previous one. 10 [0223]A second
estimate with four pseudo-components added to it is not much
different from the first estimate, and the pseudo-components have
very small responses as the components composing them are not
significantly present (Figure 28). [0224]A second pharmacokinetic
system with a different set of pharmacokinetic parameters was
considered, but chosen from the same ranges of values. The results
from this system are shown in Table 10. TABLE 10   Intestinal
Clearances EliminationAbsorption Volume   Body Compartment
ClearanceHalf-life AUC 1 8.3x10-2 2.0x10-3 41 3.47 8.2 1.14 2
8.2x10-2 2.2x10" 110 7.44 10.2 0.16 3 8.3x10-2 6.1x10" 38 0.52 51.3
2.16 4 



7.9x10-2 8.8x10" 148 8.12 12.6 0.81 5 8.2x10-2 2.9x10-3 42 2.39 12.2
2.40 6 8.0x10-2 1.9x10-3 116 5.91 13.7 1.83 7 8.5x10-2 8.2x10" 147
13.33 7.6 0.42 8 8.3x10-2 3.0x10" 86 2.81 21.2 0.45 9 8.3x10-2
2.5x10" 145 4.59 21.9 0.37 10 8.3x10-2 2.8x10" 55 4.61 



8.3 0.16 11 8.6x10-2 1.8x10-3 129 4.76 18.8 2.22 12 8.3x10-2 2.2x10-3
133 5.46 16.8 2.51 13 8.6x10-2 2.6x10-3 91 3.27 19.3 3.27 14 7.6x10-2
2.6x10" 69 4.42 10.9 0.21 15 8.0x10-2 3.4x10" 49 0.46 74.2 1.82 16
7.6x10-2 7.3x10" 83 7.36 7.9 0.43 17 8.6x10-2 



2.4x10-3 119 9.07 9.1 1.45 18 8.7x10-2 3.5x10-3 139 1.03 93.4 20.97
19 8.3x10-2 1.3x10-3 137 4.75 20.0 1.77 20 8.2x10-2 3.2x10-3 118 2.37
34.5 7.41 21 7.2x10-2 3.9x10-3 131 10.39 8.7 2.60 22 8.3x10-2 2.9x10"
146 2.09 48.5 0.98 23 7.7x10-2 2.3x10-3 93 1.68 38.3 



6.50 24 8.1x10-2 3.0x10" 109 3.68 20.5 0.44 25 8.5x10-2 5.6x10" 128
6.77 13.1 0.50  63 26 7.7x10-2 6.8x10" 96 7.54 8.8 0.45 27 7.6x10-2
7.4x10-4 61 5.35 7.9 0.44 28 8.7x10-2 2.2x10-3 44 1.66 18.5 2.64 29
8.1x10-2 6.1x10" 77 2.15 24.9 1.09 30 



8.0x10-2 3.9x10" 101 2.74 25.5 0.72 31 8.2x10-2 3.2x10" 52 3.56 10.2
0.23 32 7.8x10-2 1.0x10-3 71 5.28 9.4 0.71 33 8.6x10-2 1.4x10-3 108
7.74 9.7 0.91 34 7.7x10-2 1.1x10-3 47 2.92 11.1 0.94 35 7.8x10-2
3.5x10" 141 9.72 10.1 0.26 36 7.9x10-2 9.9x10" 106 5.86 



12.6 0.90 37 7.2x10-2 1.5x10-3 120 6.59 12.7 1.49 38 8.0x10-2 5.1x10"
80 5.37 10.3 0.37 39 8.7x10-2 3.4x10" 37 3.12 8.1 0.18 40 7.9x10-2
4.8x10" 70 6.25 7.7 0.27 41 8.5x10-2 2.0x10-3 76 5.11 10.3 1.37 42
8.2x10-2 2.3x10-3 107 2.65 28.0 4.49 43 7.4x10-2 



2.5x10" 50 1.83 18.9 0.38 44 7.7x10-2 2.7x10-3 149 9.33 11.1 2.14 45
8.4x10-2 3.4x10-3 47 1.08 30.2 6.86 46 7.9x10-2 7.9x10" 67 5.74 8.1
0.46 47 8.0x10-2 3.5x10" 54 3.91 9.6 0.24 48 7.4x10-2 3.1x10" 87 2.36
25.6 0.63 49 8.3x10-2 4.5x10" 88 4.86 12.5 



0.39 50 7.6x0-2 2.0x10" 115 6.91 11.5 0.18  [0225]The second set of
pharmacokinetic parameters gives concentration-time curves as shown
on Figure 29.The AUCs corresponding to the concentrations in the
previous plot are 5 shown in Figure 30. The first estimate now
reveals two important components, and two moderate ones (Figure 31).
Again, adding four pseudo-components has little effect on the system
as the synergistic terms are largely suppressed due to the
insignificant overlapping exposure of the interacting components
(Figure 32). 10 [0226]In these three examples, the response due to
each component and pseudo-component is recovered from knowledge of
the mixture compositions, the dose-overall response curve and a set
of mixture-dose-overall response data.While these values are 15 known
beforehand in these simulations, the generation of estimates from the
other data, suggests that reasonable estimates of these values could
be obtained from experimental data for which activity estimates are
not available. The strong differences between the three cases serve
to emphasize the 20 differences between in vivo and in vitro
activities.  64 imply that there will be in vivo interaction.In this
example, components 51 and 54 are interactive pairs in vitro, but
interactions do not occur in vivo. It is therefore important to take
pharmacokinetic differences into account when potential 5
interactions are discovered in vitro. If the concentration profile
overlap between the interacting species is insignificant, meaning if
the pharmacokinetic characteristics of these potential interacting
components are very different, the probability of interaction is
likely to be minimal. 10 EXAMPLE 10 Applications of This Invention
[0228]The objective of this example is to illustrate some of 15 the
uses of this invention.It is common that ingredients may have
multiple activities involving a number of biochemical processes.
Depending on the conditions, a number of activity testing methods can
be employed before the optimal composite response is decided. On the
other hand, this invention can be 20 used for estimating efficacy and
toxicity when in vitro models are available. Both active and toxic
components can be identified. With this information, an optimal
ingredient profile can be designed. 25[0229]After the optimal
ingredient profile is obtained, the desired quantities of these
ingredients can be obtained using one or a combination of the
following ways: a. blend appropriate batches of raw materials; b.
develop a customized method to extract the ingredients of interest;
c. design growing conditions 30 to yield the desired ingredients; d.
develop a set of growing conditions under controlled environments
such as that of a green house; e. genetically modify a species to
produce the desired ingredients; and f. purify substances of interest
and mix them according to the ingredient list. 35  65 response is
achieved. [0231]Products design using this approach will have all the
active ingredients identified; their interacting components 5
revealed and the quality of the product will have quality equivalent
to a single component pharmaceutical, except that it contains
multiple components. [0232]The advantage of developing products in
this fashion is 10 that the therapeutic values of natural substances
are known ahead of time and potential toxicities may also be
identified ahead of time. 



[0233]This type of product can easily be adapted to a drug 15
development program so that it can be treated as one of the leads to
be moved forward for preclinical and clinical testing. The same
approach as that outlined in examples 1 to 8 can be used to examine
the source of toxicity and also components that are responsible for
lowering toxicity. 20 EXAMPLE 11 Development of Red Clover For The
Treatment of Osteoporosis [0234]The objective of this example is to
employ this 25 invention to develop a popular herb for the treatment
of postmenopausal osteoporosis. Like most of the well studied herbs
in the market, Red clover's (Trifolium pratense) clinical efficacy is
at best equivocal (Beck et al., 2005; Wuttke et al., 2007). Table 11
shows that the dosage of total phytoestrogens is 30 approximately the
same among commercial products (Beck et al., 2003). However, the
quantity of individual components can vary anywhere between 2 to 12
times. There is no surprise that the performance of these products is
not consistent. There are minute quantities of other phytoestrogens
such as coumestans and 35 their contribution to the overall efficacy
of the herb is not known. Interestingly, the major active components,
genistein and daidzein are present in minute quantities in Red
clover; however,  66 their precursors, biochanin A and formononetin
and their glycosides are present in much higher quantities. The
questions are: 1. How do these ingredients work together; 2. Where do
the metabolic conversions occur? 3. Are there any interactions 5
between the components both pharmacokinetically and
pharmacodynamically; 4. Are there other metabolites that would likely
contribute to the overall efficacy of Red clover? 5. What is the best
profile of ingredients that can be estimated using the present
invention? 6. Are there any ways to improve the 10 performance of Red
clover?  67 LOen COCO71 0 0 0 0 0 -,-1 CO0 V 4-1 SNCOCON0elCOH
it-)DI1-10Hr-1COH7171 C.)A  0 CP0 0 0 00 0 0 0 in111  0 S.1 Pi H itt0
.1-1A  4) 540  4.1inr-CO CD0 3'I,0LilCO0LOl0cl, 0g  C\I 0 N 77 N 01 0
CPN  0  34 o rti 4-) 0 W 34 0 44 
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4-1 >z7 Iti7   4-1 0 (a .ri .H   68 [0235]There are a lot of studies
performed on Red clover and soy which contain high contents of
phytoestrogens.The single component that received the most attention
is genistein. It has been shown that genistein, 54 mg/day, given
orally for a year, is 5 as effective as hormone replacement therapy
(Morabito et al., 2002). However, it is not known why there are not
more confirmatory studies published. [0236]In vitro permeability
studies on five phytoestrogens, 10 genistein, daidzein, glycitein,
formononetin, biochanin A and prumetin have been performed using
Caco-2 cell monolayer or Caco2 cell lysates (Chen et al., 2005a). It
has been found that these compounds are rapidly transported and
metabolized. However, there is no information relating to their
potential 15 interactions among these species. Michaelis-Menten
parameters for the glucuronide and sulfate conjugations for these
five species were measured. [0237]In Red clover, the most abundant
phytoestrogens are 20 formononetin,biochanin A and the glycosides of
these phytoestrogens (Figure 33).The most active components are
genistein and daidzein, the metabolites of formononetin and biochanin
A, respectively (Beck et al., 2003). The conversion from formononetin
and biochanin A to daidzein and genistein, 25 respectively, occurs in
the colon via intestinal flora (Bowey et al., 2003). It is also found
that a metabolite of daidzein, equol, formed in the microflora of the
colon, is the most potent (Bowey et al., 2003; Setchell et al.,
2005). Genistein and daidzein are present in minute quantities in Red
clover extracts; 30 usually it is less than 10% (Table 11). [0238]The
metabolism of glycosides of genistein and daidzein    was measured
using human intestinal and liver tissues (Day et al., 1998).The rate
of metabolism of these two precursors of 35 genistein and daidzein
was individually measured.  69 [0239]The first-pass metabolism and
enterohepatic cycling of genistein, daidzein, formononetin, biochanin
A and prunetin were evaluated using a perfused rat intestinal model
and microsomes prepared from rat liver, duodenum, jejunum, ileum and
colon (Chen 5 et al., 2005b). The rate of metabolism and absorption
along the intestine was elucidated. Furthermore, the significance of
liver metabolism and enterohepatic cycling was also reported. Again,
there was no attempt to study a mixture. 10 [0240]Pharmacokinetic
studies of biochanin A have been performed in rats (Moon et al.,
2006) and Red clover in humans (Howes et al.,2002).Plasma
phytoestrogens and their metabolites have been reported.Although
these data are important, there is no estimation of the free
concentration of 



15 the active moieties in the plasma; therefore, the concentration of
active moieties at the site of action. It is difficult to deduce
whether there are any significant interactions among these species.
20 [0241]The major soy isoflavones are genistein, daidzein and
glycitein (Ewies, 2002).Since Red clover has a higher content of
phytoestrogens, it has a better potential to treat disorders related
to menopause (Beck et al., 2005). Unlike estradiol, phytoestrogens
show higher binding affinity towards estrogen 25 receptor beta (ERB)
than estrogen receptor alpha (ERa) and recruit coregulators necessary
for transcription of target genes selectively to ERB (Kuiper et al.,
1998). The differential affinity for these receptors which are tissue
specific may explain the specificity of these phytoestrogens (Enmark
et al., 30  1997; Kuiper et al., 1997; Onoe et al., 1997; Wiik et
al., 2003). The affinity for ERZ may explain the beneficial effect of
phytoestrogens for osteoporosis in menopause and lack of carcinogenic
toxicity in the breast and other organs. Genistein has been found to
have the highest affinity for ERB. This is the 35 reason why this
compound is the most studied and it is also the compound which is
employed in a clinical trial (Morabito et al.,  70 2002).Recent
studies showed that daidzein is more potent in osteoblast formation
in vitro (Li et al., 2005; Ge et al., 2006) than genistein. These
recent results clearly show that more than one component in Red
clover is responsible for its estrogenic 5 effects.An innovative
approach is required to identify the active ingredients instead of
studying them individually. [0242]Despite the higher content of
phytoestrogens in Red clover, the proportion of genistein and
daidzein is higher in 10 soy. The reason why Red clover is preferred
is because there is a much higher content of the precursors of
genistein and daidzein, biochanin A and formononetin, respectively.
The bioavailability of the aglycones of genistein and daidzein is
less than 5%; this is mainly due to high first-pass gut and/or 15
liver metabolism. Presumably, aglycone released in the colon by the
enzymes of the intestinal flora would enhance the bioavailability of
the aglycones because absorption from colon may partially bypass
first-pass metabolism (Setchell et al., 2001). 20 [0243]The
conversion of these precursors to their respective aglycones is
dependent on metabolism by intestinal flora.The variability in
intestinal flora content is high among individuals; it is
hypothesized that the conversion of biochanin 25 A and formononetin
to their respective aglycones is highly inconsistent. This
variability could have significant contribution to the erratic
results observed clinically. [0244]The importance of intestinal flora
on phytoestrogen 30 metabolism and bioavailability has been
demonstrated recently (Ohta et al., 2002; Nielsen and Williamson,
2007). Immature intestinal flora have been shown to affect the
bioavailability of isoflavones in soy (Nielsen and Williamson, 2007).
Fructooligosaccharides(FOS)stimulatethegrowthof 35 bifidobacteria,
which cleave isoflavone conjugates to yield the corresponding
aglycones and metabolites (Ohta et al., 2002). This study showed that
the bioavailability of isoflavones was  71 increased and this was due
to an increase in B-glucos dase activity which is responsible for the
metabolism of the glycosides of isoflavones to their respective
aglycones which are readily absorbed. It is hypothesized that healthy
intestinal 5 flora will not only promote isoflavone in Red clover
absorption but also reduce inter-subject fluctuation of isoflavone
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What is claimed is: 1. A method of predicting in vivo
pharmacokinetics and pharmacodynamics of a mixture with multiple
components, comprising the steps of: 5a) determining the rate of
metabolism of individual and interactingcomponentsinthemixturein
gastrointestinal tract and liver; b) determining distribution of the
components in blood or plasma; 10c) determining the rate of the
components' renal elimination; and d) determining the potency of an
individual component and synergism or inhibition among the
components,       wherein the above determinations comprise
mathematical 15modelsthatwill predictthe pharmacokineticsand
pharmacodynamics properties of the mixture in vivo. 2. The method of
claim 1, further comprising the steps of determining parameters for
active metabolites of the 20  components according to steps (a)
through (d), wherein outputs of the mathematical models will predict
the pharmacokinetics and pharmacodynamics properties of the mixture
and their metabolites in vivo. 25 3.The method of any one of claims
1-2, wherein the pharmacokinetics and pharmacodynamics properties
comprise concentration-time profiles and response-time profiles for
the components and their metabolites. 30 4.The method of any one of
claims 1-3, wherein the mathematical models are capable of solving
multiple unknowns which are linearly independent or interacting with
each other.  79 whereinris /4 _ linearized response, r is the average
linearized response; wi      is weight of the i component (relates to
potency), di is the dose of component i and d,and di are average dose
of the irh 5and jth component, Ic is the weight of the interacting
pair. 6. The method of any one of claims 1-5, wherein the
mathematical models comprises 71 A= ceo +Ectrix, +ZEfiLexixj ,
wherein ao and a, are baseline
10activityandactivitycoefficientofcomponenti respectively,and xj.are
components i and j respectively,      is the activity coefficient of
the interacting pair, xi and xj, wherein said equation is able to
predict an optimized 



composition of the mixture to achieve maximum possible 15potency. 7.
The method of any one of claims 1-6, wherein the rate of metabolism
comprises rate of degradation and rate of absorption. 20 8. The
method of any one of claims 1-7, wherein the determination of the
rate of metabolism in gastrointestinal tractcomprises assays using
artificial gastric or intestinal juice, intestinal flora, intestinal
microsomes, 25or permeability studies using cultured cells or
intestinal tissues. 9. The method of any one of claims 1-8, wherein
the determination of the rate of metabolism in liver comprises  30
assays using freshly harvested hepatocytes, cryopreserved
hepatocytes, hepatic microsomes, hepatic cytosol or S-9 fractions.
80 10. The method of any one of claims 1-9, wherein the determination
of distribution in blood or plasma comprises determining binding to
plasma protein, binding to blood 5protein, pica, log P, log D, and
volume of distribution of a component. 11. The method of any one of
claims 1-10, wherein the determination of renal elimination is based
on the 10components' chemical structure. 12. The method of any one of
claims 1-11, wherein the determination of potency comprises receptor
binding assay, enzymatic assay, biochemical response assay, and
assays with 15isolated tissues or organs. 13. A composition
comprising multiple components as identified by any one of the method
of claims 1-12, wherein the components have desirable in vivo
pharmacokinetics and 20pharmacodynamics properties as determined by
any one of the method of claims 1-12. 14. The composition of claim
13,comprising Red clover (Trifolium pratense). 25 15. The composition
of claim 14, wherein the Red clover comprises formononetin, biochanin
A and their glycosides in amounts determined by any one of the method
of claims 1-12. 30 




