
COMPOSITIONS AND METHODS FOR TANTALUM CMP FIELD OF THE
INVENTION [0001] This invention relates to
compositions and methods for polishing a substrate
comprising a tantalum-containing surface. More
particularly, this application relates to
chemical-mechanical polishing compositions containing
an organic oxidant capable of selectively oxidizing
tantalum in the presence of copper. BACKGROUND OF THE
INVENTION [0002] Compositions and methods for
planarizing or polishing the surface of a substrate
are well known in the art. Polishing compositions
(also known as polishing slurries) typically contain
an abrasive material in an aqueous solution and are
applied to a surface by contacting the surface with a
polishing pad saturated with the slurry composition.
Typical abrasive materials include silicon dioxide,
cerium oxide, aluminum oxide, zirconium oxide, and tin
oxide. U.S. Patent 5,527,423, for example, describes a
method for chemically-mechanically polishing a metal
layer by contacting the surface with a polishing
slurry comprising high purity fine metal oxide
particles in an aqueous medium. Alternatively, the
abrasive material may be incorporated into the
polishing pad. U.S. Patent 5,489,233 discloses the use
of polishing pads having a surface texture or pattern,
and U.S. Patent 5,958,794 discloses a fixed abrasive
polishing pad. [0003] Conventional polishing systems
and polishing methods typically are not entirely
satisfactory at planarizing semiconductor wafers. In
particular, polishing compositions and polishing pads
can have less than desirable polishing rates, and
their use in the chemicalmechanical polishing of
semiconductor surfaces can result in poor surface
quality. Because the performance of a semiconductor
wafer is directly associated with the planarity of its
surface, it is crucial to use a polishing composition
and method that results in a high polishing
efficiency, uniformity, and removal rate and leaves a
high quality polish with minimal surface defects.
[0004] The difficulty in creating an effective
polishing system for semiconductor wafers stems from
the complexity of the semiconductor wafer.
Semiconductor wafers are typically composed of a
substrate, on which a plurality of transistors has
been formed. Integrated circuits are chemically and
physically connected into a substrate by patterning
regions in the substrate and layers on the substrate.
To produce an operable semiconductor wafer and to
maximize the yield, performance, and reliability of
the wafer, it is desirable to polish select surfaces
of the wafer without adversely affecting underlying
structures or topography. In fact, various problems in
semiconductor fabrication can occur if the process
steps are not performed on wafer surfaces that are
adequately planarized.[0005] Various metals, metal
oxides, metal nitrides, metal alloys, and the like
have been used to form electrical connections between
interconnection levels and devices, including
titanium, titanium nitride, aluminum-copper,
aluminum-silicon, copper, tungsten, platinum,
platinum-tungsten, platinum-tin, ruthenium, tantalum,
tantalum nitride, and combinations thereof. Noble
metals present a particular challenge in that they are
mechanically hard and chemically resistant, making
them difficult to remove efficiently through
chemical-mechanical polishing. [0006] The following
patents disclose polishing compositions for noble
metals. U.S. Patent 



5,691,219 discloses a semiconductor memory device
comprising a noble metal conductive layer and a
polishing composition comprising a halo-compound for
polishing the noble metal. U.S. Patent 6,274,063
discloses polishing compositions for nickel substrates
comprising a chemical etchant (e.g., aluminum
nitrate), abrasive particles, and an oxidizer. U.S.
Patent 6,290,736 discloses a chemically active
polishing composition for noble metals comprising an
abrasive and a halogen in basic aqueous solution. JP
63096599 A2 discloses a method of dissolving metallic
ruthenium. JP 1112141 1A2 discloses a polishing
composition for platinum group metals (e.g., Ru, Pt)
comprising fine particles of an oxide of the platinum
group metal. JP 1270512 A2 discloses a dissolving
solution for noble metals comprising hydrogen
peroxide, alkali cyanide, and phosphate ion and/or
borate ion. WO 00/771 07 Al discloses a polishing
composition for noble metals (e.g., Ru, Rh, Pd, Os,
Ir, Pt) comprising abrasive, a liquid carrier, an
oxidizer, and a polishing additive including EDTA,
nitrogen-containing macrocycles (e.g.,
tetraazacyclotetradecanes), crown ethers, halides,
cyanides, citric acid, phosphines, and phosphonates.
WO 01/44396 Al discloses a polishing composition for
noble metals comprising sulfur-containing compounds,
abrasive particles, and water-soluble organic
additives which purportedly improve the dispersion of
the abrasive particles and enhance metal removal rates
and selectivity. [0007] In addition,
chemical-mechanical polishing of tantalum-containing
surfaces, such as tantalum removal in barrier film
applications, typically utilize an oxidizing agent.
Hydrogen peroxide is by far the most common oxidizing
agent used in tantalum CMP. Hydrogen peroxide is a
strong oxidizing agent that can react with other
slurry components limiting pot-life stability of the
polishing slurry composition. Electron transfer
catalysts such as Fe, Os, or Ru can be added at low pH
to act cooperatively with hydrogen peroxide to
accelerate oxidation and removal of the metals present
on the surface being polished. At elevated pH values,
these metal electron transfer catalysts precipitate as
oxide and hydroxide compounds, and lose their
effectiveness as electron transfercatalysts. It is
often also desirable to selectively oxidize tantalum
in the presence of copper. Many common oxidizing
agents are not selective between tantalum and copper.
[0008] The introduction of porous low-k materials in
microchip devices has made "low downpressure" (low-P)
planarization an extremely important factor. Although
low-P operation is difficult to incorporate in the
currently available framework of CMP, it is possible
to combine electrochemically controlled material
removal with low-P mechanical polishing where the main
role of the latter step is to provide uniform
planarization across the sample surface (that is, to
facilitate selective material removal from protrusions
over recess regions of the surface). This approach,
introduced by Applied Materials for industrial
applications, is referred to as electrochemical
mechanical planarization (ECMP), and can potentially
lead to a more efficient planarization technology than
the currently practiced chemical mechanical
planarization (CMP). [0009] In most applications of
ECMP, the mechanical abrasion step involves removal of
thin passive films of oxides and/or surface complexes
(not of the underlying bulk metal), and hence can be
performed at a low down pressure (<1 psi).
Electrochemical techniques are often used only as a
"probe" of CMP mechanisms to analyze corrosion/erosion
behaviors of various CMP systems, but these techniques
are not frequently applied to the actual CMP process.
In ECMP, electrochemical techniques can be used to
both activate and understand the mechanism(s) of
material removal. In 



addition to its low-P processing capability, another
major feature of ECMP is that it can be performed
using electrolytes with no or very low concentrations
of abrasive particles. This helps to eliminate several
disadvantages of CMP that are associated with the use
of slurries containing high concentrations of abrasive
particles, such as lack of within-wafer uniformity,
particle coagulation, slurry-handling and waste
disposal. The task of endpoint detection is relatively
straightforward in ECMP where simply controlling the
applied voltage or current can accurately control the
extent of planarization. Often it might also be
possible to eliminate the need for certain expensive,
unstable and/or side-reacting chemicals (oxidizers,
surfactants, etc.) in ECMP. [0010] A need remains,
however, for polishing systems and polishing methods
that will exhibit desirable planarization efficiency,
uniformity, and removal rate during the polishing and
planarization of substrates, while minimizing
defectivity, such as surface imperfections and damage
to underlying structures and topography during
polishing and planarization. Improved polishing
compositions and methods are needed for the polishing
of tantalum-containing substrates, particularly
compositions and methods that can selectively oxidize
tantalum in the presence of copper during
chemical-mechanical polishing (CMP).[0011] The present
invention provides such improved chemical-mechanical
polishing compositions and methods. These and other
advantages of the invention will be apparent from the
description of the invention provided herein. BRIEF
SUMMARY OF THE INVENTION [0012] The invention provides
a composition suitable for tantalum CMP comprising an
abrasive, an organic oxidizer, and a liquid carrier
for the abrasive and the organic oxidizer. The organic
oxidizer has a standard redox potential (E0) of not
more than 0.5 V relative to a standard hydrogen
electrode. The oxidizer comprises at least one
pi-conjugated ring that includes at least one
heteroatom directly attached to the ring. The
heteroatom can be N, O, S, or a combination thereof.
Preferably, the organic oxidizer is capable of
selectively oxidizing tantalum in the presence of
copper. [0013] A method of polishing a
tantalum-containing substrate comprises abrading a
surface of a substrate with a CMP composition of the
invention comprising an abrasive, an organic oxidizer
having a standard redox potential (E0) of not more
than 0.7 V relative to a standard hydrogen electrode,
and a liquid carrier for the abrasive and the organic
oxidizer, as described above. In a preferred
embodiment, the organic oxidizer has an E0 of not more
than 0.5 V relative to a standard hydrogen electrode.
Typically, the substrate is abraded by contacting the
CMP composition with the surface of the substrate to
be polished utilizing a polishing pad. BRIEF
DESCRIPTION OF THE DRAWINGS [0014] FIG. 1 depicts the
chemical structures of a number of classes of organic
oxidizers useful in the tantalum CMP compositions of
the invention. [0015] FIG. 2 depicts the chemical
structures of some preferred anthraquinone organic
oxidizers. [0016] FIG. 3 depicts the chemical
structure of a preferred indigo compound organic
oxidizer. [0017] FIG. 4 depicts the chemical structure
of a preferred naphthoquinone organic oxidizer. 



[0018] FIG. 5 depicts the chemical structure of a
preferred benzoquinone organic oxidizer. [0019] FIG. 6
depicts the chemical structure of a preferred
indophenol organic oxidizer. DETAILED DESCRIPTION OF
THE INVENTION [0020] The present invention is directed
to compositions and methods for polishing a substrate
comprising a noble metal and/or tantalum. The
substrate is contacted with a chemicalmechanical
polishing ("CMP") system comprising (a) an abrasive
and polishing pad, (b) a liquid carrier, and at least
one polishing additive (i.e., one or more polishing
additives). The polishingadditive can be any suitable
compound that desirably increases the rate at which
the system polishes at least one noble metal layer of
the substrate. At least a portion of the substrate is
abraded so as to polish the surface of the substrate.
The abrasive, the liquid carrier, and optional
polishing additive(s), as well as any other components
suspended in the liquid carrier, form the polishing
composition of the CMP system. [0021] For polishing
substrates having a tantalum-containing surface, the
polishing additive is preferably an organic oxidant
having a standard redox potential (E ) of not more
than 0.5 V relative to a standard hydrogen electrode.
The organic oxidizer comprises at least one
piconjugated ring that includes at least one
heteroatom directly attached to the ring. The at least
one heteroatom is selected from the group consisting
of N, O, S and a combination thereof. Preferably, the
organic oxidizer is capable of selectively oxidizing
tantalum in the presence of copper. [0022] The
abrasive can be fixed on the polishing pad and/or can
be in particulate form and suspended in the liquid
carrier. Preferably the abrasive is suspended in a
liquid carrier. The polishing pad can be any suitable
polishing pad. [0023] The abrasive can be any suitable
abrasive, many of which are known in the art. For
example, the abrasive can be natural or synthetic and
can comprise diamond (e.g., polycrystalline diamond),
garnet, glass, carborundum, metal oxide, nitride,
carbide, polymer, composite (e.g., polymer composite
or polymer/metal oxide composite), and the like. The
choice of abrasive can depend on the particular nature
of the substrate being polished. The abrasive
preferably comprises metal oxide, diamond, silicon
carbide, silicon nitride, boron nitride, or
combinations thereof. The metal oxide desirably is
selected from the group consisting of alumina, silica,
titania, ceria, zirconia, germania, magnesia,
co-formed products thereof, and combinations thereof.
More preferably, the abrasive comprises silica,
alumina (e.g., a-alumina, fumed alumina), silicon
nitride, and/or silicon carbide. In some embodiments,
the abrasive preferably comprises a-alumina having a
mean particle size of 150 nm or greater (e.g., 200 nm
or greater, or 250 nm or greater). Typically, the
a-alumina is used in combination with a softer
abrasive (e.g., fumed alumina). The abrasive can have
any suitable particle size. In some embodiments, the
use of a-alumina having a mean particle size of 150 nm
or greater (e.g., 200 nm or greater, or 250 nm or
greater) is preferred. The mean particle size is
reported as determined by light scattering, for
example, using a Horiba LA-910 instrument.[0024] Any
abrasive material, as described herein, can be
utilized in the tantalum CMP compositions of the
invention. Non-limiting examples of preferred
abrasives include a silica abrasive, an alumina
abrasive, a zirconia abrasive, a ceria abrasive, and
any combination thereof. For polishing a
tantalum-containing surface, a preferred abrasive is
colloidal silica. The 



colloidal silica can be doped with a metal, such as
aluminum or boron, if desired. Preferably, the mean
particle size of the colloidal silica is 120 nm or
less, more preferably 70 nm or less. [0025] Any
suitable amount of abrasive can be present in the
polishing composition. Typically, 0.01 percent by
weight or more (e.g., 0.03 percent by weight or more,
or 0.05 percent by weight or more) abrasive will be
present in the polishing composition. More typically,
0.1 percent by weight or more abrasive will be present
in the polishing composition. The amount of abrasive
in the polishing composition typically will not exceed
50 percent by weight, more typically will not exceed
20 percent by weight. Preferably, the amount of
abrasive in the polishing composition is 0.5 percent
by weight to 10 percent by weight. In some
embodiments, the amount of abrasive in the polishing
composition desirably is 0.1 percent by weight to 5
percent by weight. In the case of tantalum CMP
compositions, the abrasive preferably is suspended in
the liquid carrier at a total solids content in the
range of 0.01 to 5 percent by weight, more preferably
0.05 to 2 percent by weight, most preferably 0.1 to 1
percent by weight. [0026] A liquid carrier is used to
facilitate the application of the abrasive (when
present), one or more polishing additives, and any
optional additives to the surface of a suitable
substrate to be polished or planarized. The liquid
carrier is typically an aqueous carrier and can be
water alone, can comprise water and a suitable
water-miscible solvent, or can be an emulsion.
Suitable water-miscible solvents include alcohols such
as methanol, ethanol, etc. Preferably, the aqueous
carrier consists of water, more preferably deionized
water. [0027] In a first embodiment of the invention,
a polishing additive is present in the chemical
mechanical polishing system. The polishing additive
interacts with a noble metal surface and promotes its
dissolution during chemical-mechanical polishing.
Suitable polishing additives include diketones,
diketonates, urea compounds, heterocyclic
nitrogen-containing compounds, heterocyclic
oxygen-containing compounds, heterocyclic
phosphorus-containing compounds, nitrogen-containing
compounds that can be zwitterionic compounds, sulfonic
acid compounds, salts thereof, and combinations
thereof. [0028] Suitable diketones and diketonates
include, for example, cyclopentanediones,
cyclohexanediones, cyclobutanediones,
cycloheptanediones, linear diketones, and
alkylammonium-2,4-pentanedionate salts. Suitable
heterocyclic nitrogen-containing compoundsinclude, for
example, pyridines, bipyridines, quinolines,
phenanthrolines, pyrimidines, hydropyrimidines,
pyrazines, pyrazoles, imidazoles, imidazolines,
imidazolidines, piperazines, triazines, purines,
oxazoles, oxazines, pyrroles, pyrrolines,
pyrrolidines, indoles, indolines, isoindoles,
carbazoles, and combinations thereof. Suitable
heterocyclic oxygen-containing compounds include, for
example, dioxolanes, trioxolanes, furans, pyrones,
morpholines, coumarins, benzopyrones, dioxanes,
trioxanes, and ozonides. Suitable heterocyclic
phosphoruscontaining compounds include, for example,
phospholes, phospholanes, phospholenes, and
phospholidines. The heterocyclic nitrogen-, oxygen-,
and phosphorus-containing compounds may further
comprise one or more alcohol, amide, ketone,
carboxylic acid, or sulfonic acid groups. For example,
the heterocyclic nitrogen-containing polishing
additives can be picolinic acid,
2-pyridinecarboxaldehyde, 3-pyridinecarboxaldehyde,
4-pyridinecarboxaldehyde, 2-pyridinemethanol,
2,3-pyridinedicarboxylic acid,
2,6-pyridinedicarboxylic acid, 



2-pyridylacetic acid HCl, 3-pyridylacetic acid HCl,
2-pyridineethanesulfonic acid, 4-
pyridineethanesulfonic acid,
1-(3-sulfopropyl)pyridinium hydroxide, adenine,
guanine, cytosine, and thymine. [0029] The
nitrogen-containing compounds that can be zwitterionic
compounds are nitrogen-containing compounds that can
be zwitterionic compounds at a particular pH.
Zwitterionic compounds are neutral compounds having
formal opposite charges on non-adjacent atoms.
Zwitterionic compounds typically contain both an acid
moiety and a base moiety, with the pKa of the acid
moiety differing from the pKa of the base moiety, such
that the compound is zwitterionic when the pH is
between the pKa of the acid moiety and the pKa of the
base moiety. Zwitterionic compounds also are referred
to as inner salts. For example, amino acids are
nitrogen-containing compounds that can be zwitterionic
compounds, though the nitrogencontaining compounds
that can be zwitterionic compounds need not be amino
acids. In that respect, as regards the polishing
additives identified above, pyridineethanesulfonic
acids, pyridine sulfonic acids, pyridyl acetic acids,
3-(3-pyridyl)proprionic acid, pyrazine carboxylic
acid, l-(3-sulfopropyl)pyridinium hydroxide, and
picolinic acid are nitrogen-containing compounds that
can be zwitterionic compounds. Additional
nitrogen-containing compounds that can be zwitterionic
compounds, which are useful in the polishing
composition of the invention, include sulfanilic acid,
dodecyldimethyl(3-sulfopropyl)ammonium hydroxide
(lauryl sulfobetaine),
(carboxymethyl)trimethylammonium hydroxide (betaine),
2-( -morpholino)ethanesulfonic acid,
iV-2-acetamidoiminodiacetic acid,
1,3-bis[tris(hydroxymethyl)methylamino]propane,
iV-2-acetamido-2-aminoethanesulfonic acid,3-( -mof
holine)propanesulfonic acid,
N-Ms(hydroxymethyl)methyl-2-aminoethanesulfonic acid,
N-2-hydroxyethylpiperazine- '-2-ethanesulfonic acid,
-2-hydroxyethylpiperazine- JV'-3-propanesulfonic acid,
iV-tris(hydroxymethyl)methylglycine,
cyclohexylaminoethanesulfonic acid,
3-(cyclohexylamino)propanesulfonic acid, 2-acrylamido-
2-methylpropanesulfonic acid, salts thereof, and
combinations thereof. [0030] The sulfonic acid
compound is a mono-, di-, tri-, or poly-sulfonic acid
compound or a salt thereof. Preferably, the sulfonic
acid compound is a mono-, di-, or tri-sulfonic acid
compound or a salt thereof. Typically, the sulfonic
acid compound is selected from the group consisting of
an aryl sulfonic acid, an alkylsulfonic acid, a
heterocyclic sulfonic acid, or a salt thereof.
Suitable sulfonic acid compounds include any of the
sulfonic acid compounds described above, for example,
pyridineethanesulfonic acids, pyridine sulfonic acids,
1-(3-sulfopropyl)pyridinium hydroxide, sulfanilic
acid, dodecyldimethyl(3-sulfopropyl)ammonium
hydroxide, 2-(iV-morpholino)ethanesulfonic acid,
-2-acetamido-2-aminoethanesulfonic acid,
3-(N-morpholine)propanesulfonic acid,
iV-tris(hydroxymethyl)methyl-2-aminoethanesulfonic
acid, iV-2-hydroxyethylpiperazineiV'- 2-ethanesulfonic
acid,
7V-2-hydroxyethylpiperazine-iV'-3-propanesulfonic
acid, cyclohexylaminoethanesulfonic acid,
3-(cyclohexylamino)propanesulfonic acid, and
2-acrylamido-2-methylpropanesulfonic acid. In
addition, the sulfonic acid compound can be selected
from the group consisting of benzenesulfonic acid,
hydroquinonesulfonic acid, isethionic acid,
4,7-diphenyl-l,10-phenanthrolinedisulfonic acid,
l,2-naphthoquinone-4-sulfonic 



acid, aminoanthraquinone sulfonic acid,
2-formylbenzenesulfonic acid, 3-amino-4-
hydroxybenzenesulfonic acid, 4-hydroxybenzenesulfonic
acid, 6-aminotoluene-3-sulfonic acid,
benzidine-3-sulfonic acid, diphenylamine-4-sulfonic
acid, hydroxylamine-O-sulfonic acid, piperidine
sulfonic acid, p-anisidine-3 -sulfonic acid,
p-xylene-2-sulfonic acid, methanesulfonic acid,
S-cyclohexylamino-l-propanesulfonic acid,
5-formyl-2-furanesulfonic acid, salts thereof, and
combinations thereof. [0031] Preferably, the polishing
additive is selected from the group consisting of
picolinic acid, 2-pyridinecarboxaldehyde,
2-pyridinemethanol, 2,3-pyridinedicarboxylic acid,
2,6- pyridinedicarboxylic acid, 2-pyridylacetic acid
HCl, 2-pyridineethanesulfonic acid,
4-pyridineethanesulfonic acid, 1,10-phenanthroline,
1,2-pentadione, sulfanilic acid, pyridinesulfonic
acid, l-(3-sulfopropyl)pyridinium hydroxide,
hydroquinonesulfonic acid,
iV-tris(hydroxymethyl)methyl-2-aminoethanesulfonic
acid, benzenesulfonic acid, isethionic acid, salts
thereof, and combinations thereof.[0032] When the
polishing additive is a sulfonic acid compound,
desirably the abrasive comprises alumina, particularly
a-alumina. Preferably, the abrasive comprises a
mixture of a- alumina and fumed alumina (e.g., 60%
a-alumina and 40% fumed alumina). More preferably, the
abrasive comprises a-alumina having a mean particle
size of 150 nm or greater (e.g., 200 nm or greater, or
250 nm or greater). [0033] The CMP system can comprise
any suitable amount of polishing additive(s) of the
first embodiment and typically comprises 0.01 percent
by weight or more of such polishing additive(s).
Preferably, the CMP system comprises 0.01 percent by
weight to 10 percent by weight (e.g., 0.1 percent by
weight to 10 percent by weight) of such polishing
additive(s). More preferably, the CMP system comprises
0.1 percent by weight to 5 percent by weight (e.g.,
0.1 percent by weight to 2 percent by weight) of such
polishing additive(s). [0034] In a second embodiment
of the invention, a polishing additive and a
peroxy-type oxidizer are present in the chemical
mechanical polishing system. The polishing additive is
a metal compound having two or more oxidation states.
The polishing additive can be a metal salt or a metal
ligand complex. For example, the polishing additive
can be an iron, copper, or manganese compound of
formula MX, MX2,MX3 or M2X3 where M is Fe, Cu, or Mn,
and X is selected from the group consisting of
nitrate, fluoride, chloride, bromide, iodide, oxide,
hydroxide, sulfate, acetate, oxalate, acetylacetonate,
citrate, tartrate, malonate, gluconate, phthalate,
succinate, perchlorate, perbromate, periodate, and
combinations thereof. The polishing additive also can
be a cerium compound of formula CeX2 where X is
selected from oxide, hydroxide, and combinations
thereof. Preferably, the polishing additive is iron
sulfate, iron nitrate, copper nitrate, or manganese
perchlorate. The CMP system may contain one or more
polishing additives and may contain mixtures of the
polishing additives described above. [0035] The CMP
system can comprise any suitable amount of polishing
additive(s) of the second embodiment and typically
comprises 0.0001 percent by weight or more of such
polishing additive(s). Preferably, the CMP system
comprises 0.001 percent by weight to 5 percent by
weight of such polishing additive(s). More preferably,
the CMP system comprises 0.001 percent by weight to 2
percent by weight of such polishing additive(s). 



[0036] In a third embodiment, an abrasive is present
in the chemical-mechanical polishing system and is
suspended in the liquid carrier. The abrasive mixture
comprises a-alumina and fumed alumina. Typically, the
weight ratio of a-alumina to fumed alumina is 0.6:1 to
9:1. Preferably, the weight ratio of a-alumina to
fumed alumina is 1:1 to 4:1 (e.g., 1.5:1 to
3:1).[0037] The CMP system of the third embodiment
optionally further comprises a polishing additive. The
polishing additive can be any suitable polishing
additive. For example, the polishing additive can be
any of the polishing additives discussed above with
respect to the first and second embodiments. Suitable
polishing additives further include carboxylates and
acids thereof, hydroxylates and acids thereof,
carbonylates and acids thereof, pyrophosphates,
condensed phosphates, phosphonic acids and salts
thereof, amines, amino alcohols, amides, imines, imino
acids and salts thereof, nitriles, nitros, thiols,
thioesters, thioethers, carbothiolic acids and salts
thereof, carbothionic acids and salts thereof,
thiocarboxylic acids and salts thereof, sulfonic acids
and salts thereof, thiosalicylic acids and salts
thereof, and mixtures thereof. [0038] The CMP systems
optionally further comprise a per-type oxidizer. The
CMP system of the second embodiment comprises a
peroxy-type oxidizer. The per-type oxidizer can be any
suitable per-type oxidizer. Suitable per-type
oxidizers include inorganic and organic percompounds.
A per-compound (as defined by Hawley's Condensed
Chemical Dictionary) is a compound containing at least
one peroxy group (~O~O~) or a compound containing an
element in its highest oxidation state. Examples of
compounds containing at least one peroxy group include
but are not limited to hydrogen peroxide and its
adducts such as urea hydrogen peroxide and
percarbonates, organic peroxides such as benzoyl
peroxide, peracetic acid, and di- ert-butyl peroxide,
monopersulfates (SO 2 ), dipersulfates (S2O8 2 ), and
sodium peroxide. Examples of compounds containing an
element in its highest oxidation state include but are
not limited to periodic acid, periodate salts,
perbromic acid, perbromate salts, perchloric acid,
perchlorate salts, perboric acid, perborate salts, and
permanganates. The per-type oxidizer preferably is
selected from the group consisting of hydrogen
peroxide, persulfate salts (e.g., ammonium
persulfate), periodate salts, and permanganate salts.
More preferably, the per-type oxidizer is ammonium
persulfate or hydrogen peroxide. [0039] The
peroxy-type oxidizer is a compound containing at least
one peroxy group and is selected from the group
consisting of organic peroxides, inorganic peroxides,
and mixtures thereof. Examples of compounds containing
at least one peroxy group include but are not limited
to hydrogen peroxide and its adducts such as urea
hydrogen peroxide and percarbonates, organic peroxides
such as benzoyl peroxide, peracetic acid, and di- r
t-butyl peroxide, monopersulfates (SO5 2 ),
dipersulfates (S2O8 2 ), and sodium peroxide.
Preferably, the peroxytype oxidizer is hydrogen
peroxide.[0040] The CMP systems can contain any
suitable amount of per-type or peroxy-type oxidizer.
The CMP system preferably comprises 0.5 to 20 percent
by weight per-type oxidizer with the polishing
additive(s) of the first embodiment. The CMP system
preferably comprises 



0.1 percent by weight to 20 percent by weight (e.g., 1
percent by weight to 10 percent by weight) peroxy-type
oxidizer with the polishing additive(s) of the second
embodiment. The CMP system preferably comprises 0.5 to
20 percent by weight per-type oxidizer with the
abrasive of the third embodiment. [0041] A fourth
embodiment of the present invention comprises a CMP
composition suitable for use in polishing a
tantalum-containing surface of a substrate,
particularly a tantalum and copper-containing surface.
The CMP composition comprises: (a) an abrasive; (b) an
organic oxidizer having a standard redox potential
(E0) of not more than 0.5 V relative to a standard
hydrogen electrode (SHE), and (c) a liquid carrier
therefor. The organic oxidizer comprises at least one
pi-conjugated ring having at least one heteroatom
directly attached to the ring. The heteroatom can be
N, O, S or a combination thereof. In some preferred
embodiments, the organic oxidizer is capable of
selectively oxidizing tantalum in the presence of
copper. [0042] Preferably, the organic oxidizer
comprises an unsaturated hydrocarbon ring, an
unsaturated heterocyclic ring, or a combination
thereof. In some preferred embodiments the organic
oxidizer includes a heterocyclic ring comprising 2 or
more heteroatoms (e.g., N, O, S, or a combination
thereof). In other preferred embodiments, the
pi-conjugated ring of the organic oxidizer includes at
least three heteroatoms (e.g., N, O. S, or a
combination thereof). [0043] Non-limiting examples of
organic oxidizers suitable for use in the compositions
and/or methods of the present invention include, a
compound having at least one quinone moiety (e.g., an
anthraquinone, a naphthoquinone, a benzoquinone, and
the like), a paraphenylenediamine compound, a
phenazine compound, a thionine compound, a phenoxazine
compound, phenoxathiin compound, an indigo compound,
an indophenol compound, or any combination thereof.
Structures of un-substituted forms of the foregoing
suitable organic oxidizers are shown in FIG. 1, in
which Compound 1 is 1,4-benzoquinone, Compound 2a is
1,4- naphthoquinone, Compound 2b is
1,2-naphthoquinone, Compound 3 is 9,10-anthraquinone,
Compound 4 is paraphenylenediamine, Compound 5 is
phenazine, Compound 6 is thionine, Compound 7 is
phenoxazine, Compound 8 is phenoxathiin, Compound 9 is
indigo, and Compound 10 is indophenol. Suitable
organic oxidizers of the foregoing chemical classes
have an E0 of 0.5 V or less, relative to SHE.[0044]
One preferred class of organic oxidizers includes at
least one acidic substituent or a salt thereof bound
to the oxidizer molecule. Suitable acidic substituents
include a carboxylic acid substituent, a sulfonic acid
substituent, a phosphonic acid substituent, a salt
thereof, or any combination thereof. [0045] Another
preferred class of organic oxidizers include a
positively-charged group (i.e., a cationic oxidizer),
such as a positively charged heterocyclic group, a
quaternary ammonium substituent or an amine
substituent. When the positively charged group is an
amine substituent, the pH of the composition is
selected so that the pH is at least 1 unit lower than
the pKa of the amino substituent, in order to ensure
that the amine substituent is protonated, thus
imparting a positive charge to the substituent.
Non-limiting examples of positively charged organic
oxidizers include thionine compounds, phenazine
compounds, salts thereof, and the like. Suitable salts
of cationic oxidizers include, without limitation,
halide salts (e.g., chloride, 



bromide, and iodide), sulfate salts, phosphate salts,
sulfonate salts, phosphonate salts, nitrate salts,
acetate salts, benzoate salts, and the like. [0046] Li
some preferred embodiments, the organic oxidizer is
capable of undergoing a reversible redox reaction as
characterized by a cyclic voltamogram in which an
anodic reaction and a cathodic reaction are both
observable during a plurality of repeated cycles of
reduction and oxidation. [0047] Preferably, the
organic oxidizer is soluble in the liquid carrier, or
at least dispersible or emulsifiable in the liquid
carrier (e.g., with the aid of a suitable surfactant,
dispersant, or emulsifier). The organic oxidizer
preferably is present in (i.e., dissolved in dispersed
in, or emulsified in) the liquid carrier at a
concentration of organic oxidizer in the range of 0.1
to 10 millimolar. [0048] A preferred tantalum CMP
composition includes an organic oxidizer comprising at
least one quinone compound, such as an anthraquinone,
a naphthoquinone, a benzoquinone, or any combination
thereof. Preferred anthraquinone compounds include,
without limitation, 9,10- anthraquinone-2,6-disulfonic
acid, 9,10-anthraquinone-2,7-disulfonic acid,
9,10-anthraquinone- 2-sulfonic acid,
9,10-anthraquinone-l,8-disulfonic acid,
9,10-anthraquinone-l,5-disulfonic acid, Alizarin,
Alizarin Red S, Acid Blue 45, salts thereof, and any
combination thereof; the structures of which shown in
FIG. 2. Preferred benzoquinone compounds include
2,5-dihydroxy-l,4- benzoquinone or a salt
thereof.[0049] Another preferred tantalum CMP
composition includes an organic oxidizer that is an
indigo compound. Preferred indigo compounds include,
without limitation, indigo-5,5 1- disulfonic acid or a
salt thereof, the structure of which is shown in
FIG.3. [0050] In one preferred embodiment, the organic
oxidizer is the sole oxidizer present in the tantalum
CMP composition. In other preferred embodiments the
tantalum CMP compositions of the invention further
comprise an auxiliary oxidizing agent, preferably in a
molar ratio of auxiliary oxidizing agent to organic
oxidizer of 1:10 to 10:1. Examples of suitable
auxiliary oxidizing agents include a per-type or
peroxy-type oxidizer, or a combination thereof, as
described herein. Non-limiting examples of suitable
auxiliary oxidizing agents include, an iodate compound
(e.g., potassium iodate, sodium iodate, and the like),
a persulfate compound (e.g., potassium persulfate,
sodium persulfate, and the like), and hydrogen
peroxide. In addition, presence of as little as one
tenth the concentration of organic oxidizer
(9,10-anthraquinone-2,6- disulfonic acid, 0.5
millimolar) compared to potassium iodate concentration
(5 millimolar), led to a significant increase in pot
life compared to slurries containing potassium iodate
alone. [0051] Any liquid carrier suitable for use in
CMP processing can be utilized in the tantalum CMP
compositions of the present invention. The liquid
carrier is typically an aqueous carrier and can be
water alone, can comprise water and a suitable
water-miscible solvent, or can be an emulsion.
Suitable water-miscible solvents include alcohols such
as methanol, ethanol, etc. Preferably, the aqueous
carrier consists of water, more preferably deionized
water. [0052] In some preferred embodiments, the
tantalum CMP compositions of the invention further
comprise an excipient such as an alkali metal salt, a
surfactant, a chelating agent, and the like, to aid in
removal of oxidized tantalum species (e.g., tantalum
oxide) from the surface of the 



wafer during the polishing process. [0053] In still
other preferred embodiments, the CMP compositions of
the invention include a copper oxidation inhibiting
agent. Non-limiting examples of copper oxidation
inhibiting agents include triazole and its
derivatives, such as 1,2,4 triazole, IH- 1,2,3
triazole, s-triazine, lH-l,2,4-triazole-3-thiol,
l,2,4-triazolo[l,5-a]pyrimidine,
lH-l,2,3-triazolo[4,5-b]pyridine 5
l,2,3-triazole-4,5-dicarboxylic acid; benzotriazole
and its derivatives, such as lH-benzotriazole,
lH-benzotriazole-1-carboxaldehyde,
benzotriazole-5-carboxylic acid,
5-methyl-lHbenzotriazole, 5-chlorobenzotriazole,
l-(isocyanomethyl)-lH-benzoriazole; and the like.
[0054] A method for polishing a tantalum-containing
surface of a substrate comprises abrading a surface of
a substrate with a tantalum CMP composition comprising
an organic oxidizer and a liquid carrier therefor.
Optionally, an abrasive material (e.g., colloidal
silica,fumed silica, fumed alumina, a-alumina, and the
like) can be included in the CMP composition.
Preferably, the surface to be polished comprises, at
least in part, tantalum, tantalum nitride, or a
combination thereof. In addition, preferably, at least
part of surface to be polished comprises copper. In a
preferred tantalum CMP method embodiment, the organic
oxidizer has an E0 of not more than 0.7 V, relative to
SHE. The organic oxidizer comprises at least one
pi-conjugated ring having at least one heteroatom
directly attached to the ring. The heteroatom can be
N, O, S or a combination thereof. In another preferred
embodiment, the organic oxidizer has an E0 of not more
than 0.5 V relative to SHE. [0055] Preferably, the
substrate to be polished (e.g., a semiconductor wafer)
is mounted on the platen of a CMP apparatus and the
CMP composition is supplied to the surface of the
substrate to be polished. A polishing pad is then
utilized to abrade the surface of the wafer, aided by
the CMP composition. The pad can be any conventional
polishing pad, including, without limitation, a foamed
or solid polymer pad (e.g., a polyurethane pad), a pad
including imbedded abrasive particles (i.e., a fixed
abrasive pad), and the like, as described herein and
as is well known in the CMP art. Additionally, the
methods of the present invention encompass
electrochemical CMP processes in which an electric
potential is applied to the surface to be polished, to
electrochemically dissolve metals from the surface of
the substrate with the aid of the pad and CMP
composition. [0056] hi some preferred method
embodiments of the present invention, the organic
oxidizer comprises a quinone compound, such as an
anthraquinone, a naphthoquinone, a benzoquinone, or a
combination thereof. Non-limiting examples of suitable
anthraquinone compounds include the compounds shown in
FIG. 2. Examples of suitable naphthoquinone compounds
include, without limitation,
l,2-naphthoquinone-4-sulfonic acid and salts thereof,
the structure of which is shown in FIG. 4. Preferred
benzoquinone compounds include, without limitation,
2,5- dihydroxy-l,4-benzoquinone (DHBQ), the structure
of which is shown in FIG. 5, or a salt thereof. [0057]
Yet another preferred tantalum CMP method employs an
organic oxidizer comprising at least one indophenol
compound. Preferred indophenol compounds include,
without limitation, 2,6-dichloroindophenol and salts
thereof (e.g., the sodium salt), the structure of
which is shown in FIG. 6. 



[0058] The CMP systems and compositions of any of the
above embodiments desirably have a pH of 2 to 12. The
actual pH range will depend at least upon the type of
substrate being polished. When the CMP system is used
to polish a platinum-containing substrate, the pH
isdesirably 2 to 7. When the CMP system is to polish a
ruthenium-containing substrate, the pH is desirably 5
or more, preferably 7 to 11. When the CMP system is
used to polish an iridiumcontaining substrate, the pH
is desirably 5 to 12, preferably 7 to 9. While the use
of a higher pH tends to increase the removal rate of
the noble metal, the removal rate of silicon dioxide
layers similarly increases resulting in an overall
decrease in the polishing selectivity. When the CMP
composition is used to polish a tantalum-containing
surface, the pH is preferably in the range of 1.5 to
5. [0059] The CMP systems of any of the above
embodiments optionally further comprise an
amine-containing monomeric, oligomeric, or polymeric
compound, which helps to reduce the removal rate of a
silicon dioxide layer. Suitable amine-containing
compounds include polyethylenimine,
dimethylaminopropylamine,
l,4-bis(3-aminopropyl)piperazine, and the like. [0060]
The CMP systems of any of the above embodiments
desirably are used in a method of polishing a
substrate comprising at least one noble metal and/or
tantalum containing layer and optionally an insulating
layer, whereby the substrate is contacted with the
chemical-mechanical polishing system and at least a
portion of the metal layer or insulating layer (if
present) of the substrate is abraded such that the
metal layer or insulating layer becomes polished. The
substrate can be any suitable substrate (e.g.,
integrated circuit, memory or rigid disk, metal, ILD
layer, semiconductor, micro-electro-mechanical system,
ferroelectric, magnetic head, polymeric film, and low
or high dielectric constant film) and can contain any
suitable noble metal or noble metal alloy layer (e.g.,
metal conductive layer). The insulating layer can
comprise any suitable insulating material, such as a
metal oxide, porous metal oxide, glass, organic
polymer, fluorinated organic polymer, or any other
suitable high or low-k insulating material. The
insulating layer preferably comprises a silicon-based
metal oxide. The noble metal, noble metal alloy, or
noble metal oxide layer preferably comprises platinum
(Pt), indium (Ir), rhenium (Re), ruthenium (Ru),
rhodium (Rh), palladium (Pd), silver (Ag), osmium
(Os), or gold (Au). Preferably, the noble metal or
noble metal alloy layer comprises platinum, ruthenium
(e.g., RuO2), or iridium (e.g., IrO2) . [0061] The
following examples further illustrate the invention
but, of course, should not be construed as in any way
limiting its scope.EXAMPLE 1 [0062] This example
demonstrates the effect of polishing additives on the
rate of dissolution of platinum. [0063] The
dissolution and corrosion rates of platinum were
evaluated electrochemically using a platinum rotating
disk electrode (RDE) in the presence of different
polishing compositions (Polishing Compositions 1A-1L
and 1A'-1L'). The platinum electrode was rotating at
500 rpm and held in contact with an abrasive pad with
a down force of 90 kPa (13 psi). The metal dissolution
rate was evaluated as the surface of the electrode was
abraded (dissolution rate) and after abrasion
(corrosion rate). The platinum activity was measured
as a current density and then recalculated into a
dissolution rate or corrosion rate (in A/min) using 



Faraday's law. When hydrogen peroxide is used as the
oxidizer, the calculated rates of dissolution and
corrosion include an additional current density
resulting from the electrochemical activity of
hydrogen peroxide at the electrode. Thus, the reported
dissolution and corrosion rates for platinum in the
presence of hydrogen peroxide may be greater than the
true platinum dissolution and corrosion rates. [0064]
Each of the polishing compositions contained 6 percent
by weight a-alumina and either 1 percent by weight
ammonium persulfate (Polishing Compositions 1A-IL) or
1 percent by weight hydrogen peroxide and 0.1 N K2SO4
supporting electrolyte (Polishing Compositions
1A'-1L'). Polishing Compositions IA and IA' (control)
contained no polishing additive. Polishing
Compositions IB-I J and 1B'-1J' (comparative) each
contained 1 percent by weight of glycine, methionine,
histidine, proline, mercaptosuccinic acid,
2-imino-4-thioburet, 2-amino-2-methylpropanol, and
KBr, respectively. Polishing Compositions IK- IL and
IK' -IL' (invention) each contained 1 percent by
weight of picolinic acid, 2,5-cyclopentanedione, and
pyrazole, respectively. The dissolution and corrosion
rates for platinum were measured for each of the
chemical-mechanical polishing systems. The rates of
dissolution and corrosion for platinum in the presence
of ammonium persulfate and hydrogen peroxide are
summarized in Tables 1 and 2, respectively.Crystalline
Forms of the Di-sodium Salt of
N-(5-ChlorosaIicyloyl)-8-aminocaprylic Acid Field of
the Invention [1] The present invention relates to
crystalline forms of the di-sodiurn salt of
N-(5-chlorosalicyloyl)-8-aminocaprylic acid (hereafter
"5-CNAC"), pharmaceutical compositions containing the
same, methods of preparing the same, and methods for
facilitating the delivery of active agents with the
same. Background of the Invention [2] U.S. Patent No.
5,773,647 discloses 193 delivery agent compounds,
including N-(5-chlorosalicyloyl)-8-aminocaprylic acid
("5-CNAC"). These delivery agent compounds increase
the bioavailability of a broad range of biologically
active agents, particularly biologically active agents
that are not typically amenable to oral
administration. U.S. Published Application Nos.
2006/0078622 and 2006/0078623 discloses microparticles
or nanoparticles of delivery agent compounds,
including 5-CNAC. U.S. Published Patent Application
No. 2005/0054557 discloses pharmaceutical compositions
that include parathyroid hormone, calcitonin and
5-CNAC. International Publication No. WO 00/59863
discloses the di-sodium salt of
N-(5-chlorosalicyloyl)-8-aminocaprylic acid. [3]
International Published Application No. WO 2005/01403
discloses use of calcitonin and 5-CNAC to treat
osteoarthritis. U.S. Published Application No.
2006/0106110 discloses a method of inhibiting platelet
aggregation in a mammalcomprising administering a
modified amino acid, including 5-CNAC. International
Published Application No. 03/015822 discloses the use
of 5-CNAC as an oral delivery agent for parathyroid
hormone fragments. International Published Application
No. WO 02/45754 discloses pharmaceutical compositions
comprising pharmacologically active agents,
crospovidone or povidone, and a delivery agent (e.g.
5-CNAC). 



Summary of the Invention [4] The present invention
relates to four crystalline forms of di-sodium salt of
N-(5-chlorosalicyloyl)-8-aminocaprylic acid ("5-CNAC")
(hereafter referred to as Forms HV), including an
octahydrate of 5-CNAC. [5] One embodiment of the
invention is a pharmaceutical composition comprising
(A) (i) one or more of Forms I-IV of 5-CNAC, and (B)
an active agent, such as calcitonin (e.g. salmon
calcitonin) or human growth homone (e.g. recombinant
human growth hormone). According to a preferred
embodiment, the pharmaceutical composition comprises
at least about 20, 30, 40, 50, 60, 70, 80, 90, 95, 96,
97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7,
99.8, or 99.9% by weight of one of Forms I-IV of
5-CNAC, based upon 100% total weight of 5-CNAC in the
pharmaceutical composition. According to another
preferred embodiment, the pharmaceutical composition
comprises at least about 20, 30, 40, 50, 60, 70, 80,
90, 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5,
99.6, 99.7, 99.8, or 99.9% by weight of one of Forms H
V of 5-CNAC, based upon 100% total weight of
crystalline 5-CNAC in the pharmaceutical composition.
[6] Another embodiment is a pharmaceutical
composition, such as a tablet, comprising at least one
of Forms I-IV of 5-CNAC and at least one active agent
and/or pharmaceutically acceptable additive (such as
those described below). A preferredactive agent is
calcitonin. Yet another preferred active agent is a
therapeutic mixture of calcitonin and parathyroid
hormone (such as PTH[l-34]). Yet another preferred
active agent is insulin. Yet another preferred active
agent is growth hormone (such as recombinant human
growth hormone). [7] Yet another embodiment of the
invention is a method for administering or
facilitating the delivery of an active agent in an
animal (such as a human) by administering the
pharmaceutical composition of the present invention.
[8] Yet another embodiment is a method of treating
Paget's disease or hypercalcemia, or treating or
preventing osteoporosis in a mammal (such as a human)
in need thereof by orally administering an effective
amount of the pharmaceutical composition of the
present invention (e.g. a pharmaceutical composition
comprising Forms I , II, III, and/or IV of 5-CNAC and
(i) calcitonin (e.g. salmon calcitonin) or (ii) a
combination of calcitonin and parathyroid hormone or a
fragment thereof (such as PTH[l-34]). Other diseases
or conditions that may be treated, or physiological
affects achieved by orally administering an effective
amount of the pharmaceutical composition of the
present invention e.g. a pharmaceutical composition
comprising Forms I , II, III, and/or IV of 5- CNAC and
(i) calcitonin (e.g. salmon calcitonin) or (ii) a
combination of calcitonin and parathyroid hormone or a
fragment thereof (such as PTH[I -34]) include diseases
of the bone, bone pain (including pain associated with
osteoporosis or cancer), osteoarthritis, abnormal
resportion and turnover of sub-chondral bone,
preserving and/or stimulating cartilage, inhibiting
phosholipase A2 and/or collagenase activity,
stimulating glycosaminoglycan and/or proteoglycan
synthesis, stimulating new bone formation, acting on
the inhomogeneity in density or stiffness of the
subchondral bone, acting on the inflammatoryprocess,
leading to attenuations on pain in motion and related
symptoms, reducing 



degenerative change in the joint in a patient. [9] Yet
another embodiment is a method of preparing Form I of
5-CNAC comprising by (a) dissolving a monoethanol
solvate of 5-CNAC in a mixture of acetonitrile and
water; and (b) cooling the solution prepared in step
(a) at an effective temperature (e.g., to from about
5C to about 15C) to yield Form I of 5-CNAC. [10] Yet
another embodiment is a process for preparing Form I
of 5- CNAC by (a) heating an aqueous solution of
5-CNAC (e.g., from about 400C to about 700C); and (b)
removing the water from the solution to yield Form I
of 5-CNAC (e.g., with a rotary evaporator and/or
vacuum oven). [11] Yet another embodiment is a process
for preparing a monoethanol solvate of 5-CNAC (such as
Form II) by (a) adding sodium hydroxide to a solution
of N-(5- chlorosalicyloyl)-8-aminocaprylic acid and
ethanol; and (b) precipitating Form II of 5- CNAC from
the solution. Preferably, the molar ratio of sodium
hydroxide to N-(5- chlorosalicyloyl)-8-aminocaprylic
acid is about 2:1. [12] Yet another embodiment is a
process for preparing an octahydrate of 5-CNAC (such
as Form III) by maintaining (i) a monohydrate of
5-CNAC (such as Form I, IV, or a mixture thereof),
(ii) a monoethanol solvate of 5-CNAC (such as Form
II), or (iii) a mixture thereof at a relative humidity
of at least about 75%for a sufficient time to form the
octahydrate. According to one embodiment, the
octahydrate is prepared at ambient temperature or a
temperature ranging from about 22C to about 400C or
about 500C. [13] Yet another embodiment is a process
for preparing Form IV of 5- CNAC by (a) dissolving
5-CNAC in methyl ethyl ketone at an elevated
temperature (e.g.,from about 30 C to about 70 C); and
(b) cooling the methyl ethyl ketone solution of step
(a) to yield Form IV of 5-CNAC. [14] Yet another
embodiment is a process for preparing a mixture of
Forms I and IV of 5-CNAC by cooling a solution of
5-CNAC and acetone for a sufficient time to produce
the mixture of Forms I and IV. Optionally, the
solution may also contain water. [15] The crystals
prepared by any of the aforementioned procedures may
be recovered by any method known in the art. Brief
Description of the Drawings [16] Figures 1, 3, 4, and
5 are X-ray powder diffractograms (XRPDs) of Forms
I-IV of 5-CNAC, respectively, as prepared in Examples
1-4 (The top spectra in Figure 3 is the spectra for
Form II). [17] Figures 2 and 6 are differential
scanning calorimetry (DSC) analyses of Forms I and IV
of 5-CNAC, respectively, as prepared in Examples 1 and
4. Detailed Description of the Invention Definitions
[18] The term "polymorph" refers to
crystallographically distinct forms of a substance.
[19] The term "hydrate" as used herein includes, but
is not limited to, a 



crystalline substance containing one or more molecules
of water in a definite ratio as an integral part of
the crystal or a crystalline material containing free
water.[20] The term "5-CNAC" as used herein refers to
the disodium salt of N-
(5-chlorosalicyloyl)-8-aminocaprylic acid. Unless
otherwise noted, the term "5-CNAC" as used herein
refers to all polymorphs of 5-CNAC. [21] The term
"5-CNAC monohydrate" as used herein refers to a
crystalline form of 5-CNAC in which one molecule of
water is associated with each molecule of 5-CNAC. [22]
The term "5-CNAC octahydrate" as used herein refers to
a crystalline form of 5-CNAC in which eight molecules
of water are associated with each molecule of 5-CNAC.
[23] The term "solvate" as used herein includes, but
is not limited to, a molecular or ionic complex of
molecules or ions of a solvent with molecules or ions
of 5- CNAC. The term "co-solvate" as used herein
includes, but is not limited to, a molecular or ionic
complex of molecules or ions of two or more solvents
with molecules or ions of 5- CNAC. [24] The term
"delivery agent" as used herein refers to 5-CNAC,
including its crystalline forms. [25] An "effective
amount of drug" is an amount of the active agent (e.g.
, heparin, calcitonin, parathyroid hormone, or
recombinant human growth hormone) which is effective
to treat or prevent a condition in a living organism
to whom it is administered over some period of time,
e.g., provides a therapeutic effect during a desired
dosing interval. Effective doses will vary, as
recognized by those skilled in the art, depending on
the route of administration, excipients present, and
whether the active agent is part of a cotherapy with
other agents for treating a condition.[26] The term
"treat", "treating", or "treated" refers to
administering an active agent with the purpose to
cure, heal, alleviate, relieve, alter, remedy,
ameliorate, improve, or affect a condition (e.g., a
disease), the symptoms of the condition, or the
predisposition toward the condition. [27] An
"effective amount of delivery agent" is an amount of
the delivery agent which promotes the absorption of a
desired amount of the active agent via any route of
administration (such as those discussed in this
application including, but not limited to, the oral
(e.g., across a biological membrane in the
gastrointestinal tract), nasal, pulmonary, dermal,
vaginal, and/or ocular route). [28] The term
"calcitonin" as used herein refers to all forms of
calcitonin, including, but not limited to, human,
salmon, pig and eel calcitonin, including natural,
synthetic or recombinant sources thereof, as well as
calcitonin derivatives such as 1,7-Asueel calcitonin.
A preferred calcitonin is synthetic salmon calcitonin.
[29] The term "parathyroid hormone" refers to all
forms of parathyroid hormone, natural and synthetic,
its fragments and agonists. For example, it may
include, but is not limited to, human parathyroid
hormone[l-36] and human parathyroid hormone[l- 34]. 



[30] The term "insulin" refers to all forms of
insulin, natural and synthetic including, but not
limited to, recombinant human insulin. [31] The term
"growth hormone" refers to all forms of growth
hormone, natural and synthetic including, but not
limited to, human growth hormone (e.g., recombinant
human growth hormone). [32] The term "fragments" of
active agents, as used herein, refers to truncated
fopn s of active agent that provides, upon
administration to a subject, a similarphysiological
effect as the non-truncated active agent. The term
"analogs" of active agents, as used herein, refers to
slightly modified forms of active agent that provides,
upon administration to a subject, a similar
physiological effect as the active agent from which
.the analog is based. It is understood that analogs of
active agents (e.g. insulin analogs disclosed in U.S.
Patent No. 5,474,978) and fragments of active agents
(e.g. the PTH fragments disclosed herein) can be
administered with forms I-IV of 5-CNAC with similar
efficacy as administration of the active agent (e.g.
insulin and PTH) itself with forms I-IV of 5-CNAC.
[33] As used herein, the term "about" means within 10%
of a given value, preferably within 5%, and more
preferably within 1% of a given value. Alternatively,
the term "about" means that a value can fall within a
scientifically acceptable error range for that type of
value, which will depend on how qualitative a
measurement can be given the available tools. 5-CNAC
Monohydrate Form I [34] Form I of 5-CNAC is a
monohydrate. Form I is the most stable of Forms I-IV
at room temperature. According to differential
scanning calorimetry (DSC), Form I has a first
endothermic transition with an onset temperature of
about 690C (69.3C) and peaking at about 760C (75.20C)
followed by a second broad endothermic event having an
onset temperature of about 98C and peaking at about
14O0C (141.2C) (see Figure 2). Form I of 5-CNAC has an
XRPD pattern substantially identical to that shown in
Figure 1. For instance, Form I exhibits a
characteristic peak at 15.5 20 + 0.2 or 0.1 20.
Characteristic XRPD peak locations (expressed in
degrees 2Q + 0.2, 0.1, 0.05, or 0.01 29) and d-spacmg
for Form I are provided in Table 1 below.Table 1
Characteristic XRPD Peaks (expressed in degrees 20) of
Form I of 5-CNAC [35] Form I may be prepared by the
procedures described above and in Example 1 below.[36]
The present invention also provides a pharmaceutical
composition containing Form I of 5-CNAC in which less
than 90, 80, 70, or 60% of the 5-CNAC is crystalline
(based on 100% total weight of 5-CNAC). [37] The
present invention also provides a pharmaceutical
composition, such as a tablet, comprising a milled
(e.g., ball milled) or directly compressed mixture of
Form I of 5-CNAC and at least one active agent and/or
pharmaceutically acceptable additive (such as those
described below). Preferably, the pharmaceutical
composition (or milled or directly compressed mixture)
includes at least 50, 60, 70, 80, 90, 95, 96, 97, 98,
or 99% by weight of Form I based on the total weight
of 5-CNAC in the pharmaceutical 



composition (or milled or directly compressed
mixture). 5-CNAC Form II [38] Form II is a monoethanol
solvate of 5-CNAC. Form II of 5-CNAC has an XRPD
pattern substantially identical to that shown in
Figure 3. For instance, Form II exhibits a
chracteristic peak at 16.5 2Q+ 0.2 or 0.1 2Q.
Characteristic XRPD peak locations (expressed in
degrees 2Q  0.2, 0.1, 0.05, or 0.01 2Q) and d-spacing
for Form II are provided in Table 2 below.Table 2
Characteristic XRPD Peaks (expressed in degrees 2Q) of
Form II of 5-CNAC [39] Form II of 5-CNAC may be
prepared as described above and in Example 2.5-CNAC
Octahydrate Form p i [40] Form III is an octahydrate
of 5-CNAC. Form III is unstable at a relative humidity
below about 50% . Form III of 5-CNAC has an XRPD
pattern substantially identical to that shown in
Figure 4. For instance, From III exhibits a
characteristic peak at 4.8 2Q 0.2 or 0.1 2Q.
Characteristic XRPD peak locations (expressed in
degrees 2Q  0.2, 0.1, 0.05, or 0.01 2Q) and d-spacing
for Form III are provided in Table 3 below. Table 3
Characteristic XRPD Peaks (expressed in degrees 2Q) of
Form HI of 5-CNAC [41] Form III may be prepared as
described above and in Example 3. For example, Form
III can be made by storing disodium 5-CNAC (such as
its ethanol solvate) at 75% relative humidity (or
higher) for at least six days. [42] The present
invention also provides a pharmaceutical composition,
such as a tablet, comprising a directly compressed
mixture of Form III of 5-CNAC and at least one active
agent and/or pharmaceutically acceptable additive
(such as those described below). Preferably, the
pharmaceutical composition (or directly compressed
mixture) includes at least 50, 60, 70, 80, 90, 95, 96,
97, 98, or 99% by weight of Form III based onthe total
weight of 5-CNAC in the pharmaceutical composition (or
directly compressed mixture). 5-CNAC Monohydrate Form
IV [43] Form IV of 5-CNAC is a monohydrate. Form IV of
5-CNAC has an XRPD pattern substantially identical to
that shown in Figure 5. For instance, From IV exhibits
a characteristic peak(s) at 7.2 and/or 18.2 2Q 0.2 or
0.1 2Q. Characteristic XRPD peak locations (expressed
in degrees 26"  0.2, 0.1, 0.05, or 0.01 2Q) and
dspacing for Form IV are provided in Table 4 below.
Table 4 Characteristic XRPD Peaks (expressed in
degrees 2Q) of Form IV of 5-CNAC [44] Form IV may be
prepared as described above and in Example 4. [45] The
present invention also provides a pharmaceutical
composition containing Form IV of 5-CNAC in which at
least 50, 60, 70, 80 or 90% of the 5-CNAC is
crystalline based on 100% weight of 5-CNAC. Mixture of
5-CNAC Forms I and IV[46] Forms I and IV of 5-CNAC are
monohydrates. Characteristic XRPD 



peak locations (expressed in degrees 2Q 0.2, 0.1,
0.05, or 0.01 2Q) and d-spacing for the mixture are
provided in Table 5 below. Table 5 Characteristic XRPD
Peaks (expressed in degrees 2(9) of Mixture of Forms I
and IV of 5- CNAC[47] The mixture can be prepared as
described above and in Example 5. [48] The crystals
prepared by any of the aforementioned procedures may
be recovered by any method known in the art. Active
Agents [49] Active agents suitable for use in the
present invention include biologically active agents
and chemically active agents, including, but not
limited to, pesticides, pharmacological agents, and
therapeutic agents. Suitable active agents include
those that are rendered less effective, ineffective or
are destroyed in the gastro-intestinal tract by acid
hydrolysis, enzymes and the like. Also included as
suitable active agents are those macromolecular agents
whose physiochemical characteristics, such as, size,
structure or charge, prohibit or impede absorption
when dosed orally. [50] For example, biologically or
chemically active agents suitable for use in the
present invention include, but are not limited to,
proteins; polypeptides; peptides; hormones;
polysaccharides, and particularly mixtures of
muco-polysaccharides; carbohydrates; lipids; small
polar organic molecules (i.e., polar organic molecules
having a molecular weight of 500 daltons or less);
other organic compounds; and particularly compounds
which by themselves do not pass (or which pass only a
fraction of the administered dose) through the
gastro-intestinal mucosa and/or are susceptible to
chemical cleavage by acids and enzymes in the
gastro-intestinal tract; or any combination thereof.
[51] Further examples include, but are not limited to,
the following, including synthetic, natural or
recombinant sources thereof: growth hormones,
including human growth hormones (hGH), recombinant
human growth hormones (rhGH), bovine growth hormones,
and porcine growth hormones; growth hormone releasing
hormones;growth hormone releasing factor, interferons,
including (e.g., interferon alfacon-1 (available as
Infergen(r) from InterMune, Inc. of Brisbane, CA)), /3
and g, interleukm-1; interleukin-2; insulin, including
porcine, bovine, human, and human recombinant,
optionally having counter ions including zinc, sodium,
calcium and ammonium; insulin-like growth factor,
including IGF-I; heparin, including unfractionated
heparin, heparinoids, dermatans, chondroitins, low
molecular weight heparin, very low molecular weight
heparin and ultra low molecular weight heparin;
calcitonin, including salmon, eel, porcine and human;
erythropoietin; atrial naturetic factor; antigens;
monoclonal antibodies; somatostatin; protease
inhibitors; adrenocorticotropin, gonadotropin
releasing hormone; oxytocin;
leutinizing-hormone-releasing-hormone; follicle
stimulating hormone; glucocerebrosidase;
thrombopoietin; filgrastim; prostaglandins;
cyclosporin; vasopressin; cromolyn sodium (sodium or
disodium chromoglycate); vancomycin; desferoxamine
(DFO); bisphosphonates, including alendronate,
tiludronate, etidronate, clodronate, pamidronate,
olpadronate, and incadronate; parathyroid hormone
(PTH), including its 



fragments; anti-migraine agents such as BIBN-4096BS
and other calcitonin gene-related proteins
antagonists; glucagon-like peptide 1 (GLP-I);
Argatroban; antimicrobials, including antibiotics,
anti-bacterials and anti-fungal agents; vitamins;
analogs, fragments, mimetics or polyethylene glycol
(PEG)-modified derivatives of these compounds; or any
combination thereof. Non-limiting examples of
antibiotics include gram-positive acting,
bacteriocidal, lipopeptidal and cyclic peptidal
antibiotics, such as daptomycin and analogs thereof.
[52] According to one embodiment, the active agent is
a pharmacologically active peptide, such as a bone
active agent(e.g. calcitonin). Bone active agents
include classes of agents which display in vivo
pharmacological activity in animalssuch as
stabilization, healing, or growth of bone,
deceleration or inhibition of bone turnover,
deceleration or inhibition of bone resorption,
inhibition of osteoclast activity, and stimulation of
osteoblast activity. Some of these agents may be
peptidic, for example, calcitonins, parathyroid
hormone (PTH), PTH fragments (e.g., PTH[l-34]),
Transforming Growth Factors(TGFs), and analogs and
fragments of any of the above. The bone active agents
may also be small molecule non-peptidic structures
which show in vivo pharmacological bone activities as
described above in this paragraph. [53] A known class
of such pharmacologically active agents, calcitonins,
have varying pharmaceutical utility and are commonly
employed in the treatment of, e.g., Paget 's disease,
hypercalcemia and osteoporosis (including, but not
limited to, postmenopausal osteoporosis). Various
calcitonins, including salmon, pig and eel calcitonin
are commercially available and commonly employed for
the treatment of , e.g., Paget's disease,
hypercalcemia of malignancy and osteoporosis. The
calcitonin can be any calcitonin (e.g., human, salmon,
pig or eel), including natural, synthetic or
recombinant sources thereof, as well as calcitonin
derivatives such as 1,7-Asu-eel calcitonin. The
compositions can comprise a single calcitonin or any
combination of two or more calcitonins. The preferred
calcitonin is synthetic salmon calcitonin. [54] The
calcitonins are commercially available or may be
synthesized by known methods. [55] When the
pharmacologically active agent is salmon calcitonin,
the appropriate dosage will, of course, vary depending
upon, for example, the host and the nature and
severity of the condition being treated. Suitable
dosage amounts are provided in International
Publication Nos. WO 2004/012772, WO 2005/004900, and
WO 2005/014031, all of which are hereby incorporated
by reference. An oral human dose ofsalmon calcitonin
is typically in the range of about 0.05mg -5 mg,
preferably about O.lmg- 2. 5 mg, when administered in
combination with an oral delivery agent (e.g. 5-CNAC).
According to one embodiment, from about 0.4 mg to
about 2.5 mg of salmon calcitonin is administered
daily to a patient, e.g., a human such as an average
human of about 70 kg. More preferably, from about 0.8
to about 1.2 mg, e.g., about 1 mg, is administered
daily. Also preferred are doses less than 1 mg but
higher than 0.4 mg. [56] Suitable dosage amounts of
parathyroid hormone are provided in International
Publication Nos. WO 2005/002549, WO 03/015822, andWO
02/098453, all 



of which are hereby incorporated by reference. The
amount of parathyroid to be administered is an amount
effective to achieve the physiological conditions
desired. In one embodiment the amount of parathyroid
component (e.g., PTH, PTH[l-28] - PTH[1-41]) is such
that it provides a daily administered dose of PTH
component of from about 0.001 mg/kg to about 10 mg/kg
of animal body weight, or from about 1 mg/kg to about
6 mg/kg of animal body weight. Unit dosage forms may
contain, for example, 800 mg of PTH component.
Particular PTH amounts for specific applications will
vary according to the age, size, sex and condition of
the subject to be treated and can be determined by
persons of ordinary skill in the art. [57] Amounts of
HGH or HGH component can also be determined by persons
of ordinary skill in the art. In one embodiment, the
amount of HGH (e.g. the 191 amino acid native species
(somatropin)) or HGH component (e.g. the 192 amino
acid Nterminal methionine (met) species (somatrem)) is
such that it provides in a unit dosage form of from
about 10 mg to about 300 mg of HGH or HGH component
(e.g. 100 mg of HGH or HGH component). Particular HGH
amounts for specific applications will varyaccording
to the age, size, sex and condition of the subject to
be treated and can be determined by persons of
ordinary skill in the art. [58] The pharmacologically
active agent generally comprises from about 0.05
percent to about 70 percent by weight relative to the
total weight of the overall pharmaceutical
composition, preferably an amount of from about 0.01
percent to about 50 percent by weight, more preferably
about 0.3 percent to about 30 percent by weight
relative to the total weight of the overall
pharmaceutical composition. Pharmceutical Compositions
[59] The pharmaceutical composition is preferably in
solid form and may be in the form of a dosage form
(e.g. a a solid dosage form, such as a solid oral
dosage form). The solid dosage form can be a capsule,
tablet or particle, such as a powder or sachet. The
powder may be in the form of a sachet that is mixed
with a liquid and administered. Also the powder can
also be packed into capsules or pressed into tablets,
or the powder may be administered to the subject
as-is. [60] Alternatively, the solid dosage form can
be a topical delivery system, such as an ointment,
cream or semi-solid. For example, the powders may be
added to topical excipients (e.g. polyethylene glycol)
and administered as an ointment. [61] The
pharmaceutical composition can include a sustained
release or controlled release system. Preferably, the
solid dosage form is for oral administration. [62] The
amount of delivery agent in the solid dosage form is a
delivery effective amount and can be determined for
any particular compound or biologically or chemically
active agent by methods known to those skilled in the
art.[63] Following administration, the active agent in
the dosage unit form is taken up into circulation. The
bioavailability of the active agent is readily
assessed by measuring a known pharmacological activity
in blood, e.g., an increase in blood clotting time
caused by heparin, or a decrease in circulating
calcium levels caused by calcitonin. Alternately, the
circulating levels of the active agent itself can be
measured directly. 



[64] The solid dosage form may include
pharmaceutically acceptable additives, such as
excipients, carriers, diluents, stabilizers,
plasticizers, binders, glidants, disintegrants,
bulking agents, lubricants, plasticizers, colorants,
film formers, flavoring agents, preservatives, dosing
vehicles, surfactants, and any combination of any of
the foregoing. Preferably, these additives are
pharmaceutically acceptable additives, such as those
described in Remington's, The Science and Practice of
Pharmacy , (Gennaro, A.R., ed., 19th edition, 1995,
Mack Pub. Co.) which is herein incorporated by
reference. [65] Suitable binders include, but are not
limited to, starch, gelatine, sugars (such as sucrose,
molasses and lactose), dibasic calcium phosphate
dihydrate, natural and synthetic gums (such as acacia,
sodium alginate, carboxymethyl cellulose, methyl
cellulose, polyvinylpyrrolidone, polyethylene glycol,
ethylcellulose, and waxes. [66] Suitable glidants
include, but are not limited to, talc, and silicon
dioxide (silica) (e.g, fumed silica and colloidal
silicon dioxide). [67] Suitable disintegrants include,
but are not limited to, starches, sodium starch
glycolate, croscarmellose sodium, crospovidone, clays,
celluloses (such as purified cellullose,
methylcellulose, sodium carboxymethyl cellulose),
alginates, pregelatinized corn starches, and gums
(such as agar, guar, locust bean, karaya, pectin and
tragacanth gums). A preferred disintegrant is sodium
starch glycolate.[68] Suitable bulking agents include,
but are not limited to, starches (such as rice
starch), microcrystalline cellulose, lactose (e.g.,
lactose monohydrate), sucrose, dextrose, mannitol,
calcium sulfate, dicalcium sulfate, and tricalcium
sulfate. [69] Suitable lubricants include, but are not
limited to, stearic acid, stearates (such as calcium
stearate and magnesium stearate), talc, boric acid,
sodium benzoate, sodium acetate, sodium fumarate,
sodium chloride, polyethylene glycol, hydrogenated
cottonseed, and castor oils. [70] Suitable surfactants
include, but are not limited to, sodium lauryl
sulfate, hydroxylated soy lecithin, polysorbates, and
block copolymers of propylene oxide and ethylene
oxide. [71] The pharmaceutically acceptable inactive
excipients may include polymers and inactive compounds
which for example, aid the formulation or
manufacturing of the solid oral dosage form
contemplated by the present invention or which may aid
the release of the solid oral composition in the
gastro-mtestinal environment. [72] In an additional
embodiment of the present invention the
pharmaceutically acceptable inactive excipient may be
either or both of the polymers crospovidone or
povidone. [73] The pharmaceutical inactive
ingredients, referred to above, for example optionally
include crospovidones and povidones, which may be any
crospovidone and povidone. Crospovidone is a synthetic
crosslinkedhomopolymer of N-vinyl-2- pyrrolidone, also
called l-ethenyl-2-pyrrolidinone, having a molecular
weight of 1,000, 000 or more. Commercially available
crospovidones include Polyplasdone XL,
PolyplasdoneXL-10, Polyplasdone INF-10 available from
ISP, Kollidon CL, available from 



BASF Corporation. The preferred crospovidone is
Polyplasdone XL.[74] Povidone is a synthetic polymer
consisting of linear l-vinyl-2- pyrrolidinone groups
having a molecular weight generally between 2,500 and
3,000, 000. Commercially available povidones include
Kollidon K-30, Kollidon K-90F available from BASF
Corporation and Plasdone K-30 and Plasdone K-29/32,
available from ISP. [75] As mentioned above, the
crospovidones and povidones are commercially
available. Alternatively, they may be synthesized by
known processes. [76] The crospovidone, povidone or
combination thereof is generally present in the
compositions in an amount of from about 0.5 percent to
50 percent by weight relative to the total weight of
the overall pharmaceutical composition, preferably an
amount of from 2 percent to 25 percent, more
preferably 5 percent to 20 percent by weight relative
to the total weight of the pharmaceutical composition.
Delivery Systems [77] The amount of active agent used
in a pharmaceutical composition of the present
invention is an amount effective to accomplish the
purpose of the particular active agent for the target
indication. The amount of active agent in the
compositions typically is a pharmacologically,
biologically, therapeutically, or chemically effective
amount. However, the amount can be less than that
amount when the composition is used in a dosage unit
form because the dosage unit form may contain a
plurality of delivery agent compound/active agent
compositions or may contain a divided
pharmacologically, biologically, therapeutically, or
chemically effective amount. The total effective
amount can then be administered in cumulative units
containing, in total, an effective amount of the
active agent.[78] The total amount of active agent to
be used can be determined by methods known to those
skilled in the art. However, because the compositions
of the invention may deliver active agents more
efficiently than other compositions or compositions
containing the active agent alone, lower amounts of
biologically or chemically active agents than those
used in prior dosage unit forms or delivery systems
can be administered to the subject, while still
achieving the same blood levels and/or therapeutic
effects. [79] Generally, the weight ratio of delivery
agent (e.g. 5-CNAC) to active agent (e.g. HGH or HGH
component, PTH or PTH fragment) ranges from about
0.1:1 to about 300: 1 or 1000: 1. In one embodiment
the weight ratio of delivery agent (e.g. 5-CNAC) to
active agent (e.g. HGH or HGH component, PTH or PTH
fragment) ranges from about 50: 1 or 40: 1 to about
0.5: or 0.2: 1. In one embodiment the weight ratio of
delivery agent (e.g. 5-CNAC) to active agent (e.g. HGH
or HGH component, PTH or PTH fragment) ranges from
about 10:1 to about 0.5:1 (e.g. 2:1). The weight ratio
of delivery agent (e.g. 5-CNAC) is caculated based on
the free acid form of the delivery agent. The weight
ratio will vary according to the active agent and the
particular indication for which the active agent is
administered. [80] The presently disclosed delivery
agents facilitate the delivery of biologically and
chemically active agents, particularly in oral,
sublingual, buccal, 



intraduodenal, intracolonic, rectal, vaginal, mucosal,
pulmonary, intranasal, and ocular systems. [81] The
compounds and compositions of the subject invention
are useful for administering biologically or
chemically active agents to any animals, including but
notlimited to birds such as chickens; mammals, such as
rodents, cows, pigs, dogs, cats, primates, and
particularly humans; and insects. [82] The compounds
and compositions are particularly advantageous for
delivering chemically or biologically active agents
that would otherwise be destroyed or rendered less
effective by conditions encountered before the active
agent reaches its target zone (i.e. the area in which
the active agent of the delivery composition is to be
released) and within the body of the animal to which
they are administered. Particularly, the compounds and
compositions of the present invention are useful in
orally administering active agents, especially those
that are not ordinarily orally deliverable, or those
for which improved delivery is desired. [83] The
compositions comprising the compounds and active
agents have utility in the delivery of active agents
to selected biological systems and in an increased or
improved bioavailability of the active agent compared
to administration of the active agent without the
delivery agent. Delivery can be improved by delivering
more active agent over a period of time, or in
delivering active agent in a particular time period
(such as to effect quicker or delayed delivery) or
over a period of time (such as sustained delivery).
[84] Another embodiment of the present invention is a
method for the treatment or prevention of a disease or
for achieving a desired physiological effect, such as
those listed in the table below, in an animal by
administering the composition of the present
invention. Specific indications for active agents can
be found in the Physicians' Desk Reference (59th Ed.,
2005, Medical Economics Company, Inc., Montvale, NJ),
which is herein incorporated by reference. The active
agents in the table below include their analogs,
fragments, mimetics, and polyethylene glycol-modified
derivatives.COMPOSITIONS AND METHODS COMPRISING PANAX
SPECIES BACKGROUND OF THE INVENTION Ginseng, the
rhizome (root) of Panax ginseng (Asian ginseng, Korean
ginseng) of the Araliaceae family, has been used in
Oriental medicine since ancient times as a stimulant,
tonic, diuretic, and digestive aid. hi Europe, ginseng
phytomedicines are sold over the counter and are taken
to increase mental and physical performance, to
provide resistance to stress and disease, and to
relieve exhaustion. Because of the continual harvest
and use over thousands of years, the natural supply of
P. ginseng root was exhausted long ago. Today, almost
all of the P. ginseng roots are cultivated in China,
Korea, and Japan. Many congeners of ginseng are used
as medicines. The root of P. quinquefolium L.
(American ginseng), which originally grew wild in
North America, is now cultivated for export to the
Asian market where it is used medicinally for slightly
different purposes than P. ginseng. P. notoginseng
(also known as Sanchi ginseng) has been used as a
special herb in Traditional Chinese Medicine (TCM)
from ancient times to the present. Other species such
as, but not limited to, P. japonicus, P.
pseudo-ginseng, P. vietnamensis, 



Eleutherococcus senticosus (Siberian ginseng), and
other species, subspecies, or varieties have also been
used in Asian phytomedicine. The constituents of the
Panax rhizomes (ginseng roots) have been investigated
since the beginning of the 20th century. Several of
the classes of compounds have been isolated and some
of the individual chemical constituents have been
studied for their biological effects. Some of the
classes of chemical compounds that are ubiquitous to
the various ginseng roots include the triterpene
saponins, essential oil in which is contained the
chemicals known as polyacetylenes, polysaccharides,
sesquiterpenes, peptidoglycans, nitrogen-containing
compounds, and others such as fatty acids,
carbohydrates and phenolic compounds (2). The chemical
constituents of the ginsengs that are believed to
contribute to their pharmacological effects have been
investigated extensively since the 1950s. The
prinicipal bioactive compounds based on these
investigations are the triterpene saponins (e.g.
ginsenosides), polyacetylenes, and the polysaccharides
(2-7). All of the Panax species contain a class of
triterpene saponins collectively calledginsenosides
(or panoxosides). The ginsenosides contain a 4
trans-ring rigid steroid skeleton, and the individual
ginsenosides differ by the number, type, and location
of their sugar moieties, and the backbone structure of
the triterpene or steroid moiety (3). The
ginsensosides are named "ginsenosides Rx" wherein "x"
corresponds to the sequence of Rf value of the spots
when analyzed by thin layer chromatography. Among the
known ginsenosides are R0, Rbal , Rb2, R0, Rd, R , Rf,
Rgi Rg2, Rg3, Rg5, RM, Rh2, Ri, and R2. The
ginsenosides are further categorized into groups based
upon the backbone structure of the steroid moiety, and
include those ginsenosides based on the 20(S)
protopanaxadiol backbone (collectively the the Rb
group), the 20(S) protopanaxtriol backbone
(collectively the Rg group), the ocotillol backbone,
and the oleanane backbone. Specific ginsenosides in
the Rb group include Rb 1, Rb2, R0, Rd and several
other related compounds. Specific ginsenosides in the
Rg group include Rg, Rg, Rf, Rg2 and several other
related compounds. Figure 5 depicts the chemical
structures for Rh 1, Rh2, Rg3, and Rg (GIc =
b-Dglucopyranosyl-, Glc-Glc = b-D-glucopyranosyl(l
(r)2) b-D-glucopyranosyl-). Overviews of the
pharmacological effects of P. ginseng extracts and
preparations (ginsenoside, polyacetelene and
polysaccharide fractions) have been presented (2-8).
The preparation and definition of products derived
from ginseng is specified in various European
pharmacopoeias. The Swiss pharmacopoeia, Pharmacopoea
Helvetica (Commission Suisse de Pharmcopee), requires
a total ginsenoside content, calculated as relative to
the abundance of ginsenoside Rgl , of not less than
2.0%. According to the German pharmacopoeia (Herbal
Medicine - Expanded Commission E Monographs,
Blumenthal, M. et al., Integrative Medicine
Communications, 2000, pp. 170-177), the total
ginsenoside content should be not less than 1.5% using
a spectrophotometric method of quantification. In
contrast, the 4th Edition of the European
Pharmacopoeia (European Pharmacopoeia Commission,
European Directorate for the Quality of Medicines -
Council of Europe, 2001) requires the content of
ginsenosides Rgl and Rb 1 to be not less than 0.3%,
measured using High Performance Liquid Chromatography
(HPLC) methods. However, 



consumers in the U.S. who purchase a ginseng product
should carefully consider the source and product. No
federal agency enforces quality control over the
ingredients of many products. In a study of 54
so-called ginseng products, it was found that 25%
contained no ginsenosides at all, and 60% contained
only trace amounts (8-10). The principal physiological
effects upon ingestion of ginseng that is documented
in the older literature (2) include the following:
general tonic; stimulation of immunologicalfunction;
beneficial effects on the cardiovascular system
including a lowering of blood pressure; reductions in
serum total cholesterol, low-density lipoprotein
cholesterol and triglyceride levels and increases in
serum high-density lipoprotein cholesterol levels;
stimulation of alcohol dehydrogenase and oxidation of
alcohol in the liver; lowering of blood sugar levels;
stimulation of the pituitary-adrenocortical system,
anti-aging, and inhibition of tumor growth.
Interestingly, RgI is claimed to stimulate the central
nervous system and enhance protein, DNA, and RNA
synthesis whereas RbI has tranquilizing effects and
improves memory which may again account for the
different biological effects associated with the
different species of Panax (6). Recent experimental
and clinical studies have demonstrated the following
bioactive properties of the various chemicals and
chemical fractions of the Panax species: powerful
antioxidant activity (RgI, RbI, extract) (11-17);
cardiovascular protection (RgI, RbI, extract) (11-21);
immunological enhancement and anti-viral,
anti-influenza (RgI, polysaccharides, extract)
(22-34); cytoprotection (polysaccharides, extract)
(17, 20, 35); neuroprotection and anti-dementia
(ginsenosides, RbI, Rg2, Rg3, extract) (36-40);
platelet aggregation inhibition (ginsenosides, Ro,
RgI, Rg2, polyacetylenes, extract) (41-44); calcium
channel inhibition (Rf) (45): anti-cancer (Rg3, Rh2,
polyacetylenes, polysaccharides) (46-52);
anti-inflammatory (polyacetylenes, extract) (53, 54);
anticholesterol (extract) (55, 56); hypoglycemic and
anti-diabetes (polysaccharide, extract) (57-60);
pulmonary disease protection and therapy (extract)
(34, 61); hepatic protection and disease treatment
(extract) (62, 63); enhancement of erectile capacity
(extract) (64-67); enhanced memory and cognition (RbI,
RgI, polyacetylenes, extract) (37, 38, 68, 69); and
chronic fatigue (extract) (70, 71). Presently
available ginseng products are suspect regarding their
chemical compositions not only with respect to the
ginsenoside content but also with respect to crucial
chemical constituents such as the essential oil and
polysaccharides. What is needed are methods for
extracting Panax and related species and Panax
extraction compositions with enhanced bioactive
profiles, such as, but not limited to, the triterpene
saponins (e.g., ginsenosides), essential oil (e.g.,
polyacetylenes), and polysaccharides fractions, that
can be produced with standardized and reliable amounts
of these physiologically and medically beneficial
bioactive Panax constituents.SUMMARY OF INVENTION In
certain aspects the invention features novel
compositions and pharmaceutical preparations of the
same. In certain embodiments, the compositions
comprise at least one ginsenoside in an amount greater
than 10% by weight. The ginsenoside may comprise Ro,
Rl, R , R a RbI, Rb2 R c5 R d R e5 R f RgI Rg2" Rg3
Rg5 RhI Rh2s Rh45 RsI 5 RS2J RS3 5 Or R s4 . 



Certain compositions comprise at least one ginsenoside
in an amount greater than 15, 20, 25, 30, 35, 40, 45
or 50% by weight. Further embodiments feature
compositions comprising a polyacetylene in an amount
greater than 1, 2, 4, 6, 8, or 10% by weight. The
polyacetylene may comprise pananaxynol, panaxydol,
panaxytriol, acetylpanaxydol, chloropapaxydol,
panaxydolchloroliydrin, panaxyne, ginsenoyne A,
ginsenoyne B, ginsenoyne C, ginsenoyne D, ginsenoyne
E, ginsenoyne F, ginsenoyne G, ginsenoyne H,
ginsenoyne I, ginsenoyne J, or ginsenoyne K. In
certain embodiments, the polyacetylene comprises
pananaxynol, panaxydol, panaxytriol, acetylpanaxydol,
chloropapaxydol, panaxydolchlorohydrin, panaxyne,
ginsenoyne A, ginsenoyne B, ginsenoyne C, ginsenoyne
D, ginsenoyne E, ginsenoyne F, ginsenoyne G,
ginsenoyne H, ginsenoyne I, ginsenoyne J, and
ginsenoyne K. Further embodiments feature compositions
comprising a polysaccharide in an amount greater than
25, 30, 35, 40, 45, 50, 55, or 60% by weight.. The
polysaccharide may comprise glucose, arabinose,
galactose, rhamnose, xylose or uronic acid. Yet other
embodiments feature compositions comprising an
essential oil selected from the group consisting of
(+)-spathulenol; (-)-spathulenol; caffeine;
hexadecanoic acid; (-)-caryophyllene oxide; ethyl
heptanoate; ra".s-octadeca-9,12-dienoic acid methyl
ester; octadec-9-ynoic acid methyl ester;
phenylacetylene; ethylenethiourea; linoleic acid;
4-methyl-rent-2-enoic acid; 2-methyl-4-nitroimidazole;
9,12-octadecadienal; mevinphos; undec-10-ynoic acid;
falcarinol ((Z)-l,9-heptadecadiene-4,6-diyn-3-ol);
[IR-
(la,4b,4aa,6b,8aa)]-octahydro-4,8a,9,9-tetramethyl-l,6
-methano-l(2H)-na rhthol; 4,6-
diamino-l,3,5-triazin-2(lH)-one;
2,2'-methyliminodiethanol; dihydrouracil; stearic
acid; 4- nitrophenol; 3-nitrotoluene;
2,3-dihydroxypropyl palmitate; oleic acid; cinnamyl
acetate; 7- octenoic acid;
l-methyl-5-mtro-lH-imidazole; 2-ethyl-2-methyloxirane;
methyl (9E,12E)- octadeca-9,12-dienoate; sinalbin,
stigmasta-5,22-dien-3- b-ol;
(3b,24S)-stigmast-5-en-3-ol; stigmast-5-en-3- b-ol;
(3b, 24x)-stigmast-5-en-3-ol; 4-methyl-l,4-heptadiene;
9,12- octadecadienal; 7,8-eroxyoctene, 4-nonyne;
2-cyclorenten-l-undecanoic acid;
3-hydroxy2-methyl-4-pyrone; pyrogallol; [laR-(la
a,7a,7aa,7ba)]-la,2,3,5,6,7,7a,7b-octahydro-
1,1,7,7a-tetramethyl-1H-cyclopropa[a]narhthalene;
[1aR-(l aa,4aa,7a,7a b,7ba)]-
decahydro-1,1,7-triniethyl-4-methylene-lH-cycloprop[e]
azulene; caryophyllene; IR- (1R*,4Z,9S*)]-4,1 1,1
l-trimethyl-8-methylenebicyclo[7.2.0]undec-4-ene;
4-methyl-2- phenyl-2-pentenal;
(Z)-9,17-octadecadienal; ethylidenecycloheptane;
octa-l,7-diyne; 3- (rhenylmethyl)sydnone; diisopropyl
adipate; 2,3-dihydroxypropyl palmitate;
9Z,12Zoctadecadienoic acid (2-linoleoyl glycerol); and
3-ethenyl-cyclooctene. Further embodiments feature
compositions comprising at least one ginsenoside,
polyacetylene, polysaccharide and/or essential oil of
the minimum specified weight percents. In other
embodiments, the compositions are formulated alone or
in combination with other active ingredients into
pharmaceutical formulations and/or foods. The
compositions of the present invention can be useful
for providing certain physiological, psychological,
and/or medicinal benefits upon ingestion, including,
but not limited to, antioxidant activity,
cardiovascular protection and treatment,
cytoprotection, 



nervous system protection, anti-neurodegenerative
disease (e.g., Alzheimer's disease, Parkinson's
disease, stroke), platelet aggregation inhibition,
anti-cholesterol, hypoglycemia and diabetes mellitus,
anti-inflammatory, immune enhancement, anti-viral
(e.g., influenza), anti-pulmonary disease, hepatic
protection and disease treatment, cancer prophylaxis
and therapy, enhancement of male erectile function,
enhancement of memory and cognition, and relief from
chronic fatigue syndromes. In another aspect, the
present invention features methods for treating a
mammal (e.g. a human) for a disease or disorder,
comprising administering to the mammal in need thereof
a therapeutically effective amount of any of the
aforementioned compositions. In another aspect, the
present invention relates to methods for extracting
Panax compositions having a predetermined
characteristic, such as, but not limited to, an
elevated amount of a chemical constituent selected
from the group consisting of: a triterpene saponin,
polyacetylene, and/or polysaccharide. By elevated is
meant an amount greater than the amount present in the
native plant material or prior art Panax extraction
products. In general, such methods comprise extraction
of compounds, such as triterpene saponins,
polyacetylenes, and polysaccharides from extracts of
native Panax plant materials or from native Panax
plant material using one or more extraction steps
disclosed herein. The various aspects and embodiments
are further describe in the following
detaileddescription, drawings and claims. BRIEF
DESCRIPTION OF THE FIGURES Figure 1 depicts an
exemplary method for the preparation of an essential
oil fraction from plant feedstock. Figure 2 depicts an
exemplary method for the preparation of ginsenoside
fractions. Figure 3 depicts an exemplary method for
the preparation of a purified ginsenoside fraction
using a polymer adsorbent. Figure 4 depicts an
exemplary method for the preparation of polysaccharide
fractions. Figure 5 depicts the chemical structure of
20(S)-ginsenoside Rh 1, 20(S)-ginsenoside Rh2,
20(S)-ginsenoside Rg3, and ginsenoside Rg5. DETAILED
DESCRIPTION OF THE INVENTION Definitions It must be
noted that, as used in this specification and the
appended claims, the singular forms "a", "an", and
"the" include plural referents unless the context
clearly dictates otherwise. As used herein, the term
"essential oil fraction" comprises compounds that are
volatile, water-insoluble, and extractable using
non-polar solvents. As used herein, the essential oil
fraction further comprises polyacetylenes obtained
from Panax and related species. The essential oil
fraction may further comprise one or more compounds
from sesquiterpenes, azulene, patchoulene,
sesquiterpene alcohols, panasinsanol A, panasinsanol
B, methoxypyrazine, b-elemene, diene panaxynols, or
alkylpyrazines. The polyacetylenes of the essential
oil fraction may further comprise one or more
compounds from 



pananaxynol, panaxydiol, panaxytriol, acetylpanaxydol,
panaxydolchlorohydrin, panaxyne, ginsenoyne A,
ginsenoyne B, ginsenoyne C, ginsenoyne D, ginsenoyne
E, ginsenoyne F, ginsenoyne G, ginsenoyne H,
ginsenoyne I, ginsenoyne J, ginsenoyne K, panaxacol,
panaxydol, falcarinol or falcarintriol.As used herein,
the term "feedstock" refers to raw plant material,
comprising whole plants alone, or in combination with
one or more constituent parts of a plant comprising
leaves, rhizomes, roots, including, but not limited
to, main roots, tail roots, and fiber roots, stems,
leaves, seeds, and flowers, wherein the plant or
constituent parts may comprise material that is raw,
dried, steamed, heated or otherwise subjected to
physical processing to facilitate processing, which
may further comprise material that is intact, chopped,
diced, milled or otherwise processed to affected the
size and physical integrity of the plant material. As
used herein, the term "fraction" means a composition
comprising a specific group of compounds characterized
by certain physical, chemical properties, or physical
and chemical properties. As used herein, the term
"ginseng constituents" shall mean compounds found in
each of the individual Panax and related species and
shall include all such chemicals compounds identified
above as well as other compounds found in each Panax
and related species, including but not limited to
essential oils, polyacetylenes, ginsenosides, and
polysaccharides . As used herein, the term
"ginsenoside fraction" comprises triterpene saponins
obtained from Panax and related species, further
comprising compounds based on the protopanaxadiol
backbone, the protopanaxtriol backbone, the ocotillol
backbone, or the oleanane backbone, and related
compounds. As used herein, the term "increased" or
"elevated" amount of a fraction, including, but not
limited to, fractions such as the triterpene saponin,
polyacetylene, and polysaccharide fractions, means
that the weight percent of the fraction, either in
toto or a single constituent of the fraction, in a
mixture or sample is increased compared to the weight
percent of the constituent or fraction in the native
plant or plant tissue. As used herein, the term "one
or more compounds" means that at least one compound,
such as panaxytriol (an essential oil polyacetylene),
Rgl (a ginsenoside triterpene saponin), or ginsenan PA
(a water soluble ginseng polysaccharide) is intended,
or that more than one compound, for example,
panaxytriol and Rgl is intended. As known in the art,
the term "compound" does not mean a single molecule,
but multiples or moles of molecules. As known in the
art, the term "compound" means a specific chemical
entity possessing distinct chemical and physical
properties, whereas "compounds" refer to one ormore
chemical constituents. As used herein, the term
"Panax" comprises the genus Panax and related species,
including, but not limited to, Eleutherococcus
senticosus. Further, as used herein, Panax refers to
the plant or plant material derived from the plant
Araliaceae family, wherein the species includes but is
not limited to, P. ginseng, P. quinquefolius, P
notoginseng, P. pseudoginseng, P. japonicum, P.
vietnamensis, and E. senticosus. The term also
includes 



all clones, cultivars, variants, and sports of Panax
and related species. The term "Panax" may also be used
herein interchangeably with "ginseng" and means these
plants, clones, cultivars, variants, and sports. As
used herein, the term "polysaccharide fraction"
comprises compounds obtained or derived from Panax and
related species. The polysaccharide extract fraction
of the chemical constituents of the Panax species has
been defined in the scientific literature as the
"ethanol insoluble-water soluble extraction fraction"
(26, 31, 63, 72-74). The polysaccharide fraction may
comprise one or more compounds from ginsan and
panaxans A through U, including, but not limited to,
the neutral polysaccharides panaxans A through E and
the acidic polysaccharides panaxan Q through U. The
polysaccharide fraction may further comprise
saccharide polymers and oligomers comprising monomer
units from glucose, arabinose, galactose, rhamnose,
xylose, or uronic acid. As used herein, the term
"rhizome" refers to the constituent part of Panax and
related species comprising a horizontal root stem,
which may be in part or in whole, underground, further
comprising shoots above and roots below, including,
but not limited to, main roots, tail roots, and fiber
roots. Compositions The compositions of the present
invention comprise extract fractions from Panax
comprising high levels of ginsenosides which may
further comprise a polyacetylene, a polysaccharide, or
both. The prior art Panax species extraction products
contain variable native plant materials. For example,
widely fluctuating amounts of only ginsenosides, if
any, are present, hi contrast, the present
compositions comprise defined amounts of isolated and
purified fractions of essential oils, ginsenosides and
polysaccharides from one or more Panax species. These
individual fraction compositions can be combined in
specific ratios (profiles) to provide beneficial
combination compositions and can provide extract
productsthat are not found in currently known extract
products. For example, an essential oil fraction from
one species may be combined with a ginsenosides
fraction from the same or different species, and that
combination composition may or may not be combined
with a polysaccharide fraction from a same or
different species of Panax. Tables 1 through 4 list
the principal beneficial bioactive chemical
constituent fractions found in the four major Panax
species rhizome feedstocks used to produce ginseng
products. Table 1. Chemical Constituent Fractions of
Panax notoginseng Rhizome* *% mass dry weight = (mass
weight of fraction/mass weight of feedstock). **USDA
Agricultural Research Service. ***HerbalScience
Laboratory. Table 2. Chemical Constituent Fractions of
American Ginseng (Panax quinquefolius L. Rhizome)
Table 3. Chemical Constituent Fractions of White
Ginseng (Panax ginseng C. Rhizome)Table 4. Chemical
Constituent Fractions of Red Ginseng (Panax ginseng C.
Rhizome) The compositions of Panax and related species
described herein have ginsenosides 



in amounts greater than that found in the native Panax
and related species plant material or currently
available Panax species extract products. Importantly,
natural Panax and related species have low amounts of
key ingredient ginsenosides (8.6-91% by weight at
most). Commercially available products comprise ~3%
ginsenosides by weight reflecting the difficulty in
isolating Panax ingredients that presently exists.
Embodiments also comprise compositions wherein one or
more of the fractions, including essential oils,
ginsenosides, or polysaccharides, are found in a
concentration that is greater than that found in
native Panax species plant material. Embodiments also
comprise compositions wherein one or more of the
fractions, including essential oils, ginsenosides, or
polysaccharides, are found in a concentration that is
less than that found in native Panax species. Known
amounts of four Panax species are shown here in Tables
1-4. For example, compositions of the present
invention comprise compositions where the
concentration of essential oils is from 0.001 to 200
times the concentration of native Panax species,
and/or compositions where the concentration of
ginsenosides is from 0.001 to 100 times the
concentration of native Panax species, and/or
compositions where the concentration of
polysaccharides is from 0.01 to 6 times the
concentration of native Panax species. Compositions of
the present invention comprise compositions where the
concentration of essential oils is from 0.1 to 50
times the concentration of native Panax species,
and/or compositions where the concentration of
ginsenosides is from 0.1 to 50 times the concentration
of native Panax species, and/or compositions where the
concentration of polysaccharides is from 0.01 to 6
times the concentration of native Panax species. Panax
species compositions for antioxidant activity and
cardiovascular protection may have an increased
ginsenoside fraction composition concentration, a
reduced essential oil fraction composition
concentration, and an increased polysaccharide
fraction composition concentration, by % weight, than
that found in the Panax species native plant material
or conventional known extraction products. A novel
Panax species compositionfor immune enhancement may
have an increased ginsenoside fraction composition and
a polysaccharide fraction composition, and a reduced
essential oil fraction composition concentration, by %
weight, than that found in the native Panax species
plant material or conventional known extraction
products. Another example of a novel Panax speicies
composition, for treatment of Alzheimers disease,
dementia, and enhancement of memory and cognition,
comprises a composition having an increased essential
oil fraction composition concentration and a
ginsenoside fraction composition, and a reduced
polysaccharide fraction composition than that found in
native Panax species plant material or known
conventional extraction products. Additional
embodiments comprise compositions comprising altered
profiles (ratio distribution) of the chemical
constituents of the Panax species in relation to that
found in the native plant material or to currently
available Panax species extract products. For example,
the essential oil fraction may be increased or
decreased in relation to the ginsenoside and/or
polysaccharide concentrations. Similarly, the
ginsenosides or polysaccharides may be increased or
decreased in relation to the other extract constituent
fractions to permit novel constituent chemical profile



compositions for specific biological effects. Methods
of Extractions The starting material for extraction is
plant material from one or more Panax species, though
P. notoginseng, P. ginseng, which may either be in the
form commonly known as "white ginseng" or the form
commonly known as "red ginseng", or P. quinquefolius
are the preferred starting materials. As used herein,
"white ginseng" comprises the material derived from P.
ginseng which has dried in open air or in a dryer
following harvesting such that the color does not
become red to brown in color. As used herein, "red
ginseng" comprises material derived from P. ginseng
which has been heated, typically by steaming, and then
dried in a manner such that the material becomes red
to brown in color. The material may be the aerial
portion of the plant, which includes the leaves,
stems, or other plant parts, though the rhizome is the
preferred starting material. The Panax species plant
material may undergo pre-extraction steps to render
the material into any particular form, and any form
that is useful for extraction is contemplated by the
present invention. Such pre-extraction steps include,
but are not limited to, material which is chopped,
minced, shredded, ground, pulverized, cut, or torn,
and the starting material, prior to pre-extraction
steps, is dried or fresh plant material. A preferred
preextraction step comprises grinding and/or
pulverizing the Panax species rhizome materialinto a
fine powder. The starting material or material after
the pre-extraction steps can be dried or have moisture
added to it. Once the Panax species plant material is
in a form for extraction, methods of extraction are
contemplated by the present invention. Methods of
extraction of the present invention comprise processes
disclosed herein. In general, methods of the present
invention comprise, in part, methods wherein Panax
species plant material is extracted using
supercritical carbon dioxide (SCCO2) that is followed
by one or more solvent extraction steps, such as, but
not limited to, water, hydroalcoholic, and polymer
absorbent extraction processes. Additional methods
contemplated for the present invention comprise
extraction of Panax species plant material using other
organic solvents, refrigerant chemicals, compressible
gases, sonification, pressure liquid extraction, high
speed counter current chromatography, molecular
imprinted polymers, and other known extraction
methods. Such techniques are known to those skilled in
the art. In one aspect, compositions of the present
invention may be prepared by a method comprising the
steps depicted schematically in Figs. 1, 2, 3, and 4.
Supercritical Fluid Extraction of Panax Due to the
hydrophobic nature of the essential oil, non-polar
solvents, including, but not limited to SCCO2, hexane,
petroleum ether, and ethyl acetate may be used for
this extraction process. A generalized description of
the extraction of the essential oil fraction from the
rhizome of the Panax species using SSCO2 is diagrammed
in Figure 1. The feedstock 10 is ground Panax species
rhizome (8 to 20 mesh). The solvent 210 is pure CO2.
The feedstock is loaded into a basket that is placed
inside a supercritical fluid extraction (SFE) vessel
20. After purge and leak testing, the process
comprises liquefied CO2 flowing from a storage 



vessel through a cooler to the CO2 pump. Then the CO2
is compressed to the desired pressure flows through
the feedstock in the extraction vessel where the
pressure and temperature are maintained at the desired
levels. The pressures for extraction range from about
100 to about 800 bar, from about 200 to about 600,
from about 300 to about 400 bar, and the temperatures
range from about 50 C to about 120 C, and from about
60 C to about 100 C, and from about 80 C to about 90
C. The time for extraction range from about 30 minutes
to about 2.5 hours, from about 1 hour to about 2
hours, to about 1.5 hours. The solvent to feed ratio
is typically 17-18 to 1 for each of the SCCO2
extractions. The extracted and purified essential oil
fraction is then collected in a collector vessel 30,
savedand stored in a dark refrigerator to 5 C. The CO
is recycled. The Panax species feedstock residue 40 is
also collected from the extraction vessel, saved and
used for further extractions of the chemical
constituents in the Panax species rhizome. Typically,
the total yield of essential oil fractions from Panax
species varies from 0.2% to 0.0.5% mass dry weight of
the original feedstock having an essential oil
fraction chemical constituent composition of
essentially 100% purity. The purity is measured using
HPLC and GC-MS analysis (see Examples 1-4).
Ginsenoside Extraction Process In one aspect, the
present invention comprises extraction and
concentration of the ginsenosides or triterpene
saponins. A generalized description of this extraction
step is diagrammed in Figure 2. This ginsenoside
extraction process is a 3 stage solvent leaching
process. The feedstock for this ginsenoside process is
the residue 40 or 45 following extraction of the
essential oil fraction. The extraction solvent 220,
230, 240 is typically 63% ethanol in water. In this
method, the Panax species residue and the extraction
solvent are loaded into an extraction vessel heated.
50 It may be heated to less than 100 C, to about 90 C,
80 C5 or to about 50-60 C. The extraction is carried
out for about 1-4 hours, for about 3 hours, for about
2 hours. The resultant fluid extract is filtered 60.
The filtrate is collected as product 310, measured for
volume and solid content dry mass weight after
evaporation of the solvent. The extraction residue 70
material retained by the filter. The extraction may be
repeated as many times as is necessary or desired. It
may be repeated 2 or more times, 3 or more times, four
or more times, etc. For example, Figure 2 shows a
three stage process, where the second stage 80 and the
third stage 110 uses the same methods and conditions.
Examples are seen in Examples 5 through 8 and Tables 5
through Table 8, respectively. Although over 30
individual ginsenoside compounds have been detected
and characterized in the genus Panax, the majority of
these exist in only trace amounts. The seven
ginsenosides (RgI, Re, Rf, RbI, Rc, Rb2, Rd) that
account for greater than 95% of the total ginsenoside
content of the Panax species are measured throughout
the extraction processes using HPLC analysis
permitting computation of the % dry weight of the
individual and total ginsenoside content in the
extract products (Tables 5 to 20). The HPLC analysis
was accomplished using a Shimadzu SE0405003 HPLC with
analytical reference standards obtained from
Chromadex, KIT-00007226-005 (ginsenosides standard
kit) (seeExamples 22-25). 



As shown in Tables 5 through 12, a two stage solvent
leaching process can give a total ginsenoside yield of
at least 96% for each of the four Panax species used
as a feedstocks studied while simultaneously
increasing the purity of the ginsenosides in the
ginsenoside extract fraction at least 4-fold, m the
particular case of P. notogensing, the ginsenoside
concentration of the feedstock was 12.26% mass weight
and the ginsenoside concentration in the ginsenoside
fraction from recombination of the stage I and stage
II extractions was 50.5% by dry weight, thus a 5 fold
increase in the ginsenoside concentration. For P.
quinquefolius, the ginsenoside concentration in the
feedstock was 2.32% mass weight and the concentration
in the two stage leaching ginsenoside extract fraction
was 15.2%, thus a 6 fold increase in ginsenoside
concentration. For White ginseng (P. ginseng), the
ginsenoside concentration in the feedstock was 3.19%
and the concentration in the two stage leaching
ginsenoside extract fraction was 8.9%, thus a 3 fold
increase in ginsenoside concentration. Finally, for
Red ginseng (P. ginseng), the ginsenoside
concentration in the feedstock was 1.84% and the
concentration in the two stage leaching ginsenoside
extract fraction was 4.6%, thus a 2.6 fold increase in
total ginsenoside concentration. Furthermore, the
concentration distribution or profile of the
individual ginsenosides within the extract fraction
obtained from the two stage solvent leaching method is
well preserved relative to the ginsenoside profile
found in each of the original feedstock material. In
conclusion, a two stage solvent leaching process is a
very efficient and cost effective method for the
extraction of the highly purified ginsenoside fraction
from the plant material of the Panax species. Polymer
Adsorbent Purification of Ginsenosides A purified
ginsenoside extract from the Panax species feedstock
may be obtained by contacting an aqueous extract of a
ginseng feedstock is with a solid polymer affinity
adsorbent resin to adsorb the active ginsenosides
contained in the aqueous extract onto the adsorbent
resin. The bound ginsenosides are then eluted by
methods taught herein. Prior to eluting the
ginsenosides, the polymer adsorbent resin with the
ginsenosides adsorbed thereon may be separated from
the remainder of the extract in any convenient manner,
preferably, passing the extract through a column
containing the resin. A variety of polymer adsorbent
resins can be used to purify the ginsenosides,
including , but not limited to, Amberlite XAD-2 (Rohm
and Hass), Duolite S-30 (DiamondAlkai Co.), or ADS-8
(Nankai University, Tianjin, China). ADS-8 has high
affinity for the triterpene saponin ginsenosides. The
ADS-8 resin beads, particle size 0.5-0.6 mm, are a
polystyrene copolymer with an ester group. It is
believed that the polystyrene adsorbs chemical
compounds by hydrophobic interactions between the
highly hydrophobic surface of the polystyrene and the
hydrophobic sites or sorbates. Ester groups are used
for adsorption of chemicals by hydrogen bonding
interactions. These two interactions work together to
achieve a high selectivity for bonding of the
triterpene saponin ginsenosides. Since hydrophobic
interaction is one of the driving forces in this
separation, an aqueous solution free of alcohol is the
solvent used to contain the chemical constituents that
are to be adsorbed. An alcohol is then used as the
de-adsorption agent. 



Although various eluants may be employed to recover
the ginsenosides from the polymer adsorbent resin, in
one aspect of the present invention, the eluant
comprises a low molecular weight alcohol, including,
but not limited to, methanol, ethanol, or propanol. In
a second aspect, the eluant comprises a low molecular
weight alcohol and water. In another aspect, the
eluant comprises a low molecular alcohol in an
admixture with another organic solvent. In a further
aspect, the eluant comprises a low molecular weight
alcohol, a second organic solvent, and water. The
Panax species feedstock may have undergone one or more
preliminary processes including, but not limited to,
the processes for removing essential oils or solvent
leaching steps, shown in Figures 1 and 2, prior to
contacting the aqueous ginsenoside containing extract
with the polymer adsorbent resin. Using polymer
adsorbent resins as taught in the present invention
results in highly purified ginsenoside extracts of the
Panax species that are free of other chemical
constituents which are normally present in natural
plant material or in available commercial extraction
products. For example, the processes taught in the
present invention can result in purified ginsenoside
extracts that contain total ginsenosides in excess of
90% by dry mass weight. Using the methods taught
herein, it is possible to achieve a purified
ginsenoside extract fraction of greater than 95% as
measured by % mass. A generalized description of the
extraction and purification of the ginsenosides from
the rhizome of the Panax species using polymer
affinity adsorbent resin beads is diagrammed in Figure
3. The feedstock for this extraction process may be
the hydroalcoholic solutions containing the
ginsenosides from Figure 2, 310, 320, 330. Thealcohol
is evaporated from this solution 420 and then diluted
with distilled water 260 to the original volume to
keep the triterpene saponin concentration in this
aqueous solution unchanged 420. The appropriate weight
of adsorbsent resin beads (50-75 mg of ginsenosides
per gram of adsorbent resin) is washed with water and
ethanol before and after being loaded into a column.
The ginsenoside containing aqueous solution 430 is
then loaded onto the column 470 at a flow rate of 2 to
4 bed volume/hour. Once the column is fully loaded,
the column is washed with water 280 at a flow rate of
50 ml/hour to remove any impurities from the adsorbed
ginsenosides 480. Elution of the adsorbed ginsenosides
490 is accomplished with ethanol/water (4/1) as an
eluting solution 290 at a flow rate of 50 ml/hour and
the elution curve recorded for the extract. The eluate
500 consisting of the purified ginsenoside fraction
was analyzed using HPLC. Result from individual
experiments can be found in Examples 22 through 25 and
Tables 13 through 20. Polysaccharide Extraction
Process A generalized description of the extraction of
the polysaccharide fraction from the rhizome of the
Panax species using water solvent leaching and ethanol
precipitation processes is diagramed in Figure 4. The
feedstock 70, 100, 130 is the residue from the solvent
leaching extraction of the ginsenoside (Figure 2). The
solvent is distilled water 250, 260, 270. The residue
feedstock may be extracted multiple times in hot
aqueous solutions, for example, water, at
approximately 100 C, for at least one hour, for at
least two hours, 



for at least three hours, in an extraction vessel.
Figure 4 shows 3 extractions three times with water at
approximately 100 C. The amount of water is generally
the same for the first extractions and less for the
last extractions. For example, the volume of water for
the first extraction 610 and second extraction 640 was
15 ml/gm of feedstock residue and for the third
extraction 670 was 10 ml/gm of feedstock residue.
After each stage of boiling water leaching the
resulting fluid extract is filtered 620,650, 680. The
filtrate is collected as product 710, 720, 730 and
measured for volume and solid content (dry mass
weight). The extraction residue material retained by
the filter in the first stage 260 and then may be used
as a feedstock for the second stage of extraction
using the same methods, and the process may be
repeated in a third stage 670. The residue 690 after
the third stage is discarded. Interestingly, the
extraction products 710, 720, 730 can be shown to be
highly purified polysaccharides (about 99% pure Panax
species water soluble, ethanol insoluble
polysaccharides) based on a variety of tests which are
discussed in Example 30.The various extract fractions
are dried and stored separately for later
recombination into a wide variety of mitraceutical and
pharmaceutical formulations derived from Panax species
extraction products. Many methods are known in the art
for removal of alcohol from solution. If it is desired
to keep the alcohol for recycling, the alcohol can be
removed from the solutions, after extraction, by
distillation under normal or reduced atmospheric
pressures. The alcohol can be reused. Furthermore,
there are also many methods known in the art for
removal of water from solutions, either aqueous
solutions or solutions from which alcohol was removed.
Such methods include, but not limited to, spray drying
the aqueous solutions onto a suitable carrier such as,
but not limited to, magnesium carbonate or
maltodextrin, or alternatively, the liquid can be
taken to dryness by freeze drying or refractive window
drying. In performing the previously described
extraction methods, it was found that greater than 80%
yield by mass weight of the essential oil in the
original dried rhizome feedstock of the Panax species
can be extracted in the essential oil extract fraction
(Step 1). Using the methods of shown in Figure 2
greater than 98% yield by mass weight of the
ginsenoside chemical constituents of the original
dried rhizome feedstock of the Panax species can be
extracted in the ginsenoside extract fraction.
Furthermore, it appears that greater than 99% by
weight of the polysaccharide constituents of the
original dried rhizome feedstock of the Panax species
can be extracted in the polysaccharide fraction.
Finally, the methods as taught in the present
invention permit the purification (concentration) of
the essential oil fraction, ginsenoside fraction, and
the polysaccharide fraction to be as high as 99% of
the desired chemical constituents (essentially all of
the essential oil, triterpene saponin, and
polysaccharide chemical constituents present in the
original Panax species plant material). The specific
extraction environments, rates of extraction,
solvents, and extraction technology used often are
adjusted depending on the starting chemical
constituent profile of the source material and the
level of purification desired in the final extraction
products. Specific methods as taught in the present
invention can be readily adjusted by those skilled 



in the art using no more than routine experimentation
typical for adjusting a process to account for sample
variations in starting materials. For example, in a
particular lot of P. ginseng (White Ginseng), the
initial concentrations of the essential oil, the
ginsenosides, and the polysaccharides are determined
using methods known to those skilled in the art. One
skilled in the art can determine the amount of change
from the initial concentration ofthe ginsenosides, for
instance, to the predetermined amounts of ginsenosides
for the final extraction product using the extraction
methods, as disclosed herein, to reach the desired
concentration in the final P. ginseng composition
product. Pharmaceutical Compositions According to a
further aspect of the invention, the novel extracted
Panax species plant material or a novel Panax species
extract composition can be further processed to dry,
flowable powder. The powder can be used as a dietary
supplement that can be added to various edible
products. The powder or the final predetermined unique
extract compositions of the Panax species are also
suitable for use in a rapid dissolve tablet. According
to a particular aspect of the present invention, the
extracted Panax species compositions are produced to
have a predetermined essential oil, ginsenoside, and
polysaccharide concentrations that are greater than
that found in the natural plant material or
conventional Panax species extract products and/or
predetermined novel profiles of the three major
bioactive chemical constituents of the Panax species,
wherein the ratios (profiles) of the amounts (% dry
weight) of essential oil/ginsenoside and/or essential
oil/polysaccharide and/or ginsenoside/polysaccharide
are greater or less than the chemical constituent
profiles found in the natural Panax species plant
material or known Panax species extraction products.
Such compositions are particularly well suited for
delivery in the oral cavity of human subjects, e.g.,
via a rapid dissolve tablet. In one embodiment of a
method for producing a Panax species extraction
powder, a dry extracted Panax species composition is
mixed with a suitable solvent, such as but not limited
to water or ethyl alcohol, along with a suitable
food-grade material using a high shear mixer and then
spray air-dried using conventional techniques to
produce a powder having grains of very small Panax
species extract particles combined with a food-grade
carrier. In a particular example, an extracted Panax
species composition is mixed with about twice its
weight of a food-grade carrier such as maltodextrin
having a particle size of between 100 to about 150
micrometers and an ethyl alcohol solvent using a high
shear mixer. Inert carriers, such as silica,
preferably having an average particle size on the
order of about 1 to about 50 micrometers, can be added
to improve the flow of the final powder that is
formed. Preferably, such additions are up to 2 % by
weight of the mixture. The amount of ethyl alcohol
used is preferably the minimum needed to form a
solution with aviscosity appropriate for spay
air-drying. Typical amounts are in the range of
between about 5 to about 10 liters per kilogram of
extracted Panax species material. The solution of
extracted Panax species composition, maltodextrin and
ethyl alcohol is spray air-dried to generate a powder
with an average particle size comparable to that of
the starting carrier material. 



In a second embodiment, an extracted Panax species
composition and food-grade carrier, such as magnesium
carbonate, a whey protein, or maltodextrin are dry
mixed, followed by mixing in a high shear mixer
containing a suitable solvent, such as water or ethyl
alcohol. The mixture is then dried via freeze drying
or refractive window drying. In a particular example,
extracted Panax species composition material is
combined with food grade material about one and
one-half times by weight of the extracted Panax
species composition, such as magnesium carbonate
having an average particle size of about 20 to 200
micrometers. Inert carriers such as silica having an
particle size of about 1 to about 50 micrometers can
be added, preferably in an amount up to 2% by weight
of the mixture, to improve the flow of the mixture.
The magnesium carbonate and silica are then dry mixed
in a high speed mixer, similar to a food
processor-type of mixer, operating at 100's of rpm.
The extracted Panax species composition material is
then heated until it flows like a heavy oil.
Preferably, it is heated to about 50 C. The heated
extracted Panax species composition is then added to
the magnesium carbonate and silica powder mixture that
is being mixed in the high shear mixer. The mixing is
continued preferably until the particle sizes are in
the range of between about 250 micrometers to about 1
millimeter. Between about 2 to about 10 liters of cold
water (preferably at about 4 C) per kilogram of
extracted Panax species composition material is
introduced into a high shear mixer. The mixture of
extracted Panax species composition, magnesium
carbonate, and silica is introduced slowly or
incrementally into the high shear mixer while mixing.
An emulsifying agent such as carboxymethylcellulose or
lecithin can also be added to the mixture if needed.
Sweetening agents such as Sucralose or Acesulfame K up
to about 5 % by weight can also be added at this stage
if desired, Alternatively, extract of Stevia
rebaudiana, a very sweet-tasting dietary supplement,
can be added instead of or in conjunction with a
specific sweetening agent (for simplicity, Stevia will
be referred to herein as a sweetening agent). After
mixing is completed, the mixture is dried using
freeze-drying or refractive window drying. The
resulting dry flowable powder of extracted Panax
species composition material, magnesium carbonate,
silica and optional emulsifying agent and optional
sweetener has an averageparticle size comparable to
that of the starting carrier and a predetermined
extraction Panax species composition. According to
another embodiment, an extracted Panax species
composition material is combined with approximately an
equal weight of food-grade carrier such as whey
protein, preferably having a particle size of between
about 200 to about 1000 micrometers. Inert carriers
such as silica having a particle size of between about
1 to about 50 micrometers, or carboxymethylcellulose
having a particle size of between about 10 to about
100 micrometers can be added to improve the flow of
the mixture. Preferably, an inert carrier addition is
no more than about 2 % by weight of the mixture. The
whey protein and inert ingredient are then dry mixed
in a food processor-type of mixer that operates over
100 rpm. The Panax species extraction composition
material is heated until it flows like a heavy oil
(preferably heated to 50 C). The heated Panax species
extraction composition is then added incrementally to
the whey protein and inert carrier that is being mixed
in the 



food processor-type mixer. The mixing of the Panax
species extraction composition and the whey protein
and inert carrier is continued until the particle
sizes are in the range of about 250 micrometers to
about 1 millimeter. Next, 2 to 10 liters of cold water
(preferably at about 4 C) per kilogram of the paste
mixture is introduced in a high shear mixer. The
mixture of Panax species extraction composition, whey
protein, and inert carrier is introduced incrementally
into the cold water containing high shear mixer while
mixing. Sweetening agents or other taste additives of
up to 5 % by weight can be added at this stage if
desired. After mixing is completed, the mixture is
dried using freeze drying or refractive window drying.
The resulting dry flowable powder of Panax species
extraction composition, whey protein, inert carrier
and optional sweetener has a particle size of about
150 to about 700 micrometers and an unique
predetermined Panax species extraction composition. In
a further embodiment, a predetermined Panax species
extraction composition is dissolved in a SFE CO2 fluid
which is then absorbed onto a suitable food-grade
carrier such as maltodextrin, dextrose, or starch.
Preferably, the SFE CO2 is used as the solvent.
Specific examples include starting with a novel
extracted Panax species composition and adding from
one to one and a half times the extracted Panax
species material by weight of the food-grade carrier
having a particle size of between about 100 to about
150 micrometers. This mixture is placed into a chamber
containing mixing paddles and which can be pressurized
and heated. The chamber is pressurized with CO2 to a
pressure in therange between 1100 psi to about 8000
psi and set at a temperature in the range of between
about 20 C to about 100 C. The exact pressure and
temperature are selected to place the CO2 in a
supercritical fluid state. Once the CO2 in the chamber
is in the supercritical state, the Panax species
extraction composition is dissolved. The mixing
paddles agitate the carrier powder so that it has
intimate contact with the supercritical CO that
contains the dissolved Panax species extract material.
The mixture of supercritical CO , dissolved Panax
species extraction material, and the carrier powder is
then vented through an orifice in the chamber which is
at a pressure and temperature that does not support
the supercritical state for the CO2. The CO2 is thus
dissipated as a gas. The resulting powder in the
collection vessel is the carrier powder impregnated
with the predetermined novel Panax species extraction
composition. The powder has an average particle size
comparable to that of the starting carrier material.
The resulting powder is dry and flowable. If needed,
the flow characteristics can be improved by adding
inert ingredients to the starting carrier powder such
as silica up to about 2 %by weight as previously
discussed. In the embodiments where the extract
composition of the Panax species with a predetermined
composition or profile is to be included into a oral
fast dissolve tablet as described in U.S. Patent
5,298,261, the unique extract can be used "neat", that
is, without any additional components which are added
later in the tablet forming process as described in
the patent cited. This method, then obviates the
necessity to take the unique Panax species extract
composition to a dry flowable powder that is then used
to make the tablet. Once a dry Panax species
extraction composition powder is obtained, such as by
the 



methods discussed herein, it can be distributed for
use, e.g., as a dietary supplement or for other uses.
In a particular embodiment, the novel Panax species
extraction composition powder is mixed with other
ingredients to form a tableting composition of powder
which can be formed into tablets. The tableting powder
is first wet with a solvent comprising alcohol,
alcohol and water, or other suitable solvents in an
amount sufficient to form a thick doughy consistency.
Suitable alcohols include, but not limited to, ethyl
alcohol, isopropyl alcohol, denatured ethyl alcohol
containing isopropyl alcohol, acetone, and denatured
ethyl alcohol containing acetone. The resulting paste
is then pressed into a tablet mold. An automated
tablet molding system, such as described in U.S.
Patent No. 5,407,339, can be used. The tablets can
then be removed from the mold and dried, preferably by
air-drying for at least several hours at a temperature
high enough to drive off the solvent used to wet the
tableting powder mixture, typically between about 70 C
to about 85 C. The driedtablet can then be packaged
for distribution. Methods and compositions of the
present invention comprise compositions comprising
unique Panax specie extract compositions in the form
of a paste, resin, oil, or powder. An aspect of the
present invention comprises compositions of liquid
preparations of unique Panax species extract
compositions. Liquid preparations for oral
administration may take the form of, for example,
solutions, syrups or suspensions, or they may be
presented as a dry product for reconstitution with
water or other suitable vehicle prior to
administration. Such liquid preparations may be
prepared by conventional means with pharmaceutically
acceptable additives such as suspending agents (e.g.,
sorbitol syrup, methyl cellulose, or hydrogenated
edible fats); emulsifying agents (e.g., lecithin or
acacia); non-aqueous vehicles (e.g., almond oil, oily
esters or ethyl alcohol); preservatives (e.g., methyl
or propyl p-hyroxybenzoates or sorbic acid); and
artificial or natural colors and/or sweeteners.
Compositions of the liquid preparations can be
administered to humans or animals in pharmaceutical
carriers known to those skilled in the art. Such
pharmaceutical carriers include, but are not limited
to, capsules, lozenges, syrups, sprays, rinses, and
mouthwash. An aspect of the present invention
comprises compositions of a dry powder Panax species
extraction composition. Such dry powder compositions
may be prepared according to methods disclosed herein
and by other methods known to those skilled in the art
such as, but not limited to, spray air drying, freeze
drying, vacuum drying, and refractive window drying.
The combined dry powder compositions can be
incorporated into a pharmaceutical carrier such, but
not limited to, tablets or capsules, or reconstituted
in a beverage such as a tea. Although the extraction
techniques described herein are discussed in terms of
Panax species, it should be recognized that
compositions of the present invention can also
comprise, in the form of a dry flowable powder or
other forms, extracts from other plants such as, but
not limited to, varieties of turmeric, boswellia,
guarana, cherry, lettuce, Echinacia, piper betel leaf,
Areca catechu, muira puama, ginger, willow, suma,
kava, homy goat weed, ginko bilboa, mate', garlic,
puncture vine, arctic root astragalus, eucommia, 



gastropodia, and uncaria, or pharmaceutical or
nutraceutical agents. The present invention comprises
compositions comprising unique Panax species extract
compositions in tablet formulations and methods for
making such tablets. Atableting powder can be formed
by adding about 1 % to 40 % by weight of the powdered
Panax species extract composition, with between 30 %
to about 80 % by weight of a dry water-dispersible
absorbant such as, but not limited to, lactose. Other
dry additives such as, but not limited to, one or more
sweetener, flavoring and/or coloring agents, a binder
such as acacia or gum arabic, a lubricant, a
disintegrant, and a buffer can also be added to the
tableting powder. The dry ingredients are screened to
a particle size of between about 50 to about 150 mesh.
Preferably, the dry ingredients are screened to a
particle size of between about 80 to 100 mesh. The
present invention comprises compositions comprising
tablet formulations and methods for making such
tablets. Preferably, the tablet has a formulation that
results in a rapid dissolution or disintegration in
the oral cavity. The tablet is preferably a
homogeneous composition that dissolves or
disintegrates rapidly in the oral cavity to release
the extract content over a period of about 2 seconds
or less than 60 seconds or more, preferably about 3 to
about 45 seconds, and most preferably between about 5
to about 15 seconds. Various rapid-dissolve tablet
formulations known in the art can be used.
Representative formulations are disclosed in U.S.
Patent Nos. 5,464,632; 6,106,861; 6,221,392;
5,298,261; 6,221,392; and 6,200,604; the entire
contents of each are expressly incorporated by
reference herein. For example, U.S. Patent No.
5,298,261 teaches a freezedrying process. This process
involves the use of freezing and then drying under a
vacuum to remove water by sublimation. Preferred
ingredients include hydroxyethylcellulose, such as
Natrosol from Hercules Chemical Company, added to
between 0.1 % and 1.5 %. Additional components include
maltodextrin (Maltrin, M-500) at between 1 % and 5 %.
These amounts are solubilized in water and used as a
starting mixture to which is added the Panax species
extraction composition, along with flavors, sweeteners
such as Sucralose or Acesulfame K, and emulsifers such
as BeFlora and BeFloraPlus which are extracts of mung
bean. A particularly preferred tableting composition
or powder contains about 10 % to 60 % by of the Panax
species extract composition powder and about 30 % to
about 60 % of a water-soluble diluent. Suitable
diluents include lactose, dextrose, sucrose, mannitol,
and other similar compositions. Lactose is a preferred
diluent but mannitol adds a pleasant, cooling
sensation and additional sweetness in the mouth. More
than one diluent can be used.A sweetener may also be
included, preferably in an amount between 3 % to about
40 % by weight depending on the desired sweetness.
Preferred sweetening substances include sugar,
saccharin, sodium cyclamate, aspartame, and Stevia
extract used singly or in combination, although other
sweeteners could alternatively be used. Flavoring such
as mint, cinnamon, citrus (e.g., lemon or orange),
mocha, and others can be also included, preferably in
an amount between about 0.001 % to about 1% by weight.



A coloring may also be added, including natural and/or
synthetic colors which are known in the art as safe
and acceptable for use in drug or food products.
Coloring, if added, may be added in an amount of
between about 0.5 % to about 2 % by weight. Typically,
this tableting composition will maintain its form
without the use of a binder. However, if needed,
various binders are suitable and can be added in an
amount of between about 5 % to about 15 % or as
necessary. Preferred binders are acacia or gum arabic.
Alternative binders include sodium alginate, extract
of Irish moss, panwar gum, ghatti gum, mucilage of
isapol husks, carboxymethylcellulose,
hydroxyethylcellulose, niethylcellulose,
polyvinylpyrrolidone, VEEGUM(r) (R. T. Vanderbilt Co.,
hic.,Norwalk, Conn.), larch arabogalactan, gelatin,
Kappa carrageenan, copolymers of maleic anhydride with
ethylene or methyl ether. A tablet according to this
aspect of this invention typically does not require a
lubricant to improve the flow of the powder for tablet
manufacturing. However, if it is so desired, preferred
lubricants include talc, magnesium stearate, calcium
stearate, stearic acid, hydrogenated vegetable oils,
and carbowax in amount of between about 2 % to about
homogeneous, the tablet may alternatively be comprised
of regions of powdered Panax species 10 %by weight.
Similarly, a disintegrant does not appear necessary to
produce rapid dissolve tablets using the present
tablet composition. However, a disintegrant can be
included to increase the speed with which a resulting
tablet dissolves in the mouth. If desired, between
about 0.5 % to about 1 % by weight of a disintegrant
can be added. Preferred disintegrants include
starches, clays, cellulose, algins, gums, crosslinked
polymers (including croscarmelose, crospovidone, and
sodium starch glycolate), VEEGIJM(r)HV, agar,
bentonite, natural sponge, cation exchange resins,
aliginic acid, guar gum, citrus pulp, sodium lauryl
sulphate in an amount of about 0.5 % to about 1 % of
the total mass of the tablet.It is also generally
unnecessary to buffer the tablet composition. However,
a buffer may be beneficial in specific formulations.
Preferred buffering agents include mono- and di-sodium
phosphates and borates, basic magnesium carbonate and
combinations of magnesium and aluminum hydroxide. In a
preferred implementation, the tableting powder is made
by mixing in a dry powdered form the various
components as described above, e.g., active ingredient
(Panax species extract composition), diluent,
sweetening additive, and flavoring, etc. An overage in
the range of about 10 % to about 15 % of the active
extract of the active ingredient can be added to
compensate for losses during subsequent tablet
processing. The mixture is then sifted through a sieve
with a mesh size preferably in the range of about 80
mesh to about 100 mesh to ensure a generally uniform
composition of particles. The tablet can be of any
desired size, shape, weight, or consistency. The total
weight of the Panax species extract composition in the
form of a dry flowable powder in a single oral dosage
is typically in the range of about 40 mg to about 600
mg. An important consideration is that the tablet is
intended to dissolve in the mouth and should therefore
not 



be of a shape that encourages the tablet to be
swallowed. The larger the tablet, the less it is
likely to be accidentally swallowed, but the longer it
will take to dissolve or disintegrate. In a preferred
form, the tablet is a disk or wafer of about 0,15 inch
to about 0.5 inch in diameter and about 0.08 inch to
about 0.2 inch in thickness, and has a weight of
between about 160 mg to about 1,200 mg. In addition to
disk, wafer or coin shapes, the tablet can be in the
form of a cylinder, sphere, cube, or other shapes.
Although the tablet is preferably extract composition
separated by non-Panax species extract regions in
periodic or nonperiodic sequences, which can give the
tablet a speckled appearance with different colors or
shades of colors associated with the Panax species
extract regions and the non-Panax species extract
region. Compositions of unique Panax species extract
compositions may also comprise Panax species
compositions in an amount between about 10 mg and
about 750 mg per dose. The essential composition of
the novel Panax species extract composition can vary
wherein essential oil is in an amount between about
0.1 mg and about 10.0 mg. The total ginsenoside
composition of the novel Panax species extract
compositions can vary between about 1.0 mg and about
150 mg per dose wherein the % mass weight of the
ginsenoside constituents in the unique Panax species
extraction composition are greater in relation to the
% mass weight of ginsenoside than that found in the
natural Panax species plant material orconventional
Panax species extracts and beverages. The Panax
species polysaccharide composition of the novel Panax
species extract composition can vary between about 1.0
mg and about 400 mg wherein the % mass weight of the
polysaccharide constituents are substantially
increased in relation to the % mass weight of
polysaccharides found in the natural Panax species
plant material or conventional Panax species extracts
or beverages. Finally, the % mass weight ratios of the
three principal beneficial bioactive chemical
constituents (essential oil, ginsenosides, and
polysaccharides) derived from the Panax species may be
altered to yield additional novel Panax species
extract composition profiles for human oral delivery
using the doses ranges mentioned previously. An
exemplary 275 mg tablet contains about 150.0 mg
powdered predetermine unique Panax species extract
composition, about 12.5 mg extract of Stevia, about
35.5 mg carboxymethylcellulose, and about 77.0 mg of
lactose (see Example 1). Additional exemplary
formations for 300 mg and 350 mg Panax species
extraction composition tablets can be found in
Examples 2 and 3. The present invention comprises
methods of using compositions comprising unique Panax
species extraction compositions disclosed herein.
Methods of providing dietary supplementation are
contemplated. Such compositions may further comprise
vitamins, minerals and antioxidants. Compositions
taught herein can also be used in the methods of
treatment of various physiological, psychological, and
medical conditions. The standardized, reliable and
novel Panax species extraction compositions of the
present invention are used to prevent and treat
cardiovascular and cerebrovascular disease and
hypercholesterolemia. The compositions of the present
invention can be used to provide cytoprotection and
neural protection which are important to prevention of
heart attacks and 



stroke. The novel Panax species extraction
compositions are used to provide powerful antioxidant
activity to human and animal cells and cell membranes
and protect low density lipoprotein from oxidative
damage. Pathologies that are related to oxygen radical
damage include, but not limited to, cardiovascular
disease, cerebrovascular disease (stroke), arthritis,
inflammation, hepatic disorders, HIV, and cancer. The
novel Panax species extraction compositions provide
inhibition of platelet aggregation which is important
to the prevention of heart attacks and stroke.
Moreover, the Panax species extraction compositions of
the present invention are used to provide immune
enhancement which is important protection from
infectious diseases, cancer and various pulmonary and
hepatic diseases. Panax species extract compositions
of the present invention have antiinflammatory
activity and anti-diabetic activity. The novel Panax
species extraction compositions are also used to
prevent or treat neurodegenerative disease such as
Alzheimer's and Parkinson's disease. Furthermore, the
novel Panax species extraction compostions are used to
enhance memory and cognition, reliever chronic fatigue
syndromes, and enhance male erectile function. These
and other related pathologies are prevented or treated
by administering an effective amount of the novel
Panax species extraction compositions of the present
invention. The novel Panax species extraction
compositions may be administered daily, for one or
more times, for the effective treatment of acute or
chronic conditions. One method of the present
invention comprises administering at least one time a
day a composition comprising Panax species constituent
compounds. Methods also comprise administering such
compositions more than one time per day, more than two
times per day, more than three times per day and in a
range from 1 to 15 times per day. Such administration
may be continuously, as in every day for a period of
days, weeks, months, or years, or may occur at
specific times to treat or prevent specific
conditions. For example, a person may be administered
Panax species extract compositions at least once a day
for years to enhance mental focus, cognition, and
relieve chronic fatigue, or to prevent cardiovascular
disease or stroke. All patents, patent applications
and references included herein are specifically
incorporated by reference in their entireties. It
should be understood, of course, that the foregoing
relates only to exemplary embodiments of the present
invention and that numerous modifications or
alterations may be made therein without departing from
the spirit and the scope of the invention as set forth
in this disclosure. Although the exemplary embodiments
of the present invention describe in detail methods
and compositions for Panax extracts, there are
numerous modifications or alterations that may suggest
themselves to those skilled in the art for use of the
methods and compositions herein for Panax extracts.
The present invention is further illustrated by way of
the examples contained herein, which are provided for
clarity of understanding. The exemplary embodiments
should not to be construed in any way as imposing
limitations upon the scope thereof. On the contrary,
it 



is to be clearly understood that resort may be had to
various other embodiments,modifications, and
equivalents thereof which, after reading the
description herein, may suggest themselves to those
skilled in the art without departing from the spirit
of the present invention and/or the scope of the
appended claims. EXEMPLIFICATION EXAMPLE 1.
Preparation of Essential Oil Fraction from P.
notoginseng 30 gm of P. notoginseng rhizome feedstock
was ground, passed through either a #8 or #20 mesh
sieve, and then the resultant rhizome powders were
collected. The ground feedstock was loaded into a 250
ml supercritical fluid extraction (SFE) vessel
connected to an Applied Separations Supercritical
Fluid Extraction Unit model Spe-ed SFE-2 (Allentown,
Pa.). The non-adsorb cotton ball was packed at the top
and bottom of the extraction vessel to avoid raw
botanical flow together with the CO2 stream. The oven
was preheated to the desired temperature of 89 0C
before the packed vessel was loaded. After the vessel
was connected to the oven, the extraction system was
tested for leakage by pressurizing the system with CO2
(~ 60 bar), and purged. The system was closed and
pressurized to the desired pressure of 400 bar using
an air-driven liquid CO2 pump. The system was then
left for equilibrium for about 3 minutes. A sampling
vial (40 ml) was weighed and connected to the sampling
port at room temperature. The extraction was stared by
flowing CO@ at a rate of 5.5-6.0 gm/min, which was
controlled by a needle valve heated at 90 0C to avoid
valve clogging by dry ice during depressurization. The
solvent to feedstock ratio utilized was about 17-18/1
and the extraction time was 90 minutes. The total
yield of the essential oil fraction from P.
notogensing was about 0.3% weight percent versus the
weight of the initial feedstock, and the percent
weight of the essential oil in this essential oil
extract fraction was 100%. The feedstock residue was
saved and used in additional extraction steps for
extracting the ginsenoside and polysaccharide
fractions (see Example 9). The results of this
extraction process are shown in Example 18. EXAMPLE 2.
Preparation of Essential Oil Fraction from P.
quinquefolius 30 gm of P. quinquefoliius rhizome
feedstock was ground, passed through either a #8 or
#20 mesh sieve, and then the resultant rhizome powders
were collected. The ground feedstock was loaded into a
250 ml supercritical fluid extraction (SFE) vessel
connected to an Applied Separations Supercritical
Fluid Extraction Unit model Spe-ed SFE-2 (Allentown,
Pa.). The non-adsorb cotton ball was packed at the top
and bottom of the extraction vessel to avoid raw
botanical flow together with the CO stream. The oven
waspreheated to the desired temperature of 89 C before
the packed vessel was loaded. After the vessel was
connected to the oven, the extraction system was
tested for leakage by pressurizing the system with CO2
(~ 60 bar), and purged. The system was closed and
pressurized to the desired pressure of 400 bar using
an air-driven liquid CO2 pump. The system was then
left for equilibrium for about 3 minutes. A sampling
vial (40 ml) was weighed and connected to the sampling
port at room temperature. The extraction was stared by
flowing CO2 at a rate of 5.5-6.0 gm/min, which was
controlled by a needle valve heated at 90 C to avoid
valve clogging by dry ice during depressurization. The
solvent to feedstock ratio utilized was about 17-18/1
and the extraction time was 90 minutes. The 



total yield of the essential oil fraction from P.
quinquefolius was about 0.2% weight percent versus the
weight of the initial feedstock, and the percent
weight of the essential oil in this essential oil
extract fraction was 100%. The feedstock residue was
saved and used in additional extraction steps for
extracting the ginsenoside and polysaccharide
fractions (see Figure 2 and Example 6). The results of
this extraction process are shown in Example 19.
EXAMPLE 3. Preparation of Essential Oil Fraction from
White Ginseng (P. ginseng) 30 gm of white ginseng (P.
ginseng) rhizome feedstock was ground, passed through
either a #8 or #20 mesh sieve, and then the resultant
rhizome powders were collected. The ground feedstock
was loaded into a 250 ml supercritical fluid
extraction (SFE) vessel connected to an Applied
Separations Supercritical Fluid Extraction Unit model
Spe-ed SFE-2 (Allentown, Pa.). The non-adsorb cotton
ball was packed at the top and bottom of the
extraction vessel to avoid raw botanical flow together
with the CO2 stream. The oven was preheated to the
desired temperature of 89 C before the packed vessel
was loaded. After the vessel was connected to the
oven, the extraction system was tested for leakage by
pressurizing the system with CO2 ( 60 bar), and
purged. The system was closed and pressurized to the
desired pressure of 400 bar using an air-driven liquid
CO2 pump. The system was then left for equilibrium for
about 3 minutes. A sampling vial (40 ml) was weighed
and connected to the sampling port at room
temperature. The extraction was stared by flowing CO
at a rate of 5.5-6.0 gm/min, which was controlled by a
needle valve heated at 90 C to avoid valve clogging by
dry ice during depressurization. The solvent to
feedstock ratio utilized was about 17-18/1 and the
extraction time was 90 minutes. The total yield of the
essential oil fraction from P. quinquefolius was about
0.5% weight percent versus the weight of the initial
feedstock, and the percent weight of the essential oil
in this essential oil extract fraction was 100%. The
feedstock residue was saved and used inadditional
extraction steps for extracting the ginsenoside and
polysaccharide fractions (see Figure 2 and Example 7).
The results of this extraction process are shown in
Example 20. EXAMPLE 4. Preparation of Essential Oil
Fraction from Red Ginseng (P. ginseng) 30 gm of red
ginseng (P. ginseng) rhizome feedstock was ground,
passed through either a #8 or #20 mesh sieve, and then
the resultant rhizome powders were collected. The
ground feedstock was loaded into a 250 ml
supercritical fluid extraction (SFE) vessel connected
to an Applied Separations Supercritical Fluid
Extraction Unit model Spe-ed SFE-2 (Allentown, Pa.).
The non-adsorb cotton ball was packed at the top and
bottom of the extraction vessel to avoid raw botanical
flow together with the CO2 stream. The oven was
preheated to the desired temperature of 89 C before
the packed vessel was loaded. After the vessel was
connected to the oven, the extraction system was
tested for leakage by pressurizing the system with CO2
(~ 60 bar), and purged. The system was closed and
pressurized to the desired pressure of 400 bar using
an air-driven liquid CO2 pump. The system was then
left for equilibrium for about 3 minutes. A sampling
vial (40 ml) was weighed and connected to the sampling
port at room temperature. The extraction was stared by
flowing CO2 at a rate of 5.5-6.0 gm/min, which was
controlled by a needle valve heated at 90 C to avoid
valve clogging by dry ice during depressurization. The
solvent to 



feedstock ratio utilized was about 17-18/1 and the
extraction time was 90 minutes. The total yield of the
essential oil fraction from red ginseng was about 0.4%
weight percent versus the weight of the initial
feedstock, and the percent weight of the essential oil
in this essential oil extract fraction was 100%. The
feedstock residue was saved and used in additional
extraction steps for extracting the ginsenoside and
polysaccharide fractions (see Figure 2 and Example 8).
The results of this extraction process are shown in
Example 21. EXAMPLE 5. Preparation of Ginsenoside
Fraction from P. notoginseng The residue of the 30 gm
of ground rhizome (mesh # 20) after the essential oil
was extracted (see Example 1, Step 1) from P.
notoginseng, was extracted using a three stage solvent
"leaching" process. In this method, the residue of the
essential oil extraction (Step 1, Example 1, Figure 1)
and 200 ml of extraction solvent (63% ethanol in
water) was loaded into four flasks heated in a water
bath (50-60 C) with stirring. The extraction was
carried out for two hours. The resultant fluid extract
was filtered using a Fisher P8 20 mm filter. The
filtrate was collected as product and was measured for
volume and solid content (dry mass as measured in
grams). The extraction residue, material retained on
the 20 micronfilter, was then used as a feedstock for
the second stage of extraction using the same methods,
and the process was repeated in the third stage. The
residue was saved and used for the Step 4 extraction
of the P. notoginseng polysaccharide fraction (Example
13, Figure 4). The results are tabulated in Tables 5
and 6, Table 5. Three Stage Solvent Leaching Method
for P. notoginseng Table 6. Distribution of Seven
Major Ginsenosides in extracts of from P. notoginseng
*The total ginsenosides was calculated based on the
seven ginsenoside calibrated. There are some other
ginsenoside detected (< 5%) but not calibrated due to
lack of reference standard. Thus, the total
ginsenoside content is somewhat higher than the number
cited in the table. **The total ginsenoside yield in
the extracts that were accumulated by adding each
extraction stage. EXAMPLE 6. Preparation of
Ginsenoside Fraction from P. quinquefolius A typical
experimental example of Step 2 solvent extraction of
the ginsenoside fraction is as follows: the residue of
the 30 gm of ground rhizome (mesh # 20) after the
essential oil was extracted (see Example 1, Step 1)
from P. quinquefolius, was extracted using a three
stage solvent "leaching" process. In this method, the
residue of the essential oil extraction (Step 1,
Example 2, Figure 1) and 200 ml of extraction solvent
(63% ethanol in water) was loaded into four flasks
heated in a water bath (50-60 C) with stirring. The
extraction was carried out for two hours. The
resultant fluid extract was filtered using aFisher P8
20 mm filter. The filtrate was collected as product
and was measured for volume and solid content (dry
mass as measured in grams). The extraction residue,
material retained on the 20 micron filter, was then
used as a feedstock for the second stage of extraction
using the same methods, and the process was repeated
in the third stage. The residue was saved and used for
the Step 4 extraction of the P. quinquefolius
polysaccharide fraction (Example 14, Figure 4). The
results are tabulated in Tables 7 and 8, Table 7.
Three Stage Solvent Leaching Method for P.
quinquefolius 



Table 8. Distribution of Seven Major Ginsenoside in
extracts from P. quinquefolius *,**see Table 5.
EXAMPLE 7. Preparation of Ginsenoside Fraction from
White Ginseng (P. Ginseng) A typical experimental
example of Step 2 solvent extraction of the
ginsenoside fraction is as follows: the residue of the
30 gm of ground rhizome (mesh # 20) after the
essential oil was extracted (see Example 1, Step 1)
from white ginseng (P. ginseng), was extracted using a
three stage solvent "leaching" process. In this
method, the residue of the essential oil extraction
(Step 1, Example 3, Figure 1) and 200 ml of extraction
solvent (63% ethanol in water) was loaded into four
flasks heated in a water bath (50-60 C) with stirring.
The extraction was carried out for two hours. The
resultant fluid extract was filtered using a Fisher P8
20 mm filter. The filtrate was collected as product
and was measured for volume and solid content (dry
mass as measured in grams). The extraction residue,
material retained on the 20 micron filter, was then
used as a feedstock for the second stage of extraction
using the same methods, and the process was repeated
in the third stage. Theresidue was saved and used for
the Step 4 extraction of the white ginseng
polysaccharide fraction (Example 15, Figure 4). The
results are tabulated in Tables 9 and 10. Table 9.
Three Stage Solvent Leaching Method for White Ginseng
(P. ginseng) Table 10. Distribution of Seven Major
Ginsenoside in extracts from White Ginseng (P.
ginseng) *,**see Table 5. EXAMPLE 8. Preparation of
Ginsenoside Fraction from Red Ginseng (P. Ginseng) A
typical experimental example of Step 2 solvent
extraction of the ginsenoside fraction is as follows:
the residue of the 30 gm of ground rhizome (mesh # 20)
after the essential oil was extracted (see Example 1,
Step 1) from red ginseng (P. ginseng), was extracted
using a three stage solvent "leaching" process. In
this method, the residue of the essential oil
extraction (Step 1, Example 4, Figure 1) and 200 ml of
extraction solvent (63% ethanol in water) was loaded
into four flasks heated in a water bath (50-60 C) with
stirring. The extraction was carried out for two
hours. The resultant fluid extract was filtered using
a Fisher P8 20 mm filter. The filtrate was collected
as product and was measured for volume and solid
content (dry mass as measured in grams). The
extraction residue, material retained on the 20 micron
filter, was then used as a feedstock for the second
stage of extraction using the same methods, and the
process was repeated in the third stage. The residue
was saved and used for the Step 4 extraction of the
red ginseng polysaccharide fraction (Example 16,
Figure 4). The results are tabulated in Tables 11 and
12.Table 11. Three Stage Solvent Leaching Method for
Red Ginseng (P. ginseng) Table 12. Distribution of
Seven Major Ginsenoside in extracts from Red Ginseng
*,**see Table 5 EXAMPLE 9. Polymer Adsorbent
Purification of Ginsenoside Fraction from P.
notoginseng In a typical experiment (Step 3, Figure
3), the two stage solvent leaching ginsenoside extract
fraction obtained from the P. notoginseng original 30
gm feedstock was first evaporated under reduced
atmospheric pressure to remove the ethanol and then
diluted 



with water to the original volume to keep the
triterpene saponin concentration unchanged. 40 gm of
the polymer adsorbent resin ADS-8 (Nankai University,
Tianjin, China) was washed with water and ethanol
before and after being loaded into a column (50 cm L x
1 cm ID, ~40 cm3). The ginsenoside aqueous extract
fraction was loaded onto the column at a flow rate of
80 to 100 ml/hr. The optimal flow rate through the
resin bed was in the range of 2 to 4 bed volume/hr.
The volume and concentration of the solution that
passed through the polymer adsorbent resin bed was
measured and recorded so as to determine the break
through curve. Once the column was fully loaded, the
column was washed with 400 ml of water at a flow rate
of 50 ml/hour to remove the impurities from the
adsorbed ginsenosides. Elution of the ginsenosides was
then accomplished with 150 ml of ethanol/water (4/1)
as an eluting solvent at a flow rate of 50 ml/hr and
the elution curve was recorded. For the extract, the
loading capacity of the adsorbent resin ADS-8 was
about 50 to 75 mgginsenoside per gram of adsorbent
resin. Results from this experiments are tabulated in
Tables 13 and 14. Table 13. Ginsenoside Yield
following column chromatography using ADS-8 resin.
Table 14. Comparison of Ginsenoside Distribution in
the Elution at Peak with the Ginseng Root Feedstock
and the Solvent Leaching Extract (% dry weight)
EXAMPLE 10. Polymer Adsorbent Purification of
Ginsenoside Fraction from P. quinquefolius In a
typical experiment (Step 3, Figure3), the two stage
solvent leaching ginsenoside extract fraction obtained
from the P. quinquefolius original 30 gm feedstock was
first evaporated under reduced atmospheric pressure to
remove the ethanol and then diluted with water to the
original volume to keep the triterpene saponin
concentration unchanged. 40 gm of the polymer
adsorbent resin ADS-8 (Nankai University, Tianjin,
China) was washed with water and ethanol before and
after being loaded into a column (50 cm L x 1 cm ID,
~40 cm3). The ginsenoside aqueous extract fraction was
loaded onto the column at a flow rate of 80 to 100
ml/hr. The optimal flow rate through the resin bed was
in the range of 2 to 4 bed volume/hr. The volume and
concentration of the solution that passed through the
polymer adsorbent resin bed was measured and recorded
so as to determine the break through curve. Once the
column was fully loaded, the column was washed with
400 ml of water at a flow rate of 50 ml/hour to remove
the impurities from the adsorbed ginsenosides. Elution
of the ginsenosides was then accomplished with 150 ml
of ethanol/water (4/1) as an eluting solvent at a flow
rate of 50 ml/hr and the elution curve was recorded.
For the extract, the loading capacity of the adsorbent
resin ADS-8 was about 50 to 75 mg ginsenoside per gram
of adsorbent resin. Results from this experiments are
tabulated inTables 15 and 16. Table 15. Ginsenoside
Yield following column chromatography using ADS-8
resin. Table 16. Comparison of Ginsenoside
Distribution in the Elution at Peak with the Ginseng
Root Feedstock and the Solvent Leaching Extract (% dry
weight). EXAMPLE 11. Polymer Adsorbent Purification of
Ginsenoside Fraction from White Ginseng (P. ginseng)
In a typical experiment (Step 3, Figure 3), the two
stage solvent leaching 



ginsenoside extract fraction obtained from the white
ginseng (P. ginseng) original 22 gm feedstock was
first evaporated under reduced atmospheric pressure to
remove the ethanol and then diluted with water to the
original volume to keep the triterpene saponin
concentration unchanged. 40 gm of the polymer
adsorbent resin ADS-8 (Nankai University, Tianjin,
China) was washed with water and ethanol before and
after being loaded into a column (50 cm L x 1 cm ID,
-40 cm3). The ginsenoside aqueous extract fraction was
loaded onto the column at a flow rate of 80 to 100
ml/hr. The optimal flow rate through the resin bed was
in the range of 2 to 4 bed volume/hr. The volume and
concentration of the solution that passed through the
polymer adsorbent resin bed was measured and recorded
so as to determine the break-through curve. Once the
column was fully loaded, the column was washed with
400 ml of water at a flow rate of 50 ml/hour to remove
the impurities from the adsorbed ginsenosides. Elution
of the ginsenosides was then accomplished with 150 ml
of ethanol/water (4/1) as an eluting solvent at a flow
rate of 50 ml/hr and the elution curve was recorded.
For the extract, the loading capacity of the adsorbent
resin ADS-8 was about 50 to 75 mg ginsenoside per gram
of adsorbent resin. Results from this experiments are
tabulated in Tables 17 and 18.Table 17. Ginsenoside
Yield following column chromatography using ADS-8
resin. Table 18. Comparison of Ginsenoside
Distribution in the Elution at Peak with the Ginseng
Root Feedstock and the Solvent Leaching Extract (% dry
weight) EXAMPLE 12. Polymer Adsorbent Purification of
Ginsenoside Fraction from Red Ginseng (P. Ginseng) In
a typical experiment (Step 3, Figure 3), the two stage
solvent leaching ginsenoside extract fraction obtained
from the red ginseng (P. ginseng) original 22 gm
feedstock was first evaporated under reduced
atmospheric pressure to remove the ethanol and then
diluted with water to the original volume to keep the
triterpene saponin concentration unchanged. 40 gm of
the polymer adsorbent resin ADS-8 (Nankai University,
Tianjin, China) was washed with water and ethanol
before and after being loaded into a column (50 cm L x
1 cm ID, ~40 cm3). The ginsenoside aqueous extract
fraction was loaded onto the column at a flow rate of
80 to 100 ml/hr. The optimal flow rate through the
resin bed was in the range of 2 to 4 bed volume/hr.
The volume and concentration of the solution that
passed through the polymer adsorbent resin bed was
measured and recorded so as to determine the
break-through curve. Once the column was fully loaded,
the column was washed with 400 ml of water at a flow
rate of 50 ml/hour to remove the impurities from the
adsorbed ginsenosides. Elution of the ginsenosides was
then accomplished with 150 ml of ethanol/water (4/1)
as an eluting solvent at a flow rate of 50 ml/hr and
the elution curve was recorded. For the extract, the
loading capacity of the adsorbent resin ADS-8 was
about 50 to 75 mg ginsenoside per gram of adsorbent
resin. Results from this experiments are tabulated in
Tables 19 and 20.Table 19. Ginsenoside Yield following
column chromatography using ADS-8 resin. Table 20.
Comparison of Ginsenoside Distribution in the Elution
at Peak with the Ginseng Root Feedstock and the
Solvent Leaching Extract (% dry weight). EXAMPLE 13.
Preparation of Polysaccharide Fraction from P.
notoginseng 



In a typical experimental protocol, the residue from
defatted (essential oil fraction removed, Step 1,
Figure 1, Example 1), de-sapponinized (ginsenoside
fraction removed, Step 2, Figure 2, Example 5) 30 gm
ginseng root feedstock powder derived from P.
notoginseng was loaded into a 500 ml flask. This
residue was extracted three times with boiling water
for two hours. The volume of water used in each
instance was 500 ml, 500 ml, and then 300 ml. The
solutions were freeze dried to determine the solid
concentration (Table 21). The extraction yield was
47.22% indicating that almost 100% of the
polysaccharides were extracted from the P. notoginseng
feedstock. Moreover, the polysaccharide extract
fractions were highly purified, probably greater 99%
mixtures of polysaccharides of various molecular
weights (see Example 30 for analysis). Table 21.
Polysaccharide yield from P. notoginseng EXAMPLE 14.
Preparation of Polysaccharide Fraction from P.
quinquefolius In a typical experimental protocol, the
residue from defatted (essential oil fractionremoved,
Step 1, Figure 1, Example 2), de-sapponinized
(ginsenoside fraction removed, Step 2, Figure 2,
Example 6) 30 gm ginseng root feedstock powder derived
from P. qumquefolius was loaded into a 500 ml flask.
This residue was extracted three times with boiling
water for two hours. The volume of water used in each
instance was 500 ml, 500 ml, and then 300 ml. The
solutions were freeze dried to determine the solid
concentration (Table 22). The extraction yield was
18.78% indicating that almost 100% of the
polysaccharides were extracted from the P.
quinquefolius feedstock. Moreover, the polysaccharide
extract fractions were highly purified, probably
greater 99% mixtures of polysaccharides of various
molecular weights (see Example 30 for analysis). Table
22. Polysaccharide yield from P. quinquefolius.
EXAMPLE IS. Preparation of Polysaccharide Fraction
from White Ginseng (P. ginseng) In a typical
experimental protocol, the residue from defatted
(essential oil fraction removed, Step 1, Figure 1,
Example 3), de-sapponinized (ginsenoside fraction
removed, Step 2, Figure 2, Example 7) 30 gm ginseng
root feedstock powder derived from white ginseng (P.
ginseng) was loaded into a 500 ml flask. This residue
was extracted three times with boiling water for two
hours. The volume of water used in each instance was
500 ml, 500 ml, and then 300 ml. The solutions were
freeze dried to determine the solid concentration
(Table 21). The extraction yield was 17.44% indicating
that almost 100% of the polysaccharides were extracted
from the white ginseng feedstock. Moreover, the
polysaccharide extract fractions were highly purified,
probably greater 99% mixtures of polysaccharides of
various molecular weights (see Example 30 for
analysis). Table 23. Polysaccharide yield from white
ginseng (P. ginseng)EXAMPLE 16. Preparation of
Polysaccharide Fraction from Red Ginseng (P. ginseng)
In a typical experimental protocol, the residue from
defatted (essential oil fraction removed, Step 1,
Figure 1, Example 4), de-sapponinized (ginsenoside
fraction removed, Step 2, Figure 2, Example 8) 30 gm
ginseng root feedstock powder derived from red ginseng
(P. ginseng) was loaded into a 500 ml flask. This
residue was extracted three times with boiling water
for two hours. The volume of water used in each
instance was 500 ml, 500 ml, and then 300 ml. The
solutions were freeze dried to determine the solid 



concentration (Table 24). The extraction yield was
47.22% indicating that almost 100% of the
polysaccharides were extracted from the red ginseng
feedstock. Moreover, the polysaccharide extract
fractions were highly purified, probably greater 99%
mixtures of polysaccharides of various molecular
weights (see Example 30 for analysis). Table 24.
Polysaccharide yield from red ginseng (P. ginseng).
EXAMPLE 17. HPLC Methods HPLC analysis of ginseng
extracts and fractions was carried out using a
Shimadzu SE0405003 HPLC system equipped with the
following Shimadzu equipment: a SCL- 1OAVP System
Controller, a DGU-14A four-line vacuum membrane
degasser, a FCV- 1OALVP low pressure gradient unit, a
LC-I OATVP serial plunger solvent delivery unit, a 100
microliter semi-micro mixer, a SIL-IOAF fast
autosampler, a SPD-MlOAFP UV-Vis photodiode array
detector, a CTO-lOASvp column oven, Class VP 7.2.1 SPl
chromatography software, and a FRC-IOA fraction
collector. The column used in Examples 18-25 was a
Jupiter 5m Cl 8 300A, 250 x 4.6 mm column obtained
from Phenomenex, Inc. Solvents used in HPLC methods,
including water, ethanol, methanol, and acetonitrile,
were HPLC grade and were obtained from Sigma-Aldrich,
Inc. EXAMPLE 18. HPLC Characterization of an Essential
Oil Fraction from P. notoginseng An essential oil
fraction from P. notoginseng was prepared as described
in Example 1. HPLC analysis was carried using the
methods and equipment described in Example 17 with the
specific conditions described herein. The essential
oil fraction sample wasdissolved in HPLC-grade
methanol at a concentration of 3 mg/ml. The sample
injection volume was 10 ml. The mobile phase
components were as follows: mobile phase component A
was phosphate buffer, 0.5% phosphoric acid in water,
pH 3.5 ("A"); mobile phase component B was methanol
("B"); and mobile phase component C was acetonitrile
("C"). The concentration gradient elution program used
was as follows: the initial mobile phase composition
comprised on a volume basis 50%, 17%, and 33%,
respectively, of A, B, and C; and, at 40 min following
sample injection the mobile phase composition
comprised on a volume basis 25%, 25%, and 50%,
respectively, of A, B, and C. The mobile phase was
linear gradient in 490 minutes changing from initially
50:17:33 to 25:25:50 A:B:C and then hold aat this
condition for another 10 minutes. The total analysis
time was 50 min, the mobile phase flow rate was 1 ml
per min and the column temperature was controlled at
45"C. Peak detection was at 254 nm. The data from the
HPLC chromatogram are given Tables 25 and 26. Table
25. HPLC peak retention times for P. notoginseng
essential oil fraction.Table 26. HPLC analytical data
from P. notogenseng essential oil fraction. EXAMPLE
19. HPLC Characterization of an Essential Oil Fraction
from P. quinquefolius An essential oil fraction from
P. quinquefolius was prepared as described in Example
2. HPLC analysis was carried out as described in
Example 18. The retention times for the designated
peaks from the HPLC chromatogram are given Table 27.
Additional data for representative peaks from the HPLC
chromatogram are given in Table28. Table 27. HPLC
retention times for P. quinquefolius essential oil
fraction 



Table 28. HPLC data for P. quinquefolius essential oil
fraction.EXAMPLE 20. HPLC Characterization of an
Essential Oil Fraction from White Ginseng (P. ginseng)
An essential oil fraction from White Ginseng (P.
ginseng) was prepared as described in Example 3. HPLC
analysis was carried out as described in Example 18.
The retention times for the designated peaks from the
HPLC chromatogram are given Table 29. Additional data
for representative peaks from the HPLC chromatogram
are given in Table 30. Table 29. HPLC peak retention
times for white ginseng essential oil fraction.Table
30. HPLC data for white ginseng essential oil
fraction. EXAMPLE 21. HPLC Characterization of an
Essential Oil Fraction from Red Ginseng (P. ginseng).
An essential oil fraction from Red Ginseng (P.
ginseng) was prepared as described in Example 4. HPLC
analysis was carried out as described in Example 18.
The retention times for the designated peaks from the
HPLC chromatogram are given Table 31. Additional data
for representative peaks from the HPLC chromatogram
are given in Table 32. Table 31. HPLC peak retention
times for white ginseng essential oil fraction.Table
32. HPLC data for red ginseng essential oil
fraction.EXAMPLE 22. HPLC Characterization of
Ginsenoside Fraction from P. notoginseng A ginsenoside
fraction from P. notoginseng was prepared as described
in Example 9. HPLC analysis was carried using the
methods and equipment described in Example 17 with the
specific conditions described herein. A ginsenoside
fraction sample was diluted 1/10 in HPLC-grade
methanol to yield a final concentration of about 1
mg/ml. The sample injection volume was 10 ml. The
mobile phase components were as follows: mobile phase
component A was phosphate buffer, 0.5% phosphoric acid
in water, pH 3.5 ("A"); and, mobile phase component B
was acetonitrile ("B"). The concentration gradient
elution program used was as follows: the mobile phase
composition from initial injection through 20 min
comprised on a volume basis 79% and 21%, respectively,
of A and B; and, a linear gradient from 20 to 60 min
with the mobile phase changing from 79% to 58% of A
and 21% to 42% of B. The total analysis time was for
about 60-70 min, the mobile phase flow rate was 1 ml
per min and the column temperature was controlled at
40C. Peak detection was at 203 nm. The retention times
for the designated peaks from the HPLC chromatogram
are given Table 33. Additional data for representative
peaks from the HPLC chromatogram are given in Table
34. Table 33. HPLC peak retentions times fromP.
notoginseng purified ginsenoside fraction.Table 34.
HPLC data from P. notoginseng purified ginsenoside
fraction. EXAMPLE 23. HPLC Characterization of
Ginsenoside Fraction from P. quinquefolius. An
affinity adsorbent purified ginsensode fraction from
P. quinquefolius was prepared as described in Example
10. HPLC analysis was carried out as described in
Example 22. The retention times for the designated
peaks from the HPLC chromatogram are given Table 35.
Additional data for representative peaks from the HPLC
chromatogram are given in Table 36. Table 35. HPLC
peak retention time from P. quinquefolius purified
gensenoside fraction.Table 36. HPLC data from P.
quinquefolius purified ginsenoside fraction. EXAMPLE
24. HPLC Characterizion of Ginsenoside Fraction from
White Ginseng (P. 



ginseng). An affinity adsorbent purified ginsensode
fraction from white ginseng (P. ginseng) was prepared
as described in Example 11. HPLC analysis was carried
out as described in Example 22. The retention times
for the designated peaks from the HPLC chromatogram
are given Table 37. Additional data for representative
peaks from the HPLC chromatogram are given in Table
38. Table 37. HPLC peak retention times from white
ginseng purified ginsenoside fraction.Table 38. HPLC
data from white ginseng purified ginsenoside fraction.
EXAMPLE 25. HPLC Characterization of Ginsenoside
Fraction from Red Ginseng (P. ginseng). An affinity
adsorbent purified ginsensode fraction from red
ginseng (P. ginseng) was prepared as described in
Example 12. HPLC analysis was carried out as described
in Example 22. The retention times for the designated
peaks from the HPLC chromatogram are given Table 39.
Additional data for representative peaks from the HPLC
chromatogram are given in Table 40. Table 39. HPLC
peak retention times from red ginseng purified
ginsenoside fraction.Table 40. HPLC data from red
ginseng purified ginsenoside fraction. EXAMPLE 26. Gas
Chromatograph ("GC") and Mass Spectroscopy ("MS")
Methods. Gas chromatographic analysis of ginseng
extracts and fractions was carried using a
Hewlett-Packard Model 5890 gas chromatograph. Analysis
was carried out using a XTI-5 capillary column (30 m
length x 0.25 mm ID, Restek) with a film thickness of
0.25 mm and a flow rate of 1 ml/min for the helium
carrier gas. The temperature of gasification was 270
C. The column temperature was programmed as follows:
50 - 140C (held for 15 min) at a rate of lO'C/min,
then held at 140C for 15 min, followed by 140 - 260C
at a rate of 15C/min, and then held at 26O C. The
total run time was 52 min and the sample splitting
time was 1:50. Mass spectroscopy analysis was carried
using a Hewlett-Packard Model 5899A mass spectrometer.
The ion source temperature was 200C, and the ion
source was EI with an ionization energy of 70 eV. The
emission current was 300 mA. The data was collected in
full scan mode from m/z 40 - 600 in I s cycles.
EXAMPLE 27. GC/MS Characterization of Essential Oil
Fraction from P. notoginseng An essential oil fraction
from P. notoginseng was prepared as described in
Example 1. Gas chromatography analysis was carried out
as described in Example 26. Mass spectral analysis of
peaks eluting from the GC was used to help identify
the various chemical constituents. The MS data (m/z
value and abundance) is consistent with the presence
the following compounds in the essential oil fraction:
(+)-spathulenol (espatulenol), CAS No. 6750-60-3;
caffeine, CAS No. 58-08-2; hexadecanoic acid, CASNo.
57-10-3; (-)-caryophyllene oxide, CAS No. 1139-30-6;
ethyl heptanoate, CAS No. 106- 30-9;
trans,trans-QCtadGca.-9,l2-diGnoic acid methyl ester,
CAS No. 2566-97-4; octadec-9- ynoic acid methyl ester,
CAS No. 1120-32-7; phenylacetylene, CAS No. 536-74-3;
ethylenethiourea, CAS No. 96-45-7; linoleic acid, CAS
No. 60-33-3; 4-methyl-pent-2-enoic acid, CAS No.
10321-71-8; 2-methyl-4-nitroimidazole, CAS No.
696-23-1; 9,12- octadecadienal, CAS No. 26537-70-2;
mevinphos, CAS No. 7786-34-7; undec-10-ynoic 



acid, CAS No. 2777-65-3; falcarinol ((Z)-
l,9-heptadecadiene-4,6-diyn-3-ol), CAS No. 21852-80-2;
and, [lR-(l
a,4b54aa,6b,8aa)]-octahydro-4,8a,9,9-tetramethyl-l,6-m
ethanol( 2H)-naphthol, CAS No. 5986-55-0. EXAMPLE 28.
GC/MS Characterization of Essential Oil Fraction from
P. quinquefolius. An essential oil fraction from P.
quinquefolius was prepared as described in Example 2.
Gas chromatography analysis was carried out as
described in Example 26. Mass spectral analysis of
peaks eluting from the GC was used to help identify
the various chemical constituents. The MS data (m/z
value and abundance) is consistent with the presence
the following compounds in the essential oil fraction:
4,6-diarnino-l,3,5-triazin- 2(lH)-one, CAS No.
645-92-1; 2,2'-methyliminodiethanol, CAS No. 105-59-9;
caffeine, CAS No. 58-08-2; dihydrouracil, 504-07-4;
stearic acid (octadecanoic acid), CAS No. 57- 11-4;
hexadecanoic acid, CAS No. 57-10-3; 4-nitrorhenol, CAS
No. 100-02-7; linoleic acid, CAS No. 60-33-3;
3-nitrotoluene, CAS No. 99-08-1; 2,3-dihydroxypropyl
palmitate, CAS No. 542-44-9; oleic acid, CAS No.
112-80-1; cinnamyl acetate, CAS No. 103-54-8; methyl
(9E,12E)-octadeca-9,12-dienoate (methyl
linolelaidate), CAS No. 2566-97-4; and, 7-octenoic
acid, CAS No. 18719-24-9 EXAMPLE 29. GC/MS
Characterization of Essential Oil Fraction from White
Ginseng (P. ginseng). An essential oil fraction from
white ginseng (P. ginseng) was prepared as described
in Example 3. Gas chromatography analysis was carried
out as described in Example 26. Mass spectral analysis
of peaks eluting from the GC was used to help identify
the various chemical constituents. The MS data (m/z
value and abundance) is consistent with the presence
the following compounds in the essential oil fraction:
(-)-spathulenol, CAS No. 77171-55-2; (+)-spathulenol,
CAS No. 6750-60-3; (-)-caryophyllene oxide, CAS No.
1139- 30-6; l-methyl-5-nitro-lH-imidazole, CAS No.
3034-42-2; 2-ethyl-2-methyloxirane, CAS No.
30095-63-7; caffeine, CAS No. 58-08-2; dihydrouracil,
CAS No. 504-07-4;hexadecanoic acid, CAS No. 57-10-3;
methyl (9E,12E)-octadeca-9,12-dienoate (methyl
linolelaidate), CAS No. 2566-97-4; linoleic acid, CAS
No. 60-33-3; undec-10-ynoic acid, CAS No. 2777-65-3;
phenylacetylene, CAS No. 536-74-3; sinalbin, CAS No.
27299-07-6; stigmasta-5,22-dien-3-b-ol, CAS No.
83-48-7; (3b,24S)-stigmast-5-en-3-ol, CAS No. 83-
47-6; stigmast-5-en-3-b-ol, CAS No. 83-46-5; (3b,
24x)-stigmast-5-en-3-ol, CAS No. 19044-06-5;
4-methyl-l,4-heptadiene, CAS No. 13857-55-1;
9,12-octadecadienal, CAS No. 26537-70-2;
7,8-epoxyoctene, CAS No. 19600-63-6; 4-nonyne, CAS No.
20184-91-2; 2- cyclopenten-1-undecanoic acid, CAS No.
459-67-6; falcarinol ((Z)- 1,9-heptadecadiene-
4,6-diyn-3-ol), CAS No. 21852-80-2; and,
N-methylcaprolactam, CAS No. 2556-73-2. EXAMPLE 30.
GC/MS Characterization of Essential Oil Fraction from
Red Ginseng (P. ginseng). An essential oil fraction
from red ginseng (P. ginseng) was prepared as
described in Example 3. Gas chromatography analysis
was carried out as described in Example 26. Mass
spectral analysis of peaks eluting from the GC was
used to help identify the various chemical
constituents. The MS data (m/z value and abundance) is
consistent with the 



presence the following compounds in the essential oil
fraction: 3-hydroxy-2-methyl-4- pyrone, CAS No.
118-71-8; pyrogallol, CAS No. 87-66-1; [laR-(la
a,7a,7aa,7ba)]-
la^^^^JJa^b-octahydro-l^^^a-tetramethyl-lH-cyclopropat
aJnaphthalene, CAS No. 17334-55-3; [1aR-(1aa,4aa,7a,7a
b,7ba)]-decahydro- 1,1,7-trimethyl-4-methylene-
1Hcycloprop[ e]azulene, CAS No.489-39-4;
caryophyllene, CAS No. 87-44-5; IR-
(lR*,4Z,9S*)]-4,ll,ll-trimethyl-8-methylenebicyclo[7.2
.0]undec-4-ene, CAS No. 118-65- 0; caffeine, CAS No.
58-08-2; hexadecanoic acid, CAS No. 57-10-3;
4-methyl-2-phenyl-2- pentenal, CAS No. 26643-91-4;
(Z)-9,17-Octadecadienal, CAS No. 56554-35-9; linoleic
acid, CAS No. 60-33-3; ethylidenecycloheptane, CAS No.
10494-87-8; Octa-l,7-diyne, CAS No. 871-84-1;
3-(phenylmethyl)sydnone, CAS No. 16844-42-1;
phenylacetylene, 536- 74-3; diisopropyl adipate, CAS
No. 6938-94-9; 2,3-dihydroxyproryl palmitate, CAS No.
542-44-9; 9Z,12Z-octadecadienoic acid (2-linoleoyl
glycerol), CAS No. 3443-82-1; and, 3-
ethenyl-cyclooctene, CAS No. 2213-60-7. EXAMPLE 31.
Determination of Polysaccharide Concentration in the
Panax species Purified Polysaccharide Fraction All of
the dried polysaccharide extracts from P. notoginseng
(Example 13), P. quinquefolius (Example 14), white
ginseng (Example 15), and red ginseng (16)
werecolorless indicating that the tannins and other
polyphenolic chemical constiuents were extracted with
ethanol during the extraction of the ginsenosides
(Step 2). When various amounts of salts (up to 100
mg/2 gm (solution dry mass weight) as well as citric
acid and acetic acid were added to the polysaccharide
extract solutions, no precipitate was observed
indicating that the protein content of the
polysaccharide extract fractions were low.
Furthermore, dissolving the freezed dry polysaccharide
extract fractions in 10 volumes of ethanol revealed
that less than 1% of the polysaccharide extract
fractions were soluble in ethanol. Therefore, these
Panax species olysaccharide extract fractions were
highly purified, probably greater than 99%, mixtures
of polysaccharides of various molecular weights. More
directly, the amount of carbohydrate in all of the
purified polysaccharide fractions were determined
using the anthrone colorimetric method. Typically,
about 0.18 gram of anthrone (CAS No. 90-44-8, obtained
from Sigma-Aldrich), which is also called
9,10-dihydro-9-oxoanthracene, was mixed with about 50
ml of concentrated sulfuric acid, (95.7%, obtained
from Fisher). The solution of anthrone and sulfuric
acid was shaken and then immersed in an ice water
bath. Calibration of the spectrophotometer (Thermo
Spectronic 20D+) was accomplished using lactose (CAS
No. 63-42-3, obtained from Acros) as a standard. A
lactose standard solution (0.05% wt/vol) was prepared
by dissolving about 15 mg of lactose in about 30 ml of
distilled water. Specific volumes of the lactose
standard solutions (typically about 0, 200, 400, 600,
and 800 ml) were pipetted into test tubes, and the
volume was adjusted to a final volume of 1 ml using
distilled water. Anthrone solution (2 ml), prepared as
described above, was gradually added to each 1 ml
lactose standard samples while the test tube was
vigorously shaken. Following mixing, the anthrone -
sample solutions were then stored in an ice bath for
30 minutes, followed by 



warming to room temperature. The absorbance of each
sample was determined at 625 nm using distilled water
as a blank. The absorbance was plotted versus the
concentration of lactose to obtain a standard curve.
Samples of the purified polysaccharide fractions
(about 10 ml) were diluted to 1ml with distilled
water. To the diluted polysaccharide samples was
gradually added about 2 ml of the anthrone reagent
with vigorous shaking. Following mixing, the anthrone
- polysaccharide solutions were stored for 30 minutes
in an ice bath, and then warmed to room temperature.
The absorbance at 625 nm was determined for each
anthrone - polysaccharide sample solutions. The amount
of carbohydrate in each sample was determined using
the lactose standard curve prepared as described
above. Typically,using this method, it was determined
that all of the polysaccharides fraction derived from
all of the Panax species studied contained greater
than 90% by weight carbohydrate components. EXAMPLE
32. P. notoginseng Extract Dosage Form Composition. An
extract of P. notoginseng was prepared according to
the present invention and used to prepare a dosage
form composition suitable for tablets, capsules, or
powder for addition to water or other solution as a
drinkable solution. The dosage form composition was
prepared according to the formulation given in Table
41, wherein the amounts given are the amounts per
single dosage form. Table 41. P. notoginseng
formulation composition. Extract of P. notoginseng
150.0 mg Essential Oil (2 mg, 1.3% dry weight) Total
Ginsenosides (38 mg, 25.3% dry weight) Polysaccharides
( 110 mg, 73.3% dry weight) Stevioside (Extract of
Stevia) 12.5 mg Carboxymethylcellulose 35.5 mg Lactose
77.0 mg TOTAL 275.0 mg The novel extract of P.
notoginseng comprises an essential oil, ginsenosides,
and polysaccharides by percentage mass weight greater
than that found in the natural rhizome material or
convention extraction products. The formulations can
be made into any oral dosage form and administered
daily or to 15 times per day as needed for the
physiological, psychological and medical effects
desired (enhanced memory and cognition, relief from
chronic fatigue syndrome, enhancement of male erectile
function) and medical effects (antioxidation,
anti-platelet aggregation, cardiovascular and
cerebrovascular disease prevention and treatment,
anti-hypercholesterolemia, cytoprotection, nervous
system protection, neurological degenerative disease
such as Alzheimer's and Parkinson's disease prevention
and treatment, anti-inflammatory, immune enhancement,
anti-viral, pulmonary disease, hepatic protection and
diseases, hypoglycemic and anti-diabetes, and cancer
prophylaxis and treatment). The dosage composition as
provided in Table 4 1 may be compressed into a tablet,
used in a gelcap, or used in a fast-dissolve table.
EXAMPLE 33. P. quinquefolius Extract Dosage Form
Composition 



An extract of P. quinquefolius was prepared according
to the present invention andused to prepare a dosage
form composition suitable for tablets, capsules, or
powder for addition to water or other solution as a
drinkable solution. The dosage form composition was
prepared according to the formulation given in Table
42, wherein the amounts given are the amounts per
single dosage form. Table 42. P. quinquefolius
formulation composition. Extract of P. quinquefolius
150.0 mg Essential Oil (2.0 mg, 1.3% dry weight) Total
Ginsenosides (20.0 mg, 13.3% dry weight)
Polysaccharides (128.0 mg, 85.4% dry weight) Vitamin C
15.0 mg Sucralose 35.0 mg Mung bean powder (10:1) 50.0
mg Mocha flavor 40.0 mg Flavor
(Chocolate,strawberry,mocha, etc.) 10.0 mg TOTAL 300.0
mg Mung Bean Powder 10:1 refers to water content (10
parts Mung Bean to 1 part water). It is used as a
binder. The novel extract composition of P.
quinquefolius comprises an essential oil,
ginsenosides, and polysaccharide chemical constituents
by % mass weight greater than that found in the
natural plant material or conventional extraction
products. The formulation can be made into any oral
dosage form and administered safely up to 15 times per
day as needed for the physiological, psychological and
medical effects desired (see Example 1, above). The
dosage composition as provided in Table 42 may be
compressed into a tablet, used in a gelcap, or used in
a fast-dissolve table. EXAMPLE 34. White Ginseng (P.
ginseng) Extract Dosage Form Composition. An extract
of white ginseng (P. ginseng) was prepared according
to the present invention and used to prepare a dosage
form composition suitable for tablets, capsules, or
powder for addition to water or other solution as a
drinkable solution. The dosage form composition was
prepared according to the formulation given in Table
43, wherein the amounts given are the amounts per
single dosage form. Table 43. White ginseng
formulation composition. Extract of White Ginseng (P.
ginseng) 150.0 mg Essential Oil (5.0 mg, 3.3% dry
weight) Total Ginsenosides (45.0 mg, 30.0% dry
weight)Polysaccharides (100.0 mg, 66.7% dry weight)
Vitamin C 15.0 mg Sucralose 35.0 mg Mung bean powder
(10:1) 30.0 mg Flavor (Strawberry) 60.0 mg X-base
M-500 54.0 mg X-base Xanthan gum 1.0 mg 



TOTAL 350.0 mg The novel extract composition of White
Ginseng (P. ginseng) comprises an essential oil,
ginsenosides, and polysaccharides chemical
constituents by % mass weight greater than that found
in the natural plant material or conventional
extraction products. Note also the profile change in
the White Ginseng extract composition (the essential
oil/ginsenosides ratio in feedstock was 1/6.4 and in
extract composition is 1/5; the essential
oil/polysaccharides ratio in feedstock was 1/35 and in
the extract composition is 1/20; and the
ginsenosides/polysaccharides ratios was 1/5.4 and the
extract composition is 1A). The formulation can be
made into any oral dosage for and administered safely
up to 15 times per day as needed for the
physiological, psychological, and medical effects
desired (see Example 1, above). The dosage composition
as provided in Table 43 may be compressed into a
tablet, used in a gelcap, or used in a fast-dissolve
table. Whereas this invention has been described in
detail with particular reference to specific
embodiments, it will be apparent to those skilled in
the art that various modifications and variations can
be made in the present invention in light of the above
teachings without departing from the scope or spirit
of the invention. Other embodiments of the invention
will be apparent to those skilled in the art from
consideration of the specification and practice of the
invention disclosed herein. It is intended that the
specification and examples be considered exemplary
only, with a true scope and spirit of the invention
being indicated by the following claims. REFERENCES
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1. A composition comprising a ginsenoside in an amount
greater than 10% by weight. 2. The composition of
claim 1, wherein the ginsenoside comprises R0, R1, R2,
Ra, Rbi, Rb2 R c R d R e5 R f RgI 5 Rg2 5 Rg3 5 Rg5?
RhI 5 Rh2 5 Rh4 RsI 5 Rs2 5 Rs3 5 Or R s4 . 3. The
composition of claim 1, wherein the amount of
ginsenoside is greater than 15, 20, 25, 30, 35, 40, 45
or 50% by weight. 4. The composition of claim 1,
further comprising a polyacetylene. 5. The composition
of claim 4, wherein the polyacetylene comprises
pananaxynol, panaxydol, panaxytriol, acetylpanaxydol,
chloropapaxydol, panaxydolchlorohydrin, panaxyne,
ginsenoyne A, ginsenoyne B, ginsenoyne C, ginsenoyne
D, ginsenoyne E, ginsenoyne F, ginsenoyne G,
ginsenoyne H, ginsenoyne I, ginsenoyne J, or
ginsenoyne K. 6. The composition of claim 4, wherein
the polyacetylene comprises pananaxynol, panaxydol,
panaxytriol, acetylpanaxydol, chloropapaxydol,
panaxydolchlorohydrin, panaxyne, ginsenoyne A,
ginsenoyne B, ginsenoyne C, ginsenoyne D, ginsenoyne
E, ginsenoyne F, ginsenoyne G, ginsenoyne H,
ginsenoyne I, ginsenoyne J, and ginsenoyne K. 7. The
composition of claim 4, wherein the ginsenoside
comprises Ro, R1, R2, Ra, Rbi, Rb2 5 R c5 R d5 e5 R f5
Rgi 5 R g2 Rg3> R g5 Rhb Rh2 5 Rh4 5 RsI 5 Rs2 5 Rs3 5
or R s4 . 8. The composition of claim 4, wherein the
amount of ginsenoside is greater than 15, 20, 25, 30,
35, 40, 45 or 50% by weight. 9. The composition of
claim 4, wherein the amount of polyacetylene is 1, 2,
4, 6, 8, or 



10% by weight. 10. The composition of claim 4, further
comprising an essential oil selected from the group
consisting of (+)-spathulenol; (-)-spathulenol;
caffeine; hexadecanoic acid; (- )-caryophyllene oxide;
ethyl heptanoate; trans, tr""s-octadeca-9,12-dienoic
acid methyl ester; octadec-9-ynoic acid methyl ester;
phenylacetylene; ethylenethiourea; linoleic acid;
4-methyl-pent-2-enoic acid; 2-methyl-4-nitroimidazole;
9,12- octadecadienal; mevinphos; undec-10-ynoic acid;
falcarinol ((Z)-1,9-heptadecadiene-4,6-diyn-3-ol);
[lR-(l a,4b,4aa,6b,8aa)]-octahydro-4,8a,9,9-
tetramethyl-l,6-rnethano-l(2H)-n.aphthol;
4,6-diamino-l,3,5-triazin-2(lH)-one;
2,2'-methyliminodiethanol; dihydrouracil; stearic
acid; 4-nitrophenol; 3- nitrotoluene;
2,3-dihydroxyrropyl palmitate; oleic acid; cinnamyl
acetate; 7- octenoic acid;
l-methyl-5-nitro-lH-imidazole;
2-ethyl-2-methyloxirane; methyl
(9E,12E)-octadeca-9,12-dienoate; sinalbin,
stigmasta-5,22-dien-3-b-ol; (3b,24S)-
stigmast-5-en-3-ol; stigmast-5-en-3-b-ol; (3b,
24x)-stigmast-5-en-3-ol; 4-methyl- 1,4-heptadiene;
9,12-octadecadienal; 7,8-epoxyoctene, 4-nonyne;
2-cyclopenten-lundecanoic acid;
3-hydroxy-2-methyl-4-pyrone; pyrogallol; [IaR- (la
a,7a,7aa,7ba)]-la,2,3,5,6,7,7a,7b-octahydro-l,l,7,7a-t
etramethyl-lHcyclopropa[ a]naphthalene; [laR-(la
a,4aa,7a,7a b,7ba)]-decahydro-l,l,7-trimethyl-
4-methylene-lH-cyclo rror[e]azulene; caryophyllene;
IR-(IR* ,4Z,9S*)]-4,1 1,1 1-
trimethyl-8-methylenebicyclo[7.2.0]undec-4-ene;
4-methyl-2-phenyl-2-pentenal; (Z)-9,17-octadecadienal;
ethylidenecycloheptane; octa-l,7-diyne; 3-
(phenylmetliyl)sydnone; diisopropyl adipate;
2,3-dihydroxypropyl palmitate; 9Z,12Z-octadecadienoic
acid (2-linoleoyl glycerol); and
3-ethenyl-cyclooctene. 11. The composition of claim 1,
further comprising a polysaccharide. 12. The
composition of claim 11, wherein the polysaccharide
comprises glucose, arabinose, galactose, rhamnose,
xylose or uronic acid. 13. The composition of claim
11, wherein the polysaccharide comprises glucose,
arabinose, galactose, rhamnose, xylose and uronic
acid. 14. The composition of claim 11, wherein the
ginsenoside comprises R0, R1, R2, Ra, Rb 1, Rb2, Rc Rd
Re, Rf RgI, Rg2, Rg3, RgS5 RhI, Rh2, Rh4, RsI, Rs2,
Rs35 Or Rs4 . 15. The composition of claim 11, wherein
the amount of ginsenosides is greater than 15, 20, 25,
30, 35, 40, 45 or 50% by weight. 16. The composition
of claim 11, wherein the amount of polysaccharide is
25, 30, 35, 40, 45, 50, 55, or 60% by weight. 17. The
composition of claim 11, further comprising an
essential oil selected from the group consisting of
(+)-spathulenol; (-)-spathulenol; caffeine;
hexadecanoic acid; (- )-caryophyllene oxide; ethyl
heptanoate; tr""i', tra '-octadeca-9,12-dienoic acid
methyl ester; octadec-9-ynoic acid methyl ester;
phenylacetylene; ethylenethiourea;linoleic acid;
4-methyl-pent-2-enoic acid; 2-methyl-4-nitroimidazole;
9,12- octadecadienal; mevinphos; undec-10-ynoic acid;
falcarinol ((Z)-l,9- heptadecadiene-4,6-diyn-3-ol);
[lR-(l a,4b,4aa,6b,8aa)]-octahydro-4,8a,9,9-
tetramethyl-l J6-methano-l(2H)-naphthol;
4,6-diamino-l,3,5-triazin-2(lH)-one; 



2,2'-methyliminodiethanol; dihydrouracil; stearic
acid; 4-nitrophenol; 3- nitrotoluene;
2,3-dihydroxypropyl palmitate; oleic acid; cinnamyl
acetate; 7- octenoic acid;
l-methyl-5-nitro-lH-imidazole;
2-ethyl-2-methyloxirane; methyl
(9E,12E)-octadeca-9,12-dienoate; sinalbin,
stigmasta-5,22-dien-3- b-ol; (3b,24S)-
stigmast-5-en-3-ol; stigmast-5-en-3-b-ol; (3b,
24x)-stigmast-5-en-3-ol; 4-methyl- 1,4-heptadiene;
9,12-octadecadienal; 7,8-epoxyoctene, 4-nonyne;
2-cyclopenten-lundecanoic acid;
3-hydroxy-2-methyl-4-pyrone; pyrogallol; [IaR- (
1aa,7a,7aa,7ba)]~1a,2,3 ,5,6,7,7a,7b-octahydro-
1,1,7,7a-tetramethyl- IHcyclopropa[ a]naphthalene;
1aR-(l aa,4aa,7a,7a b,7ba)]-decahydro-l
,1,7-trimethyl- 4-methylene-lH-cycloprop[e]azulene;
caryophyllene; IR-(IR* ,4Z,9S*)]-4,1 1,11-
trimethyl-8-methylenebicyclo[7.2.0]undec-4-ene;
4-methyl-2-phenyl-2-pentenal; (Z)-9,17-octadecadienal;
ethylidenecycloheptane; octa-l,7-diyne; 3-
(phenylmethyl)sydnone; diisopropyl adipate;
2,3-dihydroxypropyl palmitate; 9Z,12Z-octadecadienoic
acid (2-linoleoyl glycerol); and
3-ethenyl-cyclooctene. 18. The composition of claim 1,
further comprising a polyacetylene and a
polysaccharide. 19. The composition of claim 18,
wherein the ginsenoside comprises R0, R1, R2, R , Rb1,
Rb2, R c R d R e R f RgI 5 Rg2 Rg3 5 Rg5 5 RhI 5 Rh2 5
Rh4 5 RsI 5 Rs2* Rs3 0 " Rs4- 20. The composition of
claim 18, wherein the amount of ginsenoside is greater
than 15, 20, 25, 30, 35, 40, 45 or 50% by weight. 21.
The composition of claim 18, wherein the polyacetylene
comprises pananaxynol, panaxydol, panaxytriol,
acetylpanaxydol, chloropapaxydol,
panaxydolchlorohydrin, panaxyne, ginsenoyne A,
ginsenoyne B, ginsenoyne C, ginsenoyne D, ginsenoyne
E, ginsenoyne F, ginsenoyne G, ginsenoyne H,
ginsenoyne I, ginsenoyne J, or ginsenoyne K. 22. The
composition of claim 18, wherein the polyacetylene
comprises pananaxynol, panaxydol, panaxytriol,
acetylpanaxydol, chloropapaxydol,
panaxydolchlorohydrin, panaxyne, ginsenoyne A,
ginsenoyne B, ginsenoyne C, ginsenoyne D, ginsenoyneE,
ginsenoyne F, ginsenoyne G, ginsenoyne H, ginsenoyne
I, ginsenoyne J, and ginsenoyne K. 23. The composition
of claim 18, wherein the amount of polyacetylene is 1,
2, 4, 6, 8, or 10% by weight. 24. The composition of
claim 18, wherein the polysaccharide comprises
glucose, arabinose, galactose, rhamnose, xylose or
uronic acid. 25. The composition of claim 18, wherein
the polysaccharide comprises glucose, arabinose,
galactose, rhamnose, xylose and uronic acid. 26. The
composition of claim 18, wherein the amount of
polysaccharide is 25, 30, 35, 40, 45, 50, 55, or 60%
by weight. 27. The composition of claim 18, further
comprising an essential oil selected from the group
consisting of (+)-spathulenol; (-)-spathulenol;
caffeine; hexadecanoic acid; (- )-caryophyllene oxide;
ethyl heptanoate; ra , ra"5-octadeca-9,12-dienoic acid



methyl ester; octadec-9-ynoic acid methyl ester;
phenylacetylene; ethylenethiourea; linoleic acid;
4-methyl-pent-2-enoic acid; 2-methyl-4-nitroimidazole;
9,12- octadecadienal; mevinphos; undec-10-ynoic acid;
falcarinol ((Z)-l,9- hertadecadiene-4,6-diyn-3-ol);
[lR-(l a,4bs4aa,6b,8aa)]-octahydro-4,8a,9,9-
tetramethyl-l,6-methano-l(2H)-naphthol;
4,6-diamino-l,3,5-triazin-2(lH)-one;
2,2'-methyliminodiethanol; dihydrouracil; stearic
acid; 4-nitrophenol; 3- nitrotoluene;
2,3-dihydroxypropyl palmitate; oleic acid; cinnamyl
acetate; 7- octenoic acid;
l-methyl-5-nitro-lH-imidazole;
2-ethyl-2-methyloxirane; methyl (9E,12E)-octadeca-9
512-dienoate; sinalbin, stigmasta-5,22-dien-3- b-ol;
(3b,24S)- stigmast-5-en-3-ol; stigmast-5-en-3-b-ol;
(3b, 24x)-stigmast-5-en-3-ol; 4-methyl-
1,4-heptadiene; 9,12-octadecadienal; 7,8-epoxyoctene,
4-nonyne; 2-cyclopenten-lundecanoic acid;
3-hydroxy-2-methyl-4-pyrone; pyrogallol; [IaR- (la
a,7a,7aa,7ba)]-la,2,3,5,6,7,7a,7b-octahydro-l,l,7,7a-t
etramethyl-lHcyclopropa[ a]naphthalene; [1aR-(l
aa,4aa,7a,7a b,7ba)]-decahydro-l ,1,7-trimethyl-
4-methylene-lH-cyclo rrop[e]azulene; caryophyllene;
1R-(1R*,4Z,9S*)]-4,1 1,1 1-
trimethyl-8-methylenebicyclo[7.2.0]undec-4-ene;
4-methyl-2-phenyl-2-pentenal; (Z)-9,17-octadecadienal;
ethylidenecycloheptane; octa-l,7-diyne; 3-
(phenyhnethyl)sydnone; diisopropyl adipate;
2,3-dihydroxypropyl palrnitate; 9Z,12Z-octadecadienoic
acid (2-linoleoyl glycerol); and
3-ethenyl-cyclooctene.28. The composition of claim 1,
4, 11 or 18, further comprising a pharmaceutical
carrier. 29. A method for extracting a Panax species
comprising, sequentially extracting a Panax species
plant material to yield an essential oil fraction, a
ginsenoside fraction and a polysaccharide fraction,
wherein the essential oil fraction is derived by
extracting plant feedstock material by supercritical
carbon dioxide extraction, the ginsenoside fraction is
extracted from the remainder of the essential oil
extraction by hydroalcoholic extraction, and the
polysaccharide fraction is derived by hot water
extraction of the remainder of the ginsenoside
extraction. 30. The method of claim 29, wherein
ginsenoside extraction comprises: a) contacting a
remainder of a feedstock material from an extraction
of an essential oil extraction by supercritical carbon
dioxide with a hydroalcoholic mixture for a time
sufficient to extract ginsenosides to form an aqueous
solution of extracted ginsenosides; b) passing the
aqueous solution of extracted ginsenosides through an
adsorbent resin column wherein the ginsenosides are
adsorbed; and c) eluting the ginsenosides from
adsorbent resin. 




