
METHODS AND DEVICES FOR THE DELIVERY OF PEPTIDES INTO
THE GASTRIC MUCOSA FIELD The present invention relates
generally to the field of HelicoJbacter-based vector,
plasmid vector and shuttle vector systems, as novel
Helicobacter constructs that include a
non-Helicobacter peptide are provided. The invention
also relates to the field of peptide delivery for the
treatment of non- Helicobacter associated disease,
wherein the peptide is delivered at the mucosa in vivo
BACKGROUND Helicobacter pylori are a gram-negative
spiral shaped bacterium found almost exclusively in
the human gastric mucosa. The acidity of the human
stomach is an effective barrier to colonization by
essentially all bacteria, with the exception of
Helicobacter species. H . pylori have been described
as a causative agent of chronic infection. In
particular, Helicobacter has been established to play
a critical role in peptic ulcer, gastric
adenocarcinoma, and primary gastric lymphoma. H .
pylori have the unique ability to colonize and persist
for decades within the human gastric mucosa, despite
development of a mucosal inflammatory and immune
response . This characteristic renders H . pylori an
interesting candidate for the delivery of peptides
though the mucosa. However, this particular
application has not found application in mucosal
delivery systems in part owing to its involvement in a
variety of diseases . A need continues to exist for a
delivery system for peptides employing these important
organisms having a reduced risk of pathology to the
host.The development of mucosal delivery has also been
hindered by the poor immunogenicity of antigens
delivered by conventional approaches because of
natural barrier functions of the host that prevent
access to the mucosal compartment. Hence, a need
continues to exist in the medical arts for improved
delivery mechanisms for pharmacologically active
molecules such as peptides at the mucosal surface
sufficient to elicit a useful and beneficial
immunogenic response . Such would provide an effective
in vivo delivery system for pharmacological active
agents, as well as an effective method for
immunization, i.e., antigen exposure at a mucosal
surface sufficient to elicit a general humoral and
mucosal immune response . SUMMARY The present
invention is directed to overcoming the abovementioned
challenges and others related to the use of
Helicobacter and in the treatment of disease. The
present invention is exemplified in a number of
implementations and applications, some of which are
summarized below. In accordance with some aspects,
compositions, methods and systems are provided for
preparing and using a Helicobacter-based construct
comprising a Helicobacter sequence having a promoter
region and a non-Helicobacter sequence encoding a
non-Helicobacter molecule of interest. This construct
in some embodiments is described as a vector or a
plasmid vector, wherein the promoter sequence is
capable of controlling the expression of the non-
HeIicobacter sequence encoding a molecule of interest.
Helicobacter Constructs : In one aspect, the invention
provides a compositioncomprising a Helicobacter
construct, particularly a Helicobacter pylori nucleic
acid construct. In order to deliver peptides into the
stomach wall (gastric mucosa) 



DNA sequences are inserted within and between the
urease genes of Helicobacter pylori so that the
bacterium can express the encoded peptide. In some
embodiments, the Helicobacter nucleotide sequence of
the Helicobacter construct comprises a first
Helicobacter sequence, Yl, a second Helicobacter
sequence Y2, and a non- Helicobacter sequence X
encoding a non- Helicobacter molecule of interest. A
schematic of one embodiment of this construct appears
in Formula 1 : Formula 1 : UreA- - X UreA- The non
-Helicobacter nucleotide sequence of interest, l X " ,
which may comprise a nucleic acid sequence that
encodes a peptide of interest. In some embodiments,
the non- Helicobacter sequence X is heterologous to
the Helicobacter pylori species. This molecule of
interest may be further described in some embodiments
as capable of providing a beneficial and/or
therapeutic effect to an animal delivered as an
expressed product from a recombinant Helicobacter
containing the construct that is introduced into an
animal . In some embodiments, the construct comprises
a first Helicobacter sequence Y l defined as a first
portion of a native UreA or UreB gene sequence, a
second Helicobacter sequence Y2 defined as a second
portion of a native UreA or UreB gene, and a non-ff.
pylori nucleotide sequence ofinterest , "X" . In some
embodiments, the Helicobacter construct comprises a
construct as depicted in Figure 12 . In other
embodiments, Helicobacter construct is further defined
as an attenuated Helicobacter pylori construct. The H
. pylori nucleic acid construct may further comprise,
in some embodiments, a promoter sequence, a secretory
sequence and/or a reporter gene sequence . In
particular embodiments, a recombinant cell transformed
with the Helicobacter construct is provided. In some
embodiments, these recombinant cells are recombinant E
. coli cells or H . pylori cells. In some aspects, the
Helicobacter -based vector and vector plasmid
constructs that contain the Helicobacter construct
comprise a pharmacologically active molecule of
interest defined as a protein, peptide or any other
molecule. In some embodiments, the isolated nucleic
acid molecule may be further described as comprising
cDNA, genomic DNA, RNA, or a hybrid molecule thereof.
In particular embodiments, the nucleic acid is cDNA.
By way of example, a protein and/or peptide of
interest may comprise ghrelin, amylin, insulin,
motilin, b- glucosidase, a chemical chaperone, or
other molecule useful in the treatment and/or
management of Gauchers disease, cell wasting, human
immunodeficiency disease (AIDS) , appetite
suppression, preparations useful in the treatment of
diabetes, etc. Recombinant Cells: In other aspects, a
composition comprising a recombinant cell is provided
comprising cells transformed with theplasmid vectors
and/or vectors that include a Helicobacter construct
as described herein. In some embodiments, the
recombinant cell comprises a sequence encoding a non-
Helicobacter pylori pharmacologically active molecule
of interest. In other embodiments, the nucleic acid
sequence encoding the non-Helicobacter pylori
pharmacologically active molecule of interest
comprises a secretory signal polypeptide. In some
embodiments, the recombinant cell is capable of
secreting an expressed product corresponding to 



the non- Helicobacter molecule of interest at the
surface of the recombinant cell. In this manner, the
expressed product of the molecule of interest may be
delivered at or through the mucosal surface of an
animal, such as at the intestinal mucosa. In some
embodiments the recombinant cell is a recombinant
Helicobacter pylori cell such as a Helicobacter strain
26695 or B128 . Pharmaceutical Preparations: The
present invention provides a variety of
pharmaceutically acceptable preparations formulated
for delivery to a patient, such as, for example,
delivery gastrically, orally, or intranasaly. In
particular embodiments, the compositions are suitable
for delivery at a mucosal surface. In particular
embodiments, the composition is suitable for delivery
to the mucosal surface or lining. In some embodiments,
the mucosal surface is the gastric mucosal surface.
The various delivery forms of the compositions are
readily prepared for use in the practice of the
present invention given the specific types and ratios
of specific Helicobacter, Helicobacter constructs and
other delivery vehicles described herein, and those
formulation techniques known to those in the formulary
arts, such as are described in Remington' s
Pharmaceutical Sciences , 20th edition, Mack
Publishing Company, which text isspecifically
incorporated herein by reference. It is envisioned
that the delivery system may be employed in animals,
particularly primates, including humans, equines,
bovines, ovines, and rodents, fish and birds. It is
also anticipated that the preparations may be used on
both infants and adults, as well as parentally or for
administration to pregnant or lactating animals . The
preparations and methods may be further described as
suitable for both male and female animals . Vaccines :
In some embodiments, the composition is further
defined as a vaccine in a pharmacologically acceptable
carrier solution. As part of a vaccine, the
composition comprising the Helicobacter construct is
introduced into an animal in a manner such that the
expressed product, i.e., the molecule of interest "X",
is capable of making contact with or at a mucosal
surface of an animal. By way of example, a mucosal
surface of an animal may include the gastric mucosa,
the nasal mucosa, etc. In some embodiments, the
Helicobacter based vaccine comprises cells transformed
with a Helicobacter based construct, such as a plasmid
vector as described herein. By way of example, the
cells transformed with the Helicobacter based plasmid
vector may comprise E . coli cells or Helicobacter
pylori cells. In some embodiments, the vaccine may be
further defined as a live attenuated vaccine. In
particular embodiments, the composition will include
an adjuvant. In some embodiments, the vaccine is
capable of providing delivery of the non- Helicobacter
molecule of interest at a mucosal surface.
Vaccination/ Immunization: In yet another aspect, a
method is provided forvaccinating an animal. In some
embodiments, the method comprises administering a
composition comprising a vaccine comprising cells
transformed with the Helicobacter- based vector and/or
plasmid vectors as described herein. In other
embodiments, the method provides for the delivery of
an effective amount of the pharmacologically active
molecule of interest sufficient to eliminate or
inhibit a disease or particular physiological and/or
pathological 



condition in the animal, or sufficient to elicit an
immune response specific for the pharmacologically
active molecule of interest . By way of example, the
non- Helicobacter molecule of interest that may be
provided to an animal in the vaccine preparations of
the present invention may comprise a mammalian or
non-mammalian protein, peptide, enzyme, hormone, or
any combination of these. In particular embodiments,
the molecule of interest is further defined as a
pharmacologically active molecule of interest that is
a human pharmacologically active molecule of interest
. In some embodiments the pharmacologically active
molecule of interest is a human pathogen
molecule/antigen, human protein antigen, such as
amylin or an analog or derivative thereof, ghrelin, or
an analog or derivative thereof. In particular
embodiments, the vaccines of the present invention
provides immunity and/or an enhancement of disease
resistance to the human pathogen, Ebola virus, HIV
virus, Marburg virus, influenza virus, and the like.
Replication competent vaccines based on attenuated
recombinant vesicular stomatitis virus vectors have
been described by Jones et al. (2005) 43 that include
Ebola glycoprotein and Marburg glycoprotein. Hence,
vaccine preparations containing constructs of the
Helicobacterbased vector systems and plasmid vector
systems described herein, with these and other
glycoproteins associated with human pathogens, may
also be provided according to thepresent invention. In
another aspect, a method of immunizing an animal is
provided. In some embodiments, the method comprises
providing a composition comprising the Helicobacter
vaccine as described herein to an animal and
administering to the animal an effective amount of the
composition sufficient to elicit an acceptable immune
response in the animal. In some embodiments, the
acceptable immune response is elicited upon the
administration of a treatment regimen comprising one
or more effective doses of the composition. These
methods may be used in veterinary immunization as well
as in the immunization of humans . The following
nucleic acid and amino acid sequences are referenced
throughout the description of the present invention:
SEQ ID NO: 1 - Nucleotide sequence of plasmid pHPl
(2796 nucleotides) +ve strand. SEQ ID NO: 2 -
Nucleotide sequence of pHPl (2796 nucleotides) -ve
strand. SEQ ID NO: 3 - Nucleotide sequence of plasmid
pHP3 (3444 nucleotides) . SEQ ID NO: 4 - Hepatitis C
virus antigen (HCV) nucleotide Sequence (58 0
nucleotides) . SEQ ID NO: 5 - Nucleotide sequence 135
bp (45 amino acids) immunogenic coding sequence from
the Hepatitis C virus (HCV) core antigen. SEQ ID NO: 6
- Nucleotide sequence (1108 nucleotides) of the
surface exposed loop of the HopE gene (at nt504,
aaposition 168) of H . pylori. SEQ ID NO: 7 - Upstream
primer (29 nucleotides) . SEQ ID NO: 8 - Downstream
Primer (28 nucleotides) . SEQ ID NO: 9 -
Oligonucleotide Primer (15 nucleotides) . SEQ ID NO:
10 - Nucleotide sequence of H . pylori insertion
construct, HopE gene with nucleotide sequence of
interest, "X" . (580 bp HopE - "X" bp - 502 bp HopE) .
The nucleotide sequence of interest, "X", may comprise
a nucleic acid sequence that encodes a molecule of
interest, such as a 



biologically valuable molecule of interest. A
biologically valuable molecule of interest may
comprise an enzyme, protein, peptide, or other
molecule that is capable of providing a beneficial or
therapeutic effect to an animal as delivered as an
expressed product though or at a mucosal surface, such
as the gastric mucosa. In some embodiments, "X" is a
nucleic acid sequence comprising 60 nucleotide bases
to 150 nucleotide bases, or 69 nucleotide bases to 138
nucleotide bases. SEQ ID NO: 11 - Nucleotide sequence
for fusion protein of HopE and p60, insertion of p60
nucleic acid sequence (23amino acids) at nucleic acid
position 504 (corresponding to amino acid (aa)
position 168) in HopE sequence . SEQ ID NO: 12 -
Nucleotide sequence for fusion protein of HopE and
HCCA, insertion of HCCA nucleic acid sequence (46
amino acids) at nucleic acid position 504
(corresponding to amino acid (aa) position 168) in
HopE nucleic acid sequence . SEQ ID NO: 13 - nucleic
acid sequence for p60 (69 nucleotide bases) .SEQ ID
NO: 14 - nucleic acid sequence for HCCA (138
nucleotide bases) . BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in conjunction with
the accompanying drawings, in which: FIG. 1 , in
accordance with one embodiment of the invention,
illustrates the vector constructs, pHPAl (2.8 kb) .
FIG. 2 , in accordance with one embodiment of the
invention, presents a schematic diagram of the plasmid
construct pHP3 (3.4 kb) . FIG 3 , in accordance with
one embodiment of the invention, illustrates the
vector construct, pTM103-8. FIG. 4 , in accordance
with one embodiment of the invention, illustrates the
chemical structure of sulfasalazine (SSN) . FIG. 5 ,
in accordance with one embodiment of the invention,
illustrates a schematic using an ion exchange resin
(Amberlite XE-96) conjugated with a dye (Azure-A) .
FIG. 6 , in accordance with one embodiment of the
invention, illustrates the predicted structure of
HopE, showing the insertion site for a sequence of
interest, such as a nucleic acid sequence encoding
HCCA or p bO epitopes. Adapted from Bina and
associates, which reference is specifically
incorporated herein by reference . FIG. 7 , in
accordance with one embodiment of theinvention,
illustrates recombinant DNA molecules produced using
SOE PCR. DNA coding either the HCCA or p60 epitope was
inserted into hopE at the position corresponding to aa
168 of HopE. To allow homologous recombination and
replacement of the genomic copy of hopE in H . pylori,
sequences homologous to genomic hopE were included
flanking the insertion site for epitope coding DNA.
FIG. 8 , in accordance with one embodiment of the
invention, provides a diagrammatic representation of
recombinant genes in H . pylori. Column A : Antigen
(Ag) coding DNA was inserted into hopE at position
corresponding to aa 168, within a region corresponding
to a putative surface expose loop; Column B : Antigen
coding DNA was inserted at the cagA at the 5' terminus
directly upstream of the cagA stop condon; Column C :
B128 vacA was replaced DNA Coding the 26695 vacA
promoter sequence, signal sequence (ss) , mature (m)
vacA, passenger domain 



and autotransporter (AT) domain. Antigen coding DNA
was inserted directly upstream of the signal sequence.
FIG. 9 , in accordance with one embodiment of the
invention, provides a Western Blot analysis of H .
pylori B128 (7,13) containing HCCA (B128 :HCCA: hopE,
Blot A . 1  antibody: a-HopE; 2  antibody; a-rabbit -
AP conjugate, Lane 1 : marker; Lane 2 : B128; Lane 3 :
B12 8 :HCCA: hopE; Lane 4 : B128 :tp60:hopE. Blot B :
1  antibody: a-HCCA; 2  antibody; a- mouse - AP-
conjugate. Lane 1 : marker; Lane 2:B128:HCCA;hopE;
Lane 3 : B128 . Blot C . 1  antibody: a- p60; 2
antibody; a-mouse - Ap conjugate (2 antibody). Lane 1
: marker; Lane 2 : B128 :p60 :hopE; Lane 3 : B128. The
white arrow indicates the band corresponding to either
HopE or fusion protein. FIG. 10, in accordance with
one embodiment of the invention, presence an
immunofluorescence based microscopy analysis of H .
pylori B128 containing HCCA inserted into HopE (B128
:HCCA:hopE) . Upper Row: Phase contrastmicroscopy,-
Lower Row: Fluorescence microscopy. Column A : H .
pylori B128. 1  antibody: a-HopE; 2  antibody;
a-rabbit Alexafluor 488 (AF-488) . Column B : H .
pylori B128. 2  antibody; a-rabbit AF-488. Column C .
H . pylori B128. 1  antibody: a-HCCA; 2  antibody:
a-mouse AF-488. Column D : H . pylori B128 :HCCA: opE.
2  antibody: a-mouse AF-488. Column E . H . pylori B12
8 :KCCA-hopE. 1  antibody: a-HCCA: 2  antibody:
a-mouse AF-488. FIG. 11, in accordance with one
embodiment of the invention, presence a whole cell
based ELISA analysis of recombinant H . pylori 26695
and B128 (7.13) . Column A : Recombinants 26695 :HCCA:
hopE or 26695 :p60 ihopE; Column B : Recombinants B12
8 :HCCA: hopE B12 8 :p6 0 :hopE; Detection of p60
antigen: 1  antibody: a-p60; 2  antibody:
a-mousealkaline phosphatase (AP) conjugate; Detection
of HCCA: 1  antibody: a-HCCA; 2  antibody: a-mouse-AP
conjugate. Error bars: SEM (n=3) . Fig. 12 shows the
positions of potential sites for the insertion of
antigens into presentation proteins . Fig. 13 shows
the process of DNA assembly using SOE PCR. A :
Protocol for the assembly of two amplicons. B :
Protocol for the assembly of 3 DNA amplicons. Fig. 14
shows deleted regions of ureA or ureB in strain H .
pylori strain X47, replaced with the rpsL.ermB
cassette (ref ) . Each recombinant of X47 only
contained one insertion. Fig. 15 shows selectivity of
urea plates for bacteria producing functional urease.
Left (growth) : wild type X47 (urease positive) ;
Right (no growth) : X47 with the rpsLermB cassette
disrupting UreA and UreB production (urease negative)
.Fig. 16 shows molecular structures of the H . pylori
urease . Fig. 17 shows protocol for the transformation
of H . pylori using the streptomycin contra- selection
system. Fig. 18 shows the insertion sites used for in
frame fusion to the two haemagglutinin epitopes and
FLAG epitope are indicated by their corresponding
number Ia to 8 . Linkers are indicated as well as the
small GPSL linker between epitopes . The genomic
organisation of the urease operon is showed. Arrow
heads represent ureA, ureB, ispA and urel genes. The
length of the displayed DNA fragment is indicated by
the base pair unit (bp) . Fig. 19 shows a Western blot
analysis of recombinant urease. Lane 1 : Protein
molecular weight marker; Lane 2 : Site Ia; Lane 3 :
Site 3 ; Lane 4 : Site 4 ; Lane 5 : Site 8 ; Lane 6 :
Site Ia; Lane 7 : Site 3 ; Lane 8 : Site 4 ; Lane 9 : 



Site 8 . Lanes 2 - 5 are samples diluted 1:6. Lanes 6
- 9 are samples diluted 1:2. Results indicated that
the FLAG tagged epitope is presented at sites Ia, 4
and 8 of urease. At the higher dilution the epitope
for site 3 cannot be detected; the epitope was
detectable at the higher dilution (Lanes 3 and 7
respectively) . Fig. 20 shows that Female C57BL/6 mice
(n=5) were immunized with 200ml of 109 cfu / ml
intra-gastrically on day 0 with H . pylori. 73 days
later, mice were bled and serum collected. IgG titres
were determined by ELISA to measure HA-B cell epitope
specific IgGs production. BHIB indicates the control
group immunized with the growth medium BHIB, X47 the
group immunized with X47 wild type H . pylori, SiIa,
Si3, Si4 and Si8 are groups immunized with recombinant
H . pylori expressing the haemagglutinin epitopes at
insertion site Ia, 3 , 4 and 8 , respectively. The
black plain labels show mice colonized with H .
pyloriand the empty white labels indicate mice that
were not colonized at 73 days. DETAILED DESCRIPTION
The present invention is believed to be applicable to
a variety of different types of bacterial and vaccine
constructs that include a Helicobacter or Helicobacter
- based vector system of delivery. It is advantageous
to define several terms before describing the
invention. While the present invention is not
necessarily limited to such applications, various
aspects of the invention may be appreciated through a
discussion of various examples using this context.
Before describing the present invention in detail, it
is to be understood that this invention is not limited
to particularly exemplified methods and may, of
course, vary. It is also to be understood that the
terminology used herein is for the purpose of
describing particular embodiments of the invention
only, and is not intended to be limiting which will be
limited only by the appended claims . All
publications, patents and patent applications cited
herein, whether supra or infra, are hereby
incorporated by reference in their entirety. However,
publications mentioned herein are cited for the
purpose of describing and disclosing the protocols,
reagents and vectors which are reported in the
publications and which might be used in connection
with the invention. Nothing herein is to be construed
as an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.
Furthermore, the practice of the present invention
employs, unless otherwise indicated,
conventionalimmunological and molecular biological
techniques and pharmacology within the skill of the
art. Such techniques are well known to the skilled
worker, and are explained fully in the literature.
See, e.g., Coligan et a.1. , (Current Protocols in
Protein Science (1999) Volume I and II (John Wiley &
Sons Inc.) ; Sambrook et a.1., (Molecular Cloning: A
Laboratory Manual, 2nd & 3rd Editions. Cold Spring
Harbor Laboratory press (1989) (2001) ; and Bailey, S
F . and Ollis, D .F., Biochemical Engineering,
Fundamentals. McGraw-Hill Book Company, NY, 1986. It
must be noted that as used herein and in the appended
claims, the singular forms "a," "an," and "the"
include plural reference unless the context clearly
dictates otherwise. Thus, for example, a reference to
"a nucleic acid" includes a plurality of such nucleic
acids, and a reference to "an isolated peptide" is a
reference to one 



or more peptides, and so forth. Unless defined
otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood
by one of ordinary skill in the art to which this
invention belongs . Although any materials and methods
similar or equivalent to those described herein can be
used to practice the present invention, the preferred
materials and methods are now described. Delivery of
therapeutic compositions and nucleic acids to specific
target sites within the animal body is an ongoing
challenge faced by the drug development industry. The
present inventor has developed a HeI icobacter- based
bacterial delivery system capable of carrying vectors
encoding biologically active agents, wherein these
agents are expressed on the surface of the bacterium
or secreted there from. In one embodiment, the
bacterium is a species of Helicobacter, H . pylori. In
some embodiments, the strain of H . pylori can be any
strain known in the field. In some embodiments, the H
. pylori strain is a nonpathogenic strain such as
genomic strain 26695. Another strain that may be used
is H . pylori strain B128, particularly variant 7 .13
. In another embodiment, a bacterium, other than
Helicobacter, is utilized wherein the bacterium has
been genetically altered such that it has Helicobacter
or H . pylori features including the ability to
chronically colonize the gastric mucosa or other areas
of gastrointestinal tract, urinary tract, bronchial
epithelium or other mucosal surface, without
significant toxicity to the host. In one embodiment,
the H . pylori have been manipulated so that some of
the pathogenic features have been removed and/or
attenuated. For example, the vacuolating cytotoxin and
the cag pathogenicity island genes can be removed so
that the H . pylori are less pathogenic. Attenuating
mutations can be introduced into Helicobacter using
non specific mutagenesis either chemically, using
N-methyl-Nnitro- N-nitrosoquanidine, or using
recombinant DNA technologies . The skilled person will
appreciate that the methods of the present invention
could be used to deliver biologically active agents .
Examples of suitable agents include ones which are
capable of functioning locally or systemically, e.g.,
an agent capable of exerting endocrine activities
affecting local or whole-body metabolism and/or an
agent which is capable of regulating the activities of
cells belonging to the immuno/hematopoeitic system and
or an agent which is capable of affecting the
viability, growth and differentiation of a variety of
normal or neoplastic cells in the body or affecting
the immune regulation or induction of acute phase
inflammatory responses to injury and infection and/or
an agent which is capable of enhancing or inducing
resistance to infection of cells andtissues mediated
by chemokin.es acting on their target cell receptors,
or the proliferation of epithelial cells or the
promotion of wound healing and/or an agent which
modulates the expression or production of substances
by cells in the body. Specific examples of such
biologically active agents include insulin, growth
hormone, prolactin, calcitonin, luteinizing hormone,
parathyroid hormone, somatostatin, thyroid stimulating
hormone, vasoactive intestinal polypeptide, a
structural group 1 cytokine adopting an antiparallel 4
a helical bundle structure such as IL- 2 , IL-3, IL-4,
IL- 5 , IL- 6 , IL-7, IL-9, IL-IO, IL-Il, IL-12, 



IL-13, CM-CSF, M-CSF, SCF, IFN-y, EPO, G-CSF, LIF,
OSM, CNTF, GH, PRL or IFN a/b, a structural group 2
cytokine which are often cell-surface associated, form
symmetric homotrimers and the subunits take up the
conformation of b-jelly roll described for certain
viral coat proteins such as the tumor necrosis factor
(TNF) family of cytokines, e.g. TNF a, TNF b, CD40,
CD27 or FAS ligands, the IL-I family of cytokines, the
fibroblast growth factor family, the platelet derived
growth factors, transforming growth factor b and nerve
growth factors, a structural group 3 cytokine
comprising short chain a/b molecules, which are
produced as large transmembrane pre- cursor molecules
which each contain at least one EGF domain in the
extracellular region, e.g., the epidermal growth
factor family of cytokines, the chemokines
characterized by their possession of amino acid
sequences grouped around conserved cysteine residues
(the C --C or C --X- -C chemokine subgroups) or the
insulin related cytokines, a structural group 4
cytokine which exhibit mosaic structures such as the
heregulins or neuregulins composed of different
domains, e.g., EGF, immunoglobulin- like and kringle
domains . Alternatively, the biologically active agent
can be areceptor or antagonist for biologically active
agent as defined above. In some embodiments, the H .
pylori -based vector and/or vector plasmid construct
is employed to create a transformed cell (such as an E
. coli cell or Helicobacter cell) that permits the
expression and secretion of a non- Helicobacter
pharmacologically active molecule of interest at the
mucosal membrane of a host to which the transformed
cell preparation is administered. The isolated nucleic
acid molecule contained within the transformed cell
(or vector) may comprise one or more nucleic acid
constructs in which nucleic acid encoding the
pharmacologically active molecule of interest is under
control of H . pylori regulatory sequences . Suitable
vectors and shuttle vector sequences can be chosen or
constructed to contain appropriate regulatory
sequences, including promoter sequences, terminator
fragments, enhancer sequences, marker genes and other
sequences as appropriate. Vectors may be plasmids,
viral, e.g. phage, or phagemid, as appropriate. For
further details, for example, see Sambrook et al.,
supra. Many techniques and protocols are known for the
manipulation of nucleic acid, for example in
preparation of nucleic acid constructs, mutagenesis,
sequencing, introduction of DNA into cells and gene
expression, and analysis of proteins, as described in
detail in Short Protocols in Molecular Biology, Second
Edition, Ausubel et al . eds ., John Wiley & Sons,
1992. The disclosures of Sambrook et al. supra and
Ausubel et al . are incorporated specifically herein
by reference . In some embodiments, the coding
sequence (s) for the pharmacologically active
molecules of interest is contained in an operon, i.e.,
a nucleic acid construct for multi-cistronic
expression. In an operon, transcriptionfrom the
promoter results in a mRNA which comprises more than
one coding sequence, each with its own suitably
positioned ribosome binding site upstream. Thus, more
than one agent (pharmacologically active molecule of
interest) can be translated from a single mRNA. Use of
an operon enables expression of the pharmacologically
active molecule of interest to be coordinated. A
nucleic acid construct or vector comprising a coding 



sequence for a pharmacologically active molecule of
interest is preferably under the control of a promoter
for expression in H . pylori. In one embodiment, the
promoter employed in accordance with the present
invention is expressed constitutively in H . pylori.
Use of a constitutive promoter avoids the need to
supply an inducer or other regulatory signal for
expression to take place. Preferably, the promoter
directs expression at a level at which the H . pylori
host cell remains viable, i.e., retains some metabolic
activity, even if growth may be reduced.
Advantageously then, such expression may be at a low
level. For example, where the expression product
accumulates intracellularly, the level of expression
may lead to accumulation of the expression product at
less than about 10% of cellular protein, preferably
about or less than about 5%, for example about 1-3%.
In some embodiments, a method is provided comprising
delivering a messenger nucleic acid sequence, such as
an mRNA sequence, corresponding to a nucleic acid
sequence encoding a molecule of interest to an animal.
By way of example, such a messenger nucleic acid
sequence (mRNA) corresponding to a therapeutic
peptide, protein, hormone or pro-hormone may be
prepared so as to provide a peptide, protein, or
hormone to the animal upon expression of that
messenger nucleic acid sequence in the animal.
Forexample, such a hormone may be insulin, and such a
pro hormone may be pro- insulin. Thus, it is
envisioned that the present invention has application
as a gene therapy method for the treatment of human
disease, such as for the treatment of diabetes . The
promoter may be homologous to the H . pylori strain
employed, i.e. one found in that strain of H . pylori
in nature. In some embodiments, the promoter is an
arabinose inducible promoter. Other promoters include
FIaB sigma 54 promoter (Josenhans et at., 1998, FEMS
Microbiol Lett, 161(2): 263-73), T7 promoter, and nir
B promoter of Salmonella (Chatfield et al ., 1992,
Biotechnology, 10(8) : 888-92) . In another embodiment
the promoter is inducible . Inducible promoters that
may be used with clinical grade vectors include, but
are not limited to, an inducible promoter as described
in U.S. Pat. No. 6,242,194 issued to Kullen et at., a
lactose inducible promoter such as that used in E .
coli plasmids (e.g., pBluescript(tm) from Stratagene)
or the endogenous lactose promoter in Lactobacillus ,
and promoters induced during anaerobic growth, such as
the promoter for alcohol dehydrogenase (adhE) , as
described in Aristarkhov et at., (1999) J .
Bacteriology, 178(14), 4327-4332) . In one embodiment,
the constructs of the present invention also include a
toxic gene. These toxic genes are preferably under the
control of an inducible promoter so that, on
completion of treatment, the Helicobacter can be
readily eliminated by inducing the expression of the
toxic gene. Non- limiting examples of toxic genes
include bacterial autolysins under the control of an
inducible promoter. The autolysing gene may then be
triggered at the appropriate time and place in the
gastrointestinal tract through the use of one or more
of the inducible promotersas described herein. In some
embodiments, the engineered Helicobacter vector and
plasmid vector constructs are sensitive to oxygen.
This oxygen sensitivity is another method for limiting
dissemination of the clinical grade vectors of the
present 



invention. The environment of the human gut is very
low in oxygen, suitable for growth of anaerobic and
microacrophulic microorganisms, including
Helicobacter. Thus, an efficient means of eliminating
Helicobacter, once they have exited the human body
upon discharge of intestinal waste into the
oxygen-rich outside environment, is to engineer genes
into the transformed microorganisms that confer oxygen
sensitivity. The nucleic acid construct or constructs
of the present invention may also comprise a secretory
signal sequence. Thus, in some embodiments, the
nucleic acid encoding the pharmacologically active
molecule of interest (for example, a non-Helicobacter
polypeptide) may provide for secretion of the molecule
at a cell membrane by appropriately coupling a nucleic
acid sequence encoding a secretory signal sequence to
the nucleic acid sequence encoding the molecule
(polypeptide) . The ability of Helicobacter harboring
the nucleic acid to secrete the polypeptide may be
tested in vitro in culture conditions, which maintain
viability of the Helicobacter. Suitable secretory
signal sequences include any of those with activity in
Gram negative organisms such as Escherichia,
Klebsiella and Salmonella. Secretory signal sequences
include the Staphylokinase enzyme secreted by some
strains of Staphylococcus , which is known to function
in both Gram-positive and Gram-negative hosts (see
"Gene Expression Using Bacillus", Rapoport (1990),
Current Opinions in Biotechnology, 1:21-27) .Other
secretory signal sequences that can be used include,
for example, the b-lactamase gene (Talmadge et at.,
1980, Proc. Natl. Acad Sci . USA 77:3369-3373) or the
enteroinvasive E . coli hemolysin A (hlyA) (Su et at.,
1992, Microbial Pathogen, 13:465-476) . An
illustrative list of secretory signal sequences is
presented in Pugsley, 1988, Protein secretion across
the outer membrane of gram-negative bacteria. In:
Protein Transfer and Organelle Biogenesis, R . C .
Dand and P . W . Robbins (eds) . Academic Press, Inc.,
San Diego, pp 607-652. Selectable markers provide
researchers and technicians a convenient means for
distinguishing transformed microorganisms from non-
transformed ones in a mixed population. One means of
identifying transformed organism is to incorporate a
selectable marker nucleic acid sequence into the
plasmid containing the gene of interest. The
selectable marker sequence is generally inserted
downstream of the gene of interest and is driven off
the same promoter. A s a result, cells successfully
transformed with the gene of interest will also be
transformed with the selectable marker nucleic acid
sequence. When antibiotic resistance is used as the
selectable marker, only transformed cells will survive
and/or grow in media containing the antibiotic. Thus,
antibiotic resistance is a convenient and much used
phenotype when developing transf ormants . However;
vectors having antibiotic resistant genes as selective
markers are capable of horizontal gene transfer that
can endow other organisms with antibiotic-resistant
phenotype s . This risk is especially acute when
Helicobacter is used as part of a therapeutic vector.
In order to use Helicobacter as a gene delivery system
to animals, the present disclosure presents, in some
embodiments, a clinical grade vector system that does
notuse an antibiotic selection marker. One of the
alternatives to using antibiotic resistance genes
provided by the present delivery systems includes
clinical grade 



vectors having chromosomal deletions or lethal
mutations in a "house -keeping" gene. Next, a
functional analogous house-keeping gene is inserted
into a plasmid encoding for the pharmacologically
active molecule of interest. Consequently, the
house-keeping gene becomes the selectable marker
allowing for the rapid isolation and identification of
trans formants. Examples of "house keeping genes"
include genes that encode for any number of metabolic
regulators and/or enzymes including, but not limited
to kinases, proteases, synthetases, dehydrogenases and
others. Another alternative to antibiotic resistance
genes provided by the present invention includes
clinical grade vectors having reporter genes
incorporated into the plasmid containing the gene
encoding for the pharmacologically active molecule of
interest. Other examples of reporter genes used in
accordance with the teachings of the present invention
include Green Fluorescent Protein (GFP) , b-
galactosidase and amylase. In one embodiment, the
pharmacologically active molecule of interest has
cytokine activity. Cytokines are discussed in The
Cytokine Facts Rook, Callard and Gearing (1994),
Academic Press. Preferred molecules, such as
polypeptides with cytokine activity are interleukins,
including Interleukin-2 (IL- 2 ) and Interleukin 6
(IL- 6 ) . In some embodiments, the Helicobacter
vector and plasmid vector systems comprise a nucleic
acid construct as described above that is introduced
into a Helicobacter or other suitable host cell, to
provide transformed cells. Thus, a further aspect
provides a method comprising introducing nucleic acid
as disclosed into a nonpathogenic Helicobacter .
Transformation of a culture of host cells, such as
Helicobacter, may employ any available technique. For
H . pylori cells, suitable techniques may include
calcium chloride transformation, electroporation and
transfection using bacteriophage. The introduction of
the plasmid vector into a Helicobacter cell may be
followed by causing or allowing expression from the
nucleic acid, e.g. , by culturing H . pylori under
conditions suitable for expression of the gene.
Growing the Helicobacter in culture under conditions
for expression of the pharmacologically active
molecule of interest may be employed to verify that
the Helicobacter contain the encoding nucleic acid and
is able to produce the encoded molecule . In a further
aspect, the present invention provides a method of
delivering a therapeutic or prophylactic dose of a
biologically active agent i vivo, the method
comprising administering to a subject an effective
amount of the non pathogenic preparation of the H .
pylori compositions and vaccines of the present
invention. It will be appreciated that the methods of
the present invention and the use of a non- invasive
or non-pathogenic Helicobacter as described herein
provide a wide range of therapeutic methods which
would enable the skilled person to manipulate, for
instance, the immune response of a subject. Thus, in
one aspect, a method of regulating the survival,
growth, differentiation, effector functions or
susceptibility to infection of cells or tissues is
provided which comprises administering to a subject a
non invasive or non-pathogenic Helicobacter as defined
herein. In another aspect, a method of boosting an
immune response against tumor cells or an infection
colonizing a mucosal surface or adjacent or distant
tissue is provided whichcomprises administering to a
subject a non- invasive or 



non-pathogenic Helicobacter as defined herein. In yet
another aspect, a method of modulating the type of
immune response (antibody versus cell-mediated)
against a pathogenic infectious agent is provided
which comprises administering to a subject a non-
invasive or non pathogenic Helicobacter as defined
herein. In another aspect, a method of modulating the
infiltration of normal tissues with inflammatory or
tumor cells is provided which comprises administering
to a subject a non invasive or non-pathogenic
Helicobacter as defined herein. In some aspects, a
method of controlling the rate of growth, rate of
invasion or survival of tumor cells is provided which
comprises administering to a subject a non invasive or
non-pathogenic Helicobacter as defined herein. In yet
another aspect, a method of inducing apoptosis in
tumor cells is provided which comprises administering
to a subject a non-invasive or non-pathogenic
Helicobacter as defined herein. Other aspects provide
for a method of down- regulating an immune response
which comprises administering to a subject a non-
invasive or non-pathogenic bacterium which expresses a
pharmacologically active molecule of interest as
defined herein. In another aspect, a method of
treating an allergic autoimmune or other immune
dysregulative disease state is provided which
comprises administering to a subject a non invasive or
non-pathogenic Helicobacter which expresses a
pharmacologically active molecule of interest. The
subject can be any primate, equine, bovine,
porcine,ovine, rodent, fish, or bird. In one
embodiment, the subject is human. Administration may
conveniently be nasal or oral . In a therapeutic
context, i.e., where the pharmacologically active
molecule of interest is a biologically active agent
that provides a beneficial effect to the subject, the
amount of the agent and/or treatment regimen will
preferably be provided in a "therapeutically effective
amount" , this being sufficient to show benefit to a
subject. Such benefit may be at least amelioration or
a reduction in the severity or occurrence of at least
one symptom. In a prophylactic context, the amount may
be sufficient to reduce the deleterious effect on the
subject of a subsequent pathogenic challenge, for
instance by enhancing the immune response. The actual
amount administered, and rate and time-course of
administration will depend on the aim of the
administration, e.g., the biological effect sought in
view of the nature and severity of the challenge, and
is the subject of routine optimization. Prescription
of treatment, including prophylactic vaccination, for
example, decisions on dosage etc, is within the
responsibility of general practitioners and other
medical doctors . A composition comprising
Helicobacter may be administered in accordance with
the present invention alone or in combination with
other treatments, either simultaneously or
sequentially. The present invention also provides a
pharmaceutical composition comprising a Helicobacter
as disclosed. Such a pharmaceutical composition is in
one embodiment preferably suitable for application to
a mucosal membrane. Pharmaceutical compositions
according to the presentinvention, and for use, may
comprise, in addition to the Helicobacter, a
pharmaceutically acceptable excipient, carrier,
buffer, stabilizer or other materials well known 



to those skilled in the art. Such materials should be
non toxic and should not interfere with the efficacy
of the pharmacologically active molecule of interest.
The nature of the carrier or other material may depend
on the route of administration. For oral
administration a parenterally acceptable aqueous
solution may be employed which is pyrogen-free and has
suitable pH, isotonicity and stability. Those of
relevant skill in the art are well able to prepare
suitable solutions. Preservatives, stabilizers,
buffers, antioxidants and/ or other additives may be
included, as required. As discussed, a pharmaceutical
comprising a Helicobacter for administration in
accordance with the present invention may comprise one
or more nutrient substances, e.g., an energy source
such as glucose, amino acids and so on. In another
aspect, a method of manufacture of a pharmaceutical
formulations provided comprising formulating
Helicobacter as disclosed with a suitable carrier
medium suitable for administration to an individual.
In one embodiment, the pharmaceutical is suitable for
application to a mucosal membrane of an individual .
In yet another aspect, a non-pathogenic Helicobacter
expressing a heterologous pharmacologically active
molecule of interest for pharmaceutical use is
provided, e.g., for use in a method of treatment of
the human or animal body by surgery or therapy,
including prophylaxis ("vaccination") . In one
embodiment the method can be used to treat, prevent or
palliate a disease such as cancer. The methods and
delivery system can also be used to treat or prevent a
disease or condition of the immune/hematopoietic
system, adisease or condition of the reproductive
system, a disease or condition of the musculoskeletal
system, a disease or condition of the cardiovascular
system, a disease or condition described as mixed
fetal, a disease or condition of the excretory system,
a disease or condition of the neural/sensory system, a
disease or condition of the endocrine system, a
disease or condition of the respiratory system, a
disease or condition of the digestive system and a
disease or condition associated with
connective/epithelial tissue or disease or condition
caused by bacterial, viral or parasitic infection. In
another embodiment, the Helicobacter delivery system
described herein is capable of concomitant or
sequential delivery of a number of different nucleic
acid molecules, which encode products capable of
treating a number of conditions or diseases described
herein. Moreover, preferred delivery systems would
also deliver compositions capable of producing
additional desirable physiological effects such as
appetite suppression or enhancement. An example of
suicide system in H . pylori has been described by
Panthel et al . 2003 (Infection & Immunity, 71:
109-116) . This system introduces a plasmid into H .
pylori which contains the PhiX174 lysis gene E . To
eradicate the strain, incubation at 42 0C for 5 hours
was used. In vivo this would mean that the animal
would consume a drink at 45-5O 0C to raise the
temperature of the gastric environment above 420 C . A
second example is the L-Dap selection system, commonly
used to allow survival of bacterial mutants on
supplemented plates (see, for example, Kirata et al.
1997 (Infection & Immunity, 65: 4158-4164)). In this
system the animal subject must supplement their diet
with a missing 



substrate i.e., diamino-pimelic-acid (DAP), in order
for the DapE deficient H . pylori mutant to survive.
In orderto eradicate the mutants, DAP consumption is
ceased. A third possible system relates to
metronidazole sensitivity of H . pylori because of its
rdxA gene. Excessive replication of the rdxA gene is
harmful to mammalian cells and E . coll. However,
duplication may be tolerated by the bacterium.
Therefore a Helicobacter species of the present
invention can be engineered to contain two copies of
rdxA which prevents the normal mutation-dependant rdxA
loss. The introduction of at least two functional rdxA
genes into the Helicobacter genome will result in a
Helicobacter strain that is permanently sensitive to
metronidazole. Jeong et al . 2000 (J. Bacteriol. ,
182: 5082-5090) showed that the nitroreductase
produced by a functional rdxA gene converts
metronidazole from a prodrug to a bactericidal
compound. The mode of action of the active compound is
to cause DNA breaks of the Helicobacter genome.
Throughout the specification, unless the context
requires otherwise, the word "comprise" or variations
such as "comprises" or "comprising" , will be
understood to imply the inclusion of a stated integer
or group of integers but not the exclusion of any
other integer or group of integers . Definitions :
Prior to setting forth the invention, it may be
helpful to an understanding thereof to set forth
definitions of certain terms that will be used
hereinafter. The term "a" and "the" as used in the
present descriptive is intended to include both one
(the singular) and more than one (plural) . The
phrase, "effective level" refers to the level of
thedesired activity of the pharmacologically active
molecule of interest and not necessarily limited to
the number of molecules. For example, the effective
level of amylin (as an exemplary pharmacologically
active molecule of interest) may be decreased to
stimulate ghrelin secretion by using amylin
antagonists, without a necessary concomitant decrease
in the amount of free amylin present in a subject. An
"antibiotic resistance gene" as defined herein
includes heterologous nucleic acid sequences purposely
provided to a vector and used as a selection system.
The term "antibiotic resistance gene" does not include
other mechanisms or genes that impart antibiotic
resistance to naturally occurring micro- flora
organisms. The term "attenuated" as used herein for
example to describe a bacterial strain, particularly
an E . coli or a Helicobacter strain such as
Helicobacter pylori, is defined as a strain that is
less virulent and/or toxic (invasive) that a native,
wild type bacterial strain. The term "biologically
active" as used herein refers to ability to perform a
biological function and with reference to a
polypeptide implies that the polypeptide adopts a
stable conformation ("folded form") which is the same
or closely analogous to its native conformation. When
folded correctly or substantially correctly, for
example with formation of proper folded units'
a-helices, b - sheets, domains, disulphide bridges
etc., a polypeptide should have the ability to perform
its natural function. Generally, the unit of function
in a polypeptide is a domain . "Clinical grade vector"
as used herein means a plasmid or other expression
vector that is capable of being expressed 



in Helicobacter or a non-pathogenic bacterium
engineeredto have features of Helicobacter. The
clinical grade vectors of the present invention do not
use antibiotic resistance markers for selection and/or
have been modified to prevent replication outside the
host e.g., such as a suicide vector. "Detectable
immune response" as used herein is either an antibody
(humoral) or cytotoxic (cellular) response formed in
an animal in response to an antigen that can be
measured using routine laboratory methods including,
but not limited to enzyme-linked immunosorbent assays
(ELISA) , radio- immune assays (RIA) , Enzyme- linked
ImmunoSPOT (ELISPOT) , immunofluorescence assays (IFA)
, complement fixation assays (CF) , Western Blot (WB)
or an equivalent thereto. "Gene of interest" as used
herein refers to any nucleic acid sequence encoding
for a pharmacologically active molecule of interest,
such as, polypeptide or protein, whose expression is
desired. The nucleic acid sequence may or may not
include the promoter or other regulatory components.
The vectors and plasmid vectors also include
constructs capable of producing anti-sense RNA. "Gene
therapy" as used herein is defined as the delivery of
a gene of interest to an animal in need thereof using
a recombinant vector. The gene of interest can be a
transgene encoding for a therapeutic or prophylactic
protein or polypeptide including, but not limited to
cytokines, anti-inf lamnmatories, anti-prolif
eratives, antibiotics, metabolic inhibitors/activators
and immunologically active antigens and fragments
thereof. Furthermore, "gene therapy" as used herein
also includes gene replacement technologies directed
at both inherited and non- inherited disorders. The
term Helicobacter includes all bacteria of the genus
Helicobacter including H . pylori and
Helicobactermustelae. The term also includes bacteria
that have similar biology to H . pylori in that they
are capable of residing on the gastric mucosa of
primates and/or capable of establishing a chronic, but
isolated infection of the mucosa. The term also
encompasses bacteria that have been modified so that
the bacterium has H . pylori features, such as the
ability to reside on the gastric mucosa. A
"heterologous" polypeptide is a peptide that is not
native or that has been mutated from the native form
as it existed in Helicobacter, i.e., not expressed by
Helicobacter in nature or prior to introduction into
Helicobacter, or an ancestor thereof. "Host" as used
herein defines the intended recipient of a therapeutic
composition of the present invention. Host includes
all animals. Specifically, hosts include, but are not
limited to, primates (including man) , bovine, equine,
canine, feline, porcine, ovine, rabbits, rodents,
birds and fish. "Immunologically inert" as used herein
shall mean any substance, including microorganisms
such as microflora that does not provoke a significant
immune response in its host. Examples of
immunologically inert materials as used herein include
stainless steel, biocompatible polymers such as
poly-L-lactide, medical grade plastics and the
microflora organisms of the present invention. An
"insertion construct" , as used herein, shall mean a
nucleic acid construct that comprises a portion of
Helicobacter pylori nucleic acid sequence, such as a
portion of a nucleic acid sequence that encodes the
HopE gene, and a non-Helicobacter nucleic acid
sequence that 



encodes a molecule of interest. An "isolated nucleic
acid" is a nucleic acid sequence thatis not identical
to any naturally occurring nucleic acid or any
fragment of a naturally occurring genomic nucleic acid
sequence spanning more than three separate genes . The
term therefore covers, for example, (a) a DNA molecule
which has the sequence of part of a naturally
occurring genomic DNA molecule but is not flanked by
both of the coding sequences that flank that part of
the molecule in the genome of the organism in which it
naturally occurs; (b) a nucleic acid incorporated into
a vector or into the genomic DNA of a prokaryote or
eukaryote in a manner such that the resulting molecule
is not identical to any naturally occurring vector or
genomic DNA; (c) a separate molecule such as a cDNA, a
genomic fragment, a fragment produced by polymerase
chain reaction (PCR) , or a restriction fragment; and
(d) a recombinant nucleotide sequence that is part of
a hybrid gene, i.e., a gene encoding a fusion protein.
"Percent identity" (homology) of two amino acid
sequences or of two nucleic acids is determined using
the algorithm of Karlin and Altschul, 1990, Proc .
Natl. Acad. Sci. USA. 87:2264-2268, 1990, modified as
in Karlin and Altschul (Proc. Natl. Acad. Sci. USA
90:5873-5877, 1993). Such an algorithm is incorporated
into the NBLAST and XBLAST programs of Altschul et al
. (J. MoI. Biol. 215:403-410, 1990) . BLAST nucleotide
searches are performed with the NBLAST program,
score=100, wordlength=12 , to obtain nucleotide
sequences homologous to a nucleic acid molecule of the
invention. BLAST protein searches are performed with
the XBLAST program, score=50, wordlength=3 , to obtain
amino acid sequences homologous to a reference
polypeptide (e.g., SEQ ID NO: 2 ) . To obtain gapped
alignments for comparison purposes, Gapped BLAST is
utilized as described in Altschul et al . (Nucleic
Acids Res. 25:3389-3402, 1997) . When utilizing BLAST
and Gapped BLAST programs, the default parameters of
the respective programs (e.g., XBLAST and NBLAST) are
used.A "pharmacologically active" molecule, as used in
the description of the present invention, is defined
as a molecule, such as a peptide, protein, nucleic
acid, or other organic or inorganic substance that is
capable of eliciting a pharmacologically detectable
activity or response in a cell, such as in a cell
culture, or in a chemical or biochemical reaction
media or assay, or in an animal. The pharmacologically
active molecules of interest of the present invention
may include, for example, biologically active
molecules as described herein. A "molecule of
interest" as used in the description of the present
invention, is defined as a protein, peptide, enzyme,
or other molecule that when provided to a cell or
animal, provides a protein, peptide, enzyme or other
molecule that is capable of correcting and/or treating
a pathology, deficiency or other condition deemed
appropriate, such as in the treatment of a disease.
The term "reporter gene" as used herein is a nucleic
acid sequence incorporated into (or adjacent to) the
heterologous nucleic acid sequence encoding a
pharmacologically active molecule of interest that
provides the transformed vector expressing the
molecule of interest an identifiable phenotype . Non-
limiting examples of reporter genes include GFP, b
-galactosidase, amylase and CAT. "Screening marker" as
used herein refers to an identifying 



characteristic (phenotype) provided to a transformed
vector made in accordance with the teachings of the
present invention. In one embodiment of the present
invention, the screening marker is a reporter gene.
"Selectable marker," "selectable gene," "reporter
gene" and "reporter marker" (referred to hereinafter
as a"selectable marker") as used herein refer to
nucleic acid sequences encoding for phenotypic traits
that permit the rapid identification and isolation of
a transformed bacterial vector. Generally, bacterial
vectors deemed "clinical grade" and made in accordance
with the teachings of the present invention are those
vectors having selectable markers that do not encode
for antibiotic resistance . A "significant immune
response" is any immune response that would provide
immunity (i.e., invoke the production of specific
antibody) in an animal against a given antigenic
molecule or immunogen. A "therapeutically effective
amount" of a pharmacologically active molecule of
interest or combination of said molecules as described
herein is understood to comprise an amount effective
to elicit the desired response but insufficient to
cause a toxic reaction. A desired response, for
example, may constitute the formation of a sufficient
and/or acceptable detectable antibody titer level in a
blood sample. The dosage and duration of treatment of
the preparation to be administered to a subject will
be determined by the health professional attending the
subject in need of treatment, and will consider the
age, sex, weight, extent of existing diseased state
and/ or tissue damage of the subject, and specific
formulation of Helicobacter and the gene of interest
product being used as the treatment for the subject .
A "transgene" as used herein refers to a gene that is
inserted, using cDNA technology, into a cell in a
manner that ensures its function, replication and
transmission as a normal gene . A "transforming
nucleic acid sequence" as used hereinmeans a plasmid,
or other expression cassette containing a nucleic acid
sequence encoding a pharmacologically active molecule
of interest. In some embodiments of the present
invention, the nucleic acid sequence can encode for
one or more therapeutic agents. "Transforming nucleic
acid sequence" can also be used to mean a "transgene"
in accordance with certain embodiments of the present
invention. In another embodiment of the present
invention the transforming nucleic acid sequence
includes nucleic acid sequence encoding for a promoter
and/or other regulatory elements . The term "cancer"
as used herein refers to neoplastic diseases eg. ,
leukemia, cancers and "hyper-prolif erative disorders"
). The neoplasm may be located in a tissue selected
from the group consisting of: colon, abdomen, bone,
breast, digestive system, liver, pancreas, prostate,
peritoneum, lung, blood {e.g., leukemia), endocrine
glands (adrenal, parathyroid, pituitary, testicles,
ovary, thymus, thyroid), uterus, eye, head and neck,
nervous (central and peripheral) , lymphatic system,
pelvic, skin, soft tissue, spleen, thoracic, and
urogenital. In one embodiment the term "cancer" also
encompasses pre neoplastic conditions selected from
the group consisting of hyperplasia (e.g., endometrial
hyperplasia), metaplasia (eg, connective tissue
metaplasia) and/or dysplasia (e.g., cervical
dysplasia, and bronchopulmonary dysplasia) . 



In another embodiment, the term "cancer" also
encompasses benign dysprolif erative disorder selected
from the group consisting of: benign tumors,
fibrocystic conditions, and tissue hypertrophy. The
term "a disease or condition of the
immune/hematopoietic system" as used herein refers to
a disease or condition selected from the group
consistingof: anemia, pancytopenia, leukopenia,
thrombocytopenia, leukemia, Hodgkin's disease,
non-Hodgkin' s lymphoma, acute lymphocytic anemia
(ALL) , plasmacytomas, multiple myeloma, Burkitt's
lymphoma, arthritis, asthma, AIDS, autoimmune disease,
rheumatoid arthritis, granulomatous disease, immune
deficiency, inflammatory bowel disease, sepsis,
neutropenia, neutrophilia, psoriasis, immune reactions
to transplanted organs and tissues, systemic lupus
erythematosus, hemophilia, hyper-coagulation, diabetes
mellitus, endocarditis, meningitis, Lyme Disease,
Celiac disease (gluten sensitivity) and allergies. The
term "a disease or condition of the reproductive
system" as used herein refers to a disease or
condition selected from the group consisting of:
cryptorchism, prostatitis, inguinal hernia,
varicocele, leydig cell tumors, verrucous carcinoma,
prostatitis, malacoplakia, Peyronie's disease, penile
carcinoma, squamous cell hyperplasia, dysmenorrhea,
ovarian adenocareinoma, Turner's syndrome,
mucopurulent cervicitis, Sertoli-Leydig tumors,
ovarian cancer, uterine cancer, pelvic inflammatory
disease, testicular cancer, prostate cancer,
Klinefelter' s syndrome, Young's syndrome, premature
ejaculation, diabetes mellitus, cystic fibrosis,
Kartagener's syndrome, testicular atrophy, testicular
feminization, anorchia, ectopic testis, epididymitis,
orchitis, gonorrhea, syphilis, testicular torsion,
vasitis nodosa, germ cell tumors, stromal tumors,
dysmenorrhea, retroverted uterus, endometriosis,
fibroids, adenomyosis, anovulatory bleeding,
amenorrhea, Gushing' s syndrome, hydatidiform moles,
Asherman' s syndrome, premature menopause, precocious
puberty, uterine polyps, dysfunctional uterine
bleeding, cervicitis, chronic cervicitis, mucopurulent
cervicitis, cervical dysplasia, cervical polyps,
Nabothian cysts, cervical erosion, cervical
incompetence, cervical neoplasms,
pseudohermaphroditism, and premenstrual syndrome.The
term "a disease or condition of the musculoskeletal
system" as used herein refers to a disease or
condition selected from the group consisting of bone
cancers (e.g., osteochondromas, benign chondromas,
chondroblastoma, chondromyxoid fibromas, osteoid
osteomas, giant cell tumors, multiple myeloma,
osteosarcomas), Paget' s Disease, rheumatoid
arthritis, systemic lupus erythematosus,
osteomyelitis, Lyme Disease, gout, bursitis,
tendonitis, osteoporosis, osteoarthritis, muscular
dystrophy, mitochondrial myopathy, cachexia, and
multiple sclerosis. The term "a disease or condition
of the cardiovascular system" as used herein refers to
a disease or condition selected from the group
consisting of: myxomas, fibromas, rhabdomyomas,
cardiovascular abnormalities (e.g., congenital heart
defects, cerebral arteriovenous malf ormatiens, septal
defects), heart disease (e.g., heart failure,
congestive heart disease, arrhythmia, tachycardia,
fibrillation, pericardial Disease, endocarditis),
cardiac arrest, heart valve disease (e.g., stenosis,
regurgitation, prolapse) , vascular disease (e.g.,
hypertension, coronary artery disease, angina,
aneurism, arteriosclerosis, peripheral vascular
disease) , 



hyponatremia, hypernatremia, hypokalemia, and
hyperkalemia . The term "a disease or condition
described as mixed fetal" as used herein refers to a
disease or condition selected from the group
consisting of: spina bifida, hydranencephaly,
neurofibromatosis, fetal alcohol syndrome, diabetes
mellitus, PKU, Down's syndrome, Patau syndrome,
Edwards syndrome, Turner syndrome, Apert syndrome,
Carpenter syndrome, Conradi syndrome, Crouzon
syndrome, cutis laxa, Cornelia de Lange syndrome,
Ellis - van Creveld syndrome, Holt-Oram syndrome,
Kartagener syndrome, Meckel -Gruber syndrome, Noonan
syndrome,Pallister-Hall syndrome, Rubinstein-Taybi
syndrome, Scimitar syndrome, Smith-Lemli-Opitz
syndrome, thrombocytopenia -absent radius (TAR)
syndrome, Treacher Collins syndrome, Williams
syndrome, Hirschsprung's disease, Meckel's
diverticulum, polycystic kidney disease, Turner's
syndrome, and gonadal dysgenesis, Klippel-Feil
syndrome, Ostogenesis imperfecta, muscular dystrophy,
Tay- Sachs disease, WiIm' s tumour, neuroblastoma, and
retinoblastoma . The term "a disease or condition of
the excretory system" as used herein refers to a
disease or condition selected from the group
consisting of: bladder cancer, prostate cancer, benign
prostatic hyperplasia, bladder disorders (e.g. ,
urinary incontinence, urinary retention, urinary
obstruction, urinary tract infections, interstitial
cystitis, prostatitis, neurogenic bladder, hematuria),
renal disorders (e.g., hydronephrosis, proteinuria,
renal failure, pyelonephritis, urolithiasis, reflux
nephropathy, and unilateral obstructive uropathy) .
The term "a disease or condition of the neural/sensory
system" as used herein refers to a disease or
condition selected from the group consisting of: brain
cancer (e.g. , brain stem glioma, brain tumors,
central nervous system (Primary) lymphoma, central
nervous system lvmphoma. cerebellar astrocyroma, and
cerebral astrocytoma, neurodegenerative disorders
(e.g., Alzheimer's Disease. Creutzfeldt- Jakob
Disease, Parkinson's Disease, and Idiopathic Presenile
Dementia), encephalomyelitis, cerebral malaria,
meningitis, metabolic brain diseases (e.g.,
phenylketonuria and pyruvate carboxylase deficiency) ,
cerebellar ataxia, ataxia telangiectasia, and AIDS
Dementia Complex, schizophrenia, attention deficit
disorder, hyperactive attention deficit disorder,
autism, and obsessive compulsive disorders.The term "a
disease or condition of the respiratory system" as
used herein refers to a disease or disorder selected
from the group consisting of: cancers of the
respiratory system such as larynx cancer, pharynx
cancer, trachea cancer, epiglottis cancer, lung
cancer, squamous cell carcinomas, small cell (oat
cell) carcinomas, large cell carcinomas,
adenocarcinomas, allergic reactions, cystic fibrosis,
sarcoidosis, histiocytosis X , infiltrative lung
diseases {e.g. , pulmonary fibrosis and lymphoid
interstitial pneumonia) , obstructive airway diseases
{e.g., asthma, emphysema, chronic or acute
bronchitis), occupational lung diseases {e.g.,
silicosis and asbestosis) , pneumonia and pleurisy.
The term "a disease or condition of the endocrine
system" as used herein refers to a disease or
condition selected from the group consisting of:
cancers of endocrine tissues and organs {e.g., cancers
of the hypothalamus, pituitary gland, thyroid gland,
parathyroid glands, pancreas, adrenal glands, ovaries,
and testes), diabetes {e.g., 



diabetes insipidus, type I and type II diabetes
mellitus) , obesity, disorders related to pituitary
glands {e.g., hyperpituitarism, hypopituitarism, and
pituitary dwarfism) , hypothyroidism, hyperthyroidism,
goiter, reproductive disorders {e.g. , male and female
infertility), disorders related to adrenal glands
{e.g. , Addison's Disease, corticosteroid deficiency,
and Cushing's Syndrome), kidney cancer {e.g.,
hypernephroma, transitional cell cancer, and WiIm' s
tumour), diabetic nephropathy, interstitial nephritis,
polycystic kidney disease, glomerulonephritis {e.g.,
IgM mesangial proliferative glomerulonephritis and
glomerulonephritis caused by autoimmune disorders;
such as Goodpasture's syndrome), and nephrocalcinosis
. The term "a disease or condition of the digestive
system" as used herein refers to a disease or
condition selectedfrom the group consisting of:
ulcerative colitis, appendicitis, Crohn's disease,
hepatitis, hepatic encephalopathy, portal
hypertension, cholelithiasis, cancer of the digestive
system (e.g., biliary tract cancer, stomach cancer,
colon cancer, gastric cancer, pancreatic cancer,
cancer of the bile duct, tumors of the colon {e.g.,
polyps or cancers), and cirrhosis), pancreatitis,
ulcerative disease, pyloric stenosis, gastroenteritis,
gastritis, gastric atrophy, benign tumors of the
duodenum, distension, irritable bowel syndrome,
malabsorption, congenital disorders of the small
intestine, bacterial and parasitic infection,
megacolon, Hirschsprung's disease, aganglionic
megacolon, acquired megacolon, colitis, anorectal
disorders {e.g., anal fistulas, hemorrhoids),
congenital disorders of the liver {e.g., Wilson's
disease, hemochromatosis, cystic fibrosis, biliary
atresia, and alpha 1-antitrypsin deficiency) , portal
hypertension, cholelithiasis, and jaundice. The term
"a disease or condition of the connective/epithelial"
as used herein refers to a disease or condition
selected from the group consisting of : connective
tissue metaplasia, mixed connective tissue disease,
focal epithelial hyperplasia, epithelial metaplasia,
mucoepithelial dysplasia, graft v . host disease,
polymyositis, cystic hyperplasia, cerebral dysplasia,
tissue hypertrophy, Alzheimer's disease, lymphoprolif
erative disorder, Waldenstron' s macroglobulinemia,
Crohn's disease, pernicious anemia, idiopathic
Addison's disease, glomerulonephritis, bullous
pemphigoid, Sjogren's syndrome, diabetes mellitus,
cystic fibrosis, osteoblastoma, osteoclastoma,
osteosarcoma, chondrosarcoma, osteoporosis,
osteocarthritis, periodontal disease, wound healing,
relapsing polychondritis, vasculitis, polyarteritis
nodosa, Wegener's granulomatosis, cellulitis,
rheumatoid arthritis, psoriatic arthritis, discoid
lupuserythematosus, systemic lupus erythematosus,
scleroderma. CREST syndrome, polymyositis,
dermatomyositis, mixed connective tissue disease,
relapsing polychondritis, vasculitis, Henoch-
Schonlein syndrome, erythema nodosum, polyarteritis
nodosa, temporal (giant cell) arteritis, Takayasu's
arteritis, Wegener's granulomatosis, Reiter's
syndrome, Behcet's syndrome, ankylosing spondylitis,
cellulitis, keloids, Ehler Danlos syndrome, Marfan
syndrome, pseudoxanthoma elasticum, osteogenesis
imperfecta, chondrodysplasias, epidermolysis bullosa.
Alport syndrome and cutis laxa. The phrase
"ghrelin-associated diseases and disorders" refers to
any condition that can be treated prevented or 



ameliorated through the modulation of ghrelin
activity. These include conditions that are enhanced,
exacerbated or stimulated by ghrelin, for example,
growth hormone release or drive to eat. The
physiological actions of ghrelin are considered to
include, by way of example, the stimulation of growth
hormone release, the stimulation of hormone secretion
from lactotrophs and corticotropes, orexigenic and
cardiovascular actions, anti-prolif erative effects on
thyroid and breast tumors and regulation of gastric
motility and acid secretion through vagal mediation.
(See WO 2005021026) . Where the definition of terms
departs from the commonly used meaning of the term,
applicant intends to utilize the definitions provided
herein, unless specifically indicated. The invention
will now be further described by reference only to the
following non-limiting examples. It should be
understood, however, that the examples following are
illustrative, and should not be taken in any way as a
restriction on the generality of the invention
described herein. In particular, while the invention
is described indetail in relation to the use of a
specific H . pylori strain, it will be clearly
understood that the findings herein are not limited to
this strain. EXAMPLE 1 VECTORS AND TRANSGENIC H .
pylori ORGANISMS FOR STABLE EXPRESSION OF FOREIGN
PROTEINS The genetic manipulation of JJ. pylori is
uncommon. The present example demonstrates the utility
of the invention for providing a genetically
transformed Helicobacter, particularly transformed H .
pylori. The transformed bacterium are prepared using
plasmids and plasmid vectors derived from
Helicobacter, which have had been subject to prior
manipulation in a non-Helicobacter organism, such as E
. coli. Several H . pylori plasmids described in the
literature can be successfully converted to H .
pylori/E. coli shuttle vectors . Many strains of JE?.
coli have been reported to be naturally competent for
DNA uptake. Resistance markers for streptomycin,
rifampin and metronidazole have also been successfully
transformed into most strains of H . pylori. However,
while plasmid DNA from E . coli and other organisms
can be introduced into H . pylori, these plasmids
cannot be stably maintained. Moreover, H . pylori
plasmids cannot be transformed into E . coli or
Helicobacter species. Accordingly, H . pylori shuttle
vectors must be constructed. Two plasmids from H .
pylori are illustrated in the schematics shown in
Figures 1 and 2 . Vectors pHPAI (2.8kb) (Fig. 1 ) and
pHP3 (3.4kb) (Fig. 2 ) have been sequenced, and it has
been revealed that pHPAI replicated via the theta mode
of plasmid replication. In contrast to rollingcircle
replicating plasmids, theta plasmids do not generate
single- stranded DNA intermediates during replication
and are thus more stable vector candidatesbecause they
are less prone to illegitimate recombination.
Furthermore, the pHPAI origin of replication (ori)
contains a series of direct repeat sequences (termed
"iterons") that are involved in replication control
and maintaining stable copy number. Vector pHP3 shares
many of these features. The nucleotide sequences for
these two vectors are shown below. Plasmid pHPl shown
in double stranded form (top strand is (+ strand) SEQ
ID: 1 ; bottom strand is (- strand) (SEQ ID NO: 2 )
GTCATGCGCGTTGTTTTTAATTACATTTTAAACAACTTGTTGTTGTTTTTACAT
GTTTTACTCGC 65 



CAGTACGCGCAACAAAAATTAATGTAAAATT TGTTGAACAACAACAAAA
ATGTACAAAATGAGCG
ATGCGCGCGCGTGAGGGATTGGGGGTTGCAACCCCCTAAATAACGAAGCTGTAG
GGTTTCTCATT 130
TACGCGCGCGCACTCCCTAACCCCCAACGTTGGGGGATTTATTGCTTCGACATC
CCAAAGAGTAA
TTTGTGGTGAAAATGAATAAAACAGAACTTCTTGCCAACACTAACAGAACTTCT
TGCCAACACTA 195
AAACACCACTTTTACTTATTTTGTCTTGAAGAACGGTTGTGATTGTCTTGAAGA
ACGGTTGTGAT
ACAGAACTTCTTGCCAACACTAACAGAACTTCTTGCCAACACTAACAGAACTTC
TTTATTTTAAA 260
TGTCTTGAAGAACGGTTGTGATTGTCTTGAAGAACGGTTGTGATTGTCTTGAAG
AAATAAAATTT
GTTATGATTATTAACAATTTTTAGACATAATAACAGCGTGTGAAGATACTTTTG
TAGCGGTATTT 325
CAATACTAATAATTGTTAAAAATCTGTATTATTGTCGCACACTTCTATGAAAAC
ATCGCCATAAA
CCTATGTGCGGCAAAATTTGGAGCAATTAGCTTGACTTGGTTGAGTTAGTGGGT
TGGAGGATAGA 390
GGATACACGCCGTTTTAAACCTCGTTAATCGAACTGAACCAACTCAATCACCCA
ACCTCCTATCT
GAGGGCGACACCTCGTTAGGAGGTATCAATGTGAAAGTATTTGTCGTATTAGTT
CTAGTATTAGT 455
CTCCCGCTGTGGAGCAATCCTCCATAGTTACACTTTCATAAACAGCATAATCAA
GATCATAATCA
AATTCTCGCACAATTGCTATATTAGGCTTATTCGTGGTCTAACCCCTTGTTTAT
GGGGGTTGGCT 520
TTAAGAGCGTGTTAACGATATAATCCGAATAAGCACCAGATTGGGGAACAAATA
CCCCCAACCGA
CGTTATAAGCATACTGATACGATCACACTTATTATACACCAAAAGATAAGGAGT
ATAGAGTGGAA
585GCAATATTCGTATGACTATGCTAGTGTGAATAATATGTGGTTTTCTATTCC
TCATATCTCACCTT
TTTGATCAATCAGATTTACAAAAAGCGTTGAAAATATTAGATACACTCCCACAA
ACCCCACAAAT 650
AAACTAGTTAGTCTAAATGTTTTTCGCAACTTTTATAATCTATGTGAGGGTGTT
TGGGGTGTTTA
TGAGCTACAAAAACAAGAAATACAAAACCGCATCAACAAAATAACAGAGACAAT
CATTAAAGAAT 715
ACTCGATGTTTTTGTTCTTTATGTTTTGGCGTAGTTGTTTTATTGTCTCTGTTA
GTAATTTCTTA
TACTATCAAAGCATGAAATCAAGAAAGAAGAACTAGAACCCACTCTAACCCCAA
AACCCACACCA 780
ATGATAGTTTCGTACTTTAGTTCTTTCTTCTTGATCTTGGGTGAGATTGGGGTT
TTGGGTGTGGT
CTCAAAGAGCCACAAACCACCCCAACACCATGCAAAGATTTAGTGGTTAGCACC
CCTAAAGATAA 845
GAGTTTCTCGGTGTTTGGTGGGGTTGTGGTACGTTTCTAAATCACCAATCGTGG
GGATTTCTATT
AACCTAATATCACCTACCACAATAACGCTAATAAGGTCAATCTAGGGAAATTGA
GCGAAAGGGAA 910
TTGGATTATAGTGGATGGTGTTATTGCGATTATTCCAGTTAGATCCCTTTAACT
CGCTTTCCCTT
GCCAATCTTTTATTCGCTATTTTTCAAAAACTCAAAGCCCAAGGGAATACCCTC
ATTCGTTTTGA 975
CGGTTAGAAAATAAGCGATAAAAAGTTTTTGAGTTTCGGGTTCCCTTATGGGAG
TAAGCAAAACT
ACCGCAAGATTTGAAACGCATGCTAAACATAGATATTTCTAATGAGCGCTTATC
AGAAGTCGTTA 1040
TGGCGTTCTAAACTTTGCGTACGATTTGTATCTATAAAGATTACTCGCGAATAG
TCTTCAGCAAT
TTAAGCTGTGGGATAGCATTAAAACCGCTGATTTTTGGAAAATTAGCGAAACCG
AAACTTCAATC 1105
AATTCGACACCCTATCGTAATTTTGGCGACTAAAAACCTTTTAATCGCTTTGGC
TTTGAAGTTAG
ATTCAAGAAAATTACATGCTTTTTAGTCGGTGTAAAATTGAATTGAACAAACCG
AGTAAAGATTT 1170
TAAGTTCTTTTAATGTACGAAAAATCAGCCACATTTTAACTTAACTTGTTTGGC
TCATTTCTAAA
GAAGTATTTAGAAATCCAACTCAACGATAACTATCAAGACTTACTCAACAATCT
GGGCATGGGTC 123 5
CTTCATAAATCTTTAGGTTGAGTTGCTATTGATAGTTCTGAATGAGTTGTTAGA
CCCGTACCCAG
AATACACTTCTTTCAATCTGTTAGAATTTCAAAGAGTGAGGGGTAAATACGCTA
AAACGCTCTAT 13 00
TTATGTGAAGAAAGTTAGACAATCTTAAAGTTTCTCACTCCCCATTTATGCGAT
TTTGCGAGATA
CGCTTGCTCAAGCAATACAAAAGCACAGGGATTTTGAGCGTGGAATGGACTCAA
TTCAGGGAGCT 1365
GCGAACGAGTTCGTTATGTTTTCGTGTCCCTAAAACTCGCACCTTACCTGAGTT
AAGTCCCTCGATTTAGACATTCCAAAAGACTACAAAATGGAAAACATCGATCAA
AAAGTCTTAACCCCCTCTCTCA 143 0
AAATCTGTAAGGTTTTCTGATGTTTTACCTTTTGTAGCTAGTTTTTCAGAATTG
GGGGAGAGAGT
AAGAACTCAGAAAAATCTACCCTTTTGAACACTTGAGCTATAAAAAAGAACGCA
AAAGCCATTAC 1495
TTCTTGAGTCTTTTTAGATGGGAAAACTTGTGAACTCGATATTTTTTCTTGCGT
TTTCGGTAATG
AAGCGCAAAGTAACCCACATTGATTTTTATTTTGAGCAATTTCCTTAAGGCGAA
AATAAGAAACA 1560
TTCGCGTTTCATTGGGTGTAACTAAAAATAAAACTCGTTAAAGGAATTCCGCTT
TTATTCTTTGT
AAACAAAGCCGACAAGCAACGCGCTCAAAGGGACATCAAGCTTGTAGCATGGGA
TATTCACAACC 1625
TTTGTTTCGGCTGTTCGTTGCGCGAGTTTCCCTGTAGTTCGAACATCGTACCCT
ATAAGTGTTGG
AAATCGCTAAAAGAAACGCAAAAGCCACTATGGAAGCTAGGTTTCTTGAATTGA
AAACTTTGATC 1690
TTTAGCGATTTTCTTTGCGTTTTCGGTGATACCTTCGATCCAAAGAACTTAACT
TTTGAAACTAG
GGCTATCAGTTCAGGAACAATGACAGTAGGAACAAATTAAAGATTGACAACACC
ACTTTTGAAAG 1755
CCGATAGTCAAGTCCTTGTTACTGTCATCCTTGTTTAATTTCTAACTGTTGTGG
TGAAAACTTTC AATCAAATGTATTTACATGTATCTTAACCCTAA
AATAAGCATAACCCCCAAAAATTCCTTGTAT 1820
TTAGTTTACATAAATGTACATAGAATTGGGATTTTTATTCGTATTGGGGGTTTT
TAAGGAACATA
CCAACAAGACATTCGCATTGGAACTACTATATATCAATAGATACAGCCTAAAAA
AAAGACAACTT 1885
GGTTGTTCTGTAAGCGTAACCTTGATGATATATAGTTATCTATGTCGGATTTTT
TTTCTGTTGAA
GCTAGAAGAATTTAACCCCCCAAAATCCACCCTATCACCAACGAACCTATCAAG
GAATTTGCAGA 195 0
CGATCTTCTTAAATTGGGGGGTTTTAGGTGGGATAGTGGTTGCTTGGATAGTTC
CTTAAACGTCT
ATACATCGGCAAAACGATTAACATCACCAACTTCAATGTGGATCAATGCCATGA
GGGAATCAGCA 2015
TATGTAGCCGTTTTGCTAATTGTAGTGGTTGAAGTTACACCTAGTTACGGTACT
CCCTTAGTCGT
ACTACCTGACAATCACTAGGATCGTGAACTGGACGTAATCGGATCTGTATTTGG
TCCAGATGTGG 2080
TGATGGACTGTTAGTGATCCTAGCACTTGACCTGCATTAGCCTAGACATAAACC
AGGTCTACACC
ATAAGCCTGGGACTTCTCAAGCCTTTCATTGCTAAAGTGAGAAAATTTGGGGAT
TGGTTCAAGAA 2145
TATTCGGACCCTGAAGAGTTCGGAAAGTAACGATTTCACTCTTTTAAACCCCTA
ACCAAGTTCTTCaCTACAGGTGAAAAGACAGATGCATGCTGACTAAACTCATAG
AAAAACTGAATCACGAAAGAAA 2210 



GTGATGTCCACTTTTCTGTCTACGTACGACTGATTTGAGTATCTTTTTGACTTA
GTGCTTTCTTT
GAATGCAAGCAGAAAACAAACACCTAAAAGAACAAGGACTAGAAAAAATCTACA
CTCAAAAAGAC 2275
CTTACGTTCGTCTTTTGTTTGTGGATTTTCTTGTTCCTGATCTTTTTTAGATGT
GAGTTTTTCTG
TACGAGCAGTTAAAAGAACAGCATTTGAAAGAAATTGAAGCACTCAAAAAAGAA
ATCCAAAAAAC 2340
ATGCTCGTCAATTTTCTTGTCGTAAACTTTCTTTAACTTCGTGAGTTTTTTCTT
TAGGTTTTTTG
CAAGCAAGAAACATACACGCAACCAAAAGAATGTAGCCATTTAGCGCATTCTTT
TAGCCCTAATT 2405
GTTCGTTCTTTGTATGTGCGTTGGTTTTCTTACATCGGTAAATCGCGTAAGAAA
ATCGGGATTAA
CATTCTTTCAATCAAAATCCGACTAATTCATCGGCTAAACGCTAAAAATCGCTT
AAAACGAAAAA 2470
GTAAGAAAGTTAGTTTTAGGCTGATTAAGTAGCCGATTTGCGATTTTTAGCGAA
TTTTGCTTTTT
TACAAAGCAAAAAACTTCATTCCCCTTTTAGTCGTTAACCATTTAGCCAATCTA
ACTAGTTTAGC 2535
ATGTTTCGTTTTTTGAAGTAAGGGGAAAATCAGCAATTGGTAAATCGGTTAGAT
TGATCAAATCG
ATCTAAAGGCGAATCTATCTTGTGTTAGACATCCAACCTTACCAAAACCGCAGA
GCGAGCTTAAG 2600
TAGATTTCCGCTTAGATAGAACACAATCTGTAGGTTGGAATGGTTTTGGCGTCT
CGCTCGAATTC
AGAGATTCAAGCGGTTTTGCACGATTGTTTGCTGCCAAGAAAACCAACAAGCGA
AGTAAGGCGCA 2665
TCTCTAAGTTCGCCAAAACGTGCTAACAAACGACGGTTCTTTTGGTTGTTCGCT
TCATTCCGCGT
TAGACAAAAGCGCATCGCAGTTTGAAAGCGTAGGCGTCAGAAGTGGTTTGCGTT
AGAATCAAACA 273 0
ATCTGTTTTCGCGTAGCGTCAAACTTTCGCATCCGCAGTCTTCACCAAACGCAA
TCTTAGTTTGT
AGATAGCGCAAACCTGGCGTTAGGCTAAAAAACCCCTAAAAACTAAAACCCCAA
AATATGTAGTGC 2796
TCTATCGCGTTTGGACCGCAATCCGATTTTTTGGGGATTTTTGATTTTGGGGTT
TTATACATCACG Plasraid pHP3 shown in single stranded
form (SEQ ID NO: 3 )
TCTACACAATTAACAATCTTTAGCTACAATAACAGCGTGTGAAGATGCTTTCAC
AGCGGT 60
ATTTCCTATGTGCGGCAAAATTTGGAGCAATTAACTTGACTTGGTTGGGTTAGT
GGGTTG 120
GAGGATAGAGAGGGCGACACCTCGTTAGGAGGTATCAATGTGAAAGTATTTGTC
GTATTA 180
GTTCTAGTATTAGTAATTCTCGCACAATTGCTATATTAGGCTTATTTGTGGTCT
AACCCC
240TTGTTTATGGGGGTTAGATCCTTATAAGCATACTGATACGATCACACTTAT
TATACACCA 300
AAAGATAAGGAGTATAGAGTGGAATTTGATCAATTAGAATCACAAAGATCAGAC
TTACAA 360
AAAGTGTTAAAAGAATTAGATACACTCCCAAAAACCCCACAAATTGAGCTACAA
AAACAA 420
GAAATACAAAACCGCATCAACAAAATAACAGACACAATCATTAAAGAATTACTA
TCAAAA 480
CATGAAATCAAAAAAGAAGAACTAGAACCCACTCTAACCCCAAAACCCACACCA
ACAAAA 540
GAGCCACAAACCACCCCCACACCATGCAAAAATTTAGTGGTTAGCACCCCTAAA
GATAAA 600
ACCTATATCACCTACCACAATAACGCTAATAAGGTCAATCTAGGGAAATTGAGC
GAAAGG 660
GAAGCCAATCTTTTATTCGCTATTTTTCAAAGGCTTAAAGATCAAGGGAATACC
CTCATT 720
CGTTTTGAACCGCAAGATTTAAAACGCATGATCATGGTCAAATCCAACTTAACC
AACAGG 780
CAATTATTGCAAGTCTTAAAAAATTTGCTTGACAACATTAGCGGTGCTAATTTT
TGGATC 840
AATTAGAGAGCATGTTGAAAATGGCGAAATCTATGAAGATCACACTAGCTACAT
GCTTTT 900
CAAACAATTTGAAATCCGCATCCATAAGCCAACACAAACTATAGAATACTTAGA
TGTCCA 960
ACTCAATGATAGCTATCAATACTTGCTCAACAATCTAGGAATGGGCGGTCAATA
CACTTC 1020
TTTCAATCTCTTAGAATTTCAAAGGGTGAGGGGCAAATAGTGAGAGCGTTAAAT
TTCCCC 1080
CCCCTATTCCCCTTAAAAAGGACCCTTATCCCAGGGAATTTTTGGCCCCAATAC
AATTAG 114 0
GGCCAAAAACCCGGTCCCTTCCATGGCTTAACCAACCCAATTGGGGGATTCCAA
TTTCCC 1200 CTGGATGGGAATAACCCAAGGCTTTTTTTGA
ATTCCACCTACCATTTGGTCCAAAATT 12 60
GGATGGACAATTCCAAATTCCAAATCTTCTTTTCCAAGAATGGGGGCCAACCCT
TGACAA 132 0
ACTCCTTAAACCTTTTCATTCGGCTAAAAGGTTGAAAAACATTTGGAAGATTTG
GTTTAA 1380
GGAAATATTTATCGGGTGAAAAGACCAGATGCATGGCTAACTTAAACTCCATAG
AAAAAC 144 0
TGAATCACGAAAGAAAGAATGCTATCAAAAATGGCATTTACCACTTGATCCAAA
TCAAAT 150 0
TTTCTTACAACTCCAATCGCATTGAAGGAAGCGGTTTGACTTATGAACAAACCG
CTCATA 1560
TTTTTGACAAATCCGTTCTCATAACTGAAAAAAACACCAATATCAAACTTGATG
ATATTT 162 0
TTGAAACTATCAATCATTTTGAATGCGTGAATTACTTGCTTGAAAGCTATAAAG
AACCTT 168 0
TGAGTTTAGAATACTTTAAGAATTTACACAAAATCTTGAAAAAGAATTGTTCTG
ATGAAG 174 0
TTATTGGTGATTTTAAAAAACGCCCTAATTTTGTAGGCAATAGCGCCACAACAA
GACCCA 1800
AATTAGTTGAAAGCGAATTGACAAATCTTGTGAAAAATTATCAACGCAACCTTG
AAGTGA 1860
GTTTGAAAAACAATATCATGCCTTTCATCATAGAAAACGAACACAAAGCCTTTT
ACTACA 192 0
GGGGCATCAAAGAATATGACAACACAAAAGGCTACTTGAAAGACACCATTTTGC
AAAGTC 198 0
AAGACAATTTCAATGAAATGGTTAGCTATTTCTTTTCTTGAGTGAAACCGCTTA
TTTTTG 2040
CTTGTGTGCTTTTGTTTTTTGCGTTTTTAGTTGTAGGTGGTAAGAAATATCGGT
TTTTTG 210 0
CTTTTCGTTGGTTGTAGGCGATTTTAGATAGCAAAAAACAGCTAAAAAATCCAA
GCAACC 2160
TAATTGATTTCAAACCAACTTCATTTCCCTTTTAGTCGTTAGCCATTTAGCCAA
TCTAAC 222 0
TAGTTTAGCATCTAAAAGCGCATATAACTTGAGTTAGCAATCCAACCAATACTA
AAACCG 228 0
CCTAGCGAAGCGTTAGCGAGCAAAATAAGCGGTTTTAGACCGATTGTTTGCTGA
CAAGCA 234 0
AACACCAATAAGCGAGCGTTAGCGAGCATGGACAAAAGCGCATCGCAGTTTGAA
AGCGTA 2400
GGCGTTAGCCGAAGCTGTTTTGCGTAAGCAAATCAAACAAGATAGCGCAAGCCG
AGGTGC
2460AGCCCAAGAATTTGAATTAATCCATGCGGTGTTTAGGGCGTTTTAGCGTG
ATCGCTTTAT 252 0
TACATGTTTTAAACAGCATGCTGTTTTTTACATGTTTTACTCGCATGCGCGCGC
GCTAGG 258 0
TATTGGTGGTTGGAATAGCCTAAATAACGCAGCTGTATGGTTTCTCATTTTTCG
GTGAC 2640 ATGA  TA  GGGGT  GTTCTTGCG
GTCATAAGTGTAGTTCTTGCGAGTCATAAGTGTAGT 2700 



TCTTGCGAGTCATAAGTGTAGTTCTTGCGAGTCATAAGTGTAGTTCTCTTCACA
ATATCT 2760
ACACAATTCACAATCTCTAGCTACAATAACAGCGTGTGAAGATGCTTTCACAGC
GGTATT 2820
TCCTATGTGCGGCAAAATTTGGAGCAATTAGCTTTAAAAGCTAGTGGGTTGGGA
GTTTGT 2880
AGCGGGTATGCACTCCGTTAGGAGGCACACCATGAAAGCATTTTTGATAGTAGT
GATTTT 294 0
AGTGGTAATCTTGACACAGCCACTATATTAAAACCTTAGCGTTTTAATAACCCT
TATAAG 3000
TCCGCCAAGACTTCTTAAGGGTTTCACTCCTGTTATTATATCGTCTTTTGAAAA
ATAAGC 3060
ATTAAAAGGCGCTTAAATGCCCATGAATACGAATTTTGAACAGCTTAGAAAACA
AGAATT 312 0
GGAATTACGAAAATTATTAGAAGAATTAGAAACGCTCCCACAAACCCCACAAAT
TAAACT 318 0
GCAAAAACAAAAAATACAAACTTACATAGACAAGATAACACCAAGTATTTTGAG
CGGTTT 3240
TGATCAAAAATTCAAAGAAATTATAGAAAATCTATCAAATGAATTTGAAAAAGA
AAAATC 3300
CACACCACTCAAAGAGCCACAAACCACCCCCACACCATGCAAAGATTTAGTGGT
TAGCAC 3360 CCCTAAAGATA
CACCTATACCACCTACCACAATAACGCTAAT   GGTCAATCTAGGGAA 3420
ATTGAGCGAAAGGGAAGCCAATCT 3444 0 An additional
nucleotide sequence that was cloned is provided at SEQ
ID NO: 4 , which includes a 135 bp segment that
encodes a peptide of 45 amino acids (SEQ ID NO: 5 ) .
This smaller 45 amino acid peptide is an immunogenic
polypeptide of the Hepatitis C virus (HCV) core
antigen. The nucleic acid sequence encoding the 45
amino acid peptide is shown below with the indicated
135 nucleotides underscored (SEQ ID NO: 5 ) .
CATGAGCACG AATCCTAAAC CTCAAAGAAA AACCAAACGT AACACCAACC
GTCGCCCACA GGACGTCAAG TTCCCGGGTG GCGGTCAGAT CGTTGGTGGA
GTTTACTTGT TGCCGCGCAG GGGCCCTAGA TTGGGTGTGC GCGCGA
CGAG GAAGACTTCC GAGCGGTCGC AACCTCGAGG TAGACGTCAG
CCTATCCCCA AGGCACGTCG GCCCGAGGGC AGGACCTGGG CTCAGCCCGG
GTACCCTTGG CCCCTCTATG GCAATGAGGG TTGCGGGTGG GCGGGATGGC
TCCTGTCTCC CCGTGGCTCT CGGCCTAGCT GGGGCCCCAC AGACCCCCGG
CGTAGGTCGC GCAATTTGGG TAAGGTCATC GATACCCTTA CGTGCGGCTT
CGCCGACCTC ATGGGGTACA TACCGCTCGT CGGCGCCCCT CTTGGAGGCG
CTGCCAGGGC CCTGGCGCAT GGCGTCCGGG TTCTGGAAGA CGGCGTGAAC
TATGCAACAGGGAACCTTCC TGGTTGCTCT TTCTCTATCT TCCTTCTGGC
CCTGCTCTCT TGCCTGACTG TGCCCGCTTC AGCCTACCAA - SEQ ID
NO :4 . AATCCTAAAC CTCAAAGAAA AACCAAACGT AACACCAACC
GTCGCCCACA GGACGTCAAG TTCCCGGGTG GCGGTCAGAT CGTTGGTGGA
GTTTACTTGT TGCCGCGCAG GGGCCCTAGA TTGGGTGTGC GCGCG -
SEQ ID NO: 5 . The nucleic acid of SEQ ID NO: 4 was
cloned into the hopE gene (SEQ ID NO: 6 , shown below)
, of H . pylori 26695 at nt504 of SEQ ID NO: 4 (noted
in bold/underscore; corresponding to amino acid
residue 168 of the protein product) so that the
expressed product would be located as part of the
surface exposed loop of the HopE gene product. This
construct, designated as vector pTMI03-8 (Figure 3 )
was expressed on the surface of E . coli. ATGCCATAGC
ATTTTTATCC ATAAGATTAG CGGATCCTAC CTGACGCTTT TTATCGCAAC
TCTCTACTGT TTCTCCATAC CCGTTTTTTG GGCTAACAGG AGGATTAAC
C 1 ATGGAATTTA TGAAAAAGTT TGTAGCTTTA GGGCTTCTAT
CCGCAGTTTT 51 AAGCTCTTCG TTGTTAGCCG AAGGTGATGG
TGTTTATATA GGGACTAATT 101 ATCAGCTTGG ACAAGCCCGT
TTGAATAGTA ATATTTATAA TACAGGGGAT 151 TGCACAGGGA
GTGTTGTAGG TTGCCCCCCA GGTCTTACCG CTAATAAGCA 201
TAATCCAGGA GGCACCAATA TCAATTGGCA TGCTAAATAC GCTAATGGGG
251 CTTTGAATGG TCTTGGGTTG AATGTGGGTT ATAAGAAGTT
CTTCCAGTTC 301 AAGTCTTTTG ATATGACAAG CAAGTGGTTT
GGTTTTAGAG TGTATGGGCT 351 TTTTGATTAT GGGCATGCCA
CTTTAGGCAA GCAAGTTTAT GCACCTAATA 401 AAATCCAGTT
GGATATGGTC TCTTGGGGTG TGGGGAGCGA TTTGTTAGCT 451
GATATTATTG ATAACGATAA CGCTTCTTTT GGTATTTTTG GTGGGGTCGC
501 TATCGGCGGT AACACTTGGA AAAGCTCAGC GGCAAACTAT
TGGAAAGAGC 551 AAATCATTGA AGCTAAGGGT CCTGATGTTT
GTACCCCTAC TTATTGTAAC 601 CCTAACGCTC CTTATAGCAC
CAAAACTTCA ACCGTCGCTT TTCAGGTATG 651 GTTGAATTTT
GGGGTGAGAG CCAATTTTA CAAGCATAAT GGCGTAGAGT 701
TTGGCGTGAG AGTGCCGCTA CTCATCAACA AGTTTTTGAG TGCGGGTCCT
751 AACGCTACTA ATCTTTATTA CCATTTGAAA CGGGATTATT
CGCTTTATTT 801 AGGGTATAAC TACACTTTTTCTCGAGATCT
GCAGCTGGTA CGATATGGGA ATTCGAAGCT TTCTAGAACA 



AAAACTCATC TCAGAAGAGG ATCTGAATAG CGCCGTCGAC CATCATCATC
ATCATTGAGT TTAACGGTCT CCAGCTTGGC TGTTTTGGCG GATGAGAGAA
GATTTTCAGC CTGATACAGA TTAAATC SEQ ID N O :6 Briefly,
one method of accomplishing the isolation of hopE gene
is amplification from H . pylori 22695 by using Tag
DNA polymerase. The upstream primer 5 '-
AAGGATCCGATAGGAATGTAAAGGAATGG- 3 ' (SEQ ID NO: 7 )
containing a BamRI site and the downstream primer 5'-
CCGAATTCTAAAGGCATGAACGCTTGCA- 3 ' (SEQ ID NO: 8 )
containing an EcoRI site can be constructed by using a
DNA synthesizer, such as the Perkin-Elmer Applied
Biosystems, Inc. model 332 (ABI; Mississauga, Ontario,
Canada) . The resulting PCR fragment can be blunt- end
cloned into the EcoRV site in pBluescript II KS(+) in
the same orientation as the lac promoter. PCR primers
can then be designed to insert two unique restriction
enzyme sites into the hopE gene for insertion of the
135bp immunogenic coding sequence from the Hepatitis C
virus (HCV) core antigen. The PCR amplification using
Tag DNA polymerase can be performed using a touchdown
amplification procedure as follows. The PCR
Thermocycler is programmed for an initial denaturation
step of 96 C for 4 min, followed by 18 cycles at an
initial annealing temperature of 65C (for 90s), which
is decreased by 0.5 C for each successive cycle, an
extension step at 72 C for 6 min., and denaturation at
96 C for 1 min. Subsequent to completion of the first
18 cycles, an additional 14 amplification cycles can
be performed by using 72 C extension and 96 C
denaturation steps with a constant 55 C annealing
temperature. The resulting amplicon is then purified
by column, precipitated with ethanol, and made blunt
by digestion with the Klenow fragment of DNA
polymerase . The PCR products can bedigested with
restriction enzyme to remove the template DNA, and
religated into an appropriate vector such as pTMI03 .8
under the control of the arabinose inducible promoter,
and transformed into E . coli JM105. Recombinant
clones can be identified by using oligonucleotide
primer 5'-AGATCTAAGGACGTC-S' (SEQ ID NO: 9 ) plus the
reverse sequencing primer in PCR amplification
reactions . Identified clones can be sequenced to
verify that the inserted restriction endonuclease
sites are in frame and that no errors had been
introduced into the hopE gene. The 135bp immunogenic
coding sequence from the Hepatitis C virus (HCV) core
antigen can then be inserted using standard
techniques. Once vector pTMI03-8 had been created, it
was transformed into E . coli, which was grown at 37 C
, cells were then harvested and the expression of the
DCV insert was continued by Western Blot. Briefly, a
procedure for this is as follows. Cells are harvested
from about 20 plates and resuspended in 20% sucrose
with 50mg of DNase I (Boehringer Mannheim) in 1OmM
Tris-HCI (pH 8.0) . The cells are then disrupted with
a French press at 15,000 lb/in 2 . Broken cells are
overlaid on a sucrose step gradient of ImI of 70% and
6ml of 70% sucrose in 1OmM Tris-HCI (pH 8.0). The
outer membrane fraction is collected and pelleted at
150,000 x g , and the pellet is resuspended in 100 ml
of distilled water. Alternatively, outer membranes
from 500 m l of log-phase culture can be solubilized
in 1OmM Tris-HCI (pH 8.0) -3% n -
octyl-polyoxyethylene incubated at 23 C for 1 hour and
centrifuged for 30mm at 173,000 x g . The pellet is
resuspended in 1OmM Tris-HCI - 3%
n-octyl-polyoxyethylene- 



5mM EDTA (pH 8.0), incubated at 23 C for 1 hour, and
centrifuged for 30min at 173,000 x g , and the
supernatant collected. A Western immunoblot indicated
the presence ofECV/hopE in the supernatant of the
second solubilization step. The supernatant containing
UCV/hopE is mixed with an equal volume of 0.125 M
Tris-HCI (pH 6.8), 4% (wt/vol) sodium dodecyl sulfate
(SDS) , and 20% (vol/vol) glycerol and subjected to
SDS- 12% polyacrylamide gel electrophoresis (PAGE) .
If required the UCV/hopE band can be excised from an
unstained portion of the gel and eluted overnight at
4C into 1OmM Tris-HCI (pH 8.0), ImM EDTA (pH 8.0), and
10OmM NaCl. The elution supernatant can then be run on
an SDS-PAGE gel to check for purity and a Western
immunoblot using standard techniques undertaken. For
example, isolated outer membranes can be loaded at a
concentration of 15 mg/lane. Electrophoresis is then
carried out by SDS-PAGE on a discontinuous 12%
polyacrylamide gel. Proteins are then stained with
Coomassie brilliant blue. For Western immunoblot ting,
unstained gels can be electroblotted onto immobilon-P
membranes (Millipore, Bedford, Mass.) . After blocking
for 2 h at 2 C with 3% bovine serum albumin (BSA;
Boehringer Mannheim) -0 .1% Tween 20 (Sigma) in
phosphate-buffered saline (PBS) , the membranes are
then incubated with a 1/10,000 dilution of anti-HCV
rabbit antiserum in 1% BSA- 0.05% Tween 20 in PBS for
1 h at 37C. The membranes are then washed with PBS and
incubated with a 1/5,000 dilution of an alkaline
phosphatase -conjugated secondary antibody (Bio-Rad,
Richmond, California) for 1 h at 37 C . The bound
antibodies are detected with 5-bromo-4-chloro-3-
indolylphosphate (BCIP, Calbiochem. La Jolla,
California) and nitroblue tetrazolium (NBT, Sigma) .
EXAMPLE 2 EXPRESSION VECTORS AND SELECTION OF ANTIGENS
FOR STABLE EXPRESSION Because HopE is a native protein
of H . pylori, it is tolerated by this organism and
can thus form a construct useful for expressing
foreign antigens or other heterologous gene products
in H . pylori. Other H .pylori/E. coll shuttle vectors
that can be readilydeveloped as described above
include, for example, vectors comprising two plasmid
ori sites and markers which are suitable for each host
. Markers might include genes for
chloramphenicol/kanamycin resistance as well as
promoters that can be recognized by both the E . coll
and H . pylori transcriptional systems . The
requirements for replication E . coll can be achieved
by using any of a number of known E . coll plasmids
(e.g., pBR322) . Constructed shuttle vectors can be
tested for replication in both E . coll and H . pylori
in vitro and compared to existing shuttle plasmids
described in the literature. The choice of antigen or
other heterologous gene product to be expressed would
ideally be one that is not toxic to H . pylori and E .
coll and that is highly immunogenic (or possesses
another desirable property) when delivered to a
selected site in a mammal. In the case of an expressed
antigen for immunization of the mammal, such as site
may be a mucosal site. A s described in Example 1 ,
hopE/KCV core antigen fusion protein can be expressed
at the E . coll surface. The product of pTMI03-S
(Figure 3 ) is preferably targeted to the H . pylori
outer membrane, so that it would display the HCV core
antigen in a mucosal environment. Tetanus toxoid (TT)
has been studied extensively as an antigen in humans,
and immune responses to it are well 



characterized. TT elicits good mucosal immune
responses when administered orally or intranasal when
displayed on the surface of bacterial spores (Due &
Cutting, 2003, Expert Opinion Biol Ther, 3(8),
1263-70) . The tetanus toxin C fragment can be fused
to the hopE gene product as described above or
engineered to contain a membrane anchor and cell
surface target sequence. The advantage of thissystem
is the existence of well-characterized murine models
for assessment of the effectiveness of the vaccination
procedure, whereas; in the case of HCV where the known
murine models typically rely on immune -deficient
mice. The gB protein of cytomegalovirus (CMV) has been
shown to immunize mice against a lethal dose of an
engineered vaccine virus expressing the gB antigen.
Accordingly, shuttle vectors such as those described
herein, comprising gB antigen in place of an HCV
antigen can be constructed using the protocol
described in Example 1 . A number of promoters can be
used in the shuttle vectors . Ideally the promoter
used is inducible either by a natural in vivo
colonization mechanism of Helicobacter or by induction
with an innocuous foodstuff or chemical that can be
consumed. For example, the promoter from the H .
pylori histidine kinase HP 165 may be used. The
promoter from the H . pylori histidine kinase HP 165
is reported to be induced by acidic pH and may be a
virulence factor related to gastric mucosa
colonization. The benefit of this promoter is that a
construct can be made in vitro. The foreign antigen
will only be expressed when exposed to the acidic
environment of the gastric mucosa. Other promoters
include the arabinose inducible promoter used in
pTMI03.S and FIaB sigma 54 promoters (Josenhans et
al., 1998, EEMS Microbial Lett., 16 1(2), 263-73), the
T7 promoter used in constitutive and inducible E .
coli systems and the nir promoter of Salmonella which
is induced in anaerobic environments (Chatfield et
al., 1992, Biotechnology, 10(8) : 888-92) . The
ability of any of these promoters to function in H .
pylori can be tested using the system developed by
Angelini et al. (2004) {Plasmid, 51:101-107) that uses
CAT and GFP reporters as readout of promoter activity
in a H . pylori plasmid vector.The target sites of
expression will depend on the antigen or other gene
product used. Initial studies focused on HopE proteins
and fusion polypeptides which target the expressed
polypeptide {e.g. , antigen) to the cell surface of H
. pylori. Plasmid stability is also very important
and, while the use of antibiotic resistance genes as
selective determinants for plasmid maintenance is
useful i vitro, is less practical in vivo. An
alternative is a balancedlethal system, for example,
the asd gene that is used inactivated in Salmonella.
The asd gene, which exists natively in H . pylori,
encodes aspartate- b-semialdehyde dehydrogenase (an
enzyme in biosynthetic pathway for diaminopimelic acid
(DAP) , an essential component of the cell wall
peptidoglycan of gram-negative bacteria. In the
absence of DAP, asd mutants undergo lysis. Since DAP
is not present in mammalian tissues, this balanced-
lethal system imposes a requirement that all living H
. pylori carry the recombinant asd gene -containing
plasmid. In order use the asd gene system the genomic
copy of the asd gene is inactivated using standard
gene knockout protocols . This strain of H . pylori
will then only grow with the supply of DAP or with a
plasmid that contains the asd gene . 



Other systems that can be used for similar purposes
include E . coli enterotoxin or cholera toxin (CT) as
mucosal adjuvants. Adjuvants can also be used to boost
the mucosal immune response. Two such adjuvants are CT
and E . coli enterotoxin (LT) wherein expressed
antigens are fused to the LTB and CTB mutants that
maintain their strong mucosal adjuvant properties but
have reduced toxicity.EXAMPLE 3 VIRULENCE, LD50 As
described in Examples 1 and 2 , Helicobacter-h&sed
vectors such as pHP3 and pHP623 are capable of
providing protection against infection in a mammal,
such as a mouse or human. In the present example, a
murine model is used to demonstrate the utility of
using the Helicobacter-h&sed systems to provide
delivery of a pharmacologically active molecule of
interest to a mammal, including a human. The murine
model is employed to demonstrate the activity of a
transgenic strain of H . pylori to elicit a
serological response to an expressed surface antigen
in vivo. Mice are infected with wild- type H . pylori,
while other mice are inoculated by gavage with
temperature-sensitive H . pylori as described in
Example 2 . Sera from both control and test animals
are assayed for antibody and gastric histology are
performed on sacrificed animals in accordance with the
schedule shown in Table 1 . A mouse urea breath test
can also be used. A 50% decrease in virulence (from
75% to 40%) was observed. Specific antibody titer
increased 4 fold above baseline, indicating a
serological response. Serum samples were taken at
baseline, 12, 24 and 48 weeks. At these times 10, 10
and 20 animals were sacrificed and gastric histology
performed. EXAMPLE 4 COMPARISON OF VIRULENCE AND
ANTIGENICITY OF TEMPERATURE SENSITIVE H . pylori
STRAINS In order detect change in virulence related to
expression/modification of an outer membrane protein;
mice were inoculated with temperature- sensitive H .
pylori as described in Example 3 . An equal size
control group of mice were infected with a wild type H
. pylori strain. Noninvasive means were used to
determine presence orabsence of H . pylori. Mice were
bled at 3 and 6 months for antibody determination. At
sacrifice, histology was performed to assay gastritis
and confirm colonization. EXAMPLE 5 LD50 STUDY TO
EVALUATE TEMPERATURE - SENSITIVE H . pylori VACCINE
EFFICACY FOR A PNEUMOCOCCAL ANTIGEN In order to
demonstrate the Helicobacter- based vaccine protection
effect from a standard pathogen (pneumococcus) , mice
were inoculated with temperature sensitive H . pylori
by gavage. An equal sized control group was infected
with the wild type H . pylori strain. Non-invasive
means were used to determine presence or absence of H
. pylori as described in Example 4 . At 6 months post
infection, all mice were given intraperitoneal
challenge with 10 times the LD50 of live virulent
pneurnococci type 4 (-20 CFU/mouse) , as per the
method of Aaberge efc a.1 . (1995, Microb. Pathog. ,
18:141-152) . Allowing for 75% lethality in the
controls, the study has a power of 0.8 to detect a 50%
decrease in mortality (75% vs 50%) . EXAMPLE 6
DETERMINATION OF H . pylori STATUS OF MICE: BREATH
TEST METHOD In the present example, the urea breath
test used in humans was adapted for use in mice. Ten
mice were fed a diet devoid of urease (uncooked soy) .
Mice were then administered 3.7 kBq C14] C urea in
200ml 



flavored citrate by gavage and placed in air- filled
2L plastic Ziploc bags for 20 minutes. Mice were then
removed without exchanging the air within the bag.
Hyamine, 0.1 mmol in ethanol, was then introduced and
scintillant was added to the hyamine solution and
counted for 10 min or upto a count of 1,000 dpm.
EXAMPLE 7 HUMAN STUDIES To confirm virulence and
antibody response in humans, a strain of H . pylori
like the "Baylor Strain" will be employed, and the
following criteria will be adopted: 1 . The infected
individuals will have no symptoms, no more than mild
histological damage, and no evidence of infection with
hepatitis viruses or HIV. 2 . The isolate will be a
single strain, cagA negative, and sensitive to
metronidazole, clarithromycin, tetracycline, and
amoxicillin. 3 . Volunteers to receive a challenge
will be healthy with normal gastric histology, no
history of peptic ulcer, no young children at home, no
regular contact with young children, and no allergies
to the antibiotics that might be required to treat the
infection. Challenge will consist of 40 mg famotidine
at bedtime followed by administration of H . pylori in
beef broth orally in the morning. Subjects are
contacted daily for 14 days. A 13C-UBT is performed
after 7 and 14 days and endoscopy with quantitative
culture and histology after 2 weeks and 3 months .
Antibiotics are used to eradicate the infection.
EXAMPLE 8 DEVELOPMENT OF EXTERNAL CHEMICAL MARKER FOR
DETECTION OF WILD TYPE AND/OR TSHP In Vivo An example
of a chemical marker that may be used for the
detection of wild type or TSHP in vivo is
sulfasalazine (SSN) , the structure of which is shown
in Figure 4 .Studies in germ free mice and.
conventional rats have shown that intestinal bacteria
are solely responsible for the diazo-bond reduction,
resulting in the reductive catabolism of SSN and the
release of sulf apyridine and 5- atninosalicylate .
The enzyme (s) which catalyses this reaction is
referred to as diazoreductase (s) (synonym
azoreductase (s) ) . Conventional rats given SSN
excrete 5 - aminosalicylate and sulf apyridine (and
their respective conjugates) in urine and feces,
whereas germ- free rats show no evidence of SSN
degradation. Several bacterial species have been shown
to have diazoreductases (AZR' s). Preliminary bioinf
ormatic studies have indicated that H . pylori may not
contain the AZR gene. The presence of similar
analogous sequences has also produced a negative
result. Under these circumstances a transgenic strain
of H . pylori (TSHP) that has a viable and functional
azoreductase (azr+ TSHP) can b e used to assess the
use of these markers. Plasmid pTM103-02 is digested by
BcoRI and HinlTl, and ligated with the Azoreductase
(AZR) gene from Bacillus subtilis treated with EcoRI
and Hindi II to generate a vector containing both HopE
168aa and AZR named pTMI03- azr. This plasmid is
transformed into E . coli to assess whether expression
of HopE and the B . subtilis AZR occurs. pTMI02 when
similarly treated with full-length hepatitis C core
antigen (HCCA) demonstrated transport of HopE:: HCCA
to E . coli outer membrane employing western blots and
ant i -HopE Abs . Mice (n =30 ) are infected with the
azr + TSHP by gavage and once AZR expression in vivo
to produce 5 - aminosalicylate and sulf apyridine (and
their respective 



conjugates) in urine and feces is established, human
trials can begin.EXAMPLE 9 USE OF PIAGNEX BLUE AS A
MARKER The diagnostic agent "diagnex blue" consists of
an ion exchange resin (Amberlite XE-96) conjugated
with a dye (Azure-A) . This test relies on the fact
that the resin-dye combination disassociates at pH
less than 2.5 after which the dye is absorbed and
appears in the urine. Persons without dye in the urine
are achlorhydric . This principle is shown in Figure 5
. The same principle can be used to test for H .
pylori. For example, a dye-resin combination that
disassociates at pH >7 .0 could detect urease if the
resin was given with urea. This would produce a pH >
7.0 in the mucosal layer where H . pylori resides,
thus releasing the dye. Mice (n =3 0 ) are inoculated
with a wild type H . pylori strain while germ- free
mice (n =30 ) are used as controls (Pilot study) .
After an optimal period allowing for the H . pylori to
establish an active infection, the test group and the
controls are introduced with a predetermined quantity
of the resin-dye complex by gavage . This will be
followed by a urea solution. (Range 0 .01M to 0.5M) .
The mice are kept in metabolic cages and the excretion
of the azure dye are monitored and quantified.
Different ratios of the resin and urea concentrations
are tested to verify the optimal combinations to be
used. EXAMPLE 10 DELIVERY FORMULATIONS For purposes of
delivery forms, the present example is provided to
demonstrate the utility of the present invention as
providing an aerosol spray preparation. In some of
these embodiments, the aerosol spray may take the form
of pressurized packs or a nebulizer, with the use of a
suitable propellant. In the case of a pressurized
aerosol, the dosage unit can be determined by
providing avalve to deliver a metered amount. The
formulation would be prepared as a powder for
administration by inhalation. Administration by
inhalation can also be carried out by atomizing
solutions or suspensions which contain the
compositions according to the invention. The
compositions according to the invention may also be
formulated in a liquid for oral digestion for
administration to a subject as an intravenous
preparation. All of the various preparations of the
invention may be prepared by procedures familiar to
those skilled in the art, if appropriate, using
further suitable pharmaceutical auxiliaries.
Compositions according to the invention advantageously
contain the species of Helicobacter, alone or in
combination with other desired ingredients . Any of
the above individual or combination of Helicobacter
formulations may be included in a pharmaceutical
composition comprising the pharmaceutically acceptable
composition according to the present invention. The
pharmaceutical compositions as described herein may be
in solid (e.g. powder, particles, granules, sachets,
tablets, capsules etc.), semi-solid (gels, pastes
etc.) or liquid (solutions, dispersions, suspensions,
emulsions, mixtures etc) form and adapted for
administration via e.g. the gastrointestinal tract and
gastric mucosa. The pharmaceutical compositions may
thus be in powder or particulate form adapted to be
dispersed in an aqueous medium before use . A
pharmaceutical composition in liquid form may be in
the form of a dispersion comprising the Helicobacter
composition and an electrolyte solution such as, e.g.
a composition that is adapted to physiological
conditions 



e.g. a physiologically acceptable solution. A
pharmaceutical composition according to the invention
may further comprise another
therapeutically,prophylactically and/ or
diagnostically active substance. In another aspect,
the invention relates to a pharmaceutical kit
comprising a first and a second container, the first
container comprising a recombinant Helicobacter
composition comprising the plasmid and/or plasmid
vector according to the invention and the second
container comprising a dispersion medium for the
Helicobacter composition, accompanied by instructions
for administering and/or dosing the Helicobacter
composition in the dispersion medium before use. The
Helicobacter composition according to the present
invention contained in the kit may be in powder or
particulate form. A pharmaceutical kit according to
the present invention may include instructions with
recommendations for the time period during which the
Helicobacter composition should be administered after
dispersion in the dispersion medium. EXAMPLE 11 IMMUNE
MODULATION WITH HELICOBACTER - VACCINE PREPARATION The
THl response (T-helper cell type 1 ) is a cell
mediated response. Over activity of this is a presumed
cause of diseases such as rheumatoid arthritis (RA)
and Lupus. In contrast, TH-2 is an antibody type
serological response characteristic of vaccines. The
present example demonstrates the utility of the
present invention for providing a technique for
achieving a TH-2 type response in an animal when
treated with a Helicobacter-based vaccine treatment
preparation according to the present invention.
Although Helicobacter pylori produces an antibody
response (TH2) , it has been noted recently that the
main responsein the mucosa of the stomach may be a THl
cell mediated response. Therefore, it is envisioned
that the invention may provide for both types of
immune response when provided to the mucosa of an
animal . Use of the Helicobacter vectors and vector
plasmid systems as described herein may be used to
invoke antibody response in an animal. By way of
example, a system employing a gene expression cassette
in a construct that provided for the transformation of
the bacterium, Clostridium, and the subsequent
secretion of a protein (Slayer protein) from the
surface of the transformed Clostridium, this resulting
in initiation of mucosal vaccination, is described in
WO- 0194599, which disclosure is hereby incorporated
herein in its entirety. These constructs may also
include a secretory leader sequence selected from
ORFl, ORF3 , ORF5-7, ORF7 or ORFIl. In accordance with
some embodiments of the vaccine, the HeI icoba
cter-based vectors and vector plasmids may comprise a
sequence encoding a bacterial surface layer protein. A
surface layer protein is defined herein as any
molecule of proteinaceous nature, including e.g.,
protein, glycol-protein or lipoprotein occurring in
the outer membrane of a bacterium and capable of being
exposed on the surface of the bacterium. S-layer
proteins may be continuously and spontaneously
produced in larger amounts than any other class of
protein in the cell. A process for preparation of a
recombinant cell preparation comprising a gram
negative host cell, Clostridium, having the S-layer
protein, is also provided in WO-97/28263 . The process
may be modified and followed in accord with the
procedures described herein to 



incorporate an S-protein as part of the Helicobacter
constructs of the present invention.Accordingly, in
some of the vector and vector plasmid constructs, a
fusion protein is provided that comprises a
Helicobacter sequence and a non-Helicobacter
pharmacologically active molecule of interest . In
order to enhance the immunogenicity of a vaccine
employing the Helicobacter constructs of the present
invention, the Helicobacter sequence of the fusion
protein may comprise a sequence encoding an S-layer
protein. Bacillus constructs that include the S-layer
protein as part of a fusion protein have been reported
to express the S-layer protein at the Bacillus
surface. (See WO-95/19371, describing Bacillus
sphaericus) , thus enhancing the immunogenicity of the
preparation. Mucosal immunization is already provided
against some diseases, including an oral polio vaccine
and an oral (drinkable) vaccine against cholera and
diarrhea due to E . coll (an inactivated vaccine) . In
some embodiments, it is contemplated that the vaccines
of the invention may thus comprise an inactivated
vaccine. The present invention contemplates a live
vaccine, as such will provide a single-dose, long
lasting vaccination, because the carrier organism,
Helicobacter, will continue to produce the antigen,
i.e., non-Helicobacter pharmacologically active
molecule of interest, and boost immunity in vivo. In
addition, the vaccines will be administered in
combination with an adjuvant. These adjuvants'
comprise molecules such as aluminum hydroxide or lipid
vesicles that increase the exposure time for the
vaccine by slowing its removal forte site of
administration. Adjuvants' also act by evoking
production of immunomodulatory peptides called
cytokines and chemokines (Brewer et al . 1997, J .
Cytokines Cell MoI. Ther. , 4 :223 -246) . Thus, the
present vaccines may comprise cytokine adjuvant to
enhance immune response.The transformed Helicobacter
or E . coli bacterium, when administered orally or
gastrically to a mammal such as a human or animal,
will provide for the gastro- intestinal colonization,
production and presentation of the desired
polypeptide, through the gastric wall, which is the
natural site of colonization. The gastro- intestinal
tract is surrounded by an immense immune apparatus
specialized in mounting immune response of various
types. Gastro intestinal colonization by recombinant
Helicobacter vaccine or peptide producer strain thus
enables a much longer immune stimulus than traditional
vaccination. Additionally, antigen can be presented
preferentially to the gut wall or the lumen. EXAMPLE
12 HELICOBACTER AND USES THEREOF AS AN APPETITE
SUPPRESSANT The present example is provided to
demonstrate the utility of the present invention as a
method for employing Helicobacter in preparations and
treatment regimens that provide for appetite
suppression. In particular, delivery to the gut mucosa
of a construct that comprises attenuated Helicobacter
together with a non- Helicobacter pharmacologically
active molecule of interest that regulates the level
of ghrelin or an agonist of ghrelin, is expected to
provide an effective means for providing suppression
of the gut-brain axis that regulates appetite and
satiety. Studies have suggested that ghrelin is an
appetite stimulant, i.e., ghrelin increases food
intake in mice (Asakawa et al . 2003, Gut, 52 (7)
:947-52) . Ghrelin has 



also been reported to reduce fat utilization in
adipose tissue in rodents (Tschop et al., 2000,
Nature, 407: 708- 13) , as well as to be involved in
rat adipogenesis (Choi et al. (2003), Endocrinology,
144 (3) :751-9) . Ghrelin has also been reported to be
a hunger signal, prompting thesubject to eat when
nutrition availability is low. The teachings of United
States patent #6,967,237 - Bednarek (2005) , relating
to ghrelin analogs and nucleic acid constructs, and of
United States Patent application publication
20050191317 - Bachmann et al . (2005), relating to
ghrelin- carrier conjugates, are specifically
incorporated herein by reference insofar as these
teaching supplement and/or further enhance the
understanding and appreciation of the present
invention. Ghrelin, an endogenous ligand for the
growth hormone secretagogue receptor (GHS-R) ,
stimulates growth hormone (GH) release from cultured
pituitary cells in a dosedependent manner, and is
produced and secreted from the A - like cells found
mainly in the oxyntic glands of the gastric fundus.
Ghrelin is now known to play a role in not only GH
release, but also in controlling the appetite and body
weight . Both parenterally and
intracerebro-ventricularly administered ghrelin have
been shown to stimulate food intake and increase the
body weight of mice and rats with free access to food,
even those animals with GH deficiency. The control of
appetite and body weight may be independent of GH
release. Ghrelin, a 28-amino-acid peptide, is
activated when its third serine residue is acylated by
n-octanoic acid, and GHS-R is responsive to the first
four or five residues including the octanylated serine
residue of the whole ghrelin peptide. GHS-R has been
shown to be present in the pituitary, hypothalamus,
adrenal glands, thyroid, pancreas, myocardium, spleen
and testes. Ghrelin stimulates the expression of both
NPY and AGRP mRNA in the hypothalamus. The central
orexigenic effect of ghrelin is mediated by the
NPY/AGRP- expressing neurons in thehypothalamus .
Ghrelin has also been reported to suppress vagal
afferent activity. The peripheral orexigenic effect of
ghrelin may be mediated, at least in part, by its
suppressive effect on the vagal afferent activity.
IL-lb is a pro -inflammatory cytokine that mediates
the cachectic process by stimulating the expression
and release of leptin, and/or by mimicking the effect
on the hypothalamus of excessive negative- feedback
signaling from leptin. It is proposed that antagonists
to ghrelin if provided to the animal at the gut mucosa
will reduce food intake by an animal and reduce body
weight gain. EXAMPLE 13 CELL WASTING ATTENDANT CANCER
AND AIDS The present example demonstrates the utility
of the present invention for use as a preparation that
will prevent or inhibit cell wasting, particularly
cell wasting associated with diseased states of AIDS
and cancer. Cachexia is a condition characterized by
wasting, emaciation, feebleness and inanition. It was
recently reported that the levels of both ghrelin
peptide and ghrelin mRNA in the stomach were
up-regulated in a mouse model of cancer cachexia. In
cachectic mice with increased plasma levels of IL-lb,
the plasma concentrations of ghrelin also increased
with the progression of cachexia. This result suggests
that a close relationship might exist between the
ghrelin dynamics and the cachectic process mediated by
IL-I. IL-lb is an anorexigenic substance, just like
CCK, leptin, gastrin-related protein and bombesin, 



and antagonizes the actions of ghrelin. Asakawa et al
. reported that parenterally administered ILl b
decreased NPY mRNA expression in the hypothalamus and
preproghrelin mRNA expression in the stomach, and that
intraperitoneally administered ghrelin inhibited
theseverity of IL- lb-induced anorexia. Helicobacter
pylori infection is known to be a major pathogenetic
factor in the development of gastritis, peptic ulcer
disease and gastric malignancy. Attachment of H .
pylori to the gastric mucosa induces inflammation,
which is associated with the release of various
cytokines, including IL- lb . It has been observed
clinically that H . pylori eradication is often
followed by improvement of some nutritional
parameters, such as the body weight and the serum
levels of total cholesterol, total protein and
albumin. H . pylori infection has been reported to be
capable of modifying the plasma and gastric ghrelin
dynamics in Mongolian gerbils . In humans, however, H
. pylori infection has been reported not to be
associated with any changes of the plasma ghrelin
levels, although eradication of H . pylori has been
shown by some to be associated with increases of the
plasma ghrelin levels. It is proposed that H . pylori
may be used as a carrier to provide amylin to a
patient in need thereof, by, for example, acting as a
carrier vehicle, to the gastric mucosa. In some
embodiments, the Helicobacter carrier will be
constructed so as to include amylin, amylin agonist,
analogs, and derivatives, and amylin agonists
(including calcitonins, calcitonin gene-related
peptides), and analogs therefore to decrease ghrelin
levels. Amylin antagonists can increase ghrelin
levels. Modulation of the effective levels of amylin,
with amylin, amylin agonists, amylin antagonists, or
other compounds that decrease the effective level of
amylin such as antibodies, may inhibit, or stimulate
in the case of antagonists and antibodies, ghrelin
secretion. Hence, some embodiments of the method are
directed to modulating endogenous levels ofghreliri by
increasing the effective level of apiylin or amylin
agonists in the body, by direct or indirect means, or
by decreasing the effective level of amylin using
amylin antagonists or inhibiting amylin production.
EXAMPLE 14 TREATMENT OF GAUCHERS DISEASE The present
example demonstrates the utility of the invention for
use as a treatment for a disease resulting from an
enzyme deficiency, such as Gaucher' s disease.
Gaucher' s disease is the most common lysosomal
storage disorder in humans, and results from a
deficiency of the enzyme, glucocerebrosidae (GC).
(Nolta et al ., (1992), J . Clin. Invest. 90 (2)
-.342-348) . Enzyme replacement therapy is provided
with a Helicobacter vaccine construct that comprises a
sequence encoding chemical chaperones . (Sawker et
a.1., (2002), PNAS USA 99(24) : 15428-15433). An
enhanced level of functional b- glycosidase (b-Glu,
glucocerebrosidase) may thus be obtained. In
particular, the chemical chaperone deoxynoj irimycin
(NN-DNJ) is to be used in the H . pylori construct and
administered to the patient orally or intragastrically
. A s part of yet another embodiment of the methods, a
Helicobacter-ha.sed construct as described herein
comprising a vector having a non- Helicobacter
pharmacologically active molecule of interest, in this
case, encoding glucocerebrosidase (GC) . Retroviral
mediated transfer of glucocerebrosidase cultured
Gaucher 



bone marrow is described as one approach for treating
Gauchers disease in Nolta et al. (1992) . However,
this approach is extremely invasive. Alternative
enzyme replacement therapy employing the
Helicobacter-based constructs of the invention that
include a sequence encoding for the deficient enzyme,
glucocerebrosidase,provides a much more attractive and
less expensive alternative to such a therapy. EXAMPLE
15 TREATMENT OF LYMPHOMA The present example is
presented to demonstrate the utility of the present
invention to provide a useful preparation that is
suitable for treating and/or inhibiting a bacterial
induced malignancy, such as lymphoma, particularly
MALT lymphoma, using a vaccination preparation
comprising the Helicobacter vector and/or plasmid
vectors as described herein. Sutton et al. (2004)
(Vaccine, 22 (20) : 2541-6) report protection against
a bacteria- induced malignancy, specifically primary
gastric MALT lymphoma, as a result of
vaccination/immunization of an animal against
Helicobacter felis . Helicobacter pylori constructs of
the present disclosure that include a vector and/or
plasmid vector suitable for providing an immunizing
preparation that includes an immunogenic antigen of
interest other than Helicobacter felis, may also be
used to provide vaccination protection against a
bacterial -induced malignancy, and in particular,
against primary gastric MALT lymphoma. By way of
example, some embodiments of the plasmid vector would
include a fusion protein comprising a Helicobacter
pylori encoding sequence and a non- Helicobacter
pylori encoding sequence that is, for example, other
than a Helicobacter felis antigen species . EXAMPLE 16
LIVE VACCINE DELIVERY SYSTEM WITH H . pylori The
present example demonstrates the utility of using H .
pylori in a live vaccine, and in particular the use of
H . pylori as part of a live viral preparation to
deliver aprotein of interest to the gastric mucosa of
an animal. In particular, the present example
demonstrates the utility of the present invention for
providing delivery of an antigen of interest to an
animal at the gastric mucosa though the outer surface
of a recombinant Helicobacter pylori outer membrane.
The present studies were primarily done with H .
pylori strain B128, variant 7.13 (Franco et a.1.
(2005). The sacB cassette, conferring sucrose
sensitivity and kanamycin resistance, was inserted
into the hopE gene of H . pylori. H . pylori is
demonstrated herein to be a useful vehicle for vaccine
delivery, and provides an improved bacterial delivery
modality for the treatment of an animal, particularly
a human. Factors important in establishing the utility
of the H . pylori based vaccines in the treatment of
humans include the following: 1 . A majority of
persons infected with H . pylori are asymptomatic ; 2
. infection with H . pylori induces both adaptive and
innate immune responses; 3 . Infection with H . pylori
can persist in the gastric mucosa, facilitating
long-term exposure to antigens; 4 . Infection with H .
pylori produces molecules that disrupt the gastric
epithelium, thereby facilitating exposure of bacteria
to the submucosal immune system; 5 . Genome data and
molecular techniques are readily available for H .
pylori, thereby facilitating its genetic 



manipulation . HopE is an outer membrane protein of H
. pylori . The present example demonstrates that the
nucleic acid sequence encoding this protein can be
modified so as to include a desired sequence encoding
a molecule of interest ("X") , and H . pylori
containing this modified HopE -sequence may then be
used in a vaccine to deliver the molecule of interest
("X") to the mucosal surface of an animal . In the
present example, the p60 protein and the HCCA protein
are used to demonstrate proof of principle of
delivery, and are simple examples of proteins that may
be used to provide such an engineered H . pylori HopE
gene. Methods : Bacterial Strains and Culture
Helicobacter pylori strain B128 (7.13) (52) or 26695
(64) were cultured on Columbia agar (Oxoid,
Basingstoke, United Kingdom) supplemented with 5%
horse blood and incubated under microaerophilic
conditions (10% CO2) at 37C. H . pylori were
transformed by natural transformation (65,66) .
Transformants were selected using chloramphenicol (10
mg/mL) or kanamycin (10 mg/mL) . Escherichia coli
strain DH5- (67) was grown in LuriaBertani (LB) medium
at 37 0C and transformed by electroporation (68) .
Transformants were selected using 5% (w/v) sucrose,
kanamycin (50 ug/mL) or ampicillin (100 ug/mL) .
Genomic DNA was extracted using the DNeasy Tissue Kit
(Quiagen) . Plasmid extractions were performed using
the QlAprep Spin Miniprep Kit (Quiagen) . Construction
of Recombinant DNA Molecules Recombinant DNA molecules
were constructed by assembling individual PCR products
using splicing by overlap extension (SOE) PCR (69) .
Primers were designed to introduce overlaps of 12bp at
the termini of PCR products, allowing the products to
be joined together during PCR (Figure 8 ) . All
preparative amplifications were performed using Pwo
polymerase (Roche Pharmaceuticals) . Recombinant DNA
was constructed to insert a chloramphenicol resistance
gene into hopE . A regionincluding a section of, and
extending upstream, of hopE was amplified using the
primers HopEF3 and HopER3 (Product A ) . The opa
promoter and chloramphenicol resistance gene were
amplified from pHel2 (70) using primers CATF and CATR
(Product B ) . A region including a section of, and
extending downstream of hopE was amplified using the
primers HopEF4 and HopER5 . Products A , B , and C
were joined together using primers HopEF3 and HopER5
as described by Chalker and associates (69) . Allelic
replacements were achieved using the sacB based
selection system (71) . The sacB cassette, conferring
sucrose sensitivity and kanamycin resistance, was
inserted into the gene of interest. Recombinant DNA
was transferred into sucrose-sensitive Jf. pylori.
Transf ormants were sucrose resistant, resulting from
replacement of sacB with transforming DNA. The sacB
cassette was joined to hopE DNA in a number of stages.
Firstly, the hopE gene was amplified using the primers
HopEF d and HopER d . Purified amplicon was digested
Ncol and Bglll (Roche Pharmaceuticals) . Amplicon and
similarly digested pBADMyc-HisB (Invitrogen Life
Technologies) were ligated using the Quick- stick
Ligation Kit (Bioline) and transferred to E.coli,
producing plasmid pBADl . Secondly, a region of DNA,
including 804 bp of the intergenic region between
iiopE and the downstream putative xnraW gene (coding 5
- S-adenosylme thy 1transf erase) , was 



amplified using primers HopEF7 and HopER7 . Purified
amplicon was digested with Bglll and Xba.ll, ligated
to similarly digested pBADl, and transferred to E .
coli to produce plasmid pBAD2 . Lastly the sacB
cassette was amplified from pENKSF (59) using the
primers KanSacF and KanSacR. The amplicon and pBAD2
were digested with Bg-Hl, ligated and transferred to E
.coli to produce plasmid pBAD3 .Similarly the sacB
cassette was inserted into cagA and vacA. For cagA, in
the first stage the region directly downstream of cagA
was amplified using primers cagAF2 and cagAR2 and
digested with Xbal and Bgrlll. In the second stage a
section of cagrA extending to the 3 ' end was
amplified using primers cagAFl and cagARl and digested
with Bgrlll and Ncol . In the final stage, the sacB
cassette was excised from pBAD3 using Bgrlll, and
inserted into similarly digested pBADMyc-HisB. For
vacA, in the first stage a section including the C
-terminal region of vacA was amplified using primers
vacAF4 and vacAR4 , and digested with Hindi 11 and
Xbal. The fragment was cloned into similarly digested
pUC19 to produce pUCl . Secondly, a section of DNA
including the N-terminal region of vacA was amplified
using primers vacAF3 and vacAR3 , and digested with
EcoRl and Kpnl . The fragment was cloned into
similarly digested pUCl to produce pUC2 . Lastly, the
sacB cassette was amplified using the primers KanSacF
and KanSacR, and digested with BgrJll to produce pUC3
. Recombinant molecules were constructed to insert DNA
coding antigenic sections of the Hepatitis C virus
core antigen (HCCA) or L . monocytogenes p60 protein
into hopE, replacing the sacB cassette. Recombinant
DNA was produced using SOE PCR, joining PCR products A
, B and C . A region extending from the start of hopE
to nt 573 was amplified using primers HopEF8 and
HopERl (product A ) . The region of sequence coding
HCCA antigen from aa 7-53 was produced by amplifying
primers HCCAFl, HCV. 2a, HCV3.S, HCCARl (product B ) .
The region downstream of hopE nt 573 was amplified
using HopEF2 and HopER d (product C ) . Product
resulting form SOE PCR was cloned into plasmid pCR4
Blunt -TOPO (Invitrogen Life Technologies) to produce
pCR4HCH. Similarly DNA coding sections of the p60
antigen was inserted into hopE and cagA. For hopE, the
region extending from the start of hopE to nt 573 was
amplifiedusing primers HopEF8 and HopER9 (product A )
. The p 60 antigen was produced by annealing primers
Lmp60F2 and Lmp60R2 (product B ) . The region directly
downstream of hopE nt 573 was amplified using primers
HopEF9 and HopER8 (product C ) . Product resulting
form SOE PCR was cloned into Smal digested pUC19
plasmid to produce pUCHLm. For cagA, a region,
including the 3 'end of cagA was amplified using
primers CagAF6 and CagER b (product A ) . The p60
antigen was produced by annealing primers Lmp60F2 and
Lmp6 0R2 (product B ) . The region directly downstream
of cagA was amplified using cagAF6 and cagAR (product
C ) . Product resulting from SOE PCR was cloned into
Smal digested pUC19 to produce pUCCLm. For vacA, a
region of vacA was amplified from strain 26695,
including the gene promoter and signal sequence, using
primers vacAFl and vacARl (product 1 ) . The p60
antigen was produced by annealing primers Lmp6 0F3 and
Lmp60R3 (product B ) . A section of vacA including the
region coding the autotransporter and mature VacA was
amplified using vacAF2 and vacAR2 (product C ) .
Product resulting form SOE PCR digested with Xbal and
Kpnl, and cloned into similarly digested pUC2 to
produce pUCVLm. 



Western Blot Analysis To determine if recombinant
bacteria produced a fusion between HopE and the
antigenic epitope, Western Blot analyses was performed
H . pylori were harvested from a 24 h blood agar into
HEPES (pH 7.4) and were pelleted by centrifugation at
4500 rcf for 5 min and were disrupted by sonication.
Lysate was centrifuged at 4500 rcf for 5 min to pellet
unlysed bacteria, which were discarded. To harvest the
total membrane fraction, the supernatant was
centrifuged at 100 000 rcf for 60 min. All procedures
were performed at 40C .Samples were resuspended in
HEPES buffer and added to an equal volume to Laemmli
buffer. Proteins were separated in a 12% Tris-HCI
Ready Gel (BioRad) by sodium dodecyl sulfate (SDS)
-polyacrylamide gel electrophoresis (PAGE) before
electro-transfer to 0.45 pM nitrocellulose (Biorad) .
For the detection of HopE and other proteins,
membranes were blocked with 10% or 5% non-fat dairy
milk (NFDM) in Tris buffered saline (TBS) pH 7.4.
Membranes were probed with primary antibodies or
secondary antibodies in 1 % NFDM in TBS. Polyclonal
rabbit anti-HopE antibody was donated (Astra Zenica)
and used at a dilution of 2:4000. Monoclonal mouse
anti-p60 (K3A7) was donated (University of Wurzburg,
Germany) and was used at a dilution of 2:4000. Mouse
anti-HCCA (C7-50; Sigma) was at a dilution of 2:4000.
Secondary antibodies were conjugated to alkaline
phosphatase, and were detected using nitro blue
tetrazolium chloride / 5-Bromo-4-chloro3-indolyl
phosphatase solution (Roche Applied Science) .
Irmuno-based Assays of Surface Localization H . pylori
were harvested from a 24 h blood agar plate into
phosphate buffered saline (PBS; pH 7.4). Bacteria were
rinsed a total of 3 times and standardized to and OD
(600nm) of 0.5. Rinsed bacteria were bound to a
poly-Llysine coated chamber slide overnight at 40 C .
Bound bacteria were fixed with 0.25% glutaraldehyde ,
which was subsequently blocked with 100 mM glycine
buffer. Between subsequent steps, slides were rinsed
three times in PBS containing 0.05% Tween 20 (PBST).
Slides were locked with 3% bovine serum albumin (BSA)
in PBST for 2 h at 370 C . Primary antibodies were
diluted 1:200 in PBST containing 1% BSA and incubated
for 1.5 h at room temperature. Secondary antibodies
conjugated to Alexafluor 488 were diluted 1:400 in
PBST and incubated for 2 h at 370 C . Slides were
rinsed and surface bound antibodies were detected
using fluorescence microscopy. Whole cell basedELISA
was performed similarly to indirect immuno
fluorescence studies with the following exceptions:
bacteria were bound to Maxisorp (Nunc) plates either
overnight or for 1 hr at 4 0 C ; primary antibody was
diluted 1:300; secondary antibody conjugated to
alkaline phosphatase was diluted 1:1000; nitrophenyl
phosphate (Sigma) was used a s a substrate for
detection at 405nm using a microtiter plate reader.
Results Construction of Recombinant H . pylori
Recombinant H . pylori B128 (7.13) or 26695 were
produced that harbored the sacB cassette in either the
hopE, cagA or vacA gene. The sacB cassette was
replaced with DNA coding antigens at specific
positions within these genes. Both HCCA and p 60
antigen DNA were inserted into hopE at a position
corresponding to amino acid 168 of mature HopE, within
a putative loop structure (51) . p60 antigen DNA was
also inserted directly upstream of the cagA stop
codon, corresponding the C -terminal of CagA. Fusions
of VacA and 



antigenic proteins were performed in strain B128
(7.13), which does not produce VacA. p60 antigen DNA
was joined to the 26695 promoter, signal sequence and
autotransporter DNA, prior to insertion into B128
(7.13) vacA. Analysis of Fusion Proteins and Surface
Presentation To date only HopE fused to HCCA or p60
antigens were analyzed. Western Blot analysis o f H .
pylori B128 producing the HCCA (B128 :HCCA: hopE) or
p60 antigen (B128 .-p60 :hopE) DNA inserted into hopE
showed that the antigens were fused to HopE (Figure 9
) . Specifically, analyses performed using the
anti-HopE antibody showed that in recombinant H .
pylori native HopE (about 31 kDa) was replaced with
either HopE fused to either p60 antigen(about 32 kDa)
or HCCA (about 35 kDa) . Further analysis using
antigen specific antibodies detected similar sized
proteins . To examine surface presentation, two
indirect immuno-based assays of surface localization
were employed. Immuno fluorescence based microscopy
analysis of H . pylori B128 :HCCA:hopE indicated
surface presentation of HopE fused to the HCCA (Figure
10) . However, surface localization of HopE fused to
p60 antigen could not be confirmed. These results were
confirmed by whole cell based ELISA analysis (Figure
HB) . The p60 antigen was only detected using this
method after overnight binding of bacteria to ELISA
plates (Figure HA) . Studies in this example were done
primarily with H . pylori strain B128, variant 7.13
(Franco, 2005) (52). The sacB cassette, conferring
sucrose sensitivity and kanamycin resistance, was
inserted into the hopE gene of H . pylori. DNA coding
the HCCA or p60 epitope was joined to hopE using
Splicing by Overlapping Extension (SOE) PCR.
Recombinant DNA was transferred into sucrose-sensitive
H . pylori using natural transformation and homologous
recombination. Recombinant H . pylori was sucrose
resistant, resulting from replacement of sacB with
transforming DNA. The following oligonucleotide
primers presented in Table 1 were used in the assays
described herein:Table 1 - Oligonucleotide
Primers:Table 2 - Strains of H . pylori used and
developed:Natural transformation of H . pylori strain
B128 yielded recombinant bacteria which produced hopE
fused to either p60 or HCCA DNA as confirmed by
sequence analysis. Resulting fusion proteins were
larger than unaltered HopE (Figure 8 ) . Confirmation
of HCCA surface localization was shown using
fluorescence microscopy (Figure 9 ) , and was
corroborated by results from whole cell based ELISA
analysis . EXAMPLE 17 DETERMINATION OF SITES IN UREASE
GENE FOR THE FLAG TAG INSERTION It is thought that
presentation of vaccine antigens on the H . pylori
cell surface or on secreted proteins will allow
development of antigen specific protective immune
responses. In this study, the proteins UreA and UreB
were considered as presentation molecules. These
molecules associate to form the multi-subunit enzyme
urease. Urease was chosen for several reasons, it is:
1 . One of the most abundant of H . pylori proteins
(>5% of total protein) ; 2 . Antigenic during H .
pylori infection; 3 . Structure is known; 4 . Activity
is easily detected by colony colour 5 . Active urease
can be selected for directly during culture 6 . Urease
is thought to be essential in vivo, allowing selection
of active urease. 



The association of urease subunits is complexed, and
it is unknown whether the enzyme will tolerate any
insertions. Therefore initial tolerance of insertion
was investigated using the FLAG tag (8 aa) and later
the FLAG tag adjacent to the p60 antigen (total 31 aa)
. FLAG is a short immunogenic tag for which commercial
antibodies are available. The L . monocytogenes p60
protein is a highlyimmunogenic murein hydrolase that
is essential for cell division. The protein is
secreted in large quantities into growth media by
Listeria spp., is approximately 60-kDa in size, and is
encoded by the lap (invasion-associated protein) .
Sections of p60 used in this study comprised of CD4 T
cell and B cell epitopes of the p60 protein, and has
been shown to confer protection against murine
listeriosis when presented by a vaccinating strain of
Salmonella expressing the epitope on its surface. A s
alternative antigen carriers, the related HcpA and
HcpC protein are also being considered. The crystal
structure has been resolved for HcpC. These molecules
belong to the SeI-I like family of proteins, are most
likely secreted and they are "seen" by the immune
system in humans. They are not needed in bacterial
culture; the possibility that they are needed or
contribute to vigor during infection remains to be
tested. Based on the foregoing, the aims of this
project was to determine sites in urease tolerant of
the FLAG tag insertion; insertion of Listeria p60
protein epitopes into tolerant sites of urease in
mouse colonizing strains of H . pylori and insertion
of Listeria p60 protein epitopes into tolerant sites
of HcpA and HcpC in mouse colonizing strains of H .
pylori. Methods Bacteria were generally cultured on
blood based media. Strains used were streptomycin
resistant (StrR) variant of 26695 (mutation of rpsL at
codon 43) and also X47 (already StrR resistant due to
mutation of rpsL codon 88) . Gene fusion employed the
streptomycin counterselection system developed in the
Douglas Berg Lab (Washington University) , the primers
described in Table 3 and natural transformation
(Figure 17) .Recipient strains were produced by
inserting the rspLermB cassette into the gene of
interest (Figure 14) . Replacement of the rpsLermB
cassette with PCR products containing FLAG and
flanking sequences for homologous recombination
conferred streptomycin resistance and urease activity.
Trans formants with functional urease were selected
for on agar plates containing streptomycin and urea
and phenol red (Table 4 ) . Only those bacteria
producing a functional recombinant urease were able to
grow on urea plates (Figure 15) .TOPICAL FORMULATION
AND USES THEREOF The present invention relates
generally to a topical formulation and its use in the
treatment or prevention of degenerative and/or
inflammatory conditions. BACKGROUND Whilst the present
invention has application in the treatment and
prevention of many forms of degenerative and/or
inflammatory conditions, for the purpose of brevity,
the following description shall be limited to
discussing its application in the treatment of
arthritis, although it should be appreciated that the
formulations of the invention could be used to treat
other degenerative and/or inflammatory conditions.
Arthritis is a degenerative condition of a joint or
joints that is generally associated with pain and
inflammation. The two most common forms of arthritis
are osteoarthritis and rheumatoid arthritis.
Osteoarthritis (OA) is a progressive rheumatic disease
characterized by the degeneration of articular
cartilage. It is the most common of all rheumatic
disorders and is destined to become one of the most
prevalent and costly diseases in Western society.
Therapeutic interventions conventionally employed for
OA include the use of 



physiotherapy and antidepressant therapies, patient
education and weight control. In addition, drug
therapy includes non-opioid analgesics such as
paracetamol, no n steroidal anti-inflammatory drugs
(NSAIDs), topical analgesics, COX-2 inhibitors, opioid
analgesics and intra-articular steroid injection.
However, such treatments often prove ineffective in
some patients and NSAIDS can have serious adverse
effects. For instance, gastrointestinal complications
are frequently reported with NSAIDs, with
approximately 12,000 hospitalizations and about 2000
deaths attributed to NSAID use in the UK every year.
Hence there appears to be a need for drugs with good
efficacy and low toxicity in the treatment of OA.
Specifically, there is a need for safe and effective
drugs for patients who do not respond well to
conventional medical therapy. In this respect, many
patients are turning increasingly to
complementary/alternative medicines (CAM). The use of
CAM by sufferers of rheumatic diseases is highly
prevalent and increasing. Arthritis is the sixth most
frequently cited health problem treated with CAM in
the USA. Individuals who use CAM regularly are more
likely to have OA and severe pain. Patients suffering
from musculoskeletal problems are likely to be users
of herbaltreatments. It is therefore important to
determine the effectiveness and safety of herbal
medicines in the treatment of OA. A review by Long
etal. (Rheumatology, 2001 , 40:779-793) found
promising evidence in the form of randomized
controlled trials of herbal medicines and plant
extracts in reducing pain and improving mobility,
function and disability in OA. While there is no
compelling evidence for significant clinically
relevant benefits for CAMs such as Eazmov, Gitadyl or
ginger extract, there is weak evidence, in the form of
single randomized controlled trials, for mild to
moderate relief of symptoms using Reumalex, willow
bark, common stinging nettle and the Ayurvedic herbal
preparation, Articulin-F. There is also promising
evidence for the efficacy of devil's claw and extracts
of avocado and soya bean, as well as moderately strong
evidence for the efficacy of Phytodolor and capsaicin
cream for the relief of OA symptoms. Topically applied
capsaicin is also proposed to exert its action by
stimulating a subpopulation of nociceptive pain
neurones. Exposure to capsaicin brings about the
depletion of substance P, neurones subsequently
becoming insensitive to all other exposure, including
exposure to capsaicin itself. The incidence of adverse
effects for these herbal medicines appears to be low,
and they may offer a much-needed alternative for
individuals with long-term chronic OA. Comfrey root or
leaf (in either a crude form or as an extract thereof)
has been used in the treatment of OA, however,
formulations that include comfrey extracts have only
been used to provide temporary relief for the pain
associated with OA. For instance, US patent 5,958,418
describes a herbal composition for the treatment of
muscular aches and pains, the composition comprising
Aloe vera, capsicum, Golden Seal, the finely chopped
bark of the comfrey root and water. US patent
6,333,056 describes an ingestible herbal based
formulation for treatment of horses and dogs to
alleviate the symptoms of osteoarthritis, the
formulation comprising a mixture of devils claw and
comfrey (in a certain embodiment, it may also include
a mixture of dandelion, burdock and nettles), as an
intimate admixture added to the animals' feed. US
patent 4,059,695 describes a tonic composition in
liquid form comprising refined wood vinegar and plant
leaf components, such as comfrey leaf, that is said to
mitigate arthritis, although experimental evidence is
not provided to support that assertion.The present
invention overcomes, or at least alleviates, some of
the aforementioned problems of the art by providing a
more effective prophylactic or therapeutic treatment
for inflammatory and/or degenerative conditions and
topical formulations for such use. The discussion of
documents, acts, materials, devices, articles and the
like is included in this specification solely for the
purpose of providing a context for the present
invention. It is not suggested or represented that any
or all of these matters formed part of the prior art
base or were common general knowledge in the field
relevant to the present invention as it existed before
the priority date of each claim of this application.
SUMMARY OF THE INVENTION In a first aspect, the
present invention provides a topical formulation
including (i) comfrey or a comfrey-derived compound,
or an analogue or derivative thereof, and (ii) a
penetration enhancer. Comfrey may be a crude comfrey
leaf or root product, comfrey root or leaf extracts,
or any combination thereof. A comfrey-derived compound
can be any compound that is normally found in comfrey
and includes, but is not limited to, allantoin,
choline, asparagine, phenolic acid (e.g., rosemarinic
acid, chlorogenic acid, caffeic acid and lithospermic
acid), rosmaric acid, volatile oil, tannin, a
steroidal saponin, a triterpene and vitamin B 12.
Whilst the amount of comfrey or comfrey-derived
compound in the topical formulation 



of the present invention may be altered by a skilled
person to suit a particular use, in one embodiment it
is present in an amount that is from about 0.5% to
about 40% of the total weight of the topical
formulation. In another aspect of the present
invention, the topical formulation may also include
tannic acid, or an analogue or derivative thereof.
Tannic acid (or the analogue or derivative thereof)
may be in the form of a crude plant extract (e.g., a
nutgall extract) or as a substantially pure
pharmaceutical grade. Whilst the amount of tannic acid
(or the analogue or derivative thereof) used in the
topical formulation of the present invention can be
altered by a skilled person to suit a particular use,
it may be present in an amount that is from about 2%
to about 20% of the total weight of the topical
formulation.The penetration enhancer used in the
topical formulation of the present invention may be
selected from the group consisting of borage oil,
eucalyptus oil (such as eucalyptus globulus oil) and
tetrahydropiperine (such as cosmoperine), or
combinations thereof. Whilst the amount of penetration
enhancer used in the topical formulation of the
present invention can be altered by a skilled person
to suit a particular use, in one embodiment it is
present in an amount that is at least 0.05% of the
total weight of the topical formulation. In one
embodiment, the penetration enhancer is eucalyptus
globulus oil. Eucalyptus globulus (synonym: blue gum)
is a tree of the family Myrtaceae. Eucalyptus globulus
oil (also known as eucalyptus aetheroleum) constitutes
approximately 0.45% to 1.65% of fresh leaf matter. The
oil contains terpene 1,8-cineol (80-90%), p-cymene,
a-pinene, limonene, gerianol, camphene and euglobals.
The leaf wax also contains flavanoids such as
quercetin, quercitrin and rutoside as well as
methylflavone eucalyptin. Eucalyptus globulus may be
prepared by any methods known to the skilled artisan,
including, but not limited to, ethanolic extraction
and/or steam distillation of the twigs or of the fresh
or dried leaves. In yet another aspect, the present
invention provides a topical formulation including (i)
comfrey or a comfrey-derived compound, or an analogue
or derivative thereof, as herein described, and (ii)
tannic acid, or an analogue or derivative thereof, as
herein described. Whilst the amount of tannic acid
used in the topical formulation of the present
invention can be altered by a skilled person to suit a
particular use, it may be present in an amount that is
from about 2% to about 20% of the total weight of the
topical formulation. In one embodiment of the present
invention, the topical formulation may also include a
penetration enhancer including, but not limited to,
borage oil, eucalyptus oil (such as eucalyptus
globulus oil) and tetrahydropiperine (such as
cosmoperine), or combinations thereof, as herein
described. It has been found that the formulations of
the present invention provide prolonged relief from
inflammatory and/or degenerative conditions and the
pain, swelling, stiffness and/or lack of mobility
associated with said inflammatory and/or degenerative
conditions. In another aspect of the present
invention, there is provided a method for the
prophylactic or therapeutic treatment of an
inflammatory and/or degenerative condition, wherein
the method includes applying a topical formulation
including (i) comfrey or acomfrey-derived compound, or
an analogue or derivative thereof, and (ii) a
penetration enhancer to a subject in need thereof and
to an area affected by inflammation and/or
degeneration or to an area expected of becoming
affected by inflammation and/or degeneration, and
optionally applying tannic acid to that area. In yet
another aspect of the present invention, there is
provided a method for the prophylactic or therapeutic
treatment of an inflammatory and/or degenerative
condition, wherein the method includes applying a
topical formulation including (i) comfrey or a
comfrey-derived compound, or an analogue or derivative
thereof, and (ii) tannic acid, or an analogue or
derivative thereof, to a subject in need thereof and
to an area affected by inflammation and/or
degeneration or to an area expected of becoming
affected by inflammation and/or degeneration, and
optionally applying a penetration enhancer to that
area. There is also provided a use of a topical
formulation, as herein described, in the manufacture
of a medicament for the prophylactic or therapeutic
treatment of an inflammatory and/or degenerative
condition, wherein the treatment includes applying an
amount of said topical formulation to a subject in
need thereof and to an area affected by inflammation
and/or degeneration or to an area expected of becoming
affected by inflammation and/or degeneration. Types of
inflammatory and/or degenerative conditions applicable
to the methods and uses according to the present
invention include, but are not limited to,
osteoarthritis, rheumatoid arthritis, septic
arthritis, gout, pseudogout, juvenile arthritis,
Still's disease, 



cervical spondylitis, lumbar spondylitis, frozen
shoulder, calcaneal spurs, psoriatic arthritis and
ankylosing spondylitis. In another aspect of the
present invention, there is provided a kit including a
first container that includes a penetration enhancer,
as herein described, and a second container including
comfrey, or a comfrey-derived compound, or an analogue
or derivative thereof, as herein described. The kit
may optionally include a third container including
tannic acid, or an analogue or derivative thereof, as
herein described. There is also provided a kit
including a first container that includes comfrey or a
comfreyderived compound, or an analogue or derivative
thereof, as herein described, and a second container
including tannic acid, or an analogue or derivative
thereof, as herein described. The kit may optionally
include a third container including a
penetrationenhancer, as herein described. There is
provided a kit including a container having a topical
formulation according to the present invention, as
herein described. DETAILED DESCRIPTION OF THE PRESENT
INVENTION In a first aspect, the present invention
provides a topical formulation including (i) comfrey
or a comfrey-derived compound, or an analogue or
derivative thereof, and (ii) a penetration enhancer.
Comfrey is a perennial herb of the family Boraginaceae
with a black, turnip-like root and large, hairy broad
leaves that bears small bell-shaped white, cream,
purple or pink flowers. It is native to Europe,
growing in damp, grassy places, and is widespread
throughout the British Isles on river banks and
ditches. Comfrey has long been recognised by both
organic gardeners and herbalists for its great
usefulness and versatility. Comfrey has been used to
treat a wide variety of ailments ranging from
bronchial problems, broken bones, and gastric and
varicose ulcers. The comfrey may be a crude comfrey
leaf or root product, a comfrey root or leaf extract
or any combination thereof. Whilst the amount of
comfrey in the topical formulation of the present
invention may be altered by a skilled person to suit a
particular use, it has been found that an amount that
is at least 0.5% of the total weight of the topical
formulation has particular beneficial properties in
alleviating pain and discomfort associated with
inflammatory and/or degenerative conditions, such as
arthritis. In another embodiment of the present
invention, the amount of comfrey will be in the range
of from about 0.5% to about 40% of the total weight of
the topical formulation of the present invention.
Comfrey-derived compounds include, but not limited to,
allantoin, choline, asparagine, phenolic acid (e.g.,
rosemarinic acid, chlorogenic acid, caffeic acid and
lithospermic acid), rosmaric acid, volatile oil,
tannin, a steroidal saponin, a triterpene and vitamin
B 12. In one embodiment, a comfrey-derived compound
may be a naturally-occurring compound that is
extracted by methods known to those skilled in the
art, and optionally at least partially purified as
required. In one embodiment, the comfrey-derived
compound is purified to a substantially pure form as
required. The term "substantially pure", as used
herein, typically means a compound which is
substantially free of other compounds with which it
may normally be associated in vivo.Importantly, a
comfrey-de rived compound, as used herein, is not
intended to limit the present invention to the
compounds derived by methods of, for example,
extraction from comfrey or an extract thereof. Thus,
in another embodiment of the present invention, the
comfrey-derived compound may be synthetic,
manufactured by processes known to those skilled in
the art. Combinations of naturally-occurring and
synthetic compounds are also envisaged in certain
embodiments of the present invention. In one
embodiment of the present invention, the
comfrey-derived compound is allantoin, or an analogue
or derivative thereof. Allantoin is an oxidative
product of uric acid: ursc SCKS In a certain
embodiment of the present invention, the allantoin
derivative has the following chemical structure,
allowing for all stereoisomers thereof in pure, mixed
or racemic form: wherein: Ri, R2 and R3 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl; and X = OH, ORi, NH2, NHRi or NRiR 2. In a
further embodiment, Ri R2 and R3 are each
independently hydrogen and X = NH2. In another
embodiment of the present invention, the allantoin
derivative is uric acid, or an analogue or derivative
thereof having the following chemical structure,
allowing for all stereoisomers thereof in pure, mixed
or racemic form:wherein: Ri, R2, R3 and R4 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. In a certain embodiment, Ri, R2, R3 and R4 are
each independently hydrogen. 



In another embodiment of the present invention, the
comfrey-derived compound is choline, or a derivative
thereof having the following chemical structure:
wherein X = NH2, NHMe, NMe2 or NMe3. In a certain
embodiment, the choline derivative is a
pharmaceutically acceptable salt thereof including,
but not limited to, inorganic acids (such as
hydrochloric, sulfuric and phosphoric) and organic
acids )such as acetic, propionic, butyric and
tartaric). In one embodiment, the choline derivative
is an inorganic salt wherein X = NMe3. In another
embodiment of the present invention, the
comfrey-derived compound is rosemarinic acid, or a
derivative thereof having the structure of formula
(4), allowing for all stereoisomers thereof in pure,
mixed or racemic form: wherein Ri, R2, R3, R4 and R5
are each independently H, alkyl, alkenyl, alkynyl,
acyl or aryl. In a certain embodiment, R1, R2, R3, R4
and R5 are each independently hydrogen. Rosemarinic
acid is an ester of caffeic acid and a hydrated
caffeic acid analogue, as illustrated below (the R
stereoisomer is also known as salvianic acid). Thus,
analogues and derivatives of a comfrey-derived product
may also include comfrey metabolites (i.e.,
precursors) and/or in situ enzymatic hydrolysis
products from rosemarinic acid post-topical
administration, including, but not limited to
alkylated, acylated, and otherwise derivatized
rosemarinic acid analogues.caffeis acKS nydrsted c tc
scid Thus, in another embodiment of the present
invention, the comfrey-derived compound is caffeic
acid, or a derivative thereof having the structure of
formula (5), allowing for all stereoisomers thereof in
pure, mixed or racemic form: wherein Ri, R2 and R3 are
each independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. In a certain embodiment, R1, R2 and R3 are each
independently hydrogen. In yet another embodiment of
the present invention, the comfrey-derived compound is
a hydrated caffeic acid, or a derivative thereof
having the structure of formula (6), allowing for all
stereoisomers thereof in pure, mixed or racemic form:
wherein R1, R2, R3 and R4 are each independently H,
alkyl, alkenyl, alkynyl, acyl or aryl. In a certain
embodiment, R1, R2, R3 and R4 are each independently
hydrogen. Typically, as used herein, the term "alkyf
denotes any saturated, straight chain, branched or
cyclic hydrocarbon residues having from 1 to 18
carbons, the term "a//cenyr denotes any straight
chain, branched or cyclic hydrocarbon residues having
from 1 to 18 carbons, and incorporating at least one
carbon to carbon double bond, theterm "alkynyf denotes
any straight chain, branched or cyclic hydrocarbon
residues having from 1 to 18 carbons, and
incorporating at least one carbon to carbon triple
bond and the term "acyf denotes a residue containing
the moiety C=O and not being a carboxylic acid, ester
or amide. In one embodiment, the acyl residues include
R-C=O, where R is H, alkyl, alkenyl, alkynyl or aryl.
The term "aryf denotes an aromatic hydrocarbon residue
including, but not limited to, phenyl. As used herein,
the terms "analogue" and "derivative" are used
interchangeably to denote a compound that has a
chemical structure that is substantially similar to
the structure of the naturally occurring compound,
whilst retaining at least some of the biological
function of its naturally-occurring counterpart.
Analogues or derivatives may be naturally occurring or
they may be constructed using synthetic techniques
available to one skilled in the art. The term
"substantially similar", as used herein, typically
denotes a substitution or addition of any one or more
chemical substituents of the chemical structure such
that the resulting analogue or derivative has at least
some of the biological activity of the naturally
occurring compound. In certain embodiments,
formulations that include an at least partially
purified extract of comfrey or comfrey-derived
compound, or an analogue or derivative thereof, are
referred to herein as "non-drug" formulations.
Non-drug formulations may include additional extracts,
including, but not limited to, liquorice extract
(e.g., liquorice root extract), Ashwagandha extract,
devil's claw extract, epimedium leaf extract and
lavender extract. In other embodiments, formulations
that include a comfrey-derived compound or an analogue
or derivative thereof, as herein described (whether
synthetic or as an at least partially purified
naturally-occurring compound), are referred to herein
as "drug" formulations. Topical formulations that
include a combination of crude products, extracts and
comfrey-derived compounds (or other partially purified
active ingredient) are also envisaged as part of the
present invention. As used herein, the term "at least
partially purified' typically means a compound, or an
analogue or derivative thereof, which has been
partially purified from its natural state. In one
embodiment, the at least partially purified compound
is substantially free of proteins, nucleic acids,
lipids, carbohydrates or other materials with which it
is naturallyassociated. For instance, a comfrey-de
rived compound, or an analogue or derivative 



thereof, is considered to be at least partially
purified, in that it is removed from a natural source
in which it is found. Optionally, a comfrey-derived
compound, or an analogue or derivative thereof, can be
further purified using routine and well-known methods,
such as those described herein. In a certain
embodiment of the present invention, the at least
partially purified comfrey-derived compound, or an
analogue or derivative thereof, can constitute at
least about one or a few percent by weight of the
total weight of the formulation, for example, at least
about five percent by weight of the total weight of
the formulation. In one embodiment, the at least
partially purified comfrey-derived compound, or an
analogue or derivative thereof, constitutes at least
about twenty percent by weight of the total weight of
the formulation. In another embodiment, the at least
partially purified comfrey-derived compound, or an
analogue or derivative thereof, can be further
purified to constitute at least about fifty percent by
weight of the total weight of the formulation. In a
further embodiment, the at least partially purified
comfrey-derived compound, or an analogue or derivative
thereof, can be further purified to constitute at
least about eighty percent by weight of the total
weight of the formulation. In other embodiments, the
at least partially purified comfrey-derived compound,
or an analogue or derivative thereof, can be further
purified to constitute at least about ninety percent
or at least about ninety-five percent or more by
weight of the total weight of the formulation. The
term "substantially free", as used herein, typically
refers to a preparation of a comfrey-derived compound,
or an analogue or derivative thereof, having less than
about 90%, 70%, 50%, 30%, 20%, 10% or 5% (by dry
weight) of a molecule with which it is naturally
associated. Whilst the amount of comfrey or
comfrey-derived compound, or an analogue or derivative
thereof, (as herein described) in the topical
formulation of the present invention may be altered by
a skilled person to suit a particular use, in one
embodiment, the amount of comfrey or comfrey-derived
compound, or an analogue or derivative thereof, is at
least 0.5% w/w of the total weight of the topical
formulation. Such formulations have been found by the
applicants to have particular beneficial properties in
alleviating pain and discomfort associated with
inflammatory and/or degenerative conditions as herein
described (e.g., arthritis). In another embodiment of
the present invention, the amount of comfrey or
comfrey-derived compound, or an analogue or derivative
thereof, will be in the range of from about 0.5% to
about 40.0% of the total weight of the topical
formulation of the present invention. In one example,
allantoin, or an analogue or derivative thereof, is
used in an amount from about 0.5% to about 10.0% of
the total weight of the topical formulation of the
present invention.The penetration enhancer used in the
topical formulation of the present invention includes,
but is not limited to, borage oil, eucalyptus oil
(e.g., eucalyptus globulus oil, Eucalyptus
tereticortis oil, Eucalyptus rostrata),
tetrahydropiperine (THP), alcohols (e.g., methanol,
ethanol, propanol, octanol, benzyl alcohol, and the
like), fatty alcohols (e.g., myristyl alcohol, cetyl
alcohol, stearyl alcohol), fatty acids (e.g., oleic
acid), fatty acid esters (e.g., isopropyl myristate,
isopropyl palmitate), polyols (e.g., propylene glycol,
polyethylene glycol, glycerol), polyethylene glycol
monolaurate, lecithin, Spans(tm), poloxamers,
Miglyol(tm)), or combinations thereof. Other suitable
penetration enhancers include, but are not limited to,
diethylene glycol, monoethyl ether (available
commercially as Transcutol(tm)), n-decyl methyl
sulfoxide, dimethyl sulfoxide, dimethylacetamide,
laurocapram (Azone(tm)), dimethylformamide, sucrose
monooleate, amides and other nitrogenous compounds
(e.g., urea, 2-pyrrolidone, 1-methyl-2- pyrrolidone,
ethanolamine, diethanolamine and triethanolamine),
terpenes, alkanones, organic acids (e.g., citric acid
and succinic acid) and N-methyl-2-pyrrolidine
(Pharmasolve(tm)), or combinations thereof. The amount
of penetration enhancer(s) in the topical formulation
according to the present invention may vary depending
on the physical and chemical properties of the active
agent(s) contemplated for the topical formulation
(e.g., comfrey, comfrey-derived compound, tannic acid,
or analogues or derivatives thereof), as well as on
the chemical and physical properties of any other
ingredients of the compositions. Whilst the amount of
penetration enhancer used in the topical formulation
of the present invention can be altered by a skilled
person to suit a particular use, the penetration
enhancer may be present in the topical formulations of
the present invention in an amount of at least 0.05%
w/w of the total weight of the topical formulation. In
a certain embodiment of the present invention, the
amount of penetration enhancer will be in the range of
from about 0.05% to about 75% of the total weight of
the topical formulation of the present invention. The
ratio between the amount(s) of active agent(s) and of
penetration enhancer(s) in the topical formulation
according to the present invention may also vary
considerably 



depending on the physical and chemical properties of
the active agent(s) therein, its pharmacological
activity and the treated condition and the therapy
which is desired, as well as on the properties of any
other ingredients in the topical formulation. In one
embodiment, the topical formulation includes an amount
of active agent(s) and an amount of penetration
enhancer(s) that is from about 1: 1 to about 1:4. In
anotherembodiment, the topical formulation includes an
amount of active agent(s) and an amount of penetration
enhancer(s) that is from about 1:1 to about 1:2. In
another embodiment of the present invention, the
amount of penetration enhancer used in the topical
formulation is about 0.2% to about 1.0% of the total
weight of the topical formulation. In addition to a
penetration enhancer and comfrey or a comfrey-derived
compound, or an analogue or derivative thereof, the
topical formulation of the present invention may
further include tannic acid, or an analogue or
derivative thereof. In one embodiment, the tannic
acid, or analogue or derivative thereof, is an at
least partially purified compound (as hereinbefore
described). The tannic acid (or analogue or derivative
thereof) may be prepared as an at least partially
purified compound during (e.g., at the same time as)
preparation of the comfrey or comfrey-derived compound
(or analogue or derivative thereof) or it may be
prepared in isolation as an at least partially
purified compound and subsequently combined with
comfrey or the comfrey-derived compound (or analogue
or derivative thereof), or a combination thereof. In a
certain embodiment of the present invention, tannic
acid is prepared as an at least partially purified
compound and subsequently combined with comfrey or a
comfrey-derived compound (or analogue or derivative
thereof). Tannic acid is a polymer of gallic acid
molecules and glucose. The structure for tannic acid
is shown below as a polyphenol^ derivatized
sugar:gallic o s Reduced to its component parts,
tannic acid is constructed of multiple gallic acid
residues esterified to a simple hexose sugar (i.e.,
glucose). Thus, in an embodiment of the present
invention, the tannic acid derivative is gallic acid,
or an ester thereof (including, but not limited to, a
gallic acid dimer), either singularly or in
combination and/or partially assembled towards tannic
acid. In yet another embodiment, the tannic acid
analogue or derivative may be an alkylated, acylated
or otherwise derivatized tannic at the phenolic
positions. In yet another embodiment, the tannic acid
analogue or derivative may act as pro-drug releasing
tannic acid in situ through the action of enzymes post
administration. Tannic acid analogues also include,
but are not limited to, rosemarinic acid, caffeic
acid, curcumin, resveratrol, salvianolic acid B (the
oxidative dimer of rosemarinic acid) and ferulic acid
(a simple phenolic which bears structural similarity
to curcumin).etiilic acid fesvesafcoi saivianotic acid
B Also envisaged are tannic analogues or derivatives
as herein described that have undergone oxidative
dimerization with differing regiochemistry, ring sizes
and stereochemistry. Thus, in one embodiment of the
present invention, the tannic acid analogue or
derivative has the structure of formula (7), allowing
for all stereoisomers thereof in pure, mixed or
racemic form:wherein Ri, R2, R3, R , R5, Re, R 7 Rs,
R9, R I OJ R H , RI2J RI3J R J RI5J R I 6 J RI7J RI8J
R19, R20, R21, R22, R23, R24 and R25 are each
independently H, alkyl, alkenyl, alkynyl, acyl o r
aryl. In a certain embodiment, Ri, R2, R3, R4, R5, Re,
R?, Rs, Rg, R10, Rn, R12, R13, RM, Ri5, R16, Ri7, R18,
Rig, R20, R21, R22, R23, R24 and R25 are each
independently hydrogen. In yet another embodiment of
the present invention, the tannic acid analogue or
derivative is gallic acid or an analogue or derivative
thereof having the structure of formula (8), allowing
for all stereoisomers thereof in pure, mixed or
racemic form: wherein Ri, R2, R3 and R4 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. In a certain embodiment, R1, R2, R3 and R4 are
each independently hydrogen. In yet another embodiment
of the present invention, the tannic acid analogue or
derivative is curcumin or an analogue or derivative
thereof having the structure of formula (9), allowing
for all stereoisomers thereof in pure, mixed or
racemic form: wherein R1, R2, R3 and R4 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. In a certain embodiment, R1 and R4 are each
independently hydrogen and R2 and R3 are each
independently methyl (Me). In yet another embodiment
of the present invention, the tannic acid analogue or
derivative is ferulic acid or an analogue or
derivative thereof having the structure of formula ( 1
0), allowing for all stereoisomers thereof in pure,
mixed or racemic form:wherein Ri, R2 and R3 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. In a certain embodiment, Ri and R3 are each
independently hydrogen and R2 is methyl (Me). In yet
another embodiment of the present invention, the
tannic acid analogue or 



derivative is resveratrol or an analogue or derivative
thereof having the structure of formula ( 1 1),
allowing for all stereoisomers thereof in pure, mixed
or racemic form: wherein R1, R2 and R3 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. In a certain embodiment, R1, R2 and R3 are each
independently hydrogen. For the purposes of the
present invention, tannic acid, or an analogue or
derivative thereof, may be used in the form of a
technical grade, an at least partially purified
extract (as hereinbefore described), such as from
nutgall, a standardized extract or, alternatively, it
may be of a substantially pure, pharmaceutical grade,
or a derivative thereof. In one embodiment, tannic
acid is selected from the group consisting of (i) an
extract of Caesalpinia spinosa, (ii) a mixture of an
extracts from Caesalpinia spinosa, Quecus infectoria
and Rhus semilata, (iii) an extract from the galls of
Quecus infectoria (iv) an extract from the galls of
Rhus semialata, (v) an extract from the wood of
Schinopsis lorentzii, and (vi) an extract from the
wood of Castanea sativa (chestnut), Whilst the amount
of tannic acid (or an analogue or derivative thereof)
used in the topical formulation of the present
invention can be altered by a skilled person to suit a
particular use, it may be present in an amount that is
at least 2% of the total weight of the topical
formulation. In one embodiment, the tannic acid (or an
analogue or derivative thereof) may be used in an
amount that is from about 2% to about 20% of the total
weight of the topical formulation. In yet another
aspect of the present invention, there is provided a
topical formulation including (i) comfrey or a
comfrey-derived compound, or an analogue or
derivativethereof, and (ii) tannic acid, or an
analogue or derivative thereof, as herein described.
Such formulation may further include a penetration
enhancer, as herein described. The tannic acid (or
analogue or derivative thereof) may be prepared as an
at least partially purified compound during (e.g., at
the same time as) preparation of the comfrey or
comfrey-derived compound (or analogue or derivative
thereof) or it may be prepared in isolation as an at
least partially purified compound and subsequently
combined with comfrey or the comfrey-derived compound
(or analogue or derivative thereof), or a combination
thereof. In a certain embodiment of the present
invention, tannic acid is prepared as an at least
partially purified compound and subsequently combined
with comfrey or a comfrey-derived compound (or
analogue or derivative thereof). In yet another
embodiment of the present invention, the
comfrey-derived compound analogues or derivatives and
the tannic acid analogues or derivatives are
pharmaceutically acceptable salts or prodrugs thereof.
As used herein, the phrase "pharmaceutically
acceptable prodrug" typically denotes a compound that
may be converted under physiological conditions or by
solvolysis to the specified compound (e.g. active
agent) or to a pharmaceutically acceptable salt
thereof. As used herein, the phrase "pharmaceutically
acceptable salt typically denotes a salt that retains
the biological effectiveness of the free acids and
bases of the specified compound and that is not
biologically or otherwise undesirable. A compound for
use in the formulations of the present invention may
possess a sufficiently acidic, a sufficiently basic,
or both functional groups, and accordingly react with
any of a number of inorganic or organic bases, and
inorganic and organic acids, to form a
pharmaceutically acceptable salt. Exemplary
pharmaceutically acceptable salts include those salts
prepared by reaction of the compounds of the present
invention with a mineral or organic acid or an
inorganic base, including, but not limited to,
sulfates, pyrosulfates, bisulfates, sulfites,
bisulfites, phosphates, monohydrophosphates,
dihydrophosphates, metaphosphates, pyrophosphates,
chlorides, bromides, iodides, acetates, propionates,
decanoates, caprylates, acrylates, formates,
isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates,
fumarates, maleates, butyne-1 ,4 dioates, hexyne-1
,6-dioates, benzoates, chlorobenzoates,
methylbenzoates, dinitrobenzoates,
hydroxybenzoates,methoxybenzoates, phthalates,
sulfonates, xylenesulfonates, phenylacetates,
phenylpropionates, phenylbutyrates, citrates,
lactates, gamma-hydroxybutyrates, glycollates,
tartrates, methane-sulfonates, propanesulfonates,
naphthalene-1 - sulfonates, naphthalene-2-sulfonates,
and mandelates. Depending on the type and amount of
ingredients therein (e.g., penetration enhancer,
comfrey, comfrey-derived compound, tannic acid, or
analogues or derivatives thereof), the desired
consistency and the contemplated mode of application
of the topical formulation of the present invention,
the carrier material in the topical formulation
according to the present composition may include
carrier materials such as pharmacologically-acceptable
oils and water and/or such supplementary
pharmaceutical adjuvants which are conventionally used
in topical formulations (e.g., in 



conventional bases for ointments, creams, and gels).
In many cases it may be advisable to incorporate a
structure-forming, thickening or gel-forming agent
into the composition. Suitable agents are, in
particular, highly dispersed silicic acid (e.g., the
commercial product "Aerosil"), bentonites, modified
montmorillonites such as alkyl ammonium salts of
montmorillonites (e.g., the commercial product
"Bentone"), wherein the alkylgroups may contain 1 to
20 carbon atoms (e.g., dimethyl-dialkyl-ammonium salts
wherein the alkylgroups contain 16 to 18 carbon
atoms), organic structureforming, thickening and
suspending agents (e.g., Xantham gum, Carrageenan gum,
cetostearylic alcohol) and modified castor oil
products (e.g., the commercial product "Antisettle
CVP"(tm)). Pharmaceutical adjuvants which may be used
in the topical formulation of the present invention
includes adjuvants which are conventionally applied in
the preparation of ointments, jellies, and lotions,
for example thickening agents, emulsifying agents,
antioxidents: hygroscopic agents, anti-molding agents,
perfumes, and the like. The topical formulations
according to the present invention may be prepared in
any conventional manner. In one embodiment, tannic
acid (or an analogue or derivative thereof), glycerin,
methyl paraben and extracts other than comfrey are
mixed in a side vessel and agitated until the solution
is complete. In another side vessel, castor oil is
blended with any essential oils until homogeneous. In
an appropriate batch kettle, aloe vera liquid is added
to sodium hydroxymethylglycinate and the gelling agent
with good agitation. The tannic acid/glycerin mixture
is then added to the batch kettle with good agitation,
followed by the castor oil mixture, again with good
agitation. The combined solution is then agitated
until smooth.The topical formulation according to the
present invention may be aqueous (i.e., containing
water), or it may be nonaqueous and optionally used in
combination with an occlusive overlayer so that
moisture evaporating from the body surface is
maintained within the formulation upon application to
the body surface and thereafter. It has been found
that a formulation that includes a penetration
enhancer and a comfrey-derived compound (or an
analogue or derivative thereof) or a formulation that
includes a comfrey-derived compound (or an analogue or
derivative thereof) and tannic acid (or an analogue or
derivative thereof) can provide long term relief to
ailments, such as osteoarthritis. Without being bound
by theory, it is believed that the active components
in the formulations of the present invention are able
to act synergistically upon a site of inflammation
and/or degeneration and provide long lasting, if not
permanent, relief after a course of treatment. In one
embodiment, a suitable course of treatment is 1 to 5
applications per day over a period of about 1 to about
100 days. In another embodiment, a suitable course of
treatment is 1 to 5 applications per day over a period
of about 1 to about 180 days. In another embodiment, a
suitable course of treatment is 3 to 4 applications
per day over a period of about 15 to about 90 days.
Further, with the presence of a penetration enhancer,
the formulation can be applied directly without the
need for a bandage or pressure pad to be applied, as
occurs now with some comfrey-based formulations. The
topical formulations according to the present
invention may take the form of compositions suitable
for topical application to the body surface, and may
comprise, for example, a cream, lotion, solution
(e.g., liquid spray), gel, ointment, paste, plaster,
paint, bioadhesive, or the like. A typical gel
formulation may comprise glycerin (5-20% w/w), castor
oil (10-25% w/w), tannic acid (2-20% w/w), ashwagandha
extract (0.5- 2.0% w/w), kelp extract (0.5-2.0% w/w),
total comfrey extract (0.5-40% w/w), aloe vera liquid
(40-60% w/w), lavender oil (0.1-0.3% w/w), eucalyptus
oil (0.1 -5% w/w), methyl paraben (0.1-0.3% w/w) and
sodium hydroxymethylglycinate (0.1-0.3% w/w).
Ointments Ointments, as is well known in the art, are
semisolid preparations that are typically based on
petrolatum or other petroleum derivatives. The
specific ointment base to be used, as will be
appreciated by those skilled in the art, is one that
will provide for optimum delivery of the active
agent(s), and which may also provide for other
desiredcharacteristics as well (e.g., emolliency or
the like). As with other carriers or vehicles, an
ointment base is typically inert, stable,
nonirritating and nonsensitizing. Ointment bases may
be grouped in four classes: oleaginous bases;
emulsifiable bases; emulsion bases; and water-soluble
bases. Oleaginous ointment bases include, for example,
vegetable oils, fats obtained from animals, and
semisolid hydrocarbons obtained from petroleum.
Emulsifiable ointment bases, also known as absorbent
ointment bases, contain little or no water and
include, for example, hydroxystearin sulfate,
anhydrous lanolin and hydrophilic petrolatum. Emulsion
ointment bases are either water-in-oil (w/o) emulsions
or oil-in-water (o/w) emulsions, and include, for
example, cetyl alcohol, glyceryl monostearate,
lanolin, stearic acid and polyethylene glycols of
varying 



molecular weight, or combinations thereof. Other
examples of suitable hydrocarbon bases include, but
are not limited to, hard, soft, or liquid paraffin,
glycerol, beeswax, a metallic soap, a mucilage, an oil
of natural origin (such as almond, corn, arachis,
castor or olive oil), wool fat or its derivative, a
fatty acid (such as stearic acid or oleic acid), or
combinations thereof. Creams Creams, as also well
known in the art, are viscous liquid or semisolid
oil-in-water emulsions. Cream bases can be
water-washable, and contain an oil phase, an
emulsifier, and an aqueous phase. The oil phase, also
called the "internal" phase, may include petrolatum
and a fatty alcohol such as cetyl or stearyl alcohol.
The aqueous phase usually, although not necessarily,
exceeds the oil phase in volume, and generally
contains a humectant. The emulsifier in a cream
formulation is generally a nonionic, anionic,
cationic, or amphoteric surfactant, or combinations
thereof. Gels As will be appreciated those persons
skilled in the art, gel formulations are typically
semisolid, suspension-type systems. Single-phase gels
typically contain organic macromolecules distributed
substantially uniformly throughout the carrier liquid,
which is typically aqueous, but may also contain an
alcohol and, optionally, an oil. Exemplary "organic
macromolecules" (i.e., gelling agents), are
crosslinked acrylic acid polymers such as the
"carbomer" family of polymers (e.g.,
carboxypolyalkylenes that may be obtained commercially
under the Carbopol(tm)). Also exemplified are
hydrophilic polymers such as polyethylene oxides,
polyoxyethylene-polyoxypropylene copolymers,
polyvinylalcohol and polyvinyl pyrrolidones;
cellulosic polymers such as hydroxypropyl cellulose,
hydroxyethyl cellulose, hydroxypropyl methylcellulose,
carboxymethyl cellulose, hydroxypropyl methylcellulose
phthalate, and methyl cellulose; gums such
ascarrageenan gum, tragacanth and xanthan gum; sodium
alginate; and gelatin. Other examples of suitable gel
forming agents include carboxypoly-methylene
derivatives such as carbopol and pectins. In one
embodiment of the present invention, the gelling agent
is Xantham gum and/or carrageenan gum. In one
embodiment, the thickening or gelling agents may be
present in the composition generally in a w/w % amount
of from about 0.2% to 5.0%. In another embodiment, the
thickening or gelling agents may be present in the
composition generally in a w/w % amount of from about
0.1% to 1.0%. In yet another embodiment of the present
invention, the topical gel formulation may include a
gelling agent in an amount of up to 3.0% w/w (e.g.,
Xantham gum). In order to prepare a uniform gel, a
diluent such as alcohol can be added, or the gelling
agent can be dispersed by trituration, mechanical
mixing or stirring, or combinations thereof. Lotions
Lotions are typically preparations to be applied to
the skin surface without friction, and are typically
liquid or semiliquid preparations in which solid
particles, including the active agent (e.g., comfrey,
tannic acid), are present in a water or alcohol base.
Lotions are usually suspensions of solids, and may,
for the present purpose, comprise a liquid oily
emulsion of the oil-in-water type. Lotions can be used
to treat large body areas because of the ease of
applying a more fluid composition. It is generally
desirable that the insoluble matter in a lotion be
finely divided. Thus, lotions will typically contain
suspending agents to produce better dispersions, as
well as compounds useful for localizing and holding
the active agent in contact with the skin (e.g.,
methylcellulose), sodium carboxymethyl-cellulose, or
the like. Lotions may also include an agent to hasten
drying and cooling of the solution on the skin, such
as alcohol or acetone. They may further include a
moisturizer, such as glycerol, or an oil, such as
castor oil or arachis oil. Topical formulations of the
present invention may also be prepared with liposomes,
and/or micelles. Liposomes are microscopic vesicles
having a lipid wall comprising a lipid bilayer, and
can be used as delivery systems herein. Generally,
liposome formulations are employed for poorly soluble
or insoluble agents. Liposomal preparations for use in
theinstant invention include cationic (positively
charged), anionic (negatively charged) and neutral
preparations. Cationic liposomes are readily
available. For example, N[1-
2,3-dioleyloxy)propyl]-N,N,N-triethylammonium (DOTMA)
liposomes are available under the tradename
Lipofectin(tm). Similarly, anionic and neutral
liposomes are readily available as well (e.g., Avanti
Polar Lipids, Birmingham, Alabama), or can be easily
prepared using readily available materials. Such
materials include phosphatidyl choline, cholesterol,
phosphatidyl ethanolamine, dioleoylphosphatidyl
choline (DOPC), dioleoylphosphatidyl glycerol (DOPG),
dioleoylphoshatidyl ethanolamine (DOPE), 



among others. These materials can also be mixed with
DOTMA in appropriate ratios. Methods for making
liposomes using these materials are well known in the
art. Micelles, in an aqueous solution, are known in
the art to be comprised of surfactant molecules
arranged so that their polar headgroups form an outer
spherical shell, while the hydrophobic, hydrocarbon
chains are oriented towards the center of the sphere,
forming a core. Micelles form in an aqueous solution
containing a surfactant at a high enough concentration
so that micelles naturally result. Surfactants useful
for forming micelles include, but are not limited to,
potassium laurate, sodium octane sulfonate, sodium
decane sulfonate, sodium dodecane sulfonate, sodium
lauryl sulfate, docusate sodium,
decyltrimethylammonium bromide,
dodecyltrimethylammonium bromide,
tetradecyltrimethylammonium bromide,
tetradecyltrimethylammonium chloride, dodecylammonium
chloride, polyoxyl 8 dodecyl ether, polyoxyl 12
dodecyl ether, nonoxynol 10 and nonoxynol 30. Micelle
formulations can be used in conjunction with the
present invention either by incorporation into the
reservoir of a topical delivery system, or into a
topical formulation to be applied to the body surface.
Various additives, known to those skilled in the art,
may also be included in the topical formulations of
the present invention. For example, solvents,
including relatively small amounts of alcohol, may be
used to solubilize certain formulation components.
Suitable solvents include glycerin, SD 40 alcohol,
lecithin, poloxamers, Miglyol(tm) and methyl
pyrrolidone, or combinations thereof. Other suitable
solvents include glycerol, diluted alcohol
isopropanol, hexylene glycol and propylene glycol.
Menthol may be also be added to the topical
formulation of the present invention.In one
embodiment, surfactant(s) may be employed in the
topical formulation according to the present
invention, for example, in an amount of from about
0.5% to about 5.0% w/w. Suitable surfactants may
include, but are not limited to, sodium lauryl
sulfate, benzalkonium chloride, cetylpyridinium
chloride, sodium laurate, cetyltrimethylammonium
bromide, Poloxamer (231 , 182, 184), Tween (20, 40,
60, 80) and Span(tm). Other agents may also be added
to the topical formulation of the present invention
include antimicrobial agents, to prevent spoilage upon
storage (i.e., to inhibit growth of microbes such as
yeasts and molds. Suitable antimicrobial agents are
typically selected from the group consisting of the
methyl and propyl esters of p-hydroxybenzoic acid
(i.e., methyl and propyl paraben), sodium benzoate,
sodium hydroxymethylglycinate, sorbic acid, imidurea,
potassium iodide and combinations thereof. The
formulations may also contain irritation-mitigating
additives to minimize or eliminate the possibility of
skin irritation or skin damage resulting from the
pharmacologically active base or other components of
the composition. Suitable irritation-mitigating
additives include, for example: a-tocopherol;
monoamine oxidase inhibitors, particularly phenyl
alcohols such as 2-phenyl-1 -ethanol; glycerin;
ascorbic acids and ascorbates; ionophores such as
monensin; amphiphilic amines; ammonium chloride;
N-acetylcysteine; cis-urocanic acid; capsaicin; and
chloroquine. The irritantmitigating additive, if
present, may be incorporated into the present
formulations at a concentration effective to mitigate
irritation or skin damage, typically representing from
about 0.05% to about 1.0% (w/w). The topical
formulation of the present invention may also be
administered through the skin or mucosal tissue using
a conventional skin patch, wherein the active agent(s)
(e.g., comfrey, comfrey-derived compound, penetration
enhancer, tannic acid, etc) is/are contained within a
laminated structure that serves as a delivery device
to be affixed to the body surface. In such a
structure, the topical formulation is contained in a
layer, or "reservoir," underlying an upper backing
layer. The laminated structure may contain a single
reservoir, or it may contain multiple reservoirs. In
one embodiment, the reservoir comprises a polymeric
matrix of a pharmaceutically acceptable adhesive
material that serves to affix the system to the skin
during delivery of the topical formulation. Typically,
the adhesive material is a pressure-sensitiveadhesive
(PSA) that is suitable for long-term skin contact, and
that should be physically and chemically compatible
with the topical formulation. Examples of suitable
adhesive materials include, but are not limited to,
the following: polyethylenes; polysiloxanes;
polyisobutylenes; polyacrylates; polyacrylamides;
polyurethanes; plasticized ethylene-vinyl acetate
copolymers; and tacky rubbers such as polyisobutene,
polybutadiene, polystyrene-isoprene copolymers,
polystyrene-butadiene copolymers, and neoprene
(polychloroprene). Preferred adhesives are
polyisobutylenes. The backing layer functions as the
primary structural element of the transdermal 



system and provides the device with flexibility and,
preferably, occlusivity. The material used for the
backing layer should be inert and incapable of
absorbing any one or more of the active agents
included in the topical formulation contained within
the device. The backing is preferably comprised of a
flexible elastomeric material that serves as a
protective covering to prevent loss of drug and/or
vehicle via transmission through the upper surface of
the patch, and will preferably impart a degree of
occlusivity to the system, such that the area of the
body surface covered by the patch becomes hydrated
during use. The material used for the backing layer
should permit the device to follow the contours of the
skin and be worn comfortably on areas of skin such as
at joints or other points of flexure, that are
normally subjected to mechanical strain, with little
or no likelihood of the device disengaging from the
skin due to differences in the flexibility or
resiliency of the skin and the device. The materials
used as the backing layer are either occlusive or
permeable, as noted above, although occlusive backings
are preferred, and are generally derived from
synthetic polymers (e.g., polyester, polyethylene,
polypropylene, polyurethane, polyvinylidine chloride,
and polyether amide), natural polymers (e.g.,
cellulosic materials), or macroporous woven and
nonwoven materials. During storage and prior to use,
the laminated structure may include a release liner.
Immediately prior to use, this layer can be removed
from the device so that the device may be affixed to
the skin. The release liner is typically made from an
impermeable material, and is a disposable element that
serves only to protect the device prior to
application. Typically, the release liner is formed
from a material impermeable to one or more components
of the topical formulation contained in the device,
and which can be easily stripped from the patch prior
to use. In an alternative embodiment, the topical
formulation-containing reservoir and skin contact
adhesive are present as separate and distinct layers,
with the adhesiveunderlying the reservoir. In such a
case, the reservoir may be a polymeric matrix as
described above. Alternatively, the reservoir may be
comprised of a liquid or semisolid topical formulation
contained in a closed compartment or "pouch," or it
may be a hydrogel reservoir, or may take some other
form. As will be appreciated by those skilled in the
art, hydrogels are macromolecular networks that absorb
water and thus swell but do not dissolve in water.
That is, hydrogels contain hydrophilic functional
groups that provide for water absorption, but the
hydrogels are comprised of crosslinked polymers that
give rise to aqueous insolubility. Generally, then,
hydrogels are comprised of crosslinked hydrophilic
polymers such as a polyurethane, a polyvinyl alcohol,
a polyacrylic acid, a polyoxyethylene, a
polyvinylpyrrolidone, a poly(hydroxyethyl
methacrylate) (poly(HEMA)), or a copolymer or mixture
thereof. Particularly preferred hydrophilic polymers
are copolymers of HEMA and polyvinylpyrrolidone.
Additional layers (e.g., intermediate fabric layers
and/or rate-controlling membranes), may also be
present in any of these delivery systems. Fabric
layers may be used to facilitate fabrication of the
device, while a rate-controlling membrane may be used
to control the rate at which the topical formulation
permeates out of the device. A ratecontrolling
membrane, if present, will be included in the system
on the skin side of one or more of the reservoirs. The
materials used to form such a membrane are typically
selected to limit the flux of one or more components
contained in the topical formulation. Representative
materials useful for forming rate-controlling
membranes include polyolefins such as polyethylene and
polypropylene, polyamides, polyesters,
ethylene-ethacrylate copolymer, ethylene-vinyl acetate
copolymer, ethylene-vinyl methylacetate copolymer,
ethylene-vinyl ethylacetate copolymer, ethylene-vinyl
propylacetate copolymer, polyisoprene,
polyacrylonitrile, ethylene-propylene copolymer, and
the like. Generally, the underlying surface of the
transdermal device (i.e., the skin contact area) has
an area in the range of about 0.25 cm2 to 200 cm2,
preferably 1 cm2 to 25 cm2, more preferably 2 cm2 to
10 cm2. That area will vary, of course, with the size
of the area to be treated. Such delivery systems may
be fabricated using conventional coating and
laminating techniques known in the art. For example,
adhesive matrix systems can be prepared by casting a
fluid admixture of an adhesive and the topical
formulation of the present invention onto the backing
layer, followed by lamination of the release liner.
Similarly,the adhesive mixture may be cast onto the
release liner, followed by lamination of the backing
layer. Alternatively, the reservoir may be prepared in
the absence of topical formulation, and then loaded by
"soaking" in the topical formulation. In general,
these patches are fabricated by solvent evaporation,
film casting, melt extrusion, thin film lamination,
die cutting, or the like. The topical formulation will
generally be incorporated into the device during patch
manufacture rather than subsequent to preparation of
the 



device. The delivery system may also include an
adhesive overlayer that also serves as a backing for
the delivery system is used to better secure the patch
to the body surface. This overlayer is sized such that
it extends beyond the reservoir so that adhesive on
the overlayer comes into contact with the body
surface. The overlayer is useful because the
adhesive/reservoir layer may lose its adhesion a few
hours after application due to hydration. By
incorporating such adhesive overlayer, the delivery
system remains in place for the required period of
time. In another embodiment of the present invention,
the delivery system includes nanoparticles. The
nanoparticles may be dispersed within a microemulsion
in the formulation of the present invention, or as
part of the vehicle of such formulations, for use in
delivery of the active agent(s) through the skin.
Without being bound by theory, such nanoparticles will
readily penetrate the skin and may be retained within
specific layers of the skin. In one embodiment, the
nanoparticles have a core comprised of an iron ore
that is strongly attracted by a magnet. In one
embodiment, the nanoparticles include magnetite, which
in one embodiment refers to a molecule with a general
formula of Fe3O4. The nanoparticles may include
chemical equivalents of magnetite, such as, for
example, and in one embodiment, (Fe M)OFe2O3 where M
may be, in one embodiment, Zn, Co, Ni, Mn, Cr, Au, or
Ag. In one embodiment, the nanoparticles for use in
the delivery system and according to the methods of
this invention range in size from 1-100 nm. Polymers
may also be conjugated to the nanoparticles by an
array of means well known by those skilled in the art.
The active agent(s), in turn, may be conjugated to the
polymer, conjugated to the nanoparticle or, as a
function of the physicochemical properties of the
compound, may be directly affixed to the nanoparticle
. The choice of polymer utilized may be a function of
the particles employed. In one embodiment, the polymer
includes polyacrylic acid, polystyrene sulfonic acid,
polyvinyl sulfonic acid, polyethylene oxide,
polypropylene oxide, polyvinyl alcohol,
photopolymerizablemacromers, biodegradable polymers
such as but not limited to PLGA, or a combination
thereof. In another embodiment, the polymer includes a
surfactant, a polyethylene glycol, a lignosulfonate, a
polyacrylamide or a biopolymer. In yet another
embodiment, the biopolymer includes polypeptides,
cellulose and its derivatives such as hydroxyethyl
cellulose and carboxymethyl cellulose, alginate,
chitosan, lipid, dextran, starch, gellan gum or other
polysaccharides, or a combination thereof. The topical
formulations of the present invention may also include
other compositions that facilitate the delivery of the
active ingredient(s) through the skin. For example, in
one embodiment of the present invention, the active
agents(s) are formulated into macromolecular
assemblies using nanoparticles, as described, for
example, in WO 2006/1 13668, WO 2006/1 29127 and US
60/671 ,892 as published (the entire contents of which
are incorporated herein by reference). Without being
bound by theory, macromolecular assemblies of this
type typically mimic natural lipoprotein and are
therefore said to solubilize hydrophobic active agents
to facilitate their delivery (e.g. transdermal
delivery) by penetrating the inter-corneocyte lipid
layer of the skin and also the hydrophilic pores.
Without being bound by theory, the macromolecular
assemblies may become trapped within the stratum
corneum of the skin and therefore act as reservoirs
for the active agent(s) to enable sustained release
into the deeper layers of the skin and thereby provide
a distinct therapeutic profile. This could in turn
enhance the efficacy of the active agent(s), reduce
the number of applications required and quantity of
active agent(s) required, and could therefore be more
convenient for the patient. These and other types and
configurations of topically applied delivery systems
may be used alone or in combination to facilitate the
delivery of the active agent(s) included in the
formulations of the present invention, as will be
appreciated by those skilled in the art of, for
example, topical drug delivery. Thus, it is to be
understood that the delivery system may include any
single or combinations of the embodiments listed
herein. Any suitable emollient or skin conditioning
agent may optionally be included in the topical
formulations of this invention. Suitable emollients
include, but are not limited to, cholesterol,
glycerine, glyceryl monostearate, isopropyl myristate,
isopropyl palmitate, cetostearyl alcohol, lanolin
alcohols and mixtures thereof. Optionally,
dimethicone, mineral oil or white soft paraffin may
also be incorporated into the formulations in
relatively small amounts to act as a skin conditioner.
The emollient or skin conditioning agent may be
present in the topical formulations of this invention
in a w/w % amount offrom about 0.5% to about 50%. For
example, in the gel formulations of this invention,
the emollient or skin conditioning agent may generally
be present in an amount of up to about 50% w/w. In
another embodiment, the cream or lotion formulations
of this 



invention may include the emollient or skin
conditioning agent in an amount of from about 0.5% to
about 15% w/w. The formulations of the present
invention may optionally include a buffer or
neutralizing agent. Examples of suitable buffers
include, but are not limited to, citric acid, lactic
acid, oleic acid, sodium phosphate, water,
triethanolamine, sodium citrate, hydrochloric acid and
the like. The buffering agent may be present in the
composition in any suitable buffering effective
amount. The gel formulation will generally contain a
base, such as for example, sodium hydroxide,
triethanolamine and the like. The gel formulations of
this invention will also generally include a volatile
solvent, such as for example, ethanol, isopropanol and
the like. The topical formulation of the present
invention may optionally include preservative or
antioxidant components. Examples of such preservative
and antioxidant include, but are not limited to, alkyl
alcohols, benzyl alcohol, butylated hydroxyanisole,
butylated hydroxytoluene (methyl and propyl paraben),
butyl paraben, disodium edetate, citric acid and the
like. The preservative and/or antioxidant may be
present in the formulations of this invention in a w/w
amount of from about 0.05 to about 5.0% w/w. In
another embodiment, the preservative and/or
antioxidant may be present in the formulations of this
invention in an amount of from about 0.25% to about
0.5% w/w. In certain embodiments, the topical
formulation of the present invention may also include
other active ingredients including, but not limited
to, arginine, asparagine, an Ashwagandha extract,
withanolides or alkaloids derived from Ashwagandha,
brown vinegar, brewer's yeast, castor oil, ricinoleic
acid, devil's claw and/or a herpagoside derived
therefrom, epimedium leaf extract, icarlin, eucalyptus
oil (e.g., eucalyptus globulus oil, Eucalyptus
tereticortis oil, Eucalyptus rostrata), cineole or
other terpenes derived from eucalyptus oil,
frankincense, boswellic acid, glycerin, kelp,
potassium iodate, algin, lavender, 1,8-cineole,
linalol, lynalol acetate, nut gall extract, lecithin,
liquorice extract (e.g., liquorice root extract),
glabridin, glycyrrhizic acid, glycyrrhizic acid
monoammonium salt, 10-beta-glycyrrhetinic acid,
ellagic acid, turmeric, curcumin, tetrahydro
curcuminoid (THC), or any combination thereof. Without
being bound by theory, the other active ingredient(s)
may contribute, at least in part, to the efficacy
ofthe formulation of the present invention by acting
directly or indirectly on a physiological or
pathophysiological pathway. As used herein, the terms
"active ingredient', "active agent' and the like
typically denote a compound that contributes, at least
in part, to the efficacy of the formulation of the
present invention by acting either directly or
indirectly on a physiological or pathophysiological
pathway. For instance, without being bound by theory,
tannic acid (or an analogue or derivative thereof) may
be contributing to the efficacy of the formulations of
the present invention indirectly by enhancing the
efficacy of any other active ingredient (e.g. comfrey
or a comfrey-derived compound or an analogue or
derivative thereof), rather than acting directly on a
physiological or pathophysiological pathway, whether
that pathway is the same or different from the pathway
that is targeted by the other active ingredient. In
one embodiment of the present invention, the other
active ingredient is eucalyptus oil, as herein
described. The amount of eucalyptus oil in a
formulation of the present invention may vary
according to the intended use. For instance, in one
embodiment, the eucalyptus oil is present in a
homeopathic quantity as known to those skilled in the
art of homeopathic formulations, either as the mother
tincture (i.e., as a solution of eucalyptus globulus
oil and alcohol made according to standards set by the
Homeopathic Pharmacopeia of the United States) or in
lower concentrations (e.g., diluted from about 1 in 10
to about 1 in 10,000). Without being bound by theory,
eucalyptus globulus oil may be used consistent with
homeopathic principles for the relief of an
inflammatory and/or degenerative condition including,
but not limited to, arthritis. In a certain
embodiment, the topical formulation of the present
invention includes from about 0.1% to about 4% w/w of
eucalyptus globulus oil. Eucalyptus oil may be
obtained by any process known in the art, or it may be
purchased from a commercial source such as Biochemica
International. In another embodiment, the other active
ingredient may be a crude product (e.g., Ashwagandha),
an extract thereof (e.g., a botanical extract such as
Ashwagandha extract) or a naturally-occurring compound
that is at least partially purified, for example, from
a crude botanical extract by methods known to those
skilled in the art, and optionally purified to a
substantially pure form as required. In another
embodiment, the other active ingredient may be
synthetic, manufactured by processes known to those
skilled in the art. Combinations of
naturally-occurring and synthetic compounds are also
envisaged in certain embodiments of the present
invention.Methods of Manufacture 



In another aspect of the present invention, there is
provided a method of manufacturing a topical
formulation, the method including combining (i)
comfrey or a comfrey-derived compound, or an analogue
or derivative thereof (as herein described) with (ii)
a penetration enhancer (as herein described). In one
embodiment, the method includes the step of adding
(iii) tannic acid, or an analogue or derivative
thereof (as herein described). In yet another aspect
of the present invention, there is provided a method
of manufacturing a topical formulation, the method
including combining (i) comfrey or a comfrey-derived
compound, or an analogue or derivative thereof (as
herein described) with (ii) tannic acid, or an
analogue or derivative thereof (as herein described).
The tannic acid (or analogue or derivative thereof)
may be prepared as an at least partially purified
compound during (e.g., at the same time as)
preparation of the comfrey or comfrey-derived compound
(or analogue or derivative thereof) or it may be
prepared in isolation as an at least partially
purified compound and subsequently combined with
comfrey or the comfrey-derived compound (or analogue
or derivative thereof), or a combination thereof. In a
certain embodiment of the present invention, tannic
acid is prepared as an at least partially purified
compound and subsequently combined with comfrey or a
comfrey-derived compound (or analogue or derivative
thereof). Methods of Prophylaxis and Treatment In
another aspect of the present invention, there is
provided a method for the prophylactic or therapeutic
treatment of an inflammatory and/or degenerative
condition, wherein the method includes applying a
topical formulation including (i) comfrey, or a
comfrey-derived compound, or an analogue or derivative
thereof, and a penetration, to a subject in need
thereof and to an area affected by inflammation and/or
degeneration or to an area expected of becoming
affected by inflammation and/or degeneration, and
optionally applying tannic acid to that area. In yet
another aspect of the present invention, there is
provided a method for the prophylactic or therapeutic
treatment of an inflammatory and/or degenerative
condition, wherein the method includes applying a
topical formulation including comfrey,
acomfrey-derived compound, or an analogue or
derivative thereof, and tannic acid, or an analogue or
derivative thereof, to a subject in need thereof and
to an area affected by inflammation and/or
degeneration or to an area expected of becoming
affected by inflammation and/or degeneration, and
optionally applying a penetration enhancer to that
area. Whilst the active ingredients (e.g., penetration
enhancer, comfrey, comfrey-derived compound, tannic
acid, and analogues and derivatives thereof) may be
applied to the subject in a single topical formulation
according to the present invention, it would be
appreciated that they may also be applied separately
and in any given order. Thus, in another embodiment of
the present invention, there is provided a method for
the prophylactic or therapeutic treatment of an
inflammatory and/or degenerative condition, wherein
the method includes applying, to a subject in need
thereof and to an area affected by inflammation and/or
degeneration or to an area expected of becoming
affected by inflammation and/or degeneration, (i)
comfrey or a comfrey-derived compound, or an analogue
or derivative thereof, and (ii) tannic acid, or an
analogue or derivative thereof, and optionally
applying a penetration enhancer to the area. In yet
another embodiment of the present invention, there is
provided a method for the prophylactic or therapeutic
treatment of an inflammatory and/or degenerative
condition, wherein the method includes applying, to a
subject in need thereof and to an area affected by
inflammation and/or degeneration or to an area
expected of becoming affected by inflammation and/or
degeneration, (i) comfrey or a comfrey-derived
compound, or an analogue or derivative thereof, and
(ii) a penetration enhancer, and optionally applying
to the area tannic acid, or an analogue or derivative
thereof,. The method of applying the active
ingredients separately or as combined components in
the topical formulation of the present invention will
typically involve the application to an area affected
by inflammation and/or degeneration (or an area
expected to become affected by inflammation and/or
degeneration), or to an area affected (or expected to
become affected) by pain, swelling, stiffness and/or
lack of mobility associated with said inflammation
and/or degeneration. In a certain embodiment, the
active ingredients (e.g., penetration enhancer,
comfrey, comfrey-derived compound, tannic acid, etc)
are applied to an area that surrounds the affected
site (or to an area expected of becoming affected).
For instance, the active ingredients (e.g.,
penetration enhancer, comfrey, comfrey-derived
compound, tannic acid, etc) may be applied separately,
or ascombined components in the topical formulation of
the present invention, to an area that is all around
the affected area or expected area of inflammation
and/or 



degeneration. Where the topical formulation is a
cream, gel, ointment or lotion, it may be spread on
the body surface and gently rubbed in. The dose
regimen will depend on a number of factors that may
readily be determined, such as the extent of
inflammation and/or degeneration (or pain, swelling,
stiffness and/or lack of mobility associated with said
inflammation and/or degeneration) and the
responsiveness of the inflammation, degeneration,
pain, swelling, stiffness and/or lack of mobility to
treatment, but will normally be one or more doses per
day, with a course of treatment lasting from several
days to several months, or until a cure is effected or
a significant diminution in the extent of the
inflammation, degeneration, pain, swelling, stiffness
and/or lack of mobility experienced by the subject.
One of ordinary skill may readily determine optimum
dosages, dosing methodologies and repetition rates. In
a certain embodiment, it is contemplated that the
topical formulation will be applied one to five times
daily. A suitable course of treatment or prophylaxis
may be from about 1 to about 100 days. In another
embodiment, a suitable course of treatment is 3 to 4
applications per day over a period of about 15 to
about 90 days In another aspect of the present
invention, there is provided a use of the topical
formulation as herein described in the manufacture of
a medicament for the prophylactic or therapeutic
treatment of an inflammatory and/or degenerative
condition, wherein the treatment includes applying an
amount of said topical formulation to a subject in
need thereof and to an area affected by inflammation
and/or degeneration or to an area expected of becoming
affected by inflammation and/or degeneration. Types of
inflammatory and/or degenerative conditions applicable
to the methods and uses of the present invention
include, but are not limited to, rheumatoid arthritis,
septic arthritis, gout, pseudogout, juvenile
arthritis, Still's disease, cervical spondylitis,
lumbar spondylitis, frozen shoulder, calcaneal spurs,
psoriatic arthritis, ankylosing spondylitis and
osteoarthritis. In a certain embodiment of the present
invention, the subject is human. However, the methods
of prophylactic or therapeutic treatment in accordance
with the present invention may also be applicable to
non-human subjects that are susceptible to
inflammatory and/or degenerative conditions,
including, but not limited to, horses, dogs, cats,
rabbits and bovine.Kits In yet another aspect of the
present invention, there is provided a kit, wherein
the kit includes, in two or more containers, (i) a
penetration enhancer (as herein described) and (ii)
comfrey or a comfrey-derived compound, or an analogue
or derivative thereof (as herein described), or (iii)
any combination thereof. The kit may optionally
include tannic acid, or an analogue or derivative
thereof (as herein described), in a separate container
or in combination with the penetration enhancer or in
combination with comfrey or a comfrey-derived
compound, or an analogue or derivative thereof. In yet
another aspect of the present invention, there is
provided a kit, wherein the kit includes, in two or
more containers, (i) tannic acid or an analogue or
derivative thereof (as herein described) and (ii)
comfrey or a comfrey-derived compound or an analogue
or derivative thereof (as herein described), or (iii)
any combination thereof. The kit may optionally
include a penetration enhancer (as herein described)
in a separate container or in combination with tannic
acid (or an analogue or derivative thereof), or in
combination with comfrey or a comfrey-derived compound
(or an analogue or derivative thereof), as herein
described. In a further aspect, there is provided a
kit including a container having a topical formulation
according to the present invention, as herein
described. The kits according to the present invention
may further include written instructions as to the use
of the components in the prophylactic or therapeutic
treatment of an inflammatory and/or degenerative
condition, as herein described. The discussion of
documents, acts, materials, devices, articles and the
like is included in this specification solely for the
purpose of providing a context for the present
invention. It is not suggested or represented that any
or all of these matters formed part of the prior art
base or were common general knowledge in the field
relevant to the present invention before the priority
date of each claim of this application. Finally it is
to be understood that various other modifications
and/or alterations may be made without departing from
the spirit of the present invention as outlined
herein. Future patent applications may be filed on the
basis of or claiming priority from the present
application.Topical formulations according to certain
embodiments of the present invention and procedures
that may be used in the manufacture of the topical
formulation according to certain embodiments of the
present invention will now be described in the
following examples. It should be understood, however,
that the following description is 



illustrative only and should not be taken in any way
as a restriction on the generality of the invention
described above. EXAMPLES Example 1 : Manufacturing
Process for a Topical Cream Formulation Materials
During the manufacturing process, stainless steel
material of 305 grade or better is used in the
manufacturing process. Also, tygon or similar grade
tubing is used for the transfer of materials. A
Waukesha (or a similar positive-displacement pump) was
used for material transfer. A lightning-type variable
speed mixer, a side-sweep mixer and an in-line
homogenizer were also used in the following
manufacturing process. The process tanks and mixing
tanks were jacketed, as both heating and cooling is
required for during the manufacturing process.
Cleaning and sanitizing Prior to commencement, all
parts coming into contact with the final formulation
(or intermediates thereof) are thoroughly cleaned with
a suitable cleanser, rinsed and properly sanitized
prior to use. A. Main Mix Tank Into the main mix tank,
weigh in 50% of total batch weight water and add DMDM
Hydantoin and glycerin. Begin mixing the ingredients
at medium speed, then begin to heat the water. Slowly
introduce tannic acid and the Ashwagantha extract,
comfrey extract, methyl paraben and continue to mix.
Heat the mixture to, and maintain the temperature at
approximately 750C. B. Xanthan Gum Solution In a small
container, weigh in balance of the water (50%) and
create a vortex using a high-speed lighting mixer.
Slowly begin to sprinkle in the Xanthan gum and mix
until completely hydrated, avoid lumping or fish
eyes.C. Oil Phase Mix Tank In an oil-phase mix tank,
weigh in castor oil, cylomethicone, dimethicone, cetyl
alcohol, Arlacel 165, propyl paraben and olive oil.
Begin heating the mixture to a temperature of 750C and
maintain this temperature while mixing until the
solution becomes uniform and clear. D. Alcohol Tank In
a small tank, weigh in SD 40 Alcohol over a mixer at a
slow speed (use an explosion proof mixer or an air
mixer). Weigh in menthol, eucalyptus oil and lemon
oil. Mix until the solution becomes clear and uniform
and all of the menthol crystals have completely
dissolved. E. Propylene Glycol Tank In a small tank,
weigh in propylene glycol, pharmasolve ( 1
-methylpyrrolidinone), frankincense (Boswellein)
extract and cosmoperine. Warm the solution gently
while mixing, heating to 550C, but do not overheat.
Continue mixing until the solution becomes clear and
uniform. Transfer the contents of the Propylene Glycol
Tank (step E) into the Alcohol Tank (step D) and mix
for approximately 5 to 10 minutes until the solution
is uniform and clear. F. Final Preparation Transfer
the contents of the Oil Phase Mix Tank (step C) into
the Main Mix Tank (step A) and mix for approximately
10 to 15 minutes and or until uniform. When the
Xanthan Gum Solution (step B) is completely hydrated,
transfer it to the Main Mix Tank and mix for
approximately 10 to 15 minutes or until homogeneous.
Then, transfer the contents of the Alcohol Tank into
the Main Mix Tank slowly, avoid pooling of solution,
while mixing thoroughly for approximately 15 to 20
minutes until the solution is uniform and clear. Pass
the entire batch solution through an in-line
homogenizer as many times as required. Example 2:
Topical Gel Formulation Ingredient % w/w Aloe
Barbadensis Leaf Juice 52.1 Tannic Acid 15.0 Comfrey
Extract 10.0Glycerin 10.0 Castor Oil 10.0 Xanthan Gum
2.0 Potassium Iodide 0.2 Citrus Aurantium Dulsis Seed
Extract 0.2 Lavender Oil 0.2 Eucalyptus Oil 0.2
Ashwagandha Root Powder 0.1 



Devils Claw Rhizome Extract Powder 0.1 Epimedium Leaf
Extract Powder 0.1 Kelp Laminaria 0.1 Example 3:
Topical Drua Formulation Ingredient % w/w. Rosemarinic
acid 1.00 Tannic acid 10.00 Tetra Hydro curcuminoid
(THC) 1.00 Glycerine 5.00 Allantoin 0.50 Cetyl Alcohol
4.00 Arlacel 165 4.00 castor oil 5.00 Eucalyptol 4.00
Dimethicone 2.00 Lecithin 1.00 Tetra hydropiperine
(THP) 0.25 Tocopherol Polyethylene Glycol 100
succinate 2.00 Oleic Acid 2.00 Linolenic Acid 2.00
Propylene Glycol 5.00 Methyl Paraben 0.20 Propyl
Paraben 0.1 0 DMDM Hydantoin 0.20 water 50.75 Total
100.00Water may also be replaced by or supplemented
with Aloe juice. Example 4: Topical Cream Formulation
A Ingredient % w/w Ashwagandha (extract) 3.00 Castor
oil 1.00 Comfrey (extract) 20.00 Frankincense
(extract) 2.00 Glycerin 2.00 Tannic acid 10.00 Water
26.40 Borage oil 2.00 Eucalyptus oil 4.00 Cosmoperine
0.30 SD 40 Alcohol 5.00 Cyclomethicone 2.00
Dimethicone 2.00 Pharmasolve 2.00 Cetyl Alcohol 5.00
Arlacel 165 5.00 Kelcoloid HVF 0.75 Propylene Glycol
2.00 Menthol 4.00 Methyl Paraben 0.20 Propyl Paraben
0.10 DMDM Hydantoin 0.25 Lemon oil 1.00 Total 100.00
Example 5: Topical Cream Formulation B Ingredient %
w/w Ashwagandha (extract) 1.50 Castor oil 1.00 Comfrey
(extract) 2.00Boswellein 1.00 Glycerin 2.00 Tannic
acid 8.00 Allantoin 0.50 Aloe vera juice 46.70 Olive
oil 2.00 



Eucalyptus oil 4.00 Tetra hydro Piperine (THP) 0.25 SD
40 Alcohol 8.00 Cyclomethicone 1.00 Dimethicone 1.00
Methyl Pyrrolidone 1.50 Cetyl Alcohol 4.00 Arlacel 165
4.00 Xanthan gum 1.00 Propylene Glycol 5.00 Menthol
4.00 Methyl Paraben 0.20 Propyl Paraben 0.10 DMDM
Hydantoin 0.25 Lemon oil 1.00 Total 100.00Example 6:
Topical Cream Formulation C Ingredient % w/w
Ashwagandha (extract) 1.50 Castor oil 1.00 Comfrey
(extract) 2.00 Boswellein 1.00 Glycerin 2.00 Tannic
acid 8.00 Allantoin 0.50 Water 27.1 5 Olive oil 2.00
Eucalyptus oil 4.00 Tetra hydro Piperine (THP) 0.30 SD
40 Alcohol 4.00 Cyclomethicone 1.00 Dimethicone 1.00
Methyl Pyrrolidone 2.00 Cetyl Alcohol 4.00 Arlacel 165
4.00 Xanthan gum 4% 25.00 Propylene Glycol 4.00
Menthol 4.00 Methyl Paraben 0.20 Propyl Paraben 0.1 0
DMDM Hydantoin 0.25 Lemon oil 1.00 Total 100.00Example
7: Topical Cream Formulation D Ingredient % w/w
Ashwagandha (extract) 1.50 Castor oil 1.00 Comfrey
(extract) 10.00 Boswellein 1.00 Glycerin 2.00 Tannic
acid 10.00 Water 40.15 Olive oil 2.00 Eucalyptus oil
4.00 Tetra hydropiperine (THP) 0.30 SD 40 Alcohol 4.00
Cyclomethicone 2.00 Dimethicone 1.00 Methyl
Pyrrolidone 2.00 Cetyl Alcohol 4.50 ArlaceM65 4.50
Propylene Glycol Alginate 0.50 Propylene Glycol 4.00
Menthol 4.00 Methyl Paraben 0.20 



Propyl paraben 0.10 DMDM Hydantoin 0.25 Lemon oil 1.00
Total 100.00Example 8: Topical Cream Formulation E
Ingredient % w/w Ashwagandha (extract) 1.50 Castor oil
1.00 Comfrey (extract) 2.00 Frankincense (extract)
1.00 Glycerin 2.00 Tannic acid 10.00 Olive oil 2.00
Eucalyptus oil 4.00 Cosmoperine 0.25 SD 40 Alcohol
4.00 Cyclomethicone 1.00 Dimethicone 1.00 Pharmasolve
1.50 Cetyl Alcohol 5.00 ArlaceM65 5.00 Xanthan gum
1.00 Propylene Glycol 4.00 Menthol 4.00 Methyl Paraben
0.20 Propyl paraben 0.10 DMDM Hydantoin 0.25 Lemon oil
1.00 Water 48.20 Total 100.00Example 9: Topical Cream
Formulation F Ingredient % w/w Ashwagandha (extract)
1.50 Castor oil 1.00 Comfrey (extract) 20.00
Frankincense (extract) 1.00 Glycerin 2.00 Tannic acid
10.00 Olive oil 2.00 Eucalyptus oil 4.00 Cosmoperine
0.25 SD 40 Alcohol 4.00 Cyclomethicone 1.00
Dimethicone 1.00 Pharmasolve 1.50 Cetyl Alcohol 5.00
Arlacel 165 5.00 Allantoin 1.00 Xanthan gum 1.00
Propylene Glycol 4.00 Menthol 4.00 Methyl Paraben 0.20
Propyl Paraben 0.1 0 DMDM Hydantoin 0.25 Lemon oil
1.00 Aloe Vera Juice 29.20 Total 100.00 Example 10:
Topical Cream Formulation G Ingredient % w/w
Ashwagandha (extract) 1.50 Castor oil 1.00 Comfrey
(extract) 20.00 Boswellein (extract) 1.00Glycerin 99%
2.00 Tannic acid 10.00 Water 5.00 



Xanthan Gum 1.00 Olive oil 4.00 Eucalyptus Globulas
oil 4.00 Cosmoperine (THP) 0.25 SD-40 Alcohol 4.00 Dow
Corning 345 1.00 Dow Corning 200 350 cts 1.00 1-Methyl
2-Pyrrolidinone 1.50 Cetyl Alcohol 4.50 ARLACEL1 65
4.50 Propylene Glycol 4.00 Methyl Paraben 0.20 Propyl
Paraben 0.10 DMDM Hydantoin 0.25 Lemon oil 1.00
Extract Complex I 0.30 Oil Complex I 0.30 Alovera
Juice 27.60 TOTAL 100.00 Extract Complex I includes
Chamomile, Willow Bark, Arnica, Calendula, Yarrow,
Licorice, Root, Oregano, Marjoram and St. John's wort.
Oil Complex I includes Lemon Balm, Grapefruit (white),
Blue Cypress, Rosemary Oil, Sage and Lemon Myrtle.
Example 11: Topical Cream Formulation H Ingredient %
w/w Ashwagandha (extract) 1.50 Castor oil 1.00 Comfrey
(extract) 10.00 Boswellein (extract) 1.00 Glycerin 99%
2.00 Tannic acid 10.00 Water 15.00Xanthan Gum 1.00
Olive oil 4.00 Eucalyptus Globulas oil 4.00
Cosmoperine (THP) 0.25 SD-40 Alcohol 4.00 Dow Corning
345 1.00 Dow Corning 200 350 cts 1.00 1-Methyl
2-Pyrrolidinone 1.50 Cetyl Alcohol 4.50 ARLACEL165
4.50 Propylene Glycol 4.00 Methyl Paraben 0.20 Propyl
Paraben 0.1 0 DMDM Hydantoin 0.25 Lemon oil 1.00
Extract Complex I 0.30 Oil Complex I 0.30 Alovera
Juice 27.60 TOLAL 100.00 Extract Complex I includes
Chamomile, Willow Bark, Arnica, Calendula, Yarrow,
Licorice, Root, Oregano, Marjoram and St. John's wort.
Oil Complex I includes Lemon Balm, Grapefruit (white),
Blue Cypress, Rosemary Oil, Sage and Lemon Myrtle.
Example 12: Manufacturing Process for a Topical Cream
Formulation - A Materials During the manufacturing
process, stainless steel material of 305 grade or
better is used in the manufacturing process. Also,
tygon or similar grade tubing is used for the transfer
of materials. A Waukesha (or a similar
positive-displacement pump) was used for material
transfer. A lightning-type variable speed mixer, a
side-sweep mixer and an in-line homogenizer were also
used in the following manufacturing process. The
process tanks and mixing tanks were jacketed, as both
heating and cooling is required for during the
manufacturing process.Cleaning and sanitizing Prior to
commencement, all parts coming into contact with the
final formulation (or intermediates thereof) are
thoroughly cleaned with a suitable cleanser, rinsed
and 



properly sanitized prior to use. Process Comfrey crude
is passed along a conveyor, cooled using a controlled
amount of liquid nitrogen, and passed through a
grinding mill to generate, for example, finely ground
particles. After the Comfrey is ground, it can be used
in the topical formulation using, for example, the
following manufacturing process: A. Main Mix Tank Into
the main mix tank, weigh in 50% of total batch weight
water and add DMDM Hydantoin and glycerin. Begin
mixing the ingredients at medium speed, then begin to
heat the water. Slowly introduce tannic acid and the
Ashwagantha extract, comfrey extract, methyl paraben
and continue to mix. Heat the mixture to, and maintain
the temperature at, 750C. B. Xanthan Gum Solution In a
small container, weigh in balance of the water (50%)
and create a vortex using a high-speed lighting mixer.
Slowly begin to sprinkle in the Xanthan gum and mix
until completely hydrated, avoid lumping or fish eyes.
C. Oil Phase Mix Tank In an oil-phase mix tank, weigh
in castor oil, cetyl alcohol, Arlacel 165, propyl
paraben and olive oil. Begin heating the mixture to a
temperature of 750C and maintain this temperature
while mixing until the solution becomes uniform and
clear. D. Alcohol Tank In a small tank, weigh in SD 40
Alcohol over a mixer at a slow speed (use an explosion
proof mixer or an air mixer). Weigh in menthol,
eucalyptus oil and lemon oil. Mix until the solution
becomes clear and uniform and all of the menthol
crystals have completely dissolved. E. Propylene
Glycol TankIn a small tank, weigh in propylene glycol,
pharmasolve (1-methylpyrrolidinone), frankincense
(Boswellein) extract and cosmoperine. Warm the
solution gently while mixing, heating to 550C, but do
not overheat. Continue mixing until the solution
becomes clear and uniform. Transfer the contents of
the Propylene Glycol Tank (step E) into the Alcohol
Tank (step D) and mix for approximately 5 to 10
minutes until the solution is uniform and clear. F.
Final Preparation Transfer the contents of the Oil
Phase Mix Tank (step C) into the Main Mix Tank (step
A) and mix for approximately 10 to 15 minutes and or
until uniform. When the Xanthan Gum Solution (step B)
is completely hydrated, transfer it to the Main Mix
Tank and mix for approximately 10 to 15 minutes or
until homogeneous. Then, transfer the contents of the
Alcohol Tank into the Main Mix Tank slowly, avoid
pooling of solution, while mixing thoroughly for
approximately 15 to 20 minutes until the solution is
uniform and clear. Pass the entire batch solution
through an in-line homogenizer as many times as
required. Using a high-pressure homogenization
process, the entire batch is passed through at a
predetermined PSI (e.g., 5,000-15,000 pounds per
square inch) for a single or double pass. A BBBI
machine may be used, for example, to create a uniform,
evenly distributed particle size to the topical cream
formulation. Example 13: Manufacturing Process for a
Topical Cream Formulation - B A. Main Mix Tank Weigh
in aloevera juice, add water and turn on lightning
mixer or similar mixer to create vortex. Then add
Ashwagantha powder extract and mix until dissolved.
Slowly sprinkle in Xanthan gum and continue mixing
until the solution is uniform to avoid lumps or fish
eyes. Add glycerine, DMDM Hydantoin and heat the batch
to approximately 7O0C and maintain at that
temperature. B. Oil Phase Mix Tank In a suitable
container, weigh in Dow Corning 200, Dow Corning 345,
olive oil, castor oil, cetyl alcohol, Lipomulse 165
and propyl paraben and heat mixture to 750C until the
mixture becomes clear and uniform. Transfer oil phase
to the Main Mix Tank, continuemixing for 10 minutes or
until the solution becomes homogeneous. Start cooling
the batch to approximately 4O0C. C. Comfrey Extract
Pre-Mix In a separate container, weigh in Comfrey
extract and mix to create vortex. Slowly sprinkle in
tannic acid and mix until uniform to avoid lumps then
set aside. At approximately 4O0C, transfer the
contents of the Comfrey Extract Pre-mix to the Main
Mix Tank and continue mixing for approximately 10
minutes or until homogeneous. C. Propylene
Glycol-Boswellein Pre-Mix 



In a suitable container, weigh in propylene glycol,
1-methyl 2-pyrrolidone and then add methyl paraben,
cosmoperine (THP) and boswellein extract and warm the
solution to 450C and mix until clear. Add eucalyptus
globulus oil, SD-40 alcohol and mix until clear. Add
lemon oil and continue to mix until clear and uniform.
Transfer the content of propylene glycol-boswellein
Pre-mix tank into the Main Mix tank and continue
mixing until uniform and homogeneous. Add Extract
Complex I and Oil Complex I into Main Mix tank and
continue mixing for approximately 10 minutes. C. Final
Step Homogenize the entire batch for approximately
five to seven minutes or until cream appears smooth
(for Lab Batch, use Homo Mixer using a medium screen
size). Example 14: Topical Cream Formulation
Ingredient % w/w Ashwagandha (extract) 1.50 Castor oil
2.50 Comfrey (crude powder), prepared in accordance
with 5.00 the process referred to in Example 12 above.
Glycerin 2.50 Kelp (extract) 2.00 Tannic Acid 10.00
Frankincense (extract) 1.00 Lemon (essential oil) 1.00
Cosmoperine (THP) 0.25 Menthol 4.00 Cetyl Alcohol
4.00Arlacel165 4.00 Eucalyptus oil 4.00 Xanthan Gum
1.00 Propylene Glycol 2.00 Methyl Paraben 0.20 Propyl
paraben 0.1 0 DMDM Hydantoin 0.25 SD 40 alcohol 5.00
Propylene glycol 4.00 olive oil 2.00 M.Pyrole 1.50
water 42.20 Total 100.00 Example 15: Topical Drug
Formulation J Ingredient % w/w Xanthan Gum 1.00
Rosemarinic acid 0.14 Tannic acid 10.00 Tetrahydro
curcuminoid (THC) 0.50 Allantoin 0.50 Cetyl Alcohol
4.00 GMS Self Emulsifying 4.00 Eucalyptol 5.00
Dimethicone (Dow Corning 200) 2.00 SD 40 Alcohol 5.00
M.Pyrrole 1.50 Glycyrrhizic Acid Monoammonium salt
0.29 18 beta Glycyrrhetinic Acid 0.29 Vitamin E TPGS
2.00 Oleic Acid 5.00 Propylene Glycol 5.00 Germaben Il
1.00 Lemon Oil 1.00 water 5 1 .77Total 100.00 Example
16: Treatment of Inflammatory and/or Degenerative
Conditions Patients with varying ailments associated
with an inflammatory and/or degenerative condition
were treated with a topical cream formulation
according to the present invention. Patient 1 At the
commencement of treatment, this patient presented with
osteoarthritis of the 



thumb. Prior to treatment, the patient experienced
pain in the affected area, whose intensity was
recorded as 5/10. After 4 weeks of treatment using the
topical formulation according to the present
invention, the patient experienced a marked reduction
in pain in the affected area to a level of 1/10. The
treatment was well tolerated and the patient did not
report any adverse reaction to the treatment. Patient
2 At the commencement of treatment, this patient
presented with plantar fascitis/ calcaneal heel spur.
Prior to treatment, the patient experienced pain in
the affected area, whose intensity was recorded as
8/10. After 4 weeks of treatment using the topical
formulation according to the present invention, the
patient experienced a marked reduction in pain in the
affected area to a level of 3/10. This patient is
continuing treatment. Patient 3 At the commencement of
treatment, this patient presented with osteoarthritis
of the left elbow. Prior to treatment, the patient
experienced pain in the affected area, whose intensity
was recorded as 5/10. After 4 weeks of treatment using
the topical formulation according to the present
invention, the patient experienced a significant
improvement and had no pain in the affected area
(recorded level of pain at 4 weeks post-treatment: 0/1
0). The treatment was well tolerated and the patient
did not report any adverse reaction to the treatment.
Patient 4 At the commencement of treatment, this
patient presented with plantar fascitis/ calcaneal
heel spur. Prior to treatment, the patient experienced
pain in the affectedarea, whose intensity was recorded
as 7/1 0. After 4 weeks of treatment using the topical
formulation according to the present invention, the
patient experienced a marked reduction in pain in the
affected area to a level of 3/10. This patient is
continuing treatment. Patient 5 At the commencement of
treatment, this patient presented with osteoarthritis
of the knee. Prior to treatment, the patient
experienced pain in the affected area, whose intensity
was recorded as 8/10. After 1 week of treatment using
the topical formulation according to the present
invention, the patient experienced a significant
reduction in pain in the affected area to a level of
6/1 0. This patient is continuing treatment. Patient 6
At the commencement of treatment, this patient
presented with osteoarthritis of the right knee. Prior
to treatment, the patient experienced severe pain in
the affected area, whose intensity was recorded as
10/1 0. After 5 week of treatment using the topical
formulation according to the present invention, the
patient experienced a marked reduction in pain in the
affected area to a level of 1/10. This patient is
continuing treatment. Patient 7 At the commencement of
treatment, this patient presented with osteoarthritis
of the fingers of the left and right hands. Prior to
treatment, the patient experienced severe pain in the
affected area, whose intensity was recorded as 10/10.
Flexibility and mobility were also recorded using a
score of 1 to 10, where 1 denotes minimum pain,
flexibility or mobility and 10 denotes maximum pain,
flexibility or mobility. A Y PAINLEVEL (1-10)
FLEXIBILITY (1-10) MOBILITY (1-10) 1 8 8 8 10 8 8 8 20
(right hand) 7 7 7 (left hand) 6 6 6 30 (left hand) 5
5 5 (right hand) 7 7 7 40 (left hand) 4 4 4(right
hand) 6 6 6 50 (left hand) 2 2 2 (right hand) 5 5 5 60
(left hand) 3 3 3 (right hand) 5 5 5 70 (left hand) 2
2 2 (right hand) 4 4 4 Example 17: Treatment of
Inflammatory and/or Degenerative Conditions -
Randomized Controlled Clinical Trial (i) Methodology A
randomized controlled clinical trial of 5 different
formulations was conducted with a 



cohort of patients presenting with arthritis. The
formulations used in the study were as follows: G 1 =
20% Comfrey extract and tannic acid G2 = 10% Comfrey
extract and tannic acid G3 = Formulation without
Comfrey extract G4 = Formulation without tannic acid
G5= Topical Drug Formulation J, as described in
Example 15 above. %w/w Formulations G 1 G2 G3 G4
Ingredient Ashwagandha (extract) 1.50 1.50 1.50 1.50
Castor oil 1.00 1.00 1.00 1.00 Comfrey, extract 20.00
10.00 0.00 20.00 Boswellein (extract) 1.00 1.00 1.00
1.00 Glycerin 99% 2.00 2.00 2.00 2.00 Tannic acid
10.00 10.00 10.00 0.00 Water 4.70 14.70 24.70 14.70
Xanthan Gum 1.00 1.00 1.00 1.00 Olive oil 4.00 4.00
4.00 4.00 Eucalyptus Globulas oil 4.00 4.00 4.00 4.00
Cosmoperine (THP) 0.25 0.25 0.25 0.25 SD-40 Alcohol
4.00 4.00 4.00 4.00 Dow Corning 345 1.00 1.00 1.00
1.00Dow Corning 200 350 cts 1.00 1.00 1.00 1.00
1-Methyl 2-Pyrrolidinone 1.50 1.50 1.50 1.50 Cetyl
Alcohol 4.50 4.50 4.50 4.50 ARLACEL165 4.50 4.50 4.50
4.50 Propylene Glycol 4.00 4.00 4.00 4.00 Methyl
Paraben 0.20 0.20 0.20 0.20 Propyl Paraben 0.10 0.1 0
0.10 0.10 DMDM Hydantoin 0.25 0.25 0.25 0.25 Lemon oil
1.00 1.00 1.00 1.00 Extract Complex I 0.30 0.30 0.30
0.30 Oil Complex I 0.30 0.30 0.30 0.30 Alovera Juice
27.90 27.90 27.90 27.90 TOTAL 100.00 100.00 100.00
100.00 Analyses were performed using 2 different
scoring systems: the Womac Osteoarthritis Index and
the Numerical Rating Scale. The Womac Osteoarthritis
Index is a t ri dimensional, disease-specific,
self-administered, health status measure. It probes
clinically-important symptoms in the areas of pain,
stiffness and physical function in patients with
osteoarthritis of the hip and/or knee. The Index
consists of 24 questions (5 relating to pain, 2
relating to stiffness and 17 relating to physical
function). It is sufficiently sensitive to detect
clinically important changes in health status
following a variety of interventions. The Numerical
Rating Scale is one of the most popular pain
assessment tools in the art that assist patients to
describe their pain. The pain scale is one tool
commonly used to describe the intensity of the pain or
how much pain the patient is feeling (the pain scales
include the Numerical Rating Scale, the Visual Analog
Scale, the Categorical Scale, and the Pain Faces
Scale). On the Numerical Rating Scale, the person is
asked to identify how much pain they are experiencing
by choosing a number from 0 (no pain) to 10 (the worst
pain imaginable). This scale is also used to rate
their perception of ability to do activities. The
results represent data derived from a cohort of 30
patients.(H) Results - Womac Osteoarthritis Index Pain
Womac Womac Pre to 8 Rank of % of Rank based Mean Mean
Week Formula based Change on % of Initial 8 Week Gain
on Pre- to 8 Change Week Gain G 1 257.33 8 1 .00
176.33 1 68.52% 1 G2 222.58 171 .25 5 1.33 2 23.06% 5
G3 252.40 170.00 82.40 4 32.65% 4 G4 241 . 1 5 154.40
86.75 5 35.97% 3 G5 253.86 153.1 7 100.69 3 39.66% 2
Stiffness Pre 8 Week Pre to 8 Rank of % 0f Rank based
Week Formula based Change on % of 



Gain on Pre- to 8 Change Week Gain G 1 104.1 7 44.29
59.88 3 57.48% 2 G2 120.92 45.50 75.42 1 62.37% 1 G3
104.87 82.50 22.37 5 2 1.33% 5 G4 93.69 64.40 29.29 4
3 1.26% 4 G5 115.21 53.17 62.05 2 53.85% 3 Activities
Pre 8 Week Pre to 8 Rank of % 0f Rank based Week
Formula based Change on % of Gain on Pre- to 8 Change
Week Gain G 1 944.08 270.42 673.66 1 7 1.36% 1 G2
943.1 7 655.25 287.92 3 30.53% 5 G3 795.47 521 .00
274.47 4 34.50% 4 G4 765.92 489.60 276.32 5 36.08% 3
G5 953.29 486.33 466.96 48.98% Based on the analysis
of the Womac Osteoarthritis Index findings after 8
weeks of treatment, the results show that formula G 1
(20% comfrey with tannic acid) was the most effective
for pain, formula G2 (10% comfrey with tannic acid)
was the most effective for stiffness, and formula G 1
(20% comfrey with tannic acid) was the most effective
in alleviating difficulty in performing daily
activities. Furthermore, formula G2 (10% comfrey with
tannic acid) was found to be the second most effective
formulation for pain, while formula G5 (the topical
drug formulation) was found to be the second most
effective formulation for stiffness and for
alleviating difficulty in performing daily activities.
The three formulations that included a combination of
comfrey and tannic acid showed superiority over
formulations with only comfrey or tannic acid
alone.These results demonstrate a synergistic effect
between comfrey and tannic acid in comparison to
individual compounds in the treatment of conditions
such as arthritis. This is based on 8 weeks of using
the formula (The study test period). (H) Results - The
Numerical Rating Scale Historical NRS NRS Pre- to 8
Rank based on % of Rank Pain Mean Mean Week Pre to 8
Week Change based on % Pre- 8 Week Gain Gain of Change
G 1 6.29 3.33 2.96 1 47.02% 1 G2 6.71 4.10 2.61 2
38.88% 2 G3 6.1 7 4.20 1.97 4 3 1.89% 4 G4 6.1 9 4.80
1.39 5 22.48% 5 G5 7.1 1 4.50 2.61 3 36.68% 3 48 Hr
Pre 8 Wk Pre to 8 Rank based on % of Rank Pain Week
Pre to 8 Week Change based on % Gain Gain of Change G
1 6.75 3.33 3.42 1 50.62% 1 G2 7.1 7 4.10 3.07 2
42.79% 2 G3 7.00 4.20 2.80 3 40.00% 3 G4 5.92 4.80
1.12 5 18.96% 5 G5 6.00 4.50 1.50 4 25.00% 4 Ability
Pre 8 Wk Pre to 8 Rank based on % of Rank Week Pre to
8 Week Change based on % Gain Gain of Change G 1 6.29
3.00 3.29 1 52.32% 1 G2 6.67 4.00 2.67 2 40.00% 2 G3
6.53 4.80 1.73 3 26.53% 3 G4 6.00 4.80 1.20 4 20.00% 4
G5 5.79 5.00 0.79 5 13.58% 5 These figures are based
on a Numerical Rating Scale used by each subject at
the initiation of the study and after 8 weeks of
treatment. The historical pain is based on a Numerical
Rating Scale of the patient's pain over the past 30
days as opposed to the last 48 hours.Based on the
analysis of the Numerical Rating Scale after 8 weeks
of treatment, the results show that formula G 1 (20%
comfrey with tannic acid) was the most effective for
pain relief based on past 30 days, formula G 1 (20%
comfrey with tannic acid) was the most effective for
pain relief based on last 48 hours, and formula G 1
(20% comfrey with tannic acid) was the most effective
in alleviating difficulty in performing daily
activities. Furthermore, formula G2 (10% comfrey with
tannic acid) was found to be second most effective
formulation in each category (i.e., pain, stiffness
and activity). These data 



demonstrate a synergistic effect between comfrey and
tannic acid in comparison to comfrey and tannic acid
alone. Both the Womac Osteoarthritis Index and the
Numerical Rating Scale demonstrate that formulations
including comfrey and tannic acid in combination are
more effective than formulations with either comfrey
or tannic acid alone.Claims 1. A topical formulation
including (i) comfrey or a comfrey-de rived compound,
or an analogue or derivative thereof, and (ii) a
penetration enhancer. 2. The topical formulation
according to any one of claims 1 to 4, wherein the
comfrey-derived compound is selected from the group
consisting of allantoin, choline, asparagine, phenolic
acid, rosmaric acid, volatile oil, tannin, steroidal
saponin, triterpene and vitamin B12. 3. The topical
formulation according to claim 5, wherein the phenolic
acid is selected from the group consisting of
rosemarinic acid, chlorogenic acid, caffeic acid and
lithospermic acid. 4. The topical formulation
according to any one of claims 1 to 4, wherein the
comfrey-derived compound analogue or derivative has
the structure of formula ( 1 ) : wherein R1, R2 and R3
are each independently H, alkyl, alkenyl, alkynyl,
acyl or aryl and X = OH, OR , NH2, NHR1 Or NR1R2. 5.
The topical formulation according to claim 7, wherein
R1 R2 and R3 are each independently hydrogen and X =
NH2. 6. The topical formulation according to any one
of claims 1 to 4, wherein the comfrey-derived analogue
or derivative has the structure of formula (2):
(2)wherein Ri, R2, R3 and R4 are each independently H,
alkyl, alkenyl, alkynyl, acyl or aryl. 7. The topical
formulation according to claim 9, wherein R1, R2, R3
and R4 are each independently hydrogen. 8. The topical
formulation according to any one of claims 1 to 4,
wherein the comfrey-derived compound analogue or
derivative has the structure of formula (3), or a
pharmaceutically acceptable salt thereof: (3) wherein
X = NH2, NHMe, NMe2 or NMe3. 9. The topical
formulation according to claim 11, wherein the
analogue or derivative is an inorganic salt and
wherein X = NMe3. 10. The topical formulation
according to any one of claims 1 to 4, wherein the
comfrey-derived analogue or derivative has the
structure of formula (4), or a stereoisomer thereof in
pure, mixed or racemic form: wherein R1, R2, R3, R4
and R5 are each independently H, alkyl, alkenyl,
alkynyl, acyl or aryl. 11. The topical formulation
according to claim 13, wherein R1, R2, R3, R4 and R5
are each independently hydrogen. 12. The topical
formulation according to any one of claims 1 to 4,
wherein the comfrey-derived analogue or derivative has
the structure of formula (5), or a stereoisomer
thereof in pure, mixed or racemic form:wherein Ri, R2
and R3 are each independently H, alkyl, alkenyl,
alkynyl, acyl or aryl. 13. The topical formulation
according to claim 15, wherein R1, R2 and R3 are each
independently hydrogen. 14. The topical formulation
according to any one of claims 1 to 4, wherein the
comfrey-derived analogue or derivative has the
structure of formula (6), or a stereoisomer thereof in
pure, mixed or racemic form: wherein R1, R2, R3 and R4
are each independently H, alkyl, alkenyl, alkynyl,
acyl or aryl. 15. The topical formulation according to
claim 17, wherein R1, R2, R3 and R4 are each
independently hydrogen. 16. The topical formulation
according to any one of claims 1 to 15 including
tannic acid, or an analogue or derivative thereof. 17.
The topical formulation according to claim 16, wherein
the tannic acid analogue or derivative has the
structure of formula (7) or a stereoisomer thereof in
pure, mixed or racemic form:wherein R i , R2, R3, R ,
R5, Re, R7J R SJ R J R I OJ R H 1 RI2 J RI3 J R J RI5
J R I 6 J RI7 J R18, Rig, R20, R21, R22, R23, R24 and
R25 are each independently H, alkyl, alkenyl, alkynyl,
acyl or aryl. 18. The topical formulation according to
claim 17, wherein R1, R2, R3, R4, R5, R6, 



R7, Re, Rg, R 1OJ R-M J R i2 R i3 R i4 R i5 R i 6 R i7
R i8 R i9 R20, R2I R22 R23 R24 and R25 are each
independently hydrogen. 19. The topical formulation
according to claim 16, wherein the tannic acid
analogue or derivative has the structure of formula
(8) or a stereoisomer thereof in pure, mixed or
racemic form: wherein R1, R2, R3 and R4 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl.20. The topical formulation according to claim
19, wherein Ri, R2, R3 and R4 are each independently
hydrogen. 2 1. The topical formulation according to
claim 16, wherein the tannic acid analogue or
derivative has the structure of formula (9) or a
stereoisomer thereof in pure, mixed or racemic form:
wherein Ri, R2, R3 and R4 are each independently H,
alkyl, alkenyl, alkynyl, acyl or aryl. 22. The topical
formulation according to claim 2 1, wherein Ri and R4
are each independently hydrogen and R2 and R3 are each
independently methyl. 23. The topical formulation
according to claim 16, wherein the tannic acid
analogue or derivative has the structure of formula
(10) or a stereoisomer thereof in pure, mixed or
racemic form: wherein R1, R2 and R3 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. 24. The topical formulation according to claim
23, wherein R1 and R3 are each independently hydrogen
and R2 is methyl. 25. The topical formulation
according to claim 16, wherein the tannic acid
analogue or derivative has the structure of formula (
1 1) or a stereoisomer thereof in pure, mixed or
racemic form:wherein R1, R2 and R3 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. 26. The topical formulation according to claim
25, wherein R1, R2 and R3 are each independently
hydrogen. 27. A topical formulation including (i)
comfrey or a comfrey-derived compound, or an analogue
or derivative thereof, and (ii) tannic acid, or an
analogue or derivative thereof. 28. The topical
formulation according to claim 27, wherein the
comfrey-derived compound analogue or derivative has
the structure of formula (1): wherein R1, R2 and R3
are each independently H, alkyl, alkenyl, alkynyl,
acyl or aryl and X = OH, OR1, NH2, NHR1 or NR1R2. 29.
The topical formulation according to claim 28, wherein
R1 R2 and R3 are each independently hydrogen and X =
NH2. 30. The topical formulation according to claim
27, wherein the comfrey-derived analogue or derivative
has the structure of formula (2):wherein Ri, R2, R3
and R4 are each independently H, alkyl, alkenyl,
alkynyl, acyl or aryl. 3 1. The topical formulation
according to claim 30, wherein R1, R2, R3 and R4 are
each independently hydrogen. 32. The topical
formulation according to claim 27, wherein the
comfrey-derived compound analogue or derivative has
the structure of formula (3), or a pharmaceutically
acceptable salt thereof: (3) wherein X = NH2, NHMe,
NMe2 or NMe3. 33. The topical formulation according to
claim 32, wherein the analogue or derivative is an
inorganic salt and wherein X = NMe3. 34. The topical
formulation according to claim 27, wherein the
comfrey-derived analogue or derivative has the
structure of formula (4), or a stereoisomer thereof in
pure, mixed or racemic form: wherein R1, R2, R3, R4
and R5 are each independently H, alkyl, alkenyl,
alkynyl, acyl or aryl. 35. The topical formulation
according to claim 34, wherein R1, R2, R3, R4 and R5
are each independently hydrogen.36. The topical
formulation according to claim 27, wherein the
comfrey-de rived analogue or derivative has the
structure of formula (5), or a stereoisomer thereof in
pure, mixed or racemic form: wherein R1, R2 and R3 are
each independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. 37. The topical formulation according to claim
36, wherein R1, R2 and R3 are each independently
hydrogen. 38. The topical formulation according to
claim 27, wherein the comfrey-derived 



analogue or derivative has the structure of formula
(6), or a stereoisomer thereof in pure, mixed or
racemic form: wherein R1, R2, R3 and R4 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. 39. The topical formulation according to claim
38, wherein R1, R2, R3 and R4 are each independently
hydrogen. 40. The topical formulation according to any
one of claims 27 to 39, wherein the tannic acid
analogue or derivative has the structure of formula
(7) or a stereoisomer thereof in pure, mixed or
racemic form:wherein R i , R2, R3, R , R5, Re, R7J R
SJ R J R I OJ R H 1 RI2 J RI3 J R J RI5 J R I 6 J RI7
J R18, Rig, R20, R21, R22, R23, R24 and R25 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. 4 1. The topical formulation according to claim
40, wherein R1, R2, R3, R4, R5, R6, R7, Re, Rg, R 1OJ
R-M J R i2 R i3 R i4 R i5 R i 6 R i7 R i8 R i9 R20,
R2I R22 R23 R24 and R25 are each independently
hydrogen. 42. The topical formulation according to any
one of claims 27 to 39, wherein the tannic acid
analogue or derivative has the structure of formula
(8) or a stereoisomer thereof in pure, mixed or
racemic form: wherein R1, R2, R3 and R4 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl.43. The topical formulation according to claim
42, wherein Ri, R2, R3 and R4 are each independently
hydrogen. 44. The topical formulation according to any
one of claims 27 to 39, wherein the tannic acid
analogue or derivative has the structure of formula
(9) or a stereoisomer thereof in pure, mixed or
racemic form: wherein Ri, R2, R3 and R4 are each
independently H, alkyl, alkenyl, alkynyl, acyl or
aryl. 45. The topical formulation according to claim
44, wherein Ri and R4 are each independently hydrogen
and R2 and R3 are each independently methyl. 46. The
topical formulation according to any one of claims 27
to 39, wherein the tannic acid analogue or derivative
has the structure of formula ( 10) or a stereoisomer
thereof in pure, mixed or racemic form: wherein R1, R2
and R3 are each independently H, alkyl, alkenyl,
alkynyl, acyl or aryl. 47. The topical formulation
according to claim 46, wherein R1 and R3 are each
independently hydrogen and R2 is methyl. 48. The
topical formulation according to any one of claims 27
to 39, wherein the tannic acid analogue or derivative
has the structure of formula ( 1 1) or a stereoisomer
thereof in pure, mixed or racemic form:wherein R1, R2
and R3 are each independently H, alkyl, alkenyl,
alkynyl, acyl or aryl. 49. The topical formulation
according to claim 48, wherein R1, R2 and R3 are each
independently hydrogen. 50. The topical formulation
according to any one of claims 27 to 49 including a
penetration enhancer. 5 1. The topical formulation
according to any one of claims 1 to 50, wherein the
comfrey or comfrey-derived compound, or the analogue
or derivative thereof, is included in an amount that
is at least 0.5% of the total weight of the topical
formulation. 52. The topical formulation according to
any one of claims 1 to 50, wherein the comfrey or
comfrey-derived compound, or the analogue or
derivative thereof, is included in an amount that is
from about 0.5% to about 40% of the total weight of
the topical formulation. 53. The topical formulation
according to any one of claims 16 to 52, wherein the
tannic acid, or the analogue or derivative thereof, is
a substantially pure, pharmaceutical grade tannic
acid, or analogue or derivative thereof. 54. The
topical formulation according to any one of claims 16
to 53, wherein the tannic acid, or the analogue or
derivative thereof, is included in an amount that is
at least about 2% of the total weight of the topical
formulation. 55. The topical formulation according to
any one of claims 16 to 53, wherein the tannic acid,
or the analogue or derivative thereof, is included in
an amount that is from about 2% to about 20% of the
total weight of the topical formulation.56. The
topical formulation according to any one of claims 1
to 26 and 50, wherein the penetration enhancer is
selected from the group consisting of borage oil,
eucalyptus oil and tetrahydropiperine, or combinations
thereof. 57. The topical formulation according to any
one of claims 1 to 26, 50 and 56, 



wherein the penetration enhancer is included in an
amount that is at least about 0.05% of the total
weight of the topical formulation. 58. The topical
formulation according to any one of claims 1 to 26, 50
and 56, wherein the penetration enhancer is included
in an amount that is from about 0.05% to about 75% of
the total weight of the topical formulation. 59. The
topical formulation according to any one of claims 1
to 58, wherein the topical formulation is a topical
gel formulation. 60. The topical formulation according
to any one of claims 1 to 58, wherein the topical
formulation is an oil-in-water emulsion. 6 1. A method
for the prophylactic or therapeutic treatment of an
inflammatory and/or degenerative condition, wherein
the method includes applying (i) comfrey or a
comfrey-derived compound, or an analogue or derivative
thereof, and (ii) a penetration enhancer to a subject
in need thereof and to an area affected by
inflammation and/or degeneration or to an area
expected of becoming affected by inflammation and/or
degeneration. 62. The method according to claim 6 1
including applying tannic acid, or an analogue or
derivative thereof, to the area affected by
inflammation and/or degeneration or to the area
expected of becoming affected by inflammation and/or
degeneration. 63. A method for the prophylactic or
therapeutic treatment of an inflammatory and/or
degenerative condition, wherein the method includes
applying (i) comfrey or a comfrey-derived compound, or
an analogue or derivative thereof, and (ii) tannic
acid, or an analogue or derivative thereof, to a
subject in need thereof and to an area affected by
inflammation and/ordegeneration or to an area expected
of becoming affected by inflammation and/or
degeneration. 64. The method according to claim 63
including applying a penetration enhancer to the area
affected by inflammation and/or degeneration or to the
area expected of becoming affected by inflammation
and/or degeneration. 65. A method for the prophylactic
or therapeutic treatment of an inflammatory and/or
degenerative condition, wherein the method includes
applying a topical formulation according to any one of
claims 1 to 60 to a subject in need thereof and to an
area affected by inflammation and/or degeneration or
to an area expected of becoming affected by
inflammation and/or degeneration. 66. The method
according to any one of claims 6 1 to 65, wherein the
inflammatory and/or degenerative condition is selected
from the group consisting of osteoarthritis,
rheumatoid arthritis, septic arthritis, gout,
pseudogout, juvenile arthritis, Still's disease,
cervical spondylitis, lumbar spondylitis, frozen
shoulder, calcaneal spurs, psoriatic arthritis and
ankylosing spondylitis. 67. The method according to
any one of claims 6 1 to 66, wherein the subject is a
human. 68. The method according to any one of claims 6
1 to 66, wherein the subject is a non-human animal.
69. The method according to claim 68, wherein the
non-human animal is selected from the group consisting
of a horse, a dog, a cat, a rabbit and a bovine. 70.
Use of the topical formulation according to any one of
claims 1 to 60 in the manufacture of a medicament for
the prophylactic or therapeutic treatment of an
inflammatory and/or degenerative condition, wherein
the treatment includes applying an amount of said
topical formulation to a subject in need thereof and
to an area affected by inflammation and/or
degeneration or toan area expected of becoming
affected by inflammation and/or degeneration. 7 1. The
use according to claim 70, wherein the inflammatory
and/or degenerative condition is selected from the
group consisting of osteoarthritis, Rheumatoid
arthritis, Septic arthritis, Gout, pseudogout,
Juvenile arthritis, Still's disease, cervical
spondylitis, lumbar spondylitis, frozen shoulder,
calcaneal spurs, psoriatic arthritis and ankylosing
spondylitis. 72. The use according to claim 70 or 7 1,
wherein the subject is a human. 73. The use according
to claim 70 or 7 1, wherein the subject is a non-human
animal. 74. The use according to claim 73, wherein the
non-human animal is selected 



from the group consisting of a horse, a dog, a cat, a
rabbit and a bovine. 75. A kit including, in two or
more containers, (i) a penetration enhancer, and (ii)
comfrey or a comfrey-derived compound, or an analogue
or derivative thereof, or any combination thereof. 76.
The kit according to claim 75, further including
tannic acid, or an analogue or derivative thereof, in
a separate container and/or in combination with the
penetration enhancer and/or in combination the comfrey
and/or in combination with a comfrey-derived compound,
or an analogue or derivative thereof. 77. A kit
including, in two or more containers, (i) tannic acid,
or an analogue or derivative thereof, and (ii) comfrey
or a comfrey-derived compound, or an analogue or
derivative thereof, or any combination thereof. 78.
The kit according to claim 77, further including a
penetration enhancer in a separate container and/or in
combination with the tannic acid, or an analogue or
derivative thereof, and/or in combination with comfrey
and/or in combination with the comfrey-derived
compound, or an analogue or derivative thereof.79. A
kit including a container that includes the topical
formulation according to any one of claims 1 to 60.
80. The topical formulation according to any one of
claims 1 to 60 including eucalyptus oil. 


