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METHOD OF TARGETING PHARMACEUTICALS
TO MOTOR NEURONS

CROSS-RETCRENCE TO RELATED
AFPLICATION
[0001] This application claims priority to U.S. Serial No.
60:208,516,filed Jun. 1, 2000,which is incorporated by ref-
erence herein,
BACKGROUND OF THL INVENTION

L0002}  Rotulinum neurotoxin is an ongoing public health
problem and is considered to be a potentially serious bio-
logical warfare agent. Recent worldwide events including
the discovery of stockpiles of materials for manufacture of
the toxin by extremist groups in Japan and Iraq have shown
that the danger exists for biological lerrorism. Intoxication
from the toxin by consumption in food or water or from
inhalation can lead to prolonged paralysis, incapacitation,
and need for intensive supportive care. Depending on the
route of administration, death can result from exposure to
less than a microgram of toxin. There are no cffective
therapies once symptoms of botulism appear other than
supportive treatments such as intubation and ventilation,

[0003] Within the last five years a number of potential
therapies have been identified (e.g. aminoquinolines, met-
alloprotease inhibitors, aminopyridines. Adler, ¢t al., 1990),
and zinc chelators such as TPEN (Adler, et al., 1997). None
of these are likely 1o work in vivo due to difficulty in
penctration into the neuronmal cytosol and high systemic
xicity. Although better metalloprotease inhibitors have
reeently been developed at the University of Wisconsin-
Madison (Dr. Daniel Rich), these are likely to be limited by
the same problems of membrane penetration and toxicity as
the first generation of drugs. Anything that crosscs lipid
membranes easily will also be likely to cross the blood-brain
barricr and have CNS toxicitv. Any potential therapeutic
compaund that cannot be internalized into the nerve terminal
eyvtosal will not be capable of antagonizing 1the active
componeat of botulinum peurotoxin.
BRICE SUMMARY OF THE INVENTION

[0004] 1o one embodiment, the present invention is a
method of targeting therapeutic molecules to motor neurons.
I'his method preferably compriscs the step of (a) synthesiz-
ing a prodrug comprising a therapenic molecule covalently
bound to a polymeric delivery vehicle and (b) conjugating
the prodrug to a botulinum neurotoxin heavy chain. In a
preferred method of the present invention, the prodrug
comprises at least two copies ot the therapeutic molecule.

[0005] Tn another preferred method of the present inven-
tion, the botulinumn neurotoxin heavy chain is type A botu-
linum neurotoxin and the therapeutic molecule is a metal-
loprotease inhibitor,

[0006] 1t is an object of the present invention to target
therapeutic molecules to motor newrons.

[0007] Other objects, features and advantages of the
preseul invention will become apparent after one has
reviewed the specification, claims and drawings.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0008] FIG. 1. SS-PAGE of purified type A neurotoxin
(lane 1, uoreduced; lane 2, reduced), light chain (1ane 3), and
heavy chain (lane 4).

Aug. 7, 2003

[0009] FIG. 2. Covalent maodification of free thiol groups
in type A botulinum peurotoxin.

[0010] FIG. 3. Separation and purification of thiol modi-
fled type A botulinum heavy chain.

[0011] FIG. 4. Structure of amino-dextrans.

[0012] FIG. 5. Structure of the heterobifunctional linker
sulfosuccinimidyl-6-{alpha-methyl-alpha(2-pyridythio)-
olvamideJhexanoate (sulfo-LC-SMPT).

[0013] FIG. 6. sulfo-LC-SMPT activated dextran.

[0014] FIG, 7. Release of 2-thiopyridine leaving group
from sulfo-LC-SMPT activated dextran.

[0015] FIG. 8. Inhibition of ACE by reduced prodrug.

[0016] FIG. 9. Structure of captopril.

[0017] FIG. 10. Captopril bound 10 functionalized amino-
dextran.

[0018] FIG. 11. Oxidation of hydroxy| groups to carbony!

groups and subsequent reaction with PDPII.

[0019] FIG. 12. Overall reaction scheme for conjugation
ol prodrug to botulinum heavy chain,

[0020] FIG. 13. Cy 3.5 monofunctional dye molecule,
Molecular weight 1102. Absorbance max=581 nm. Emission
max=596 nm.

[0021] FIG. 14. Reaction of type Abotulinum heavy chain
with PDPH functionalized Cy 3.5 arnino-dextran.

DETAILED DESCRIPTION OF TIIL
INVENTION

[0022] Our solution to the above-stated problem is to use
a modified, nontoxic form of the botulinum neurotoxin
molecule to specifically target and deliver currently identi-
fied therapeutics as well as compounds developed in the
tuture to the appropriate cholinergic motor neuron terminals.
Once delivered to the presynaptic motor neuron membrang,
the chimeric delivery vehicle preferably consisting of the
heavy chain of the newrotoxin covalently linked with a
polymeric molecule capable of delivering multiple copies of
therapeutic compounds will bring the desired therapeutic
across the membrane and into the neuron where the drug will
be an effective therapeutic. In one embodiment, the drug
may be an antagonist of botulinum neurotoxin. In another
embodiment, the drug is ap enzymatic inhibitor, including
peptide inhibitors,

[0023] In one embodiment, the present invention is a
method of targeting pharmaceuticals to motor neurons,
comprising a first step of synthesizing prodrugs comprising
at lcast one copy, and preferably multiple copics, of a
therapeutic molecule (the Examples below describe the
model metalloprotease inhibitor captopril as a therapeutic
molecule) covalently bound to a polymeric delivery vehicle.
The second step comprises conjugating the prodrug to the
heavy chain of botulinum neurotoxin, preferably type A.
This combination will yield a pharmaceutically active com-
pound that specifically targets and internalizes desired sub-
stances into cholinergic neurons including active inhibitors
ol the active fragment of the neurotoxin itself.

[0024] We envision that the method of the present inven-
tion will be suitable [or all heavy chains of botulinum
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neuroloxin, The Fxamples below describe a preparation
using tvpe A heavy chain. Other heavy chains (Le., all seven
scrolypes of heavy chains, A-G) can be preparcd in a similar
manner. One may obtain the heavy chain in a variety of
manners. Prelerably, one will obtain heavy chains as
described below in the Examples. In another embodiment of
the present invention, one will obtain the heavy chain via
reeombinant DNA ethods.

[0028] Polymeric delivery vehicle is an inert carrier mol-
ecule ranging in size from 10-40 kD that can be chemically
modified such that therapeutic molecules may be covalently
linked to it.

[0026] The polymeric delivery vehicle preferably com-
prises amine reactive dextran, described below as having a
molecular weight of approximately 10 kD and 40 kD). Other
suitable polymers include polycthylene glycol and poly-
TMINCs.

[0027] Dextran amines were preferably functionalized for
conjugation with model inhibitors by addition of the waler
soluble helerobifunviional linker sulfosuceinimidyl-6{al-
pha-methyl-alpha(2-pyridylthio)-toluamidoJhexanoate
(sulfo-1.C-SMPT, FIG. §). Other suitable linkers include
heterobifunctional linkers containing amine and sulfhydryl
reactive elements. Also useful are heterobifunctional linkers
that are carboxy reactive as well as sulthydral reactive,

{0028] The conjugation of the prodrugs to the heavy chain
of botulinum neurotoxin will iypically take place as follows:

[0029] We eavision two preferable approaches to the
svnthesis of prodrugs that contain high molar concentrations
of model inhibitor and have a traceable label.

[0030] Approach #1. We currently use specific dextrans
that are amine reactive and contain a flourescent marker
such as fluoresceln, tetramethylrhodamine, or Cy3.5. The
availability of Huorescent dextran conjugates with different
sizes and charges will permit us to synthesize a wide varisty
ol prodrugs, These labels are commercially available from
Molecular Probes, Eugene, Oreg. and from Pharmacia
Amersham, Pistcataway, N.J.

[0031] The initial step in this approach will be to generate
carbunyls on the dextran that are reactive to a hydrazide
containing heterobifunctional linker. The preferred linker of
choice is 3-(2-pyridylthio)propionyl hydrazide (PDPII), The
generation of hydrazide reactive carbonyls on the dextran is
accomplished by gentle oxidation using sodium periodate
aceording 10 the method of Ranadive, et al. (G. Ranadive, el
al. Nucl Med. Biol, 20:719-726, 1993). Briefly, this reaction
involves reacting the dextran with 5-10 mM sodium perio-
Jdate in 100 mM sodium acctate, pH 5.5, for 20-30 minutes
in U Jack at room temperature, The oxidation reaction is
quenched with addition of glycerol to 20 mM final concen-
tration. The dexiran is dialyzed against 100 mM sodium
acetate, pH 5.5, to remove glyeerol and periodate and linker
is added to 2 final concentration of 5-10 mM. This reaction
is allowed to proceed for 2 hours at room temperafire at
which time ¢xcess linker is removed from the dextran by
applying the mixture to a desalting colvmn such as the
Pharmaciy PD10.

[0032] 'The desalted, derivatized dextran is then rcacted
with captopril. The reaction can be monitored by appearance
of the Jeaving group 2-thiopynidine having a characteristic
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absorbance at 343 nm. After 2 hours incubation at room
temperature, excess captopril is removed by desalting on
PD10 columns. The amine groups on the dextran are then
rcacted with the linker sulfo-LC-SMP'L 'This generates frec
thiol groups that can then be conjugated directly to botuli-
num heavy chain via disulfide exchange.

[0033] Approach #2. The second approach to conjugaling
prodrug to heavy chain involves synthesis of prodrug using,
PDPH-activated amino dextran. Amine-reactive pharmaceu-
tical compounds are added 10 PDPH-modified amino dext-
ran and allowed to cross-link with the free amine groups
present on the dextran. Following removal of cxeess phar-
maceutical by desalting on PD10 columns or extensive
dialysis in 25 mM phosphate buffered saline, pH 7.4, the
prodrug is added 10 botulinum heavy chain and the free thiol
group(s) on the heavy chain allowed to form disulfide bonds
with the thiol reactive portion of the linker PDPH. The
reaction is allowed to procced overnight at 4° €. Excess
prodrug is readily separated from the heavy chain-prodrug
comjugates by addition of ammonium sulfatc to 60% satu-
ration. Under these conditions heavy chain-prodrug and
unrcacted heavy chain precipitate while the carbohydrale-
based prodrug remains in solution.

[0034] A second approach 1o separation of unreacted dex-
tran from botulinum heavy chain can be accomplished by
immobilized-metal  affinity  chromatography  (IMAC)
according to the method of Schiavo, et al. (G. Schiavo, et al.,
Infect. Immun. 58:4136-4141, 1990). Briefly, chelaling
Sepharose (Pharmacia) charged with Zn is used to bind the
heavy chain of botulinum toxin and heavy chain/polymer
constructs. Unreacted dextran is washed from the column
with 5-8 column volumes of running buffer and the heavy
chain/polymer constructs ¢luted with 25 mM imidazole.

[0035] Preferred therapeutic agents include protease
inhibitors. Specific inhibitors include aprotinin, chymosta-
1in, amastatin, bestatin, leupeptin, antipain, trypsin inhibi-
tors, chelating agents such as EDTA, TPEN, o-phenanthro-
line, and peptide inhibitors of proteases. Peptide inhibitors
such as caspase inhibitors (apopain series) which are pri-
marily four and five amino acid inhibitors of caspases are
also preferred. Metalloprotease inhibitors such as phos-
phoramidon, pepstatin A, phebestin, and the TAP! scrics of
matrix metalloprotease inhibitors are also preferred.

[0036] lhe prodrug-heavy chain may be targeted to spe-
cific muscle groups by directly injecting the affected
muscles. Alternatively, one could deliver the prodrug-heavy
chain combination orally.

EXAMPLLES

[0037] Bacterial Strains and Culturing,

[0038] The Hall A strain of type A C. batulinum was used
lo produce crystalline type A complex. This strain was
originally obtained from Dr. J. H. Mueller at Harvard
University and was further screened for high toxin titers at
Fort Detrick, Md. by Dr, E. J. Schantz and coworkers. This
strain {s routinely used for production of type A botulinoum
toxin due to high toxin titers and the rapid onsct of cell lysis
(usually within 48 hours).

[0039] Stock cultures of C. borulinum Hall A were grown
statically in 15 ml Hupgatc tubes containing 10 ml of cooked
meat medium +0.3% dextrose (CMM, [Difco Laboratories,
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Detroit, Mich.]) under an anaerobic atmosphere (80% N,
10% CQO,, 10% H,) at 37° C. for 24 hours and frozen at =20°
C. until us¢. CMM cultures of the Hall A strain give toxin
titers in excess of 10° .0 /ml in 48-72 hours.

[0040] For toxin production, cultures of Hall A were
grown statically in 10 liter volumes of toxin production
medium (TPM) consisting of 2.0% NZ TT (lot #9N(C29)
casein hydrolysate (Sheffield Laboratories, Norwich, N.Y),
1.04% yeast extract {Difco), and 0.5% dextrose, pil 7.3-74,
for 327 davs at 37° ¢ Cultures of Hall A showed heavy
arowth in this medium during the first 24-48 hours followed
bv autolysis of the culture which was evident as a clearing
and setthing over the next 48-120 hours.

[0041] Toxin Purification.

[0042] The production and purification of type A neuro-
toxin for use as the starting reagent in subscquent chain
sepatations and purifications was successtul. As shown in
FIG. 1, lanes | (unreduced) and 2 (reduced), purification of
three batches of type A botulinal neurotoxin having an
aversge specific toxicity of 1.5x10% mouse intraperitoneal
lethal doses per mg of protein was sucecess[ul, Three separate
batches of toxin were cultured and purified to homogeneity.
Subsequent puritication of the componcnt light and heavy
chains were performed with yields shown in Table 1.

TABLE 1

Yields af toxin at various stages of purification®, (Roman numerals

refer to individual purification steps described below.

Bateh 1 Bateh 2 Batch 3
I Crude cuttire” 1.5 % 10" 2.0 % 10°  3.0% 10%
1L Toxin complex? 200 225 275
L Partially purified ncurotoxin' 38 47 60
[V, Purified neurotoxin' 20 23 30
Vo Light chain’ 5 se 9
VI Hewvy chain' 6 7 11

Y of protein,
FLDEDm of ertide culture,

[0043] We fortuitously determined that toxin production in
crude culture could be increased by addition of specific
mineral salts to production medium. the addition of mag-
nesium (as magnesium chloride 100 mM final concentra-
tion) and caleium carbonate (400 mM final concentration)
allowed us to double the amount of toxin produced in culture
over the course of this research. This will be extremely
important in subsequent scale-ups. As can be seen in Table
1, the amount of toxin complex obtained from Batch 3 vs.
Batch 1 did not double as expected based on titers of crude
cultures,

[0044] Toxin Purification Steps Noted in Table 1.

[0045] 1. Cultures of C. borulinum were grown in 10
liter batches of 2% casein hydrolysate, 0.5% dextrose,
0.5% yeast extract, pH 7.4, for 4-5 days at 37° C.
Cultures were harvested at this time by addition of 3N
H,50), to a final pH of 3.4. Crude roxin precipitated and
was collected by centrifugation.

[0046] II. Toxin complex was extracted from the acid
precipitate by suspending in 200 mM sodium phos-
phate, pH 6.0, The first extraction was allowed to
proceed for 2-3 hours at room temperature. Extracted

Aug. 7, 2003

toxin was separated from cellular debris by centrifu-
gation and the pellet reextracted in similar fashion
overnight at 4° C. The cxtracts were pooled and pre-
cipitated with ammonium sulfate (39 g/100 ml). Pre-
cipitated extracts were collected by centrifugation and
dissolved in 50 mM sodium citrate, pH 5.5, This
material was loaded onto DEAL-Sephadex columns
cquilibrated with the same buffer. Toxin complex eluted
essentially unretarded and was pooled and precipitated
with ammonium sulfate (39 100 ml).

[0047] III. Neurotoxin was separated from toxin com-
plex proteins by dialyzing precipitated complex against
3 changes of 20 mM sodium phosphate, pH 7.9. Dia-
lyzed tloxin complex was bound to DEAE-Sephadex
equilibrated with the same buffer. Partially purified
neurotoxin was eluted as the first peak with a 0-300
mM sodium chloride gradient.

[0048] IV. Purificd neurotoxin was scparated from
minor amounts of contaminating complex proteins by
dialyzing the neurotoxin peak eluted in step III against
20 mM sodium phosphate, pIHl 7.0, and applying the
material to SP-Sephadex equilibrated with the same
buffer. Under these conditions contaminating complex
proteins did not bind to the matrix. Purified neurotoxin
was eluted with a 200 mM sodium chloride step.
Neurotoxin recovered from this step was subsequently
modified with 10doacetamide thereby alkylaung free
thiol groups. The rationale for this is described in detail
in the next section of this report.

[0049] V. Light chain was purified as a by-product of
heavy chain puritication. Purified ncurotoxin was dia-
lyzed against 20 mM sodium borate, 40 mM sodium
phosphate, pH 8.4, and applied to QAE-Sephadex
equilibrated with the sume buffer. After binding neu-
rotoxin to the column, one-half column volume of
loading bufler plus 10 mM dithiothreitol (DTT) was
applied to the column. A second one-half columan
volume of loading buffer plus 100 mM DTT and 2 M
urca was applicd and the column held over night at 4°
C. 1o allow reduction of disulfide bonds. Light chain
was eluted with loading buffer plus 10 mM DTT and 2
M urea. Heavy chain and contaminating unnicked
neurotoxin were eluted with loading buffer containing
10 mM DTT, 2 M urea, and 500 mM sodium chloride.

[0050] VI. Heavy chain containing trace amounts of
unnicked neurotoxin was dialyzed agaipst 20 mM
sodium phosphate, 5 mM II'T, pH 7.5, The heavy
chain was then applied to a column of DEAE-Sephadex
equilibrated with the same bufler. Conlaminating
unnicked neurotoxin was separated from heavy chain
by use of a linear 0-600 mM sodium chloride gradient
with unnicked neurotoxin eluting at around 100 mM
sodium chloride and heavy chain ¢luting at abouwt 400
mM sodium chloride.

f0051]) Neurotoxin Modification.

[0052] Purified type A botulinum heavy chain has six
cysteine residues. Of these six thiol groups, two are involved
in an intrachain disulfied bond and are not available for
reaction with other compounds as the reduced thiols arc in
such closc proximity to each other that they quickly reform
a disulfide linkage following removal of the reducing agent

7
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(FIG. 2). Treatment of intact neurotoxin with the thiol
alkvlating agent lodoacetamide yielded a molecule with
0-1.2 free thiols on average as assessed by titration with
bis-dithionitrobenzoic acid (Ellman, 1959). This material
retained greater than 80% of the starting toxicity as mea-
sured by mouse bioassay. Purification of heavy chain was
subsequently performed according to the method of
Sathyamoorthy and DasGupta (1985) as shown in FIG. 3.

[0053] LClectrophoresis.

[0054] Protein samples were examined electrophoretically
using the Pharmacia Phastsystem (Pharmacia LKB Inc.,
Piscataway, N.I) secording to the manufacturers instruc-
lions. Precast 12.5% acrylamide gels (Pharmacia) were
stalned with 0.1% coomassie brilliant blue R250 in 16.7%
acetic acid, 41.7% methanol. Gels were destained in 7.5%
acelic acid, 25% methanol. Samples for clectrophoresis were
solubilized in 50 mM Tris-HCL, 5 M urea, 5% SDS, 20%
glyeerol, pH 6.8, Some samples were reduced by addition of
dithiothreitol to a final concentration of 0.5%. All samples
for SDS-PAGE were boiled Lor »5 minutes prior to glectro-
phorests.

[0055]

[0056] Toxin titers were estimated io mice using the
intravenous method of Boroff and Fleck (1966) and the
intraperitoneal method of Schantz and Kautter (1978) in
1822 g, female, ICR strain mice. Time-to-death values
ubtained from intravenons titration of type A loxin samples
were converted to iniraperitoneal 1.1)5,/ml using a standard
curve generated in our laboratory with type A complex.
Botulinal toxin for titration was dissolved in 50 mM sodium
phosphate, pH 6.8, and then further diluted as required in 30
mM sodium phosphate, 0.2% gelatin, pll 6.4

Toxin Assays.

[0057]  Suucture of Prodrugs.

[0058] Polymiers selected for reaction with specific linkers
included amine rteactive dextrans (Molecular Probes,
Lugene, Oreg.) having molecular weights of approximately
10 kD and 40 kD. These dextrans had on average 4.8 moles
amine per mole of dextran (10 kD) and 6.7 moles amine per
mole of dextran (40 kD). The gencral structures of these
compaounds are shown in FIG. 4.

[0059] Dextran amines were functionalized for conjuga-
tion with model inhibitors by addition of the water soluble
heterobifunctional linker sulfosuccin imidyl-6-{alpha-me-
thyl-alpha(2-pyridylthio)-toluamidoJhexanoate  (sulfo-T.C-
SMPT. FIG, §).

[0060] Linker was added to amine dextrans at 20:1 molar
ratios (20 mole linker:1 mole amine). Linker addition reac-
lions were performed in 100 mM sodium phosphate buffer,
pH 9.2, and were allowed to conlinue {or 2 hours at room
temperature. This pH favored addition of linker to polymer
by reaction of the suecinimidyl ester on the linker with the
primary amine of the polymer. Unreacted linker was
removed by either size exclusion chromatography in the
case of the 40 kD dexiran on Pharmacia P10 columns
(Pharmacia Biotechnology, Pistcataway, N.J.) equilibrated
with 25 mM sodium phosphate buffered saline, pIT 7.4,
(PBS) ur by extensive dialysis vs. PBS in Slidalyzer dialysis
cassettes (3.5 ki cutoft, Picree Biochemical Co., Rockford,
L) in the case of the 10 kD dextran. The resulling com-
pounds are shown in FIG, 6.
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[0061] ! .joker addition to dexiran was confirmed by gentle
reduction of functionalized polymer with dithiothreitol. This
reaction liberated 2-thiopyridine from the linker which was
detected by its characteristic absorbance at 343 nm. In one
set of experiments, the final absorbance of (0.77 viclded a
molar concentralion of the leaving group of 96 «M indicat-
ing that the amine groups or the deXtran at a concentration
ol approximately 750 gg/ml were over 75% modified by the
linker. This is shown o FIG. 7. These reaction kinetics gave
nearly identical results with both the 10 kD and the 40 kD
amino-dextrans.

[0062] We have used the metalloprotease inhibitor caplo-
pril as a model pharmaceutical ligand. This ligand has been
covalently coupled to linker modified amino dextran via the
reactive 2-thiopyridine group. The structure of captopril 1s
shown in FIG. 9.

[0063] The reaction Kinctics (Ag,5 increase) for the dis-
placement of the 2-thiopyridine leaving group from funec-
tionalized amino-dextran by captopril were nearly identical
to those generated by the reducing agent dithiothreitol
indicating that captopril was a good nucleophile and was
rapidly bound 1o the dextran polymer via disulfide bond
exchange with the linker. These prodrugs are shown in FIG.
10.

[0064] We envision synthesizing prodrugs that contain
5-10% more inhibitor (captopril) than the first generation
prodrugs. These prodrugs will have a flourescent label
incorporated into them for subsequent in vitro and in vivo
visnalization and will be conjugated to botulipum heavy
chain for targeting and internalization into motor neurons.

[0065] We will continue to use dextran based polymers for
the synthesis of prodrugs because they are relatively non-
toxic and are biologically inert due to the uncommon
poly-(-D-1,6-glucose) linkages. ‘They also have low immu-
DOZENICity.

[0066] Prodrug Assay.

[0067] We have determined that prodrugs based on the
mctalloprotease inhibitor captopril described here inhibit
angiotensin coverling enzyme (ACE) only when they are
released from the dextran carrier by reduction of the disul-
fide bond. This is advantageous because it sequesters poten-
tial therapeutic compounds until they are introduced into the
reducing environment of the motor ncuron. We used a
modification of the assay described by Cushman and Che-
ung (1971) to measure inhibition of the enzyme by captopril.
Cleavage of the substratc by ACE yeilds hippuryl which is
soluble in ethyl acetate. Following cthyl acctate extraction
of the reactions, the solvent is removed by evaporation and
the residue dissolved in water. Hippuryl concentration is
measured by absorption at 228 nm.

[0068] Inhibition of ACE was accomplished by addition of
known quantities of free captopril. The 1C,, of captopril for
this particular reaction was calculated to be approximately
300 nM. When dextran-captopril conjugates were added to
the reaction we did not obtain any inhibition until the
disulfide bond between the dextran and captopril was
reduced by addition of 2 mM mercaptoethanol. Results of
the inhibition studies are shown in FIG. 8. Error bars
represent extreme spread of samples tested in triplicate.
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[0070] Cyanine dye reagents are uscful as markers in
biological systems due the fact that they are intensely
fluorescent and highly water soluble. We have utilized the
Cy 3.5 monotunctional dye (Amersham Pharmacia Biotech,
Piscataway, N.1) as a marker for delermining uptake of
dextran prodrugs Into motor neurcns. The Cy 3.5 dye is
scarlet fluorcscing and is readily detected using standard
rhodamine filter sets. ‘The dyc i a monofunctional succin-
imydyl ester that reacts readily with free amine groups. The
structure of the dye is shown in FIG, 13,

[0071] Syothesis of dextran-based prodrugs (dextran
vehicle plus dye) for conjugation to botulinum heavy chain
involves twa separate linker addition steps. The first step is
oxidation of the aminodextran by addition of sodium perio-
date (10 mM final concentration) to solutions of 10 or 40 KD
amminodextran. The reaction is carried out in 100 mM
sodium acetate, plI 5.5, for 20 minutes at room temperature.
The oxidation reaction is quenched by addition of glycerol
to a final concentration of 50 mM. This results in the
formation of hydrazide reactive aldehydes and ketones on
the amineodextran, Excess periodate and glycerol are
remmoved by extensive dialysis in 100 mM sodium acetate,
pIl 5.5, These carbonyl groups are reactive with the
bydrazide portion of the linker PDPI (3-(2-pyridyidithio-
ypropionyl hvdrazide, Pilerce Biochemical Co., Rockford,
I11.). PDPH is dissolved in DMSO and added to the dialyzed
amino dextran at a final concentration of 10 mM. The
reaction is allowed to proceed at room temperawre for 2-4
hours.

Synthesis of Fluorescent Prodrugs.

[0072] After removal of untcacted linker by size exclusion
chromatography or extensive dialysis, the amino dexiran
plus PDPH 1y reacted with the Cy 3.5 ester. This reaction
adds the dve molecule to the free amine groups present on
the dextran. Unreacted dye is removed by either size exclu-
sion chromatography or dialysis and the prodrug conjugated
1o botulinum heavy chain via the pyridine-2-thione contain-
ing portion of the PDIH linker. This reaction scheme is
shown in FIG, 14,

[0073] Reaction of 40 kD amino dextran prodrug with
type A heavy chain results in molecules having molecular
weoights on SDS-PAGL ranging from 100 k1) to approxi-
matcly 160 kD. The molecules at 100 kKD represent unre-
acled type A heavy chain while the 160 kID molecules
represent heavy chain plus one or more dextran prodrugs
with a combined molecular weight of approximately 60 kD.
These species are all reducible to 100 kD starting heavy
chain due to the disulfide bond involved in conjugation.

CONCLUSIONS

[0074]  Wu have demounstrated that it is possible to chemi-
cally synthesize prodrugs consisting of the metalloprotease
inhibitor captopril covalently bound to a relatively inert
polymeric ¢arrier. Carriers tested to date have included 10
and 40 kD amino dextrans. Additionally, we have success-
fully madified type A botulinal heavy chain thereby stabi-
lizing the heavy chain relative to the unmodified native
heavy chain and allowing us to target conjugation of prodrug
to the sulfhydryl originally involved in the disullide level
connecting (he heavy and light chains of the toxin.

Aug. 7, 2003
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We claim:

1. A method of targeting therapeutic molecules to motor
nelrons, comprising the steps of:

(a) synthesizing a prodrusg comprising at least one thera-
peutic molecule covalently bound to a polymeric deliv-
cry vehicle, and

(b) conjugating the prodrug 1o a botulinum neurotoxin
heavy chain.

2. The method of claim 1 wherein the prodrug comprises

at least two copies of a therapeutic molecule.

3. The method of claim 1 wherein the prodruy cormprises
at lcast four copics of a therapeutic molecule.

4. The method of claim 1 wherein the prod rug comprises
at least two copies of dillerent therapeutic molecules.

5. The method of claim 1 wherein the botulinurn neuro-
toxin heavy chain is obtained via recombinant DNA meth-
ods.

6. The method of claim 1 wherein the botulinum neuo-
toxin heavy chain 15 obtained from native botulinum toxin.

7. The method of claim 1 wherein the polymeric delivery
vehicle comprises amine-reactive carbohydrate units.

8. The method of claim 1 wherein the polymeric delivery
vehicle comprises a polymer comprising reactive amines
and reactive sulfhydryl groups beforc being bound to the
therapeutic molecule via disulfide exchange.

9. The method of claim 1 wherein the therapeutic mol-
ecule is captopril.

10. The method of claim 1 wherein the heavy chain is type
A botulinum neurotoxin.

11. The method of claim 1 wherein the therapeutic mol-
ecule is a metalloprotease inhibitor.

12. The method of claim 1 wherein the heavy chain has
been covalently modified.
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57 ABSTRACT

A bydratable, highly sbeorbent keratin sohid fiber or powder
capabls of sbeorbing o large weight excess of watcr may be
produced by partially axidizing hair keratin disulfide bonda
10 sulfonic acid rosilucs and reactiog the sulfonic acid
residucs with 3 cation. The neutralized suspension can be
filtcrcd, washed, and dricd, loaving keratin solid which can
be shredded ime fibers and further ground ioto powder,
Addition of waler 1o the solid prodices a hvdrogel. The
powder or hydrogel miay be useful a5 an absorbent material,
a8 o therspentic for shin, or as &n excipicni. The keratin
materials can be inenipotaed mto sonwoven filme. The
tvdiogel can be ised as 5 biocompatible viscoclastic filler
for implant applications. Ancther use for the ahsorhent
kecratin and keratin bydrogel is as an ¢xcipicnt in pharma-
ceutical and cosmetic applications.
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i1
aien1 Bane, o water-soluble ointinent hases as ate well known
m the pharmaceutical arts. Oleaginous bases that may be
vornbiped with the keratin compositions include omtments
contatntng while wax and/or wiiile petrolatum, cintmenis
comitainity vellow wax and petrolatum, cetyl osters wax,
oleie acidy, and paraffins. Absotbent olniment bases or
eimulsifiable bases that may be used include those contaimiog
aahydrous lanolin, or combinutions ot cholesicrol, stearyl
alcokes], white wax and petrolatam, for example. Enmilsion
bases and components that may be used inchide cintments
coritaining cetyl alcotiol, sod eold creams such as those
contaming cetyl estors wax, white wax, mineral oil, sodium
borate spd water, tor examiple. Other owtments of the
present invention may contain glyceryl monosieatsie,
lasiolin, stearie acid, or & eombination of methylpariben,
prapylparaben, sodium lauryl sulfate, propylece glycol,
stearyl wleohol snd white petestatum, Tor example, or an
aiptmicnt containing cetyl estery wag, white wax, slmond oil,
sodivin borate, stroBger rfose water, and sose oil, for

cxample. Witer soluble cintiments and ereams for usc 1 the

present Bivention may include ghyeol ctbiers and detivatives
thereot, polyethylene glveols, polyoxyl 40 swarate, and/or
pelysontiates.

The preparations as described herein for topical applics-
tiomis miay oko inclede prolectives and sbsorbents, demnul-
corits such a5 bonzoin, hydroxypropyl ccllulosc, hydrox-
ypropyl methyloclulose, polyvinyl aleohol, progylene
glyeols, sodium alginates, and tragacamtd. Lmollicnis,
astritgents, of antiperspirants may alsa he included in the
keratin containing lormuiations as described berein,

An aspect of the present disclosire is & method for
awgnicnting soft tssue in a subject comprising injseting a
Yeeratin componition as described berein subdermally in an
ated in need of augmentation. A vatiety of such applications
arc avadlable i tight of the present disclosure and would
inkdude sugmentation of soft tissue including, bat not lin-
ited 1o bulking of 5 ormary sphincier in order o alleviate
urinary focontinence, asugmentativn of voedl chords W
restore elasticity, as well as improvement of the appearance
of & subject by sugmeniation of breasts, lips, chin, glutcst
aten, of even io improve weinkled or acrie searred skin, or
skin searted by otber conditions, and includivg soft tivsue
voids or indentations. A keratin composition may be pro-
vided as & dry solid and hydrated after subdermal
inmplantation, or & hydioge] of viscoclsstic Bydtogel miay be
prepaced and implanted. In ceriain embodiments, a dry or
hydrated Leritin material may be contained in a biocompa-
ivle envelope, bag, or contginer for subdennal implantation,
aml hydraied after wnplantation by addition of water or
abworption of body fluids, or 2 kerslin material may be
suspended in an injectable carrier and injecied in the desired
avca of sugmentation. In onc cbodiment, soft tissae sug-
metitatios v sceomplished by ivjecting a preparativn com-
prising & keratin hydrogel and x call population,

Another aspect of the preseni invention is lhe use of

keratin compositions for tissne engineerinig applicstions.
One satbodirent is an implantable preparation conipiising
# kieeatin hydroge!l and s cell poputation. The cell population
may nclude, bul are not limited to, kerabnocyles,
fibroblests, chondiocyles, hepalocyies, splenovyies,
aeurocyies, osteoblasts, or endothelial celle. The keratin
bydrogel prepacation may be prepared soch that it is
ungilantable by injection. Through processing sndior forrmi-
lation parameters, tbe ketatio hydiogel may be preparad
soch that is resorbable and thal such resorption is at 3
voriroled rate. The kerstin bydroge! may be prepired such
thiat # is vesenrbed uposs smplantatiom after abowt 150 days, or
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aberit 100 days, or about 90 days, or about 80 days, or about
70 days, or about 60 days, or about 50 days, or about 40
days, ot about 30 days, or sbowt 20 duys, or about 10 days,
or between about 10 and sbout 90 days, or belween ahout 20
and shout 90 days, or between sbout Y ard sbout 90 days,
ot grester than 90 days. The keratin hvdrogel may also
conitain a therapeulic dgeat, which may be 3 water saluble
peptide, wihich muy be & mitogen.

Adgiithes cibodiment is a2 cell seaffold commprising 2
mobwoven film which cormprises a hydratable keratin which
comiaing sulfonate groups. The nonwoven fillm may com-
prise a synthetic polymer which may be resotbable. The
bydratable keratic may alwr e made resorbable, therehy
rendering the entite nonwoven film resorbable. The eon-
woves filri miay aleo be a laminsie composition. The hydrat-
sble keratitt may contain s (herapeutic agert which may be
4 wialer suluble peplide, which may be a mitogen,

Another embodiment of the present invention is a method
of implasting » preparalion comprising a population of cells
ardl a kerain hydrogel 1w an sommal. The cell populations
may include, But are not litnited to, Keratinocytes,
fibroblasts, chondrocytes, bepatocyles, splenocyitcs,
newrocyles, ostéoblasls, or endothelial eells. The hydengel
may conlain & therapeutic agemt which may be a waler
soluble peptide, whiich may be & mitogen. A forther cmbodi-
mert is 3 mthod of implanting s ecll scaffoid comprising a
notrwoven film thet eonnprises a hydratable keeatin which
conuing sulforiatc groupe. Cells miay be grown oh the
noawoven cell seaffold in vitro. Theroby, the nonwoven cell
scaffold muy te sceded with cells priot to implantation. Yuch
cells ioelade, but are pot lupited to, ketatinoeytes,
fibroblasis, chondrocytes, hopaiocytes, splenocytes,
neurnyies, osteoblasts, or endothelial cells. The nonwoven
ecll seufiold may be uscd to repair damaged bard sad soft
tisation. Hand tissties inclide, bist ate aot limited o, bone and
cartlage. Sofi tiseues include, hut are not limited 1o, skin,
miwosa and muscle. Mucosal tissue includes, but is not
litnited 1o, gingival tissue, which may be damaged bone ot
dutnaged cantilage. Acother embodunent comprises hinglam-
ing a keratin hydrogel cell scaffold. A therapeutic agenit may
be included in the keratin component of sl the cell seaffolds
of the prescrit rvcntion. Such a therapeitic agent niay leach
oul uf the keratin and sy be 2 water soluble peplide, whict
may be miitogenic.

On one aspect of the presen! inverition, the kormin com-
poailin is & préparsiion comprising a cross-linked insoluble
oxidized keratit excipient. The preparation may be in the
fote of a powder, tablet, film, capsuk, lotion, croam, gel,
solulicit, sinpeasion, emulskm or acrmol. The prepacation
niay be a cosmetic preparation or may be 1 pharmaceutical
preparation. The preparstion may further comprise one or
morc additives sach as dilvents, fillers, lubsicants,
stabilizers, binders and gelunts.

1t is a6 aspoct of the present inveation that a Keratin
cumnposition e desctibed hercin, and in particular keratin
ubtained from bwnza it is also useful us an excipient for
the delivery of an active agent. An emibodiment of the
mvention My be described, therefore, s # composition
comprising a Kerdtin Having oxidized cysteic groups and &o
active agent of i @ crussclinked imsoluble oxidized kerutio
excipient with a1 setiv sgent, In certaiti cobodiments the
active agent is physically or stetically entrapped within the
keratm excipient and released over tivne by diffusion, of as
# keratin excipicot is degraded. Furiber, in some embodi-
megls the active ageot may be asnociated with the keralin
excipient, The assovistion betwacn the active agont aad the
keratin excipiet may be by noncovalernt aiteaction or
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METHOD OF TARGETING PHARMACEUTICALS
TO MOTOR NEURONS

CROSS-REFERENCE TO RELATED
APPLICATION
[0001] This application claims priority to U.S. Serial No,
60:208,516 filed Jun. 1, 2000, which is incorporated by ref-
crence heretn.
BACKGROUND OF THE INVENTION

[0002] Botulinum neurotoxin is an ongoing public health
problem and is considered to be a potentially serious bio-
logical warfare agent. Recent worldwide events including
the discovery of stockpiles of materials for manufacture of
the toxin by extremist groups in Japan and Iraq have shown
that the danger exists lor biological terrorism. Intoxication
from the loxin by consumption in food or water or from
inhalation can lead to prolonged paralysis, incapacitation,
and need for intensive supportive care. Depending on the
rotte of administration, death ¢an result from exposure to
less than o microgram of toxin, There are no effective
therapics once symptoms of bowlism appear other than
supportive treatments such as intubation and ventilation.

[0003] Wilhin the last five years a number of potential
therapics have been identified (e.g. aminoguinolines, met-
alloproteasc (nhibitors, aminopyridines, Adler, ct al., 1996),
and zing chelators such as TPEN (Adler, et al., 1997). None
of these are likely to work in vivo du¢ to difficulty in
penetration into the neuronal cytosol and high systemic
toxicity, Although better metalloprotease inhibitors have
recently been developed at the University of Wisconsin-
Madison (Dr. Daniel Rich), these are likely to be limited by
the same problems of membrane penctration and toxicity as
the first gencration of drugs. Anything that crosses lipid
membranes cusily will also be likely to cross (he blood-brain
barrier and have CNS toxicity. Any potential therapeutic
compeund that cannot be internalized into the nerve terminal
evinsel will not be capable of antagonizing the active
conponent of botulioum neurotoxin.
BRILE SUMMARY OF THE INVENTION

(00441 In one embodiment, the present invention is a
method of targeting therapeutic molecules to motor neurons.
I'his merhod preferably comprises the step of (a) synthesiz-
tng a prodrug comprising a therapeutic molecule covalently
bound 1o a polymeric delivery vehicle and (b) conjugating
the prodrug to a botulinum neurotoxin heavy chain, In a
preferred method of the present invention, the prodrug
comprises at least two copies of the therapeutic molecule.

[0005] In another preferred method of the present inven-
tion, the botulinum neurotoxin heavy chain is type A botu-
linum neurotoxin and the therapeutic molecule is a metal-
loprotease inhibitor.
[0006] Tuis an object of the present invention to target
therapeutic molecules 0 MOLOr peWrons.
[0007]  Other objegts, features and advantages of the
present invention will become apparent after one has
reviewed the specificarion, claims and drawings,

BRIEF DESCRIPTION OF THE SEVERAL

VIEWS OF THE DRAWINGS

[0008] FIG. 1. SDS-PAGE of purified type A neurotoxin
(lanc 1, unreduced; lane 2, reduced), light chain (lane 3), and
heavy chain (lane 4).
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[0009] FIG, 2. Covalent modification of free thiol groups
in type A botulinum neurotoxin.

[0010] FIG. 3. Separation and purification of thiol madi-
fied type A botulinum heavy chain.

[0011] FIG. 4. Structure of amino-dextrans.

[0012] FIG. §. Structure of the heterobifunctional linker
sulfosuccinimidyl-6-[ alpha-methyl-alpha(2-pyridythio)-
toluamido Jhexanoate (sulfo-LC-SMPT).

(0013] FIG, 6. sulfo-LC-SMPT activaled dexran.

[0014] FIG. 7. Relcase of 2-thiopyridine leaving group
from sulfo-LC-SMPT activated dextran.

[0015] FIG. 8. Inhibition of ACE by reduced prodrug.
[0016] FIG. 9. Structure of captopril.

[0017] FIG. 10. Captopril bound to functionalized amino-
dextran.

[0018] FIG.1l. Oxidation of hydroxyl groups to carbonyl
groups and subsequent reaction with PIPII.

[0019] FIG. 12. Overall reaction scheme for conjugation
ol prodrug to botulinum heavy chain.

[0020] FIG. 13. Cy 3.5 monofunctional dyve molecule.
Molecular weight 1102, Absorbance max=581 nm. Emission
max=596 nm.

[0021] FIG.14. Reaction of type A botulinum heavy chain
with PDPH functionalized Cy 3.5 amino-dexiran.

DETAILLED DESCRIPTION OF THE
INVENTION

[0022] Our solution to the above-stated problem is to use
a modifled, nontoxic form of the botulinum neurotoxin
molecule to specifically target and deliver currently identi-
fled therapeutics as well as compounds developed in the
tuture to the appropriate cholinergic motor a¢uron terminals.
Once delivered to the presynaptic motor geuron membrane,
the chimerie delivery vehicle preferably consisting ol the
heavy chain of the neurotoxin covalently linked with a
polymeric molccule capable of delivering multiple copics of
therapeutic compounds will bring the desired therapeutic
across the membrane and into the neuron where the drug will
be an effective therapeutic. In ooe embodiment, the drug
may be an antagouist of botulinum neurotoxin. In another
¢mbodiment, the drug is an enzymatic inhibitor, including
peptide inhibitors,

[0023] In one embodiment, the present invention is a
method of targeting pharmaceuticals to motor neurons,
comprising a first step of synthesizing prodrugs comprising
at lcast one copy, and preferably multiple copies, of a
therapeutic molecule (the Examples below describe the
model metalloprotease inhibitor captopril as a therapeutic
molecule) covalently bound to a polymeric delivery vehicle.
The second step comprises conjugating the prodrug to the
heavy chain of botulinum neurotoxin, preferably type A.
This combination will yield a pharmaceutically active com-
pound that specifically targets and internalizes desired sub-
stances into cholinergic neurons including active inhibitors
of the active [ragment of the neurotoxin lisell.

[0024] We envision that the method of the present inven-
tion will be suitable for all heavy chains of bowlinum

GE
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neuroloxin, The Lxamples below describe a preparation
using 1yvpe Aheavy chain. Other heavy chains (i.e., all seven
scrotvpes of beavy chains, A-G) can be prepared in a similar
manner, One may obtain the heavy chain in a variety of
manners. Preferably, one will obtain heavy chains as
described below in the Examples. [n another embodiment of
the present invention, one will obtain the heavy chain via
recombinant DNA methods.

[0025])  Polymeric delivery vehicle is an inert carrier mol-
ccule ranging in size from 10-40 kD that can be chemically
modified such that therapeutic molecules may be covalenly
linked to it

[0026) The polymeric delivery vehicle preferably com-
priscs amine reactive dextran, described below as having a
moleeular weight of approximately 10 kD and 40 kD. Other
suitable polymers ioclude polyethylene glycol and poly-
imines.

[0027] Iyextran amines were preferably functionalized for
Lonjugation with model inhibitors by addition of the water
soluble heterobifunciional linker sulfosuccinimidyl-6-{al-
pha-methyl-alpha(2-pyridylthio)-toluamido Jhexanoate
(sulfo-LO-SMPT, FIG, 8). Other suitable linkers include
heterobifunciional linkers comaining amine and sulfhydryl
reaclive elements. Also useful are heterobifunctional linkers
that are carboxy reactive as well as sulthydral reactive,

[0028] The conjugation of the prodrugs to the heavy chain
of botulinum neurotoxin will typically take place as follows:

[0029) We envision wo preferable approaches 1o the
svithesis of prodrugs that contain high molar concentrations
of model inhibitor and have a traccable label.

[0030]  Approach #1. We currently use specific dextrans
that are amine reactive and contain a flourescent marker
such as fuorescein, tetramethylrhodamine, or Cy3.3, The
availability of fluorescent dextran conjugates with ditferent
sizes and charges will permit us 10 synthesize a wide variety
ol prodrugs. These labels are commercially available from
Molecular Probes, Eugene, Oreg. and f{rom Pharmacia
Amersham, Pistcataway, N.J.

[0031] The initial step in this approach will be to generate
carbonyls on the dexiran that are reactive 1o a hydrazide
containing heterobifunctional linker. The preferred linker of
choles 18 3-(-pyndylthio)propionvl hyvdrazide (PDPH). The
gengration of hydrazide reactive carbonyls on the dextran is
aceomplished by gentle oxidation using sodium perindate
aeearding o the method of Ranadive, et al. (G. Ranadive, et
al, Nucl Med. Binl. 200719-726, 1993). Briefly, this reaction
involves reacting the dextran with 5-10 mM sodium perio-
dare fir 100 mM sodium acetate, pH 3.5, for 20-30 minutes
i the dark at room temperature. The oxidation reaction is
quenched with addition of glyceral to 20 mM final concen-
travon. The dextran is dialyzed against 100 mM sodium
avelate, pH 5.5, 10 remove glveerol and periodate and linker
is added to a final concentration of 5-10 mM. This reaction
is allowed to proceed for 2 hours at room temperature at
which time excess linker is removed from the dextran by
applying the mixture {0 a desalting column such as the
Pharmacia PD10.

[0032] ‘The desalted, derivatized dextran is then reacted
with caplopril. The reaction can be monitored by appearance
of the leaving group 2-thiopyridine having a characteristic

%
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absorbance at 343 nm. After 2 hours incubation at room
temperature, excess captopril is removed by desalling on
PD10 columns. The amine groups on the dexiran are then
reacted with the linker sulfo-LC-SMPT. This generates free
thiol groups that can then be conjugated directly to botuli-
num heavy chain via disulfide exchange.

[0033] Approach #2. The second approach to conjugating
prodrug t0 heavy chain involves synihesis of prodrug using
PDPH-activated amino dextran, Amine-reactive pharmaceu-
tical compounds are added to PRPH-maodified amino dext-
ran and allowed to cross-link with the free amine groups
present on the dextran. Following removal of excess phar-
maceutical by desalting on PD10 columns or cxtensive
dialysis in 25 mM phosphate buffercd saline, plt 7.4, the
prodrug is added to botulinum heavy chain and the free thiol
group(s) on the heavy chain allowed to form disulfide bonds
with the thiol reactive portion of the linker PDPH. The
reaction is allowed to procecd overnight at 4° (. Excess
prodrug is readily separated from the heavy chain-prodrug
conjugates by addition of ammonium sulfaic to 60% satu-
ration. Under these conditions beavy chain-prodrug and
unreacted heavy chain precipitate while the carbohydrate-
based prodrug remains in solution.

[0034] A second approach to separation of uvareacted dex-
tran from botulinum heavy chain can be accomplished by
immobilized-metal  affinity  chromatography  (IMAC)
according to the method of Schiavo, ot al. ((G. Schiavo, ct al.,
Infect. Immun. 58:4136-4141, 1990). Briefly, chelating
Sepharose (Pharmacia) charged with Zn is used 10 bind the
heavy ¢hain of botulinum toxin and heavy chain/polymer
constructs. Unreacted dextran is washed from the column
with 5-8 column volumes of running buffer and the heavy
chain/polymer constructs ¢luted with 25 mM imidazole.

[0035] Preferred therapeutic agents include protcase
inhibitors. Specific inhibitors include aprotinin, chymosia-
iin, amastatin, bestatin, leupeptin, antipain, trypsin inhibi-
tors, chelating agents such as EDTA, TPEN, o-phenanthiro-
line, and peptide inhibitors of proleases. Peptide inhibitors
such as caspase inhibitors (apopain series) which are pri-
marily four and five amino acid inhibitors of caspases are
also preferred. Metalloprotease inhibitors such as phos-
phoramidon, pepstatin A, phebestin, and the TAPI serics of
matrix metatloprotease inhibitors are also preferred.

[0036] The prodrug-heavy chain may be targeted to spe-
cific muscle groups by directly injecting the affected
muscles. Alternatively, one could deliver the prodrug-heavy
chain combination orally,

EXAMPLES

[0037] Bacterial Strains and Culturing.

[0038] The Hall A strain of type A €. barulinum was used
to produce crystalline type A complex. This strain was
originally obtained from Dr. J. H. Mueller at Harvard
University and was further sereened for high toxin titers at
Fort Detrick, Md. by Dr. E. I. Schantz and coworkers. This
strain is routinely used for production of type A botulinum
toxin due to high toxin titers and the rapid onset of cell lysis
(usually within 48 hours).

[0039] Stock cultures of C. bowulinum Hall A were grown
statically in 13 m! Hungate tubes containing 10 ml of cooked
meat medium +0.39% dextrose (CMM, [Difco Laboratories,
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Detroir, Mich.]) under an anaerobic atmosphere (80% N,
10% (C0,, 10% H;) at 37° C. for 24 hours and frozen at =20°
C.oumil use. CMM cultures of the Hall A strain give toxin
titers in excess of 108 1D o/ml in 48-72 hours.

[0040] For toxin production, cultures of Hall A were
grown statically in 10 liter volumes of toxin production
medivm (TPM) consisting of 2.0% NZ TT (lot #9NC29)
cusein hydrolysate (Shelfield Laboratories, Norwich, N.Y.),
L0%. veast extract (Difco), and 0.5% dextrose, pH 7.3-7 4,
for 5-7 days at 37° €. Cultures of Hall A showed heavy
orowth in this medivm during the first 24-48 hours followed
by autolysis of the culture which was evident as a clearing
and setthing over the next 4%-120 hours.

[0041] ‘Toxin Purification.

[0042] The production and purification of type A neuro-
loxin for use as the starting reagent in subscquent chain
separations and purifications was successtul. As shown in
FIG, 1, lunes 1 (unreduced) and 2 (reduced), purification of
three batches of type A botulinal neurotoxin having an
average specifie toxicity of 1.5x%10% mouse intraperitoneal
lethal doses per mg ol protein was successful. Three separate
balches of toxin were cultured and purified to hormogeneity,
Subscquent puritication of the component light and heavy
chains were performed with yields shown in Table 1.

TABLE 1

Yields o toxin at various stages of purification’. (Roman numerals
refer o individual purification steps described below:)

Bateh 1 Batch 2 Ralch 2
L. Crode culture” L5 x 10°  20x 10° 3.0 x 109
I, Toxin complex® 200 225 275
TN, Partiatly purified ncurotoxin® 38 47 60
IV, Purified neurotoxin 20 23 30
V. Light chain® 5 55 9
VI Heavy chaiy' 4 7 11

‘g o protein,
SLDSml ot crude culture.

[0043] We fortuitously determined that toxin production in
crude culture could be increased by addition of specific
mineral salis to production medium. The addition of mag-
nesium (as magnesium chloride 100 mM final concentra-
tion) and calcium carbonate (400 mM final concentration)
allowed us to double the amount of toxin produced in culture
over the course of this research. This will be extremely
important in subsequent scale-ups. As can be seen in Table
L, the amount of toxin complex obtained from Batch 3 vs.
Hawch 1 did not double as expected based on titers of crude
cultures.

[0044] Toxin Purification Steps Noted in Table 1,

[0045] 1. Culturcs of C. borulinum were grown in 10
liter butches of 2% casein hydrolysate, 0.5% dextrose,
0.5% yeast extract, pH 7.4, for 4-5 days at 37° C.
Culiures were harvested at this time by addition of 3N
H.80, to a final pH ot 3.4. Crude toxin precipitated and
was colleeted by centrifugation.

[0046] II. Toxin complex was extracted from the acid
precipitate by suspending in 200 mM sodium phos-
phate, pH 0.0. The first cxtraction was allowed to
proceed for 2-3 hours at room temperature. Extracted
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toxin was separated from cellular debris by centrifu-
gation and the pellet reextracted in similar fashion
overnight at 4° C. The extracts were pooled and pre-
cipitated with ammonium sulfate (39 g/100 ml). Pre-
cipitated extracts were collected by centrifugation and
dissolved In 50 mM sodium citrate, pH 5.5 This
material was loaded onto DEAE-Scphadex columns
equilibrated with the same buffer. Toxin complex eluted
essentially unretarded and was pooled and precipitated
with ammonium sulfate (39 /100 ml).

[0047] IU. Neurotoxin was separated from toxin com-
plex proteins by dialyzing precipitated complex against
3 changes of 20 mM sodium phosphate, pH 7.9. Dia-
lyzed toxin complex was bound to DEAE-Sephadex
equilibrated with the same buffer. Partially purified
neurotoxin was eluted as the first pcak with a 0-300
mM sodium chloride gradicnt.

[0048] IV. Purified neurotoxin was separaled from
minor amounts of contaminating complex proteins by
dialyzing the neurotoxin peak eluted in step IIl against
20 mM sodium phosphate, pH 7.0, and applying the
material to SP-Sephadex equilibrated with the same
buffer. Under these conditions contaminating complex
proteins did not bind to the matrix. Purified neurotoxin
was eluted with a 200 mM sodium chloride step.
Neurotoxin recovered from this step was subsequently
modified with iodoacetamide thereby alkylating tree
thiol groups. The rationale for this is deseribed in detail
in the next section of this report.

[0049] V. Light chain was purified as a by-product of
heavy chain purification. Purified neurotoxin was dia-
lyzed against 20 mM sodium borate, 40 mM sodium
phosphate, pH 8.4, and applied to QAE-Sephadex
equilibrated with the same buffer. Afier binding neu-
rotoxin to the column, one-half column volume of
loading buffer plus 10 mM dithiothreitol (IDT1) was
applied to the column., A second one-half column
volume of loading buffer plus 100 mM D1T and 2 M
urca was applied and the column held over night at 4°
C. 1o allow reduction of disulfide bonds. Light chain
was eluted with loading buffer plus 10 mM DTT and 2
M urea. Heavy chain and contaminating unnicked
neurotoxin were eluted with loading buffer containing
10 mM DT, 2 M urea, and 500 mM sodium chloride.

[0050] VI. Heavy chain containing trace amounts of
unnicked neurotoxin was dialvzed against 20 mM
sodium phosphate, 5 mM DTI, pH 7.5. The heavy
chain was then applied to a column of DEAE-Sephadex
equilibrated with the same buffer. Contaminating
unnicked neurotoxin was separated from heavy chain
by use of a linear 0-600 mM sodium chloride gradient
with unnicked neuroloxin eluting at around 100 mM
sodium chloride and heavy chain eluting at about 400
mM sodium chloride.

[0051] Neurotoxin Modification.

[0052] Purified type A botulinum heavy chain has six
cysteine residnes. Of these six thiol groups, two are involved
in an intrachain disulfied bond and are not available for
reaction with other compounds as the reduced thiols arc in
such closc proximity to each other that they quickly reform
a disulfide linkage following removal of the reducing agent
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(FIG. 2). 'Treatment of intact neurotoxin with the thiol
alkylating agent [odoacetamide yielded a molecule with
0-1.2 free thiols on average as assessed by titration with
his-dithionitrobenzoie acid (Ellman, 19539). This material
retained greater than 80% of the starting toxicily as mea-
sured by mouse bioassay. Purification of heavy chain was
subsequently performed according to the method of
Sathvamoorthy and DasGupta (1985) as shown in FIG. 3.

[0053] Electrophoresis.

[0054] Protein samples were examined electrophoretically
using the Pharmacia Phastsystem (Pharmacia LKB Inc.,
Piscataway, N.J.) according to the manufacturers instruc-
tioms. Precast 12.5% scrylamide pels (Pharmacia) were
stuined with 0.1% coomassie brilliant blue R250 in 16.7%
acetic acld, 41.7% methanol, Gels were destained in 7.5%
acetic seid, 25% methanol. Samples for clectrophoresis were
solubilized in 50 mM Tris-HCL, 5 M urea, 5% SDS, 20%
glycerol, pH 6.8, Some samples were reduced by addition of
dithiothreitol to a final concentration of 0.5%. All samples
for SDS-PAGE were boiled tor =5 minutes prior 1o electro-
phoresis,

[0053]

[0056] Toxin tters were estimated in mice using the
intravenous method of Boroff and Tleck (1966) and the
intraperitoneal method of Schantz and Kautter (1978) in
[8-22 g, female, ICR strain mice. Time-to-death values
obtained {rom intravenous titration of type A toxin samples
were converted to intraperitoncal LD s./ml using a standard
curve generated in our laboratory with type A complex.
Botulinal toxin for titration was dissolved in 50 mM sodium
phosphate, pH 6.8, and then further diluted as required in 30
mM sodium phosphate, 0.2% gelatin, pH 6.4.

[0057]  Structure of Prodrugs.

[0058] Polymers sclected for reaction with specific linkers
meluded  amine  reactive  dextrans  (Molccular  Probes,
Eugene, Oreg.) having molecular weights of approximately
10 kID and 40 kD. Thesc dextrans had on average 4.8 moles
aming per mole of dextran (10 kD) and 6.7 moles amine per
mole of dextran (40 kD). The general structures of these
compounds are shown in FIG. 4.

[0059] Dextran amines were functionalized for conjuga-
tion with mode! inhibitors by addition of the water soluble
heterobifunctional linker sulfosuccin imidvl-6-alpha-me-
thyl-alpha(2-pyridylthio)-1oluamidoJhexanoate  (sulfo-I.C-
SMPT. FIG, 5).

[0060]  Linker was added to amine dextrans at 20:1 molar
ratios (20 mole linker:1 mole amineg), Linker addition reac-
tions were performed in 100 mM sodivm phosphate builer,
pH 9.2, und were allowed to continue for 2 hours al room
temperature. This pl favored addition of linker 1o polymer
by reaction of the succinimidyl esler on the linker with the
primary amine of the polymer. Unreacted linker was
rernoved by elther size exclusion chromatography in the
cas¢ ol the 40 k1) dextran on Pharmacia P10 columns
(Pharmacia Biotechnology, Pistcataway, N.I.) equilibrated
with 25 mM sodiurn phosphate butfered saline, pi 7.4,
(PBS) ur by exiensive dialysis vs. PBS in Slidalyzer dialysis
cassenes (3.5 k1) cutoff, Pieree Biochemical Co., Rockford,
111} in the case of the 10 kI dextran, The resulting com-
pounds are shown in FIG. 6.

Toxin Assays.
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[0061] Linker addition to dextran was confirmed by gentle
reduction of functionalized polymer with dithiothreitol. This
reaciion liberated 2-thiopyridine from the linker which was
detected by its characteristic absorbance al 343 nm. In one
sct of experiments, the final absorbance of 0.77 yielded 2
molar concentration of the leaving group ol 96 M indicat-
ing that the amine groups or the dextran at a concentration
of approximately 750 4g/ml were over 75% modified by the
linker. This is shown in FIG, 7. These reaction Kinetics gave
nearly identical results with both the 10 kD and the 40 kD
amino-dextrans.

[0062] We have used the metalloprotease inhibitor caplo-
prl as a mode] pharmaceutical ligand. This ligand has been
covalently coupled to linker modified amine dextran via the
reactive 2-thiopyridine group. The structure of captopril is
shown in FIG. 9.

[0063] The reaction kinetics (A,,, increase) for the dis-
placement of the 2-thiopyridine leaving group from fune-
tionalized amino-dextran by captopril were nearly identical
to those gencrated by the reducing agent dithiothreitol
indicating that captopril was a good nucleophile and was
rapidly bound to the dexiran polymer via disulfide bond
exchange with the linker. These prodrugs are shown in FIG.
10.

[0064] We envision synthesizing prodrugs that contain
5-10x more inhibitor (captopril) than the first generation
pradrugs. These prodrugs will have a flourescent label
incorporated into them for subsequent in vitro and in vivo
visualization and will be conjugated to botulinum heavy
chain for targeting and internalization into motor neurons.

[0065] We will continue to use dextran based polymers for
the synthesis of prodrugs because they are relatively non-
toxic and are biologically inert due to the uncommon
poly-(-I2-1,6-glucose) linkages. They also have low immu-
nogenicity.

[0066] Prodrug Assay.

[0067] We have determined that prodrugs based on the
metalloprotcase inhibitor captopril described here inhibit
angiotensin coverting enzyme (ACE) only when they are
released from the dextran carrier by reduction of the disul-
fide bond. This is advantageous because it sequesters poten-
tial therapeutic compounds until they arc introduced into the
reducing environment of the motor neuron. We used a
medification of the assay described by Cushman and Che-
ung (1971) to measure inhibition of the enzyme by captopril.
Cleavage of the substrate by ACE yeilds hippuryl which is
soluble in cthyl acetate. Following ethyl acetate extraction
of the reactions, the solvent is removed by evaparation and
the residue dissolved In water. Hippuryl concentration is
measured by absorption at 228 nm.

[0068] Inhibition of ACE was accomplished by addition of
known quantities of free captopril. The ICs, of captopril for
this particular reaction was calculated to be approximately
300 nM. When dextran-caplopril conjugates were added to
the reaction we did not obtain gny inhibition until the
disulfide bond between the dextran and captopril was
reduced by addition of 2 mM mercaptocthanol, Results of
the inhibition studies are shown in FIG. 8. Error bars
represent extreme spread of samples tested in triplicate.
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[0069] Synthesis of Fluorescent Prodrugs.

[0070] Cyanine dye reagents are useful as markers in
biological systems due the fact that they are intensely
fluorescent and highly water soluble. We have utilized the
Cy 3.5 monolunctional dye (Amersham Pharmacia Biotech,
Piscataway, N.J) as a muker for determining uptake of
dextran prodrugs imo motor neurons. The Cy 3.5 dye is
scarlet fluorescing and is readily detected using standard
rhodamine filter sets. The dyc is a monofunctional succin-
imydyl ester that reacts readily with free amine groups. The
structure of the dye is shown in FIG, 13.

[0071] Synthesis of dextran-based prodrugs (dextran
vehicle plus dyve) for conjugation to botulinum heavy c¢hain
involves two separate linker addition steps, The first step is
oxidation of the aminodcxtran by addition of sodium perio-
date (10 mM final concentration) to solutions of 10 or 40 kD
amininodextran, The reaction is carried out in 100 mM
sodivm acetate, pi 5.5, for 20 minutes at room temperafure.,
The oxidation reaction is quenched by addition of glycerol
to 4 final concentration of 50 mM. This results in the
formation of hydrazide reactive aldehydes and ketones on
the aminodextran, Excess periodate and glycerol are
removed by extensive dialysis in 100 mM sodium acetate,
pH 5.5 These carbonyl groups are reactive with the
hydrazide portion of the linker PDPH (3-(2-pyridyidithio-
Ypropionyl hydrazide, Pierce Biochemical Co., Rockford,
I1i1.), PDPH is dissolved in DMSO and added to the dialyzed
aming dextran at a final concentration of 10 mM. The
reaction is allowed to proceed at room temperature for 2-4
hours.

[0072]  After removal of unreacted linker by size exclusion
chromatography or ¢xtensive dialysis, the amino dextran
plus PDPH is reacted with the Cv 3.5 ester. This reaction
adds 1he dye molccule to the free amine groups prescnt on
the dextran, Unreacted dye is removed by either size exclu-
sion chromatography or dialvsis and the prodrug conjugated
to botulinum heavy chain via the pyridine-2-thione contain-
ing portion of the POPH linker. This reaction scheme is
shown in FIG, 14,

[0073] Reaction of 40 kD amino dextran prodrug with
type A heavy chain results in molecules having molccular
weights on 8DS-PAGE ranging from 100 ki) to approxi-
mately 160 kD. The molecules at 100 kD represent unre-
acted lvpe A heavy chain while the 160 kD molecules
represent heavy chain plus one or more dextran prodrugs
with @ combined molecular weight of approximately 60 kD,
These species are all reducible to 100 kD starting heavy
chain duc to the disulfide bond involved in conjugation,

CONCLUSIONS

[0074]  We have demonstrated that it is possible to chemi-
cally synthesize prodrugs consisting of the metalloprotease
inhibitor captopril covalently bound 1o a relatively inert
polymeric carrier. Carriers tested to date have included 10
and 40 KID amino dextrans. Additionally, we have success-
fully mondified type A botulinal heavy chain thereby stabi-
lizing the heavy chain relative 1o the unmodified native
heavy chain and allowing us to target conjugation of prodrug
W the sulfhydryl originally involved in the disulfide lovel
connecting the heavy and light chains of the toxin.
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We clairn:

1. A method of targeting therapeutic molecules to motor

neurons, comprising the steps of:

(a) synthesizing a prodrug comprising at lcast onc thera-
peutic molecule covalently bound to a polymeric deliv-
ery vehicle, and

(b) conjugating the prodrug 1o a botulinum neurotoxin

heavy chain,

2. The method of claim 1 wherein the prodrug comprises
at least two copies of a therapeutic molecule,

3. The method of claim 1 wherein the prodrug comprises
at least four copies of a therapeutic molecule.

4. The method of claim 1 wherein the prod rug comprises
at least two copies of different therapeutic molecules.

5. The method of claim | wherein the botulinum neuro-
toxin heavy chain is obtained via recombinant DNA meth-
ods.

6. The method of claim 1 wherein the botulinum neuo-
toxin heavy chain is obtained from native botulinum toxin.

7. The method of claim 1 wherein the polymeric delivery
vehicle comprises amine-reactive carbohydrate units.

8. The method of claim 1 wherein the polymeric delivery
vehicle comprises a polymer comprising reactive amines
and reactive sulfhydrvl groups before being bound to the
therapeutic molecule via disulfide exchange.

9. The method of claim 1 wherein the therapeutic mol-
ecule is captopril.

10. The method of ¢laim | wherein the heavy chain is type
A botulinum neurotoxin.

11. The method of claim 1 wherein the therapeutic mol-
ccule is a metalloprotease inhibitor,

12. The roethod of claim ! wherein the heavy chain has
been covalently modified.
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57 ABNTRACT

A bydraabile, highly abrorben keratin solid fiber or powder
capabls of shsotbing a large weight cxcems of water mtay be
prodhiced by partially oxidizing hair keratin disulfide bonda
1o sulfonic acid resilues and reacting the sulfonic acid
residues with a cation. The pentralized suspensivn can be
filtercd, washed, and dricd, loaving koralin solx! which can
be shredded o fibers and forther ground into powder.
Addition of water w the solid produces a hvdrogel. The
powder or liydroge! may be useful as an absotbent matetial,
&% ¢ thcrapoutie for skin, or a8 an excipient. fhc keratin
materidly can be icorporaed into poawoven filow, The
hydrogel can be used 29 a biocompatible viscoclaatic filler
for implam applications. Anether use for the absorbent
keratiu and keratin bydrogel is &3 an cxcipicit in pharma-
cevtical and cosmelic applicatops,

48 Clalms, 12 Drawing Sheets
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sion bave, or waist-scluble ointment bases as are well kpowe
s the phaimacentical ais, Oleaginous Bases thal may be
coitibitied with the keratin comnposiions indude ointments
containing white wax and/or white petrslatum, ointmients
wortainime yellow wax amd petrolatum, celyl eslers wax,
oleie agids, and paraffine. Absorbeni oipttrent baves or
emilsifiable bases that may be ured incliude those containiog,
atbydrous lanolin, or combinations of cholesterol, stearyl
aleotiol, white wax and petrolatingy, fur example. Enutleion
bases and components that mav be used mclude cimments
containing cetyl osleotiol, and cokd creamis sueh as those
contaiting cetyl esters wax, white wax, mineral oil, sodium
botate sad water, tor example. Othier ointments of the
pressnt invention may contain glyceryl monosieataie,
fanolin, stearic acid, or & combinghon of melthylparaben,
propylpataben, sodium lavryl sulfste, propylene glyeol,
stearyl dleobol snd while petrolatem, for example, or an
aifitment coileining celyl estors wax, white wax, almond oif,
sadiifn  borate, strofiger rose waler, and rose oil, for

vxample. Water solible ointments antd creaps for use jo the

presei mvéntion may include glyeol clbers and derivatives
thereof, polyethylene glycols, polyoxyl 40 swarate, and/or
polysorbaies,

The preparations as deseribed herein for topical applica-

tions sy alko include protectives wd sbsofbents, demul-

ceme such as bopzoin, Mydroxypropyl ccllulose, bidrox-
ypropy! methyleellulonse, pulyvinyl slecbol, propylene
glyeols, sodium alginates, and tragacantl. Dmolbierts,
astringesis, of satiperspirants may alsa be focluded in the
keralin containing Yormulations as described horein.

An aspect of the present disclosure is a pethod for
awgienting soft lissue in a subjoct comprisity injecting a
keratin cornpositicn: ax described herein subdermally in an
gfed ih need of augmentation. A varicty of such applications
are available in Hgtt of the present disclosure and would
inclade sugmentation of soft tissne incleding. bl not fim-
ited to bulking of x urimary xphincier in order 1o alleviate
uriniary incontivence, sugmentativn of voeal chords W
restore slasticity, us well as improvement of the appearance
of & subject by sugmentstion of broasts, Lips, chin. gluteal
dren, oF even o improve wrinkled o achie scarrad skin, or
skin seirved by othier conditions, aud incluliog soft tissue
voids or indentations. A keratin composition may be pro-
vided 48 & dry solid and hydrated after subdermal
iripilaniation, of s hydrogel or viscoelastic bydioge) may be
prepared and implanted. Yo cerlain embodiments, a dry or
biydrated keratin material may be contaivied in & biocompat-
Wl envelope, bag, or container For subderma] implantation,
#pd Hydrsted after implantation by addition of witer or
ibsorption of body fluids, or a kerativ material niay be
seapended in an injectable earrier and injecied in the desired
arca of sugmeniation. In onc cooboditont, soft lissuc rag-
megtatin v accomplished by injecting a preparstion cony-
prising & Keeatin hydrogel and » el population.

Auother aapect of the prescal invention is the use of
keritin compositions for tissoe enginoering applications.
One embodiment is an implantable preparation comprising
a ketalin hydroge! and a cell population. The cell population
may include, bul are not limited to, keratinocyies,
fibrotlasts, chondiocyles, hepaiocytes, splenocyics,
acocyies, osteoblasts, of endothictsl celle. The Ketarin
hydrogel prepatstion may be prepared such that it 1s
inplantable by injection. Through proceasing andor forru-
Tation parametery, the ketatio hydrogel sy be prepared
stch thet is resorbable and that such resorption is &t &
cottralled rate, The keratin bydrogel may be prepsred such
that i s resorbed apon implantatien afier about 130 dys, or
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about 100 days, or about 90 days, or about 80 days, or about
T0 days, ot about 60 days, or about 50 days, cr about 40
duys, ot about 30 days, or about 20 days, or about 10 days,
of between dbout 10 and shout 90 days, or betweet: about 20
and abowt 90 days, of betweea about 3 dnd about 90 days,
ot gresier than 90 days. The keratin hydroge! may also
cotitain a therapeulic sgent, which may be a water soluble
peptide, wiiich may be a mitogen.

Agiither ciobodiment is A cell scaffold conmprising a
nonwoven film which comprises a hydratable keratin which
conitaity sulfonate growps. The nonwoven film may com-
prise a synthetic polymer winch may be rosorbable. The
hydeatalle keeatin may alw be inade resorbable, therehy
rendering the entire nonwoven Hlm resorbable. The noo-
woven fil mhey also bu » laminate coiposition. The hydrat-
able keeatin may conlam a therapeutic agent which may be
2 waler suluble peplide, which may be s milogun.

Another embodiment of the present invention i a method
of implanting » prepafation eomprising a population of cells
arnd 4 kerarin bydroge] inko an animal, The vell populations
may include, but are pot limited to, keratinocytes,
fibroblasts, cliondrocytes, hoputogcyles, splenocyics,
newrocyles, ostenblastx, or endothelial eells. The hydrogel
sy contain @ (herspeutic agent which may be a water
soitdvle peptide, whichi may be a mitogen. A furtber embodi-
et is & mgthiod of implssting a ccll scaffoid comprising 2
nowwrven film that comprises a hydratable keratin which
containg sulforiate groupe. Cells miav be grown on the
noawoven el seaffold it vitra, Thetcby, the nonwoven cetl
scaffok) may be sceded with cells prior ic implamsiion. Such
cells ionctudi, but are et limited 1o, keratinocytes,
fibroblasis, chondroeytes, hepatocytes, splepocytes,
nEurocytes, osteoblasts, or endothelial cells. The nonwoven
vell seafiold may be uscd 1o ropair damaged hard and soft
tiswaes, Hand tissnes incliade, but ate uot Hmited 1o, bone and
cantilage. Soff tisswes include, but are not limited 1o, skin,
mucosa aod iusele, Mucotal tissie indlndes, bul is not
limited 1o, gingivel tissue, which may be damiged boge or
damaged eadifage. Another embodinent corprises implam-
ing a keratin hydrogel cell scaffold. A therapeutic ageni may
¥e incliuded io the keratin component of all the oell scaffolds
of the prescit invention. Such a therapeitic agent may leach
wust uf the ketatin and funy be 3 water soluble peplide, which
may be mitogenic,

On one aspect of the present invention, the kerstin com-
Position is & preparstion corprising a cross-lirked insoluble
oXidized keratin excipient. The preparation may be iv the
form of & powder, tablct, film. capsuls, lotion, cream, gel,
solutiom, sispedsion, emulsion nr acrosol. The preparation
tiay be a cosmetic preparation ot may be a phatiscoutical
preparation, The preparation may further comprise one ot
wore sdditives such as dilucpts, fillcrs, lubricams,
stabilizers, bioders sod gelants.

1t is ad sspect of the present invention that & keratinn

+ composition as desctibed bercin, and in partioular keratin

obtaitied from Bowao bait is aleo usefal us an excipient for
the delivery of an active agent. An cmbodiment of the
invention may be described, therefore, #s a composition
contiprising a keratin having axitized cysmeic groups and an
active agent of ge ¥ cruss-lioked imsoluble oxidized keratin
exciplent with an active agsnt. 1o cetisin ¢obodiments the
active agetil is phiysicully or sterically eottapped withio the
kerati excipient and releaned over time by diffusion, or ax
# keralin excipicot in degraded. Furiber, in some smbodi-
ments the active agent may be associsted with the keralin
excipient. The assouviation betwesn the aclive agent and the
keratin excipiem widy be by mon<covalem sttraction or
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amsociation, through electrostatic, hydrophilic or iome
intersction, for example, or it may be covalently attached 1o
¢ ketutin exvipiont by covalent bunding W a0 oxilized
keratin as described herein, In one embodisent, the active
agent is In a cationic form thel jonically binds 1o the
sulfonate groups of the ionized keratin. In snother embodi-
et the active agent is suaociated with the keratin excipient
by Van dor Waal's forces, Association of the active agent
with & keratin excipient sfiows for the sustained and/ur
cuniiolied release of active agents, In some cmbuodiments,
the controlled release of the active agem is provided by 1he
hydredysis of the keralin excipient. Such a formulation may
wiclude a hydratable keratin solid excipient, or a ketatia
hydrogel depeading on the particelar application, In some
embodiments the sctive agent is a pharmucsutical agent
while in other embodirments the active agem is a cowpeiic
ageat.

hi the practice of the invention, a dry bydratable keratm
#n described hervin may be mixed with 2 powdered phar.
fiigceutival agent wid water added @ hydridie the saixtuie, or
alteraatively such a solid mixwre may be formulaed an &
sompressd tablet 1o be orally admitistercd of for extom-
potaneons preparations for injection, or as a molded tables,
of it may be enclosed i a capsule for oral adminisiration or
sublermal implantation, for example, I certain embodi-
sienty & solution conlaining & waicr soluble drug of phar-
macentical sgent may be added 10 a hydratable keratio s
thiat the agent is carried into 2 hydroge! along with the water,
A prepared hydrogel, of dry formulation may also he
enclosed i a digestible of biodegradable capsule, such s a
haed gelatin capsule for oral sdministration. o certaio
embodiments, the described pharmaceutical preparations
may be formulated for igjection, either intravenous,
subcitancous, or intramuscular, for cxampic, or for inhalant,
for ¢ye, cut, of st diops, or for admipistration ax a
supposiiory.

It i anderstood that the pills formulsted for oral
admsindstation, including & hydratable kerutin solid, or even
pills, capsules or tablets containing 3 keratin hydroge! may
cotitsin ingredicits to serve 83 coatings, sdditional fllers,
binders and for color coding purposes. These ingredieats are
it common s i present pharmaceotical formulations and
may inclode, but are not limited (o, gelatin, lactme, corn
starch, calcium phospliste, povidone, magnesium st¢arale,
searic acid, eolluidsl silicon dioxide, hydroxypropyl
methylcellulose, polyethiylene glyeol and ome or miore of the
flkorwing dyes: FD&C Blue No. | Lake, FD&C Blue No. 2
Alummm Lake, D&C Ureen No. 5, D&C Yellow No. 10,
EDN&icERellow No. 6 or FD&C Hed No. 3 Of course these

sre omby 2xenaplacy Gllers and dyes, thuse of skill in the art s

will récogrize that other inactive ingredicnls may e used in
the: pecparstion of the formulations of the proscod invention.

Keratin excipient preparations us described herein misy be
prepared for oral administration, and would also include

injectable solutions or suspensions for imruinuscular or 4

subscutuncows implagiaion iochiding long acting injections,
swpposiionies, {opical oistmenis, rmsdermal applications
_woch 8 skin patches, and proparations delivered by inbals-
tion. Other ingredients may include a sirfactant, such a8
trydronypropylecilulose, Dispersions cay also be prepated in
slycerol, Bquid polyettiylene glycols, and mixtures thereof
smt 4o oily. Unders ordinary conditions of storage and use,
these preparations viay contain a prescrvative 1o prevent The
giowtli of microvngagistm. Keratin excipient preparations
may abso inchude other compounds such @ ditoents, fillers,
lubgicauts, stabiltzers, bigders and geludts, Diluents and
fillers are added 10 incrcurw butk formation, and lubricatis to
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seduce frivtion during the tableting or other formulatiom
piocess. Binders e used in (ableting ated provide the
cubiesiveness necessary for bonding together the ingredicsis
urider cormipression. They also ifkreass the strengih of the
compressed tablef and decrease ity fnability, leading 1o an
paprovement io fhic both dppearsnce and micchanical chiar-
acteristivs,

‘The pharmaceutical fortns suitable for imjectable use
inchude sterile agueons solitions or dispersion, sterile pow-
ders, and hydrogels for the extemporaneoits fteparation of
sterile injectable solutions, dispersions or gels. The carrier
cant be & solvent or dispersion mediim comaining, foc
exampic, wiler, cthanol, polyel (for example, glycetol,
peopylenc glycol, and liqwid polyethylene glycol, and the
like), suiigble mixtures thereof, sud vegouble oils. The
prevention of the sction of mictoprgepisms can be brought
about by various antibacterial and antifungal agents, fur
example, parabens, chlorobuianol, phenol, sorbic aced,
thimerosal, and the ke, In many cases, it will be preferable
e lochile isotomic agents, for example, sugars of sedium
chikaride.

Suitable pharmaceutical ageits for use wilh the excipients
described bercin would include any pharmaceutical agesl
that can form an awsociation with the keratin forniulations
through non-covalent, covalent, or steriv; imeraction. These
agemts would include protein thetapentic agerits, such as
growih factors. In regard 1o oral administration, such ageats
may incliude compounds such as acetaminophen,
tettacyclines, penicitins, vitamins, smacids, non-sicrvidal
antiiofigmimatory sgentn, anesthetics, breath fresheners, and
minegals, for example.

In those emtisdinents in which itardermal administras
tion is desired, the distlosed compositions may be [orme-
tated 1o be sdministered by use of 8 shin paich, or teansder-
mal delivery system. Tramadermal admimsiration may be
aceomplished by any of a ramber of systems known in The
arl. Examiples of systemis that may be adaplad for use with
the componitions described herein include those systeiis of
irapoderinal sdministeation described in U.S. Pat. No. 4,516,
252, UK. Pat. No. 5122382, 11.8. Pat. No. 5,108,223 US.
Pat. No. 3023,084; U S, Px. No. 4,906,169; U.S. Pat. No.
5,145,682, U8, Pat. No. 4,624,665, U.S. Pal. No. 4,687 4845
U.S, Pat. No. 4834978, and U.S. Pat. No. 4 810,499 (all
ncorporated hercin by refercnaz).

These methids typically include an adbesive matrix or
drug roscrvoil sysiemn and way ficlude s kit permestion
eharcement agent such as ethanol, polyethylene glycal 200
dilaurate, isopropyl myristate, glycerol trioleste, linolenic
scid saturated cthanol, glycérnl moneoleate, glyocond
momolautae, n-deeyl aleohol, capric acid, and certain suiu-
rated and wosatoraded Tatty weids, and their esters, alcohols,
monoglycerides. acetate, diethanolamides and N, N-
dimethylamides (Sce for examiples, US. Pat. No. 4,906,
1689,

The relesse rate of ap active agent from » keratin excipient
preparition, when that active agent is not associated with the
keratin excipisnt, is determined by e rate #1 which wates is
shmorbed and the keratin solid dinintegrates, The wader
sbworption rite of the solid ketatit esp be controlled by thic
number of sulfonic acid residues gerersied in the oxidation
procedure. By cxposing the Keratin sowrce material 1o
exiremien of oxidant concemiration, temperature, and time,
exitrvines of shsorption rale can be ubtained. For exwunple, o

low oxidaut copeentration, coldst temperstures and shost -

timte periods, relatively few disulfide residucs will be oni-
veried 1o sulfowic acid temdues. Such a keratin solid, furthier
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processed as described tierein will absirb relatively litte
water ant disinegrate relatively slowly, Couversely, 2 bora-
tin solid prepared at bigh oxidant coneeritration, at boiling
froperatice for a Jong time poriod, further processcd as

desirived hereid, will abworh relatively large amotuits of

waler amd disimtegrate reladvely quickly. Disintegration
rates botween these extremes can be obitained by processing
the koratin souree material using intormcdiate conditions.
Whcn the active agent iy associated, sueh as ionically, with
the keratio excipient, the reléase rate is determined by both
the rate at which waler is ahsorbed and the kezatin solid
disigtegrates and the rale of dissassociation of thc active
agent from the keratin excipient. For some materials which
ate g6 tghtly bound that release by dissassociation along is
ineffectual, degradation of the Keraun solid must ocour
before the dedg molecule can bicome dissolved id the
gitrrounklioy, wedia. The relgase rate voder these couditions
can be comrolled by the degradation rate of the kecatin solid.
In general, oxidation and formulation conditions will effect

the Wydrolytic stability of the hydroge! contaiming the drug

ol Peracotic acid oxidized keratin provides 3 more
hydrolytically stable gel than dies hydrogen peroxide oxi-
dized] Meratin, for example, Paramwfers such as oxidant,
oxidation time and solids contént of the hydrogel ave been
showii W be fmportam paramciens i comrofting invitte
stahility at body tenperature,

In somic embudiments of the invéntion, 2 composition for
the delivery of pharmaccutical agents is in the form of a
nouwoven film comprising a synthetie polymer and a keratin
tadetial. The syathetic polymer may be, but is nol Limited 1o,
a-akfits, acrvhites, arethanes, scetates, nylons, estcrs, sod
copolymers (hereof. In some embodiments the nonwoven
composition is a laminalc, which may be a tri-Jaminate
comprising two ouler layers of syuthetic polymer and
ok Jayer of keratin material. The keratin material in the
middle layer may be partially exposed by openings in the
two outer nonwoven synthetic polymer Tayers. Tn some
embodinients of the wvention the ayuthetic polyner layers
are ponwoven synthetie polymer webs. The noowoven fila
plarciscentical delivery composition midy be used exter-
aalty or internally.

BRIEF DESCRIPTION OF THE DRAWINGS

The Tollowing drawings form pan of The presemt sprecifis
cation and are ikluded 1o forther demonsirie cetlain
aspects of the prevest invention, The invention may be betier
nderstood by eferenec to 006 or more of these drewings in
combination with the detaifed description of spoeific
cinboditents horein.

FiG. 1. felease of albuimin om Keratin tabks.

G, 2. Sctewatic of proposed tischanizm for amine drug
hinding w oxklized Xorgin.

HG. A Hydrogen peroxide oxidized bair pH 7 titration
cutve,

HG. 4, fickase of notéphedrine from keratin tables in

FIG. 8. Releuse of acelamminophen from keratin tablew in
simulated gastric fwid,

FI1G. 8. Losding of acetaminophen into kerstin tablets.
Loading tased on amount used in jon exchange process.

HIG. 7. Stability of keratin hydrogel prepared by peracetic
seid oxidation and sl a solid to Hauid weight ration of 1.8,
Coturims of <1 day did not form a gel.

FIG, B, Stability of keratin hydrogel prepared by peracetic
acid oxidation and at & solid to Hiquid weight tatio of 1:6.
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Colmns of <1 day did not form a gel. Columns with data
Tubels iudicate yel stable m list obscivation pst,

FiGs. 9. Stability of kecatin Irydrogel prepared by peracuiie
acid oxidation and w3 solid 1o liquid weight ratio of 1:4,
Columns of <1 day did pot form a gel. Columns with dats
labels indicate gel stable at last obmervation point.

110G, 10. Statility of ketatin hydrogel prepared by hydro-
geh peroxide oxidation and at a solid o hquid weigh! rane
of 1:8. Colurims of <] day did oot form a gel.

F1G. 11. Stability of keratin bydrogel prepared by hydro-
gen peroxide oxidation and at a solid w Lguid weight ratio
of 1. Colunms of <1 day did not form & gel. Columas with
data labels indicate gel wable st Jast observation pot.

FI6. 12, Stability of keratin hyihrogel prepared by hydro-
gen petiside axidation anid at a solid 1o Liquid weight ratio
of 1:4, Columns of <1 day did not form x gel. Cotuninia with
data labels indicate gol stable at last observation powmt.

DETAILED DESCRIPTION OF THE
INVENTION

The prescut igveutiva inchudes 1 hydeatable solid derivesd
froth keratin that is highly absorbent and can form & hydro-
gel or visuelastic bydropel upon the application of waser.
The keratin solid can inclide profcin baving an wnizable
peodant group sich o sulfonic acid that canbe dorived from
a0 oxidhzed protein disulfide Linkage, A preferred souses of
proteint v heratin, and particularly preferred is heratin
obtained from hair, including human bair. While hait i a
preferred source of keratioous material, oiher keratinous
matetiude dre abso believed svitable for usé in the present
jmvomion, Examples of ofher sources include animal hair,
akin, hoovens, feathem, beaks, fect and homs. The patient or
a human douor wre soine preferred soutces of hair, ws e
froin these soutces i st likely to result in & don-
mnmunogeic product, sltikagh animal bair may be sccepl-
s fot many individuals for many applicatums. Tn ene
method sccording, o the prosent invention, hair s provided,
preferably clead and unbleached. n saother method, the heir
is washied with Verse-Clean™ (Fisher Scientific, Pittsburgh,
Pa), rinmed with deionized water, and allowed 1o dry.

A. Prepaeation of Oxidized Kesatin
The hair cao be oxidiced o peracetic acid or ssother

5 saituble reagent such as H,0,. Dne method utilizes between

abwet {% 1o 32% peracetic acid, a1 a teroperature between
sbiout O degrees C. and 1N degrees O for between 0.5 and
24 towrs. o ooe method, sbout 1 weightivolume peroent
perscetic scid i3 wed. One method treats 30 grams of hair
with 50 wl. of 4% peracetic acid af 4 degrees T, Jor 24
bours, Another miéitiod treats the hair 21 routn lernperatore
for 24 howrs. Yet another ietbiod tteats the hair 2t about 90
degrecs C. for atwrut 10 bours. In 4 preferred method, the bagr
B treated by heating the hoir in the osidizing agesd for
betweot aboul T and 4 hours at « temperatire between s
20 wnd 1O degrees C. In a more preferred method, the hair
B weuted by heating the hair in the oxidizing agent for
between sbout 1 and 2 hotirs at a tetnperatue between about
80 and 100 degreea C. In 2 momt preferred method, the haie
v irewled by heality the bair in aboutl 2 weightvolume
picent oXidizing agent for sbout 2 hours at 4 terperature of
about 100 degieen C. The oxidation is believed (o cleave a
axgmhcant fortion of Keratm disulfide bonds forming cysieic
i renidues huviog sulfouic scid groups. The sutfonic scsl
groupe are believed to be hydruphilic in nature and will
onically bond 1o calions later m the process, Tormiing » walt
of the keratia and estiomr. The panial nxdation s aleo

.
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Como resultado del examen de busqueda de anterioridades y con fundamento en el
articulo 46 de la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

1. SOLICITUD DE SUMINISTRO DE INFORMACION

El articulo 46 de la Decisién 486 de la Comision de la Comunidad Andina establece que: “La Oficina Nacional
competente podréd requerir el informe de expertos o de organismos cientlficos o tecnoldgicos que se
consideren idéneos, para que emitan opinién sobre la patentabilidad de la invencion. Asimismo, cuando lo
estime conveniente, podréa requerir informes de olras oficinas de propiedad industrial. De ser necesario, a
efectos del examen de patentabilidad y a requerimiento de la oficina nacional competente, el solicitante
proporcionaré, en un plazo que no excederan de 3 meses, uno o mas de los siguientes documentos relativos
a una 0 mas de las solicitudes extranjeras referidas total o parcialmente a la misma invencion que se
examina: ... b) copia de los resultados de exédmenes de novedad o de patentabilidad efectuados respecto a
esa solicitud extranjera; ... Si el solicitante no presentara los documentos requeridos dentro del plazo
seflalado en el presente articulo Ia oficina nacional competente denegaré la patente”.

Como consecuencia de la busqueda de anterioridades de materia relacionada con lade la
presente invencion, se determind que existen en el estado de la técnica los siguientes
documentos, que eventualmente afectarian los requisitos de patentabilidad de esta
solicitud:

SHALABY , SW. Polymers for augmenting R Botulinum vaccine efficacy, crisp
data base National Institutes of Health, 2002, Todo el documento.

CROSLAND, R. Detection of sparse Botulinum toxin A binding sites using
fluorescente latex microspheres, June 1999, vol 22, no. 2, pages 113-115.
SCHANTZ et al., properties and use of botulinum toxin and other microbial
neurotoxins in medicine, microbiological reviews, march 1992, p. 80-99. Todo
CONSOLE et al, antennapedia and HIV transactivator of transcription (TAT)
protein transduction domains promote endocytosis of cell surface
glycosminoglycans, the journal of biological chemistry, 2003, vol. 276, No. 37, p.
35109 — 35224. todo
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Siendo que las publicaciones referenciadas hacen parte del resultado del examen de
busqueda realizado esta solicitud colombiana, y no siendo viable la consecucion de dichos
articulos por este despacho, se requiere que el solicitante, en virtud de lo establecido en el
articulo 46 de la Decision 486 de la Comision de la Comunidad Andina, proporcione las
publicaciones completas, con lo que podra realizarse un analisis absoluto de la
patentabilidad de la invencion correspondiente a la presente solicitud.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal €), del
capitulo quinto (5), del titulo primerq__d7 la circular Gnica N° 10 de 2001.

Y. 2

ALIX CARMENZA CESPEDES DE VERGEL

Directora de Nuey,és Creaciones (C)
£

<

El anterior requerimiento . fue notificado por fijacion en lista, de
feCha W v'(ﬁ;

ga

CONCEPTO TECNICO EXAMINADOR TECNICO EXAMINADOR JURIDICO
N°: 1125 Cédigo N°: 202087 Cédigo N°:

N
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Patente de Invencion o Patente de Modelo de Utilidad ]

Via Nacional
Via PCT (fase nacional) Cap.i Cap. Il ]
No. Sol. Internacional PCT/US2005/007524

Fecha de Presentacion Internal. 2005/03/03
Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:
1. Documentos estudiados
Descripcion: Folios: 66 a 120
Reivindicaciones; Folios 121 a 142 como se radicd iniciaimente

Prioridad: Fecha: 2004/03/03, pais: US, numero: 60/550.015

2. Objeto de la invencion

o Titulo de la solicitud: Composiciones y métodos para aplicacion tépica y
suministro transdermico de toxinas botulinum. Numero de folio: 1

El problema planteado en esta solicitud es la necesidad de la aplicacion tépica de
la toxina botulinica que es mas segura y deseable debido a la naturaleza dolorosa
de la aplicacion, a las largas superficies de tratamiento que se deben cubrir, ala
habilidad de formular una toxina pura con una mas alta especificidad de
actividad, a las menores dosis que son necesarias para producir el efecto
deseado, etc, por lo tanto es necesario un medio para la entrega y administracién
transdermica (tipo parche) de la toxina sin requerir inyeccion.

EXP 2006-98637
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Para solucionar este problema técnico l1a solicitud en estudio proporciona una
composicion para aplicacién topica de toxina botulinica.

Clasificacion Internacional de Patentes (IPC.): A61K 51/00

. Unidad de invencién (articulo 25 D 486)

Reivindicaciones 41- 50: Se refiere a un kit para administraciéon de una toxina
botulinum a un sujeto. Los componentes del kit (toxina, portador, aplicador
habitual, frasco, dispositivo, composicién, empaque, instrucciones) pertenecen a
diferentes campos técnicos de manera que no dan cabida al principio de unidad
de invencion.

. Excepcidn a la patentabilidad (articulo 20 D486 literal a)-d)
Reivindicaciones 51- 150: Se refieren a un método para administrar una toxina
botulinum a un sujeto por lo tanto estan exceptuadas de patentabilidad segun la
legislacion vigente. :
Determinacion del Estado de la Técnica
La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:
Fecha de presentacion de la solicitud prioritaria 2004/03/03
Teniendo en cuenta la fecha indicada se realiz6 la busqueda en el estado de la

técnica de documentos relacionados con la solicitud encontrandose los
siguientes documentos mas relevantes:

. Fecha de
N° Documento Titulo publicacién®
METHOD OF TARGETING
D, | US 2003/0147921 PHARMACEUTICALS TO 2003/08/7

MOTOR NEURONS

KERATIN- BASED POWDERS
AND HYDROGEL FOR

PHARMACEUTICAL 2003/04/8

D, US 6544548

APPLICATIONS

6. Analisis de patentabilidad (articulo 14 D486)

Nivel inventivo (articulo18 D486)

La presente Solicitud de Patente reivindica:

Reivindicacion 1: Composiciéon que comprende toxina botulinum en asociacion no
covalente a un portador que comprende una estructura polimeérica que tiene
grupos ramificados adheridos cargados positivamente.

EXP 2006-98637
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Dicha composicion esta afectada por los siguientes documentos del Estado de la
Técnica: ‘

D1 ensefa la aplicacion meédica de la toxina botulinica y composiciones que
comprenden la toxina botulinica en asociacion a un portador polimérico.

D2 ensefa que la asociacion de un agente activo con un excipiente puede
llevarse a cabo mediante atraccion no covalente (folio 203 In 65-67)0 asociacion
a través de interaccion electrostatica, hidrofilita o idnica, en donde el agente
activo puede ser una forma cationica que se une idbnicamente al excipiente. La
practica de la invencién puede administrarse mediante implantaciéon subcutanea
(folio 204) la cual incluye inyecciones de larga duracion, supositorios, ungientos
topicos o aplicaciones transdérmicas como parches cutaneos (folio 204 In 58).

La Unica diferencia con D, es que esta solicitud es que la unién entre la toxina
y el portador polimérico es no covalente.

El efecto técnico logrado por esta diferencia es una forma de aplicacion topica
para la toxina botulinica.

El Problema Técnico Objetivo se pued'é'definir en como lograr una forma de
aplicacién via topica para la toxina botulinica alternativa a lo previamente
conocido.

Por tanto, la solicitud, tal como se reivindica, es obvia, porque el experto medio
en la materia enfrentado al problema de necesitar una via topica para la
administracién de la toxina botulinica y conociendo el estado de la técnica
fabricaria las composiciones reveladas en D1 en donde la toxina botulinica se
asocia a un portador polimérico pero utilizando las ensefianzas de D2 en donde
se asocia un agente activo a un excipiente de forma no covalente que puede ser
administrable en forma de parches transdermicos, y asi de esta forma lograria lo
reivindicado.

En conclusion, no se considera que la presente solicitud merezca reconocimiento
de nivel inventivo.

6. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

o o Reivindicaciones .
N Documento N afectadas Requisito que afecta
D, | US 2003/0147921 1-40 NIVEL INVENTIVO
D, US 6544548 1-40 NIVEL INVENTIVO

EXP 2006-98637
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En cumplimiento del articulo 45 de la Decisidn 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de la presente comunicacion. En caso de no dar

respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio caonforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primera/de la Circular Unica N° 10 de 2001.

A

ALIX CARMENZA CESPEDES DE VERGEL
Directora de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

CONCEPTO TECNICO EXAMINADOR TECNICO
No. 1125 Codigo No. 202087

EXP 2006-98637



