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(57) ABSTRACT 

A method of targeting therapeutic molecules to motor neu-
rons is disclosed. In one embodiment, this method comprises 
the steps of (a) synthesizing a prodrug comprising a thera-
peutic molecule covaleritly bound to a polymeric delivery 
vehicle, and (h) conjugating the prodrug to a hotulinum 
neurotoxin heavy chain. 
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METHOD O1 TARGETING PHARMACEUTICALS 
TO MOTOR NEURONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to US. Serial No. 
60,208,5 I 6,fUcd Jun. 1. 2000,which is incorporated by ref-ef-

BACKGROUNDBACKGROUND OF Fl-IL INVENTION 

[0002] Jotulinum neurotoxin is an ongoing public health 
probleiti 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 ditriger exists for biological terrorism. Intoxication 
front the toxjn 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 cart result from exposure to 
less than microgram of toxin. [’here are no effective 
therapies once symptoms of botulism appear other than 
supportive, treatments such as intuhation and ventilation. 

[0003] Within the last five years a number of potential 
therapies have been identified (e.g. aminoquinolines, met-
al]oproteasr irthibitors, aminopyridines. Adler, et al., 1996), 
and zinc chelalors such as TPE.N (Adler, et al. 1997). None 
of these arc likely to work in vivo clue to difficulty in 
penetration into the neuronal cytosol and high systemic 
toxicity. Although better nretalloprotease inhibitors have 
recently been developed at the University of Wisconsin-
Madison (Dr. Daniel Rich), these are likely to be limited by 
lie same problems of membrane penetration and toxicity as 
he first generation of drugs. Anything that crosses lipid 

membranes easily will also be likely to cross the blood-brain 
barrier and have CNS toxicity. Any potential therapeutic 
comp..utrd that cannot be internalized into the nerve terminal 
cvtosi! will lot be capable of antagonizing the active 
conij.n tie nt of 0o In Imum neurotoxin, 

DRILl SUMMARY OF fl IL INVLNIION 

00041 In one embmtinient, the present invention is a 
method of targeting therapeutic molecules to motor neurons. 

’his method preferably comprises the step of (a) synthcsii.-
ii ig a pri.id rug en III rising it rhcrapc it tic molecule cova lenti y 
lii nod to it polymeric delivery vehicle and (b) conjugating 
the prodrug to ut hotulioum 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 hotitlinum neurotoxin heavy chain is type A hotu-
linttm neurotoxin and the therapeutic molecule is a metal-
loprotease inhihitot-, 

[0006] It is an object of the present invention to target 
therapeutic molecules to motor neurons. 

10007] Otttcr objects, features and advantages of the 
present invention will become apparent after one has 
reviewed the specification, claims and drawings. 

JIRIEF DESCRIP1ION OF THE SEVERAL 
VIEWS Of- ’I’! IL DRAWINGS 

[0008] FJ(;. 1. SI)S-PAGI-i of purified type A neurotoxin 
(laite 1, uuirertuced; lane 2, reduced), light chain (lane 3), arid 
heavy chain (lane 1). 
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[0009] FIG. 2. Covalent modification of free 1hiol groups 
in type A botulinuan neurotoxin. 

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

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

[0012] FIG. 5. Structure of the heterobifunctional linker 
sulfosuccinimidyl-6-[alpha-methyl-uulpha(2-pyrietytluio)-
toluamido]hexanoate (sulfo-LC-SMPT). 

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

[0014] FIG. 7, Release of 2-thiopyridine leaving group 
from sulfo-l.C-SMI’T activated ctcxtran. 

[0015] FIG. R. Inhibition of ACt-i by reduced prodrug. 

[0016] FIG. 9. Structure of captopril. 

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

[0018] FIG. 11. Oxidation of hydroxyl groups to carbonyl 
groups and subsequent reaction with PDPII. 

[0019] FIG. 12. Overall reaction scheme for conjugation 
of prodrug to hotulinum heavy chain. 

[0020] FIG. 13. Cy 3.5 mottoftrnctiorial dye rrroleculc. 
Molecular weight 1102. Ahsorhancc max=581 nm. Emission 
max-596 rim. 

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

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Our solution to the above -stated problem is to use 
a modified, nontoxic form of the hotutlinuni neurotoxin 
molecule to specifically target and deliver, currently identi-
fied therapeutics as well as compounds developed in the 
future to the appropriate cholinergic motor neuron terminals, 
Once delivered to the pre.svnaptic motor neuron n-ienihrarie, 
the chimeric delivery vehicle preferably consisting of the 
heavy chain of the neurotoxin covaleotly linked with a 
polymeric molecule capable of delivering multiple copies of 
therapeutic compounds will bring the desired therapeutic 
across the membrane and into the rteuromu where the drug will 
be an effective therapeutic. In one embodiment, the drug 
may be an antagonist of hotulinum neurotoxin. In another 
embodiment, 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 least one copy, and preferably multiple copies, of it 
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 hotulinum neurotoxin, preferably type A. 
This combination will yield a pharmaceutically active coot -
pound that specifically targets and internalizes desired sub-
stances into chotinergic neurons including active inhibitors 
of the active fragment of the neurotoxin itself. 

[0024] We envision that the method of the present inven-
tion will be suitable for all heavy chains of hotulinurn 
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neu roloxin. The lixamples below describe a preparation 
usine type A heavy chain. Other heavy chains (i.e., all seven 
scrotvpes of heavy chains, A-G) can be prepared in a similar 
rnanriei. One may obtain the heavy chain in a variety of 
manners. l’relerably, 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 
reci on hi na ni I) N A methods. 

[0025] Polymeric delivery vehicle is an inert carrier mol-
edute ranging in 5170 from 10-40 kD that can be chemically 
modified such that therapeutic molecules may he covalently 
linked to it. 

L0026] The polymeric delivery vehicle preferably com-
prises amino reactive dextran, described below as having a 
molecular weight of approximately 10 kD and 40 kD. Other 
suitable polymers include polyethylene glycol and poly-

mimes. 

[0027] l)extran arnines were preferably l’urictionalized for 
conjugation with model inhibitors by addition of the water 
soluble lteterohituuctional linker sulfosuccinimidyl-6-[al-
pha-nacthyl-a lpha(2-pyridylthio)-toluamido]heXanoate 
(sullo-1 .(-SMPT, FEC. 5). Other suitable linkers include 
heterobifu not coal linkers continuing amine and .sulfhydryl 
reactive elements. Also useful are heterobifunctional linkers 
that are carboxy reactive as well as sulfhydral reactive. 

10028] The conjugation of the prodrugs to the heavy chain 
of hotrt liriurii rieurotoxin will typically take place as follows: 

[0029] We envision two preferable approaches to the 
synthesis of prodrugs that contain high molar concentrations 
of model inhibitor and have a traccabl label. 

[0030] Approach 91. We currently use specific dextrans 
that are ant joe reactive and contain a flourescent marker 
such as fiuoresceiu, tetramethylrhodamine, or Cy3.5. The 
availability of fluorescent dextran conjugates with different 
sizes and charges will permit us to synthesize a wide variety 
of prodrugs. These labels are commercially available from 
Molecular Probes, Eugene, Oreg. and from Pharmacia 
Amershamn, Pistcataway, N.J. 

[003.1] The initial step in this approach will he to generate 
carbonyls on the dextran that are reactive to a hydrazide 
ccimitzutling heterohifunctional linker. The preferred linker of 
choice is 3-(2-pvridylthio)propionyl hydrazide (PDPII). The 
generation of hydrazide reactive carbonyls on the dextran is 
accomplished hy gentle oxidation using sodium periodate 
tccordjn to the method of Ranadive, et al. (U. Ranadive, ci 
ml ,,fi’uc/. Vied. TIjol, 20:719-726, 1993). Briefly, this reaction 
iitvlves reacting the dextran with 5-10 mM sodium perio-
date iii 11)1) mM sodittm acetate, pH 5.5, for 20-30 minutes 
in 11w dark at room temperature. The oxidation reaction is 
quenched wiih addition of glycerol to 20 mM final conccn-
ration. the dextran is dialyzed against 100 mM sodium 

acetate, pH 5.5, to rernt.we glycerol 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 to a desalting column such as the 
Pharmacia PD tO. 

[0032] l’he desalted, derivatized dextran is then reacted 
with captopril. ’l’he 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 eaptopril is removed by desalting on 
PD10 columns. The amine groups on the dextran are then 
reacted with the linker sulfo-LC-SMVI’. this generates free 
thiol groups that can then he conjugated directly to hotuli-
mum heavy chain via disulfide exchange. 

[0033] Approach #2. The second approach to conjugating 
prodrug to heavy chain involves synthesis of prodrug using 
PDPH-activated amino dextran- Amine-reactive pharm ace u - 
tieal compounds are added to PDPH-modified 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 I’D 10 columns or extensive 
dialysis in 25 mM phosphate buffered saline, p11 7.4, the 
prodrug is added to hotulinum heavy chain and the free thiol 
group(s) on the heavy chain allowed to form disulfide bonds 
with the thinl reactive portion of the linker l’l)l’H. the 
reaction is allowed to proceed overnight at 4 C. Excess 
prodrug is readily separated from the heavy chain-prodrug 
conjugates by addition of ammonium sulfate to 60% saw -
ration. tinder these conditions heavy chain-prodrug and 
unreacted heavy chain precipitate while the carbohydrate -
based prodrug remains in solution. 

[0034] A second approach to separation of unreacted dcx-
tran from hotulinum heavy chain can be accomplished by 
immobilized-metal affinity chromatography (I MAC) 
according to the method of Schiavo, chat. (U. Schiavo, ci al., 
Infect. I,n,nun. 58-14136-4141, 1990). Briefly, chelating 
Sepharose (Pharmacia) charged with Zn is used to bind the 
heavy chain of hotulinum toxin and heavy chainpolvnwr 
constructs. Unreacted dextran is washed from the column 
with 5-8 column volumes of atoning buffer and the heavy 
chain/polymer constructs eluted with 25 mM imidazolc. 

[0035] Preferred therapeutic agents include protease 
inhibitors- Specific inhibitors include aprotinin, chyniosta-
tin, amastatin, bestatin, leupeptin, antipain, trypsilt inhibi-
tors,

nhi hi
-bra, chelating agents such as EDTA, TPEN, o-phenanthro-

line, and peptide inhibitors of proteasea. 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 ’lAPI series of 
matrix metalloprotease 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 combioatidn orally. 

EXAMPLES 

[0037] Bacterial Strains and Culturing. 

[0038] The Hall A strain of type A C. botulinwn was used 
to 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. El. 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. borulinwn Hall A were grown 
statically in 15 ml Huntgatc tubes containing 10 ml of cooked 
moat medium +0.3% dextrose (CMM, [Difco Laboratories, 
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Detroit, Mich.]) under an anaerobic atmosphere (80% N2, 
10% CO,, 10% H) at 37° C. for 24 hours and frozen at �20° 
C. until usc. CMM cultures of the Hall A strain give toxin 
titCrs in excess of lO Lt)50/rnl in 48-72 hours. 

[0040] For toxin production, cultures of Hall A were 
grown statically in itt liter volumes of toxin production 
medium (1PM) consisting of 20% NZ TT (lot #9NC29) 
CiiSCi1 tiyctrutysate (Sheffield Laboratories, Norwich, N.Y.), 
I .0% veiist extract (Ditco), and 0.5% dextrose, p11 7.3-7.4, 
for 5-7 days at 37° C. (’utlures of Halt A showed heavy 
0rowtJt in Ibis rnediuoi during the first 24-48 hours followed 
ftc autoltais of the culture which was evident as a clearing 
and settling over the next 48-120 hours. 

[0041] Toxin Purification. 

[0042] the production and purification of type A neuro-
toxin for use as t he starting reagent in subsequent chain 
separations and purifications was successful. As shown in 
FIG. I, lanes I (unreduced) and 2 (reduced), purification of 
three batches of type A botulinal neurotoxin having an 
averiIe specific toxicity of 1.5x10 mouse int rape ritoneal 
Icihal closes per mg if protein was successful. Three separate 
hatches of toxin were cultured and purified to homogeneity. 
Subsequent purilication of the component light and heavy 
chains Were performed with yields shown in Table 1. 

YARLE I 

Yields of toxin at various stages of purification". (Roman numerals 
tefer to individual Purification steps described b1nw.) 

Batch I Batch Itutelt 3 

I. Crude cuitrire 111 ii l(l 2.11 a utb 3.11 a 10’ 

It. toxin complex, 200 225 275 
Itt. Partially puriheel octiroitsain’ 35 47 60 
l’v. funned neurotoxin’ 20 23 30 
V. Light hcint 5 5.5 9 
Vt. Hettcs chain Ii 7 11 

cia :1 pm lain. 
lt,uts:.i, not of condc 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 calcium carbonate (40(1 mM final concentration) 
allowed us to double the amount of toxin produced in culture 
over the course of this research. This will he extremely 
important in subsequent scale -ups. As can he seen in Table 
1, the amount of toxin complex obtained from Batch 3 vs. 
Hatch 1 did not double as expected based on titers of crude 
culture-,. 

[0044] Toxin Purification Steps Noted in Table 1 

[0045] 1. Cultures of C. boruli,tum were grown in 10 
liter batches of 2% casein hydrolysate, 0.5% dextrose, 
0.50 yeast extract, pH 7.4, for 4-5 days at 375 C. 
Cultures were harvested at this time by addition of 3N 
H.S( ), to a tinal pH of 3.4. Crude lOsdin prccipittttcd and 
was collected by ceritrifugatismri 

[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 
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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 DEAL-Sephadex columns 
equilibrated with the same buffer. Ibxin 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 79. Dia-
lyzed toxin complex was hound to DEAE-Sephadex 
equilibrated with the same buffer. Partially purified 
neurotoxin was doted as the first peak with a 0-300 
mM sodium chloride gradient. 

[0048] IV. Purified neurotoxin was separated from 
minor amounts of contaminating complex proteins by 
dialyzing the neurotoxin peak eluted in step III against 
20 mM sodium phosphate, p11 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 alkylaling 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 purification. Purified ncurotoxin was dia-
lyzed against 20 niM sodium borate, 40 mM sodium 
phosphate, pH 8.4, and applied to QAF-Sephadex 
equilibrated with the same buffer. After binding ecu-
rotoxin to the column, one-half column volume of 
loading huller plus 10 mM dithio)hrcitol (DTT) was 
applied to the column. A second one-half column 
volume of loading buffer plus 100 mM DT1 and 2 M 
urca was applied and the column held over night at 4° 
C. to allow reduction of disulfide bonds. Light chain 
was doted 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 DY1’, 2 M urea, and 50(1 mM sodium chloride. 

[0050] VI. Heavy chain containing trace amounts of 
unnicked neurotoxin was dialyzed against 20 mM 
sodium phosphate, 5 mM Dl’l, pH 7.5. The heavy 
chain was then applied to a column of l)EAE-Sephttdex 
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 neurotoxin during at around 100 mM 
sodium chloride and heavy chain eluting at about 400 
mM sodium chloride. 

[0051] Neurotoxin Modification. 

[0052] Purified type A hotulinum heavy chain has six 
cysteine residues. Of these six thiol groups, two are involved 
in an iritraehain clisulfied bond and are not available for 
reaction with other compounds as the reduced thiols are in 
such close proximity to each other that they quickly reform 
a disulfidc linkage following removal of the reducing agent 
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(FIG. 2). Treatment of intact neurotoxin with the thinl 
alleviating agent lodoacetamide yielded a molecule with 
0-1.2 free thiols on average as assessed by titration with 
his-dithionitrobenzoic acid (human, 1959). This material 
retained greater than 80% of the starting toxicity as mea-
sured by mouse bioassay. Purideation of heavy chain was 
subsequently performed according to the method of 
Satbyantoorthy and t)asGupta (1985) as shown in FIG. 3. 

[00531 Electrophoresis. 

100541 Protein samples were examined electrophoretically 
using The Pharmacia Phastsystcm (I’harmacia LKB Inc., 
Piscataway, N.J.) according to the manufacturers instruc-
tins. Precast 12.517e., acrylamide gels (Pharmacia) were 
stained with 0.1% cooinassie brilliant blue R250 in 16,7% 
acetic acid, 41.7% methanol. Gels were destained in 7.5% 
acci ic acjd, 25172, methanol. Samples for clectrophoresis were 
soluhilizrd in 50 mM Tris-HC1, 5 M urea, 5% SDS, 20% 
glycerol. pH 6.8. Some samples were reduced by addition of 
dithioihreitol to a final concentration of 0.5%. All samples 
or Sits -PAGE were boiled for >5 minutes prior to etectrc-
Iioresis 

[0055] loxin Assays. 

[0056] Toxin titers were estimated in mice using the 
ilirravenous method of Itoroff and Fleck (1966) and the 
itrapentoneat method of Schantz and Kautter (1978) in 
8-22 g, female, ICR strain mice. Time-to -death values 

obtained from intravenous titration of type A toxin samples 
were converted to intraperitoneat I .l)50/m! using a standard 
curve generated in our laboratory with type A complex. 
1-totulinal 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, p1! 6.4. 

[0057] Structure of Prodrugs. 

[0058] Polymers selected for reaction with specific tinkers 
included amine reactive dextrans (Molecular Probes, 
Eugene, Greg.) having molecular weights of approximately 
10 k and 40 kD. ’lhcse dextrans had on average 4.8 moles 
amine per mote of dcxtran (101W) and 6.7 motes amine per 
mote of dextran (40 kG). The general structures of these 
compounds are shown in FIG. 4. 

[0059] Dextrari amiucs were functionalized for conjuga-
tion with model inhibitors by addition of the water soluble 
ticterotnitunctional linker sulfosuctn imidyl-6-[alpha-me-
tlivl-alphs(2-pyridytthio)-toluamido]hexanoate (sulfo-I ,(’.-
SMPT, FIG. 5). 

100601 Linker was added to amine dextrans at 20:1 molar 
is ( 21) iriote tinker: I mole amine). I joker addition reac-

ions were performed in 100 mM sodium phosphate huller, 
p1-I 9.2, and were allowed to continue for 2 hours at room 
temperature. Ibis p11 favored addition of tinker to polymer 
try reae::ion of the succinirnidyt ester on the linker with the 
primary amine of the potynier. Unreacted linker was 
reitnoved by either size exclusion chromatography in the 
case of the 10 ltD dextran on !’harmaeia PDIO columns 
Ph arm aci a Biotechnology, Pistca taway, N.J.) equilibrated 

with 25 mM sodium phosphate buffered saline, pIT 7.4, 
(PBS) or by extensive dialysis vs. PBS in Slidalyzer dialysis 
cassettes (:1.5 kG cutoff, I’ierce Biochemical (..o., Rockford, 
Ill,) in the case it the 10 klJ dextran. The resulting corn -
pounds are shown in FIG. 6, 
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[0061] linker addition to dextran was confirmed by gentle 
reduction of fuoctionalized 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 yielded a 
molar concentration of the leaving group of 96 nM indicat-
ing that the amine groups or the dextran at a concentration 
of approximately 750 fig/mt 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 RD 
amino-dextrans. 

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

[0063] The reaction kinetics (A343 increase) for the dis-
placement of the 2-thiopyricline leaving group from func-
tionalized amino-dextran by captopril were nearly identical 
to those generated hy the reducing agent dithiothrcitol 
indicating that captopril was a good nueleophile and Was 
rapidly bound to the dextran polymer via disulfide bond 
exchange with the linker. These prodrugs are shown in FIG. 
10. 

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

[0065] We will continue to rise 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-
nogenicity. 

[0066] Prodrug Assay. 

[0067] We have determined that prodrugs based on the 
mctalloprotease inhibitor captopri.l 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 are introduced into the 
reducing environment of the motor neuron. We used a 
modification of the assay described by Cushman and (The-
ung (1971) to measure inhibition of the enzyme by captopril. 
Cleavage of the substrate by ACE yeilds hippuryl which is 
soluble in ethyl acetate. Following ethyl acetate 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 IC53 of captopril for 
this particular reaction was calculated to he 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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[0069] Synthesis of Fluorescent Prodrugs. 

[0070] (:vanine 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 
(y 3.5 rnonofunctiottal dye (A.rnersttam Pharmacia Biotech, 
Piscataway, N.J.) as a marker for determining uptake of 
dextran prodrugs into motor neurons. The Cy 3.5 dye is 
scarlet fluorescing and is readily detected using standard 
rhodaminc filter sCts. The dye is a monofunctional succin-
itnydyl 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 dye) for conjugation to botulinum heavy chain 
involves two separate linker addition steps. the first step is 
oxidation of the aminodextran by addition of sodium perio-
clat (1.0 mM final concentration) to solutions of 10 or 40 kD 
amr.aiutudextran. The reaction is carried out in 100 mM 
sodium acetate, p1! 5.5, for 20 minutes at room temperature. 
Thc oxidation reaction is quenched by addition of glycerol 
to a Imoal concentration of 50 mM. This results in the 
fottiratirin of hydrazidc reactive aldehydes and ketones on 
the a rrunodextrata. Excess periodate and glycerol are 
rrarnovcd by extensive dialysis in 100 mM sodium acetate, 
pll 5.5. i’hese carhonyl groups are reactive with the 
hydra/i& portion of the linker PDPII (3-(2-pyridyidithio-
)propionyl ltvdrazide, Pierce Biochemical Co., Rockford, 
Ill.). PDPH is dissolved in DMSO and added to the dialyzed 
amino cItran at a final concentration of 10 mM. The 
reaction is allowed to proceed at room temperature for 2-4 
hours. 

[0072] Alter removal of unireactcd linker by size exclusion 
chromatography or extensive dialysis, the a rininn dextran 
Pius PDPH is reacted with the Cy 3.5 ester. This reaction 
adds the dye molecule to the free amine groups present on 
the dexlr:irt. Unreacled dye, is removed by either size exclu-
sion ci ma tograpliv or dialysis and the prodrug conjugated 
to botulinum heavy chain via the pyridine-2-thione contain-
ing portion of the ll)l’I-1 linker. This reaction scheme is 
sltcwin on IIG. 14. 

[0073] Reaction of 40 1W amino dextran prodrug with 
type A heavy chain results in molecules having molecular 
weihta on Sl)S-PA(il.i ranging from 100 kD to approxi-
naatcly 160 lcD. The molecules at 100 kD represent unre-
actec,t type A heavy chain while the 160 1W 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 1W starting heavy 

chain due to the disulfide hood involved in conjugation. 

CONCLUSIONS 

[0074] We have dcmurtstralcd that it is possible to chemi-
cal ly syni Iicsii.e prodrugs, consisting of the nieialloprmntease 
imaltibits’t captopril covalently bound to a relatively inert 
polymeric carrier. Carriers tested to dare have included 10 
and 40 lcD anitirno dextratts. Additionally, we have success-
fully mod illd type A hutulinal heavy chain thereby stabi-
lizing thu heavy chain relative to the unmodified native 
heavy chain and allowing us to target conjugation ofprodrug 
to lhc sulthvdrvl originally involved in the disulfide level 
connecting the heavy and light chains of the toxin. 
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We claim: 
1. A method of targeting therapeutic molecules no ittimir 

neurons, comprising the steps of: 

(a) synthesizing a prodrug comprising at least one thera-
peutic molecule covalently hound to a polymeric deliv-
ery vehicle, and 

(b) conjugating the prodrug no a botulinum neurotoxin 
heavy chain, 

2. The method of claim I 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 I wherein the botulinunim neuro-
toxin heavy chain is obtained via recombinant DNA meth-
ods. 

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

7. The method of claim I 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 sulflrydrvl groups before being hound to the 
therapeutic molecule via disulfide exchange. 

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

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

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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A hydratable, higbly absoibenl keratin tolid fiber or powder 
uspahic of absorbing a large weight ccess of water may be 
pitxluced by partially tisidizing hrtir keratin disuiflete bonds 
10 aulfomc acid rosklues and reacting the silfnic acid 
rclducs with a cation. The neutrafized speniion can he 
filtered, washed, and dried, leaving keralin solid which can 
bt shredded into tłcrs and ftiilbc.i ground into powder. 
Addition of water to the sotiti produces a hydmuel. The 

powder or hjrdmgel may be useæll as an absorbent material, as a therapeutic foi skin, of as

 an e.ipicni. The kelatifi niatciiith can he ivaipoiawzl into uoriwcn’en Mui. The bydmgcl can be used as a bioenmpatlhle viacoe1aiie filler for implant applications. Another use for the ahsorbet keratin and kernlin bydrogcl is as an excipient In pharma eeulie.al said conn,rtk appltestk*ns. 48 ClaIms, 12 Drawing Shnta i ..... I 
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don hae, or water-01ubk oinimcnt a as are well known abotlt 100 dayc or aIi 90 days, or about 80 days, or about 
n the 

pharmaceutical 

ails. oleaginotts bs that may be 70 days, or about &t days, or about 50 days, ca about 40 
combifled with the keratin nptsitioits include ointments days, or about Mi days, or about 20 slays, or about 10 days, 
cocihing while was and/or white petrolatum, ointments or between about It) and about 90 days, or between about 20 
ormntalniiig yelloW wax and petrolatum, cetyl eskts wax, and abu4 90 clays, or between about 10 anti about 90 days, 
olei acids, and paraffins. Aljsorttorjl ointincin hews or or greater than 90 days. The icerathi hi’dwcJ may also 
emultdfiahle bases that may be wied include thone containing contain it therapeutic agent, which may he a water soluble 
anhydrous lanolin, or combinations of cholesterol, atcaryl peptisle. Which may be a mitogen. 
alt)l, WIIe wax and peimlaltirn, fir eS4rf9ik. EIPIIfsiOO Another caOicKlimcnt is a cell scaffold ornp:ising a 
bases and components that may be used include i.mtme4tts 

30 
flonWiyveat film which co’mpTiw- a hydratable keratin which 

cutainng cetyl alcohol, and cold creams such as those contains sulfonate groups. The nonwoven film may corn --
containing cetyl estets wax, white wax, mineral oil. sodium prise a synthetic pcJymcr which may be resnthahle. The 
borate and water, for er.ariiple. Other oiultnenta of the bydratable kent in may abo be made resomhahk, thereby 
present hwernicni may contain glyveryl motacvstc!rate, rendering the entire nonwoven him ,caorbabk. The non-
lanolin, alearic acid, Or a cothhrnthcm of memylparsben. woven film may also be a laminae c position. The hyctral-

pylparaben, sodtum las&ryl sulfate, pro lane glycol, able ketmatin may contain a tbetapeutic agent which may he 
stearyl mdtuihl an4 white 1ettt4atutli, for eauipls, or an a water soluble pelttide, which may be a mikigen 

ntmtconiaioing cetyl eatef5 wax, white wax, almond oil, Another embodiment of the present invention is a method 
sodium borate, stronger rose water, and tose oil, for nf implaniing a preparabon compna&mmg a population of cells 
example. Water soluble ointments and creams fot use, in the and a keratin hydrogel into an animal- The cell pOpulalioni 
liresent ilwtutiIn ma) include glycol cibta atmd derivatives may include, but ate not limited to, k.eratinocytes, 
thereof, polyethylene glycols, polyoxyl 40 aleIrate, and/cur fibroblasts, Chondrocytes, hepatocylcs, splenocytes, 
polyatts. Odurocytes, osteoblasis, or endothelial e.ells The hydrngel 

l’he preparations as described herein for topical applica may contain a thcrajutic agent which may be a water 
tkins may also include prokcli’vcs and aligoilvott, dcnul- 21 soluble pqutidc. Which may 1w a fruilogan. Afuriher embed-
eetltx stmeli ax bc anin, hydroxypmpyl celkkuse, hydrox- 

ftwnt isS method of implanting a cell scaffokl comprising a 
ypropyl methylecllulose, polyvinyl alcohol, pi-pylene noowriven film that comprises a bydratabk keratin which 
glycols, sodium alghratec, and tragacanab. Lmollicnts, contains sulfctnatc groups. CeIls may be grown oti the 

S 
asiringeols, or antiperspirants may also be included in the 
ketatin containing forrmilations as described herein, 

nonwos’en cell scaffold in vitro. Thereby, the nonwoven cell 
N scaftoki may be seeded with celLs prior to implantation- Such 

An aspect of the present disckrmre is a method for cells iclude, [vat are not liittd to, kcratinocytcs, 
augrraentlrmg soft tisatte in a suul*ct comprising injecting a fibroblasts, chondrocytas, hcpaloeyfts, splenocytea, 
keratin composition as described htcin suabdermally 

in an fldUtnCyl.c5, osteoblasta, of 

erxkmtheligl cells. The nonwoven 
atea 

in need of 

awgnwntatimun. 
A variety of such applications cell scaffold may be used to repair damaged bard and soft are available in ligiti of the present disekusure and would Iisumcs Hard 

lissOce include, but are not limited to, bone and include 
atjgnieinatioct of soft ti.ec iWfuding, bet not lisn- cartilage. Soft  tisgUes 

incide, 

but 
are not limited to, skin, 

ited to hulking of a urinary sphincter in order to alleviate mutcosa and muscle. Muansal tissue includes, but is not urinary Incontinence, 
augmentation of voeSi cbtds to limited to, gingival (issue, which may be damaged bone or restore 

elasticity, as well as improvement of the appearance cl5mnagesl esrtilge. 
Another enubodinxumt cuitmprisex iaitilaiitm

of a subject by augmentation of breasts, lips, chin, gludeal 4o ing a keratin hytirogel call scaffold. A therapeutic 
agent may area, or even to improve wrinkled or acne scarred skin, or be included in the keratin component of all 

time 
cell scallłlth akin scarred by other conditions, and itucluding soft tissue of the present invention, Such a therapeutic agent may leach voids cur indentations. A keraint composition may be pro- out of the lotratin and may be a water soluble peptiuic, which vided as a dry solid and hydrated after subdermal may he mitogenic. implantation, or a hydsoge.1 or viacneiastic liydrogel may be ’. On 

name 
aspect of the present invention, the k0r04in corn-prepared atid intplanted. In certain embodIments,

 a dry or position is a preparation e’ornprising a cr-lii*,ed insoluble hydrated ktrafin material may be contained in a brncompat- oxidized kerstio excipicm. The preparation may be in the ible envelope, bag, or container for avixtermid implantation, form of a powder. tablel, film, capsule, lotion, cream, gel, and 

hydrated 
after implantation by addition of Water or solutioti, 

sl spension. emtnmlsiun or aerosol. Time preparation absorption of body fluids, or a keratin material may be 50 may be a connetic preparation or may be a pharmaceutical suspended In an injectable carrier and injected in the desired preparation. ’The preparation may further comprise one or of augmentation, in one cmboditnent, soft tissue aug more *ddities such as diluents, filleri. lubricants, mcotatiod 

is 
accomplished by injecting a preparation eoni ,tabifr,e,s, binJet and grlama pfitoing a keratin hydrogel and a cell population, It is an aspect of the 

present 
invention that a keratin Another aspect of the present invention is the use of i composition as desctibed herein, and in particular keratin keratart cntposilions for tissue engineenng applications., obtained fccurn human hair is also use.futl as an e%cipient for One enilsxlirucm is an Implantable preparation comprising the delivery of an active agent An embodiment

 of the a kcratht bydrogel and a cell population. The cell population invention may be dethimes1, thetcfont, as a composition may icuehule, but ate ru-mt limited to, ketatiatocytes, comprising a. keratin having okliret1 cykic groups and 

an 
librrmblaads, ehoastrocytes, hcpalxucytes, aplentmcyks, uo active agent or urn a ct0ss4inked insoluble oaidiaed lceratin n6urocytes, Ostectttlasts, or endotlatlisi cells. The keratin cacIplent with an seliva agent. In certain embodiments the hydrogel preparation may be prepared such that it is Wivc agets is physically or sterinslly entrapped within the unuplantatak by anjectiotu. Through processing and/car forum.’ keratin eseipierti and released over time by diffusion, or as l.aticun parameters, the keriutitu hydrtmgel may be prepared a keralin eadpierł is degraded, l’urther, in some emubodi-such that is resorbable and that such resorption 

is at a 65 ments the active agent may be associated with the kerattn coolrolkd rate. The keratin bydrogal may be prepared such escipieni. The association between the active agent .ad Use that 

it is sewabeti upon implantation after almost 150 slays, or keratbi escipient may be by riotss.ovatent atttaction or 
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(57) ABSTRACT 

A method of targeting therapeutic molecules to motor neu-
rons is disclosed. In one embodiment, this method comprises 
the steps of (a) synthesizing a prodrug comprising a thera-
peutic molecule covalently bound to a polymeric delivery 
vehicle, and (b) conjugating the prodrug to a hotulinum 
neurotoxin heavy chain. 
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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. 
tiP 205,51 tithed Jun. 1, 2000,which is incorporated by rc{-
Ciccice herein. 

BACKGROUND END OF Ii IF INVENTION 
[0002] ihcitulintim neurotoxin is an ongoing public health 
prcctcicric and is considered to he a potentially serious hio-
logical warfare agent. Recent worldwide events including 
the discovery of Stockpiles of materials for manufacture of 
the train by extremist groups in Japan and Iraq have shown 
that the danger exists for biological terroriSm. Intoxication 
front ihe 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 
recite of adncinrslratiun, death can result from exposure to 
less thait a nhicrograin of toxin. There are no effective 
tlacncpics once symptoms of botulism appear other than 
supportive treatments such as intuhation and ventilation. 

[0003] Within the last five years a number of potential 
therapies have been identified (e.g. aminoquinolines, met-
attoprccccasc inhibitors, antinopyrictines. Adler, et at., 1996), 
antI zinc chelators such as TEEN (Adler, et al., 1997). None 
of these are likely to work in vivo due to difficulty in 
pcnotr,itiorl into the neuronal cytosol and high systemic 
to\icily. 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 Sane problems of membrane penetration and toxicity as 
be first generation of drugs. Anything that crosses lipid 

membranes easily will also he likely to cros.s the blood -brain 
barrier and have ENS toxicity, Any potential therapeutic 
coccipociicct brat cannot be internalized into the nerve terminal 
cvi csol will not be capable of antagonizing the active 
con pona cit (Di- hot ulincani ecu rca toxin. 

BEtEl SUMMARY OF TIlL INVLNI’ION 

[0004] In cite eihicttirnent, the present invention is a 
mectcccct of targeting therapeutic molecules to motor neurons. 
thc methecrl preferably comprises the step of (a) synthesiz-
ing api cc.Irug coc-npriaing rc therapeutic. molecule covaicri tly 
hoLirtit to a polymeric delivery vehicle and (h) conjugating 
the proclrug to a butulinum neurotoxin heavy chain. In a 
preferred method of the present invention, the prodrug 
cicrnprises at least two copies of the therapeutic molecule. 

[11005] In another preferred method of the present inven-
hon, the, botulinum neurotoxin heavy chain is type A hoW-
liricim neurotoxin and the therapeutic molecule is a metal-
loprote use inhibitor. 

[0006] It is an object of the present invention to target 
therapeutic molecules to motor neurons. 

0007] Oilier chjeets, features and advantages of the 
present invention will become apparent after one has 
revicwed the specification, claims and drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS 01.....I-IL DRAWINGS 

[0008] FIG. I. SDSliAGg.i of purified type A neurotoxin 
(lane 1, urcreduecd; lane 2, reduced), light chain (lane 3), and 
heav chain (lane .1) 
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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 modi-
fied type A botulinum heavy chain. 

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

[0012] FIG. 5. Structure of the beterobifurrctional linker 
sulfosuccinimidyl-6-[alpha-methyl-alpha(ii-pyridyttrio)-
tolu amid o]hexanoate (sulfo-LC-SMPT) 

[0013] FIG. 6. sulfo-LC-SMVF activated dcxtran. 

[0014] FIG. 7. Release of 2-thiopyridinc leaving group 
from sulfa -L( -SM PT activated dextran. 

[0015] FIG, 8. Inhibition of ACE by reduced prndrug. 

[0016] FIG. 9. Structure of captopril. 

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

[0018] FIG. 11. Oxidation of hydroxyl groups to carbonyl 
groups and subsequent reaction with PDPII. 

[0019] FIG. 12. Overall reaction scheme for conjugation 
of proctrug to botulinum heavy chain. 

[0020] FIG. 13. Cy 3.5 morcofuncctiorial dye molecule. 
Molecular weight 1102. Absorbance mnax-581 nm Emission 
max-596 nm. 

[0021] FIG. 14. Reaction of type Aholulinurn heavy chain 
with PDPI-I functionalized Cy 3.5 amino-dextran. 

DETAILED DESCRIPTION OF THE 
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 
future to the appropriate cholinergic motor neuron terminals. 
Once delivered to the preavoaptic motor neuron membrane, 
the chimeric delivery vehicle preferably consisting of the 
heavy chain of the neurotoxin 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 he an antagonist of botulinum neurotoxin. In another 
embodiment, 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 least one copy, and preferably multiple copies, of a 
therapeutic molecule (the Examples below describe the 
model metalloprotease inhibitor captupril 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 combitration will yield a pharmaceutically active ccirn-
pound that specifically targets and internalizes desired sub-
stances into cholincrgic neurons including active inhibitors 
of the active fragment of the neurotoxin itself. 

[0024] We envision that the nrcthor.i of the present inven-
tion will he suitable for all heavy chains of botulinuoi 
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neurotoxin. The Examples below describe a preparation 
using tYpe A heavy chain. Other heavy chains (i.e., all seven 
scrotvpcs of heavy chains, A-(;) can be prepared in a similar 
rminmr Onc mini obtain the heavy chain in a variety of 
mariners. Preterably, 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 
rucorri biriant DNA methods. 

[0025] Polymeric delivery vehicle is an inert carrier mol-
ecule rangiop In SL7C from 10-40 kD that can be chemically 
modified such that therapeutic molecules may he covalently 
linked to it. 

[0026j The polymeric delivery vehicle preferably corn-
prscs amine. reactivQ dextran, described below as having a 
molecular weight of’ approximately 10 kD and 40 kD. Other 
suitable polymers include polyethylene glycol and poly-
inline a. 

[0027] l)cxrran anhirres were preferably functionatized for 
conj epa lion with niustel inhihitois by addition of the water 
olble heterobilunctional linker sulfosuccinimidyl-6-[al-

pba-inerhyl -alp ha(2_pyridylthio)_toluamido]hexanoate 
ulfo-LC-SMPT, FIG, 5). Other suitable linkers include 

heterohititoctirrial linkers containing amine and sulfhydryl 
reactive elements, .Als useful are heterobifunctiooal linkers 
that arc ctrrboxy reactive as well as sufthydral reactive. 

L0028i The conjugation of the prodrugs to the heavy chain 
of hottilinum neurotox in will typically take place as follows: 

[0029 Wu envision two preferable approaches to the 
svtliisi of prodrugs that contain high molar concentrations 
01 [roclel inhibitor and have a traceable label. 

LOOM)] Approach C. We currently use specific dextrans 
that are amine reactive and contain a flourescenrt marker 
such as fluore-scein, Letramethylrhodaimne, or Cy3.5. The 
availability of fluorescent dextran conjugates with different 
sizes sod charges will permit us to synthesize a wide variety 
of proilrugs. These labels are commercially available from 
Molecular Probes, Eugene, Oreg, and from Pharmacia 
Avoersham, Pistcalaway, N.J. 

[003.1] The initial step in this approach will he to generate 
arIjroity1s on Nit dextran that are reactive to a hydrazid 

containing lieterobifunctional linker. The preferred linker of 
choice is 3-(2-pyridylthio)propionvl hydrazide (PDPH). The 
generation of hydrazide reactive carbornyls on the dextran is 
ucconiplished by penile oxidation using sodium periodate 
aceorulinia to the me bod of Ranudiv, et al. (G. Rariadive, et 
ri...miii, ,Wed, Riot. 20:719-726, 1993). Briefly, this reaction 
rrvolve.s reacting the dextran with .5-10 mM sodium perio-

Pair in 100 mM sodium acetate, pH 5,5, for 20-30 minutes 
in :ht dauk at room temperature. The oxidation reaction is 
qL)errohed with irciclijion of glycerol to 20mM final concen-
lroion. itte itextran is dialyzed against 100 mM sodium 
acete. te, pl-1 55, to remove glycerol and perioclate 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 I ole excess 1iker is removed from the dextran by 
applying the mixture 10 a desalting column such as the 
Pharmacia PD 1(1. 

[0032] ’Ide desalted, cicrivatiz.ccl dextran is then rcaetcd 
with caploprd. the reaction can be monitored by appearance 
of the leaving group 2-thiopyridine having a characteristic 
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absorbance at 343 nni. After 2 hours incubation at room 
temperature, excess caplopril is removed by desalting on 
P1)10 columns. The amine groups on the dextran are then 
reacted with the linker .sulto-l.C-SM111’. ’ihi.c generates free 
thiol groups that can then be conjugated directly 10 hotuli-
oem heavy chain via disulfide exchange. 

[0033] Approach #2. The second approach to coujugating 
prodrug to heavy chain involves synthesis of prodrug using 
PDPFI-activated amino dextran, Amine -reactive pharmaceu-
tical

harniaceu-tical
 compounds are added to PDPU-modified 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 POlO columns or extensive 
dialysis in 25 mM phosphate buffered saline, p11 7.4, thw 
prodrug is added to hotuliourn heavy chain and the free thiol 
group(s) on the heavy chain allowed to form disulfide bonds 
with the ttniol reactive portion of the linker PI)PH. the 
reaction is allowed to proceed overnight at 4 C. Excess 
prodrug is readily separated from the heavy chain-prodrug 
conjugates by addition of ammonium sulfate to 60% satu-
ration. Under these conditions heavy chain-prodrug and 
rinreacted heavy chain precipitate while the carbohydrate -
based prodrug remains in solution. 

[0034] A second approach to separation of unreacted dex-
tran from botulinum heavy chain can be accomplished by 
immobilized-metal affinity chromatography (1MM:) 
according to the method of Schiavo, Cl a]. ((i. Schiavo, Ct al., 
Infect. Irn,nwi, 58:4136-4141, 1990). Briefly, chelating 
Sepharose (Pharmacia) charged with Zn is used to bind the 
heavy chain of hotulinum toxin and heavy chain/polymer 
constructs. Unreated dextran is washed from the column 
with 5-8 column volumes of running buffer and the heavy 
chain/polymer constructs eluted with 25 mM imidazole. 

[0035] Preferred therapeutic agents include protcase 
inhibitors. Specific inhibitors include aprotinin, chyrnosta-
tin, arnastatin, bestatin, leupeptin, antipain, trypsin inhibi-
tors, chelating agents such as EDTA, TPEN, o-phenanlhro-
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 TAPI series of 
matrix metS lioprotease 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 C. bcitulinu,n was used 
to 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 liters at 
Fort Detrick, Md. by Dr. E. J. Schantz and coworkers, This 
strain is routinely used for production of type A botulinumn 
toxin due to high toxin titers and the rapid onset of cell lysis 
(usually within 45 hours). 

[0039] Stock- cultures of C. horulinurn Hall A were grown 
statically

 
in 13 ml Hungate tubes containing 10 nil of cooked 

meal medium +0.3% dextrose (CMM, [Difco Laboratories, 
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Detroit, Mili.]) under an anaerobic atmosphere (hO% N2, 

10°7  (0 10% Ha) at 37° C. for 24 hours and frozen at �20° 
C. cold use. CMM cultures of the Hall A strain give toxin 
titers in excess of i0 l.D50/rnl in 48-72 hours. 

[0040] For toxin production, cultures of Hall A were 
t7IWtI statically in 10 liter volumes of toxin production 

medium (TPM) consisting of 20% NZ TT (lot #9NC29) 
caseju hdrolysato (Sheffield Laboratories, Norwich, N.Y.), 
1.0%, yeast extract (I)ifco), and 0.5% dextrose, p11 7.3-7.4, 
for -7 da>s at 37° C. Cultures of Halt A showed heavy 
trowth in this rnediuna during the first 24-48 hours followed 
by autolysis of the culture which was evident as a clearing 
nod setttirta over the next 45-120 hours, 

[004 Ii Toxin Purification. 

[0042] The production and purification of type A neuro-
to\in for ese as the starting reagent in subsequent chain 
separations and purifications was successful. As shown in 
FIG. 1, lanes 1 (unreduced) and 2 (reduced), purification of 
three batches of type A hotulinal neurotoxin having an 
average specific toxicity of I .5x105 mouse intraperitoneal 
lethal doses per mg of protein was successful. Three separate 
hatches of toxin were cultured and purified to homogeneity. 
Subsequent purification of the component light and heavy 
chains were performed with yields shown in Table 1, 

IAHIJ-i I 

Yirtds I toxin at vnrinue 5u5en of purification’. (Roman nurnerats 
refer to intii,-idai purification slaps described below. 

Batch 1 BateS, 2 Butch 3 

I. Crude utlt.ire 1.5 a 10° 2.0 a aO° 3.0 a 10° 
tiritin or Oiptex 200 225 275 

ttt, Part iCiy P0 riftcd non itoxin .15 47 Si) 
IV. Purified neurotoxin’ 20 2 3 30 
V t i5ht ohain P 5,5 9 
Vt. ttonss chair 5 7 11 

3mb in 

t,r5c. rOt or crudc 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 nlag-
ne.siunt (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 
Ovef lho course of this research. This will he extremely 
iolportattt in subsequent scale -ups. As can be seen in Table 
1, the amount of toxin complex obtained from Batch 3 vs. 
Hatch 1 did not double as expected based on titers of crude 
cultures. 

[0044] Toxin Purification Steps Noted in Table 1 

[00451 I. Cultures of C. borulinum were grown in 10 
liter batches of 2% casein hydrolysate, 0.5% dextrose, 
0.57, yeast extract, p1-f 7.4, for 4-5 days at 370 C. 
Cultures were harvested at this time by addition of 3N 
lt,S(3 to a final pH of 3.4. Crude toxin precipitated and 
was collected by centrifugation. 

[0046] If. Toxin complex was extracted from the acid 
precipitate by suspending in 200 mM sodium phos-
phate, pH OR ftc first extraction was allowed to 
proceed for 2-3 hours at room temperature. Extracted 
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toxin was separated from cellular debris by centritu-
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). l’re-
cipitaled extracts were collected by centrifugation and 
dissolved in 50 mM sodium citrate, pI-! 5.5. This 
material was loaded onto DEAL-Sephadex columns 
equilibrated with the sarrte buffer, Toxin citrnptcx eluted 
essentially unretarded and Was pooled and precipitated 
with annnoniurn sulfate (39 gI00 nil). 

[0047] Ill, Neurotoxin was separated from toxin corn-
plcx proteins by dialyzing precipitated complex against 
3 changes of 20 ruM 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 peak with a 0-300 
mM sodium chloride gradient. 

[0048] IV. Purified neurotoxin was separated from 
minor amounts of contaminating complex proteins by 
dialyzing the neurotoxin peak eluted in step Ill against 
20 mM sodium phosphate, p1l 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 chafed with a 200 ruM soditmi chloride step. 
Neurotoxin recovered from this step was subsequently 
modified with iodoacetamide thereby ailsylating 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 purification. Purified neurotoxin was dia-
lyzed against 20 mM sodium borate, 4t rriM sodium 
phosphate, p14 8.4, and applied to QAE-Sephadex 
equilibrated with the same buffer. After binding ueu-
rotoxin to the column, one-half column volume of 
loading buffer plus 10 mM dithiothreitol (Dii) was 
applied to the column. A second one-half column 
volume of loading buffer plus 100 mM DIT and 2 M 
urea was applied and the column held over night at 4° 
C. to allow reduction of disulfide bonds. Light chain 
was eluted with loading butler plus 10 mM DIT and 2 
M urea. Heavy chain and contaminating unnicked 
neurotoxin were eluted with loading buffer containing 
10 mM OTt’, 2 M urea, and 500 mM sodium chloride. 

[0050] VI. Heavy chain containing trace amounts of 
unnicked neurotoxin was dialyzed against 20 mM 
sodium phosphate, 5 mM DPI, pl-1 7.5. the heavy 
chain was then applied to a column of DEAE-Sephadex 
equilibrated with has same buffer. Contaminating 
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 doting at about 400 
mM sodium chloride. 

[0051] Neurotoxin Modification. 

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

’U 
- 



C 

US 2003/0147921 Al 

(FIG. 2). treatment of intact ireurotoxin with the thiol 
alkylating agent iocloacetarnide yielded a molecule with 
0-1.2 free thiols on average as assessed by titration with 
his-dithinitrobenzoic acid (hUman, 1959). This material 
retained greater than 8017c of the starling toxicity as mea-
sured by mouse bioassay, Purification of heavy chain was 
subsequently performed according to the method of 
Sathyurrioorthy and l)asGupta (1985) as shown in FIG. 3. 

[0053] Electrophoresis. 

[00541 Protein samples were examined electrophoreticauly 
Thong the 1-1rarmacia PhasLsystem (Pharniacia LKB Inc., 
Piscataway, N.J.) according to the manufacturers instrue-
ins. Precast 12.5% acrylamide gels (Pharrnacia) were 

stained with 0.1% coomassie brilliant blue P.250 in 16.7% 
acetic acid, 41.7% methanol. (jets were destained in 7.5% 
aectic acid, 251;1,, methanol. Samples for electrophoresis were 
sulubiljLed in 50 mM Tris-OC1, 5 M urea, 517o SOS, 20% 
glycerol, pH 6,8. Some samples were reduced by addition of 
dithiotlireitot to a final Concentration of 0.5%. All samples 
or SDS-PAGE were boiled tiir >3 minutes prior to electro-

phiresis. 

[0053] J’o,\iit Assays, 

[0056] loxnr titers Were estimated in mice using the 
intravenous method of Boroff and Fleck (1966) and the 
ntrupe’riioneul method of Schantz and Kautter (1978) in 
18-72 g, female, ICR strain mice. Time -to -death values 
obtained front intravenous titration of type A toxin samples 
were converted to intraperitoncal Ll)au/Inl using a standard 
et.trve generated in our laboratory with type A complex, 
flotulinal 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. 

[OOSffl Polymers selcctei:t for reaction with specific linkers 
tticltjitcd amine reactive dextras (Molecular Probes, 
Eugene, Oreg.) having molecular weights of approximately 
10 1W and 40 1W. ’these dextrans had on average 4.8 moles 
amine per mole of dextran (10 kO) and 6.7 moles amine per 
mdc of dextran (40 kD). The general structures of these 
compounds are shown in FIG. 4. 

[0059] l)extr’an amities were functionalized for coojuga-
lion with model inhibitors by addition of the, water soluble 
tictcroldfu rtctiottat linker .sult’osuccirt irnidyl -6 -[alph a-nsa-
tlrvl-ulphu(2-pyri(lylthio)-toltiamido]hex’anoate (sult’o-f.C-
SMPT. FIG. 5). 

[0060] Linker was added to amine dextrans at 20:1 molar 
aticiS (71) iriole tinkcr:1 mote amine), linker addition mac-

lions were pertormed in 110 mM sodium phosphate buffer, 
pH 9 2, and were allowed to continue for 2 hours at room 
temperature.

 
This p!1 favored addition of linker to polymer 

isv reaction 01’ the succinirnidyl ester on the linker with this 
primary amine of the polyrtier. Unreacted linker was 
removed by either size exclusion chromatography in the 
case the 40 kD dextrart on Pharmacia P010 columns 
(Pharnsacia Biotechnology, Pisicataway, N.J.) equilibrated 
with 23 nrM sodium phosphate buttered salute, p11 7.4, 
(PBS) or by extensive dialysis vs. PBS in Slidalyzer dialysis 
cassettes (kS kD cutoff, Pierce Biochemical Co., Rockford, 
Ill.) in the case of the 10 kD dextrari. The resulting coni-
pouttds are shown in FIG. 6, 
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[0061] Linker addition to dextran was confirmed by gentle 
reduction of functiona.lized polymer with dithiothreitol. This 
reaction liberated 2-thiopyridine from the linker which was 
detected by its characteristic absorbance at 343 am. In one 
set of experiments, the final absorbance of 0.77 yielded a 
molar concentration of the leaving group of 96 iM indicat-
ing that the amine groups or the dextran at a concentration 
of approximately 750 liglml 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 capto-
pril as a model pharmaceutical ligand. This ligand has been 
covalently coupled to linker modified amino dextran via the 
reactive 2-thiopynidine group. The structure of captopril is 
shown in FIG. 9. 

[0063] The reaction kinetics (A343 increase) for the dis-
placement of the 2-thiopynidine leaving group from fine-
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 to the dextran polymer via disulfide bond 
exchange with the linker. These prodrugs are shown in FIG. 
to. 

[0064] We envision synthesizing prodrugs that contain 
5-lOx 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 
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-(-D-1,6-glucose) linkages. They also have low irrimu-
nogenicity. 

[0066] Prodrug Assay. 

[0067] We have determined that prodrugs based on the 
metalloprotease 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 are introduced into the 
reducing environment at’ the motor neuron. We used a 
modification of the assay described by Cushman and Cite-
ung (1971) to measure inhibition of the enzyme by captopril. 
Cleavage of the substrate by ACE yeilds hippuryt which is 
soluble in ethyl acetate. Following ethyl acetate 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 acconiplushed by addition of 
known quantities of free captopril. The IC50 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 mereaptoethanol. Results of 
the inhibition studies are .iihowti in FIG. 8, Error bars 
represent extreme spread of samples tested in triplicate. 
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[0069] Synthesis of Fluorescent Prodrugs. 

[0070] Cyaoino dye reagents are useful as markcrs in 
biological systenis due the fact that they are intensely 
fluorescent and highly water soluble We have utilized the 
(y 3.5 monotir ctjonal dye (Amersha m Ph armac.ia Biotech, 
Piscatcrwav, N.J.) as a marker for determining uptake of 
clextran prodrugs into motor neurons. The Cy 1.5 dye is 
scarlet fluorescing and is readily detected using standard 
rhodaminc filter, sets. the dye is a monofunctional succin-
iniydyl 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 dye) for conjugation to botulinum heavy chain 
involves two separate linker addition steps. The first step is 
oxidation of the aminoclextran by addition of sodium perio-
d ate (10 mM final concentration) to solutions of 10 or 40 kD 
itmmotodextran. The reaction is carried out in 100 mM 
sodium acetate. p’1 5.5. for 20 minutes at room temperaflire. 
The oxidation reaction is quenched by addition of glycerol 
to a final concentration of 50 mM, This results in the 
formation of Itydrazide reactive aldehydes and ketones on 
Ilte aoiiraodexiran, Excess periodttte arid glycerol are 
removed by extensive dialysis in 100 mM sodium acetate, 
1)11 5.5. These carbonyl groups are reactive with the 
hvdraz.file portion of the linker PDPI I (3-(2-pyri(lyidithio-
):ropionyl hydrazide, Pierce Biochemical Co., Rockford, 
Ill.). PDPI-J is dissolved in DMSO and added to the dialyzed 
arrrirlo dextran at a final concentration of 1.0 mM. The 
reaction is allowed to proceed at room temperature for 2-4 
hours. 

[0072] After removal ofurtrcactect linker by size exclusion 
chroriratography or extensive dialysis, the amino dextran 
plus PDPH is reacted with the Cy 3.5 ester. This reaction 
acids the dvc molecule to the free amine groups present no 
the (t(Xtrin. Unreactd dye is removed by either size exclu-
sion eti rornatography or dialysis and the prodrug conjugated 
to  botuiinutn heavy chain via the pyridine-2-thione contain-
ing portion of the l’l)114 linker. This reaction scheme is 
sh,mqi iii 11G. 14. 

[0073] Reaction of 40 kD amino dextran prodrug with 
type  heavy chain results in molecules having molecular 
weights on SDS-PA(iE ranging from 1(10 kI) to approxi-
mately 160 leD. The molecules at 100 kD represent unre-
acted type A heavy chain while the 160 kD 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 lcD starting heavy 
chairi clue to the dtsulftcic hood involved in conjugation. 

CONCLUSIONS 

[0074] We have demonstrated that it is pos.sihtc to cherni-
cally sytirtiesize prodrugs consisting of the metalloprotease 
initibitur ctiptopril covalently bound to a relatively inert 
polymeric carrier. Carriers tested to date have included 10 
nut 40 kI) amino dextrans. Additionally, we have success-
huh munlitied type A t,otulitral heavy chain thereby stain-
liziruul the heavy chain relative to the unmodified native 
heavy chain and allowing us to target conjugation crfproetrug 
to the sulfliy.lryl originally involved in the disulfide level 
connecting the heavy and light chains of the toxin. 
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We clairrt: 
1. A method of targeting therapeutic molecules to rtrcrtor 

neurons, comprising the steps of: 

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

(b) conjugating the prodrug to a botulinum neurotoxiu 
heavy chain, 

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

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

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

5. The method of claim I wherein the botulinunt 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 I wherein the polymeric delivery 
vehicle comprises a polymer comprising reactive amines 
and reactive sulfliydryl 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 claim I wherein the heavy chain is type 
A botulinum netirotoxjn. 

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 modilied. 
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A by stable, bigbiy abwtbent keratin oIid fiber of powder 
cnpabk of absorbing a large weight cxee of water may be ptodneeti by partially oxidi’iing hthr kenAiii ,jitl1kk bonds 10 sulfonic acid residues and reacting the sulfonic acid reaithjca with a cation. l’he neutralized st1spuofi can he 

fihertid, washed, and thied, leaving kcraiin solid wheh can 
I* . nbcrddci mhi flbt.ni and furtbet ground into powder 

A4lthtiofl of water to the solid produces a liydmgel. The 
powder or hydrugcl may be onefiil as an a sobcn1 material, 

as a therapeutic fyr skin, or as an esc!ptent. The kecstiti 
materials can be wcoiporatr4 into nionwos’dn ftlnrs.. The bydroe1 can be used as a bioccsnpatihla viscoelaslic filler for implant applications. Another use for the absorbent 

keratin and keratin hydroget is as an m.xcipment in pharma-. 
eerlIftaj aimd cosInctc apliheamaoos. 48 ClaIms, 12 Drawln* Sla.elm ° tr - - a---.---. ..... 



US 6,544,548 131 
ii 12 

knt hioctr watroIub1e olnfment hae a art we 11 knowu about DM days, or atiol 90 day% or about E40 days, or ahoul 
iii the phaimaccutical ana Okagiucu that May he 10 daya or about &t days, or about 50 days, or about 40 
ouihiuc4 with the kerathirnposith,tr include ointmcuts days, of about 0 days, or about 20 days, or about 10 days, 

containing white wax and/or white pctrolaium. oifltWonls or between about ID and about 90 days. or betweri about 20 
ctsitslning yellow wax and DettolM*zm, cetyl eMirrs was, A atid kboaa W.  days. or between about 30 and about 90 days, 
oleic acids, and paraffins, Altscrbeni cintsnent hisses or or greater than 90 days. The keratin hi’thotel tmiv also 
ernnleitiabk bases that may he u,.ed include those containing contain a therapeutic agent, which may he a water soluble 
anhydrous linoiin or combiftatxns of cholesterol. stearyl peptide, which may be a mItogen. 
akcia,t, White was and pcttnlaluni, for citallillie. Enixinit Another cmbcelitttenl is a cell scaffold comprising a 
bases and omponcnv that maj be used include ointments 10 nontvo’van film which mprises a bydralabla keratin which 
eutnaiuing eulyl alcohol, and colsi cacams such as those Otaina sulfc,nate groups. fThe nonwiwen lilni may corn -
containing eetyl esters was, white wax, mineral nil. sodium prise a synthetic polymer which may be rcsotbable, The 
borate and water, fur example. Other oiulinetfls of the hydratabic kcrsiiit may also ls iiiatk i-esorbalile, thereby 
present invention may contain glycc�ryl monostcafate, rendering the entire nonwoven film resorbshk. The non-
lanolin sleark acid, or a curawtiation of m panhen. wouco film may also be a laminate coMpAilitm. The hydrat-
propylparaben sorlmm hmryl. sulfitle, propylene glycol, able keratin may contain a tbctapciltie agent which may be 
slestyl alvilThol and white pett.olalum, for example, or an a *atcr soluble peptitic, which may be a rciitugun. 
&itrncnl containing cetyl esters was, white Wax, almond oil, Another embodirnem of the present invention ia a me thud 
nodiwn borate, stronger rose water, and ruse oil, for of rating a prepaEstii-rn C 

napnsng 

a population of cells 
cxaanpk Water soluble ointments and creams for use in the .,sisli  a keratin hydrogal ink an animal. The cell populations 
present invention may inelsule glycol ethers a4 derivadvea may include, but are not limited to, kcratinocyles, 
thereof, polyethylene glycols, mlyoxyl 44) stearate, and/or fibroblasts, Chondrocytea, heptoeytcs, splenoeylcs, 

ncuTncyles usicoblasts, cii encloihelial cells. The hydrogel 
The preparations as described herein for topical applica- my contain a therapeutic agent which may be a water 

tiom may also include protectIvcs and absart,gnts, demo!- , soluble peptide, which may he a milugen. A further mbodi-
cents reich as heoxoin, hydroxypropyl cdllekasc, hydro- metal is it method of implanting a cell scaffold comprising  a 
ypropyl meibylcellulesse, polyvinyl alcohol, propylene m-inwnven film that comprises a hydratabk keratin which glycols, sodium alginaics, and 

tragacauth, Emollients, ccint4lflS sirlfonate groups. Cells may be grown on the � astriagetats, 
or antiperspirants may also he itacluded in the 

kcratin containing formulations as described herein. nonwoven cell scall’okl in vitro. Thereby, 

the nonwoven cell V scaffold may be seeded 
with 

celL, prior to implantation. Such An aspect of the present dickrutc 
is a method for cells incld, trot are Oot united to, keiateaocytts, 

ausenling soft hattie in a svljeci comprising injecting a fibrohiasts, ChndroCytc, hepatcacyles, splcnocytca, 
lorratin composition as described herein subdermally in an neutocytes, stwh1ar,ts, or ndo1hehu1 celLs. The nornvovctt area in need of 

augmentation. A variety of such applications cell scaffold may he used to repair damaged hard and soft are available In light of the present disclosure and would tlncs. 
Haiti tissues igclude, but are urn limited t, bone and include � augmentation of soft tTnie including, but 

not urn- cartilage. 41t tissues include, but are not 
limited to, skin, ited to hulking of a urinary sphincter in order 

to 
alleviate mucosa and muscle, Mtacnel tissue includc, but is not urinary 

itaraantinsticx, 
sugmentetittri of vocal cbłtds j, limited to, gingival tissue, which may be damaged bone or restore elasticity, as well as improvement of the appearance damaged cartilage. 

Another cuitxxlituent euraipries implant-of a strlevt by augmentation of breasts, hips, chin, 
gluteal 4n lag a keratin hydrogel cell scaffold. A therapeutic agent may area, or even To improve wrirtlriert in acne scarred skin, or be included in the keratin component of all the will scaffolds Ain scarred by other conditioux, and including 

soft tissue of the present IPS’enlion. Such a therapeutic agent may leach vokU rat indentations. A keratin composition may be pro- out tit the ketatin and may be a water soluble peptiale, which vided 15 a dry solid and hydrated after suhdermsl may be mitogenic. implantation, or a hydivgel or viseoclistic bydrogcl may be On one aspect of the present invention, the kerstin corn-prepared and implanted. In 

certain embodiments, a dry or position is a preparation comprising a cvnss-lirted insoluble bydated keratin material may be cntaincd in a biocompai- audited lrcrstiit excipient. The preparation may be in the IHe envelope, hag, or container for sidntermai Implantation, form of a powdct, tablet, film. capsule, lotion, cream, gsL ntt hydrated 

after 
implantation by addition of waler ot sohuliota, snictndran, eiu1kan tar aerosol. The pttparaliaaza absorption of body lluid, or a keratin material may be Aq may be a coamelic preparation or may be a pharmancutical suspended in an injectable carrier ad hajectail in the desitecl preparation, The preparation may ftarlher comprise one or area of augmentation. in one embodiment, soft tisauc arig- more additives such as dituent, fillers, lubricants, mentafr.yn is accomplished by injecting a preparation eon,- stabilizers, binder, and gelants. prising a keratin hydrogel and a cell population. It is an aspect of the present invention that a Another aspect of the present trflrenttnn as the use cal c composition as rknctibcd herein and in particular kcratrn kcjatnt composilsltas for lLssue engineering apphicationa. obtained from bnmo trait l Mo useful as an eeipiciil for One embodiment is an implantable preparation ecataptisirig the ilefivary of an active agent. An 

embodiment of the a keratin hydrogel and a cell population. The cell population invention may be desetihed, therefore, as a composition May iricitark, hut are not limited to, keratinrayte, comprising a keratin having corkbzed cyanide groups and an fibrithlasts, cteitidtocytes, hepsirseytes. splenocytes, an active agent or as a cross-linked insoluble oxidimd keratin neurocytes, tasteoblastSi or cntlthel1l cells. The keratin etcipleni with an active agent. In celtain embodiments the hyalrogtrl preparation may be prepared such that it is Ad ivs 

agent is physically or sterically eofrapped within the implantaide by injection. Through processing anibor mmmii- keratin cacipietat and released over time by diffUsion, or as latkau parameters, the keratin hydeogcl ttiay be prepared a keratin eaclpicnt is degraded. Further, in sortie umbodi-S"’If that is iewrbable and that such resorption is at a 65 meniS the active agent may be atsociated with the keratin controlled rate. The keratin bydrogel may be prepared such excipicnl. The asscsnatkm betwacu the active agnni and Use that it is sesorbeti upon implantation after about I M days, or keratin eacipieni may he by ra,ri-oyva!eOl attraction or 
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oeiation throogb ciccimatatic, hy3tothilic or ionic 
ittactkin for eaanipk, or it may be covaketly attached to 

a ketatin eactpient by covalent lxraliug to an uakhzcd 
keratin as described herein, In one emborlisneol, the active 
agent is in -ì  cationic form that ionically hinde to the 
snifonata groups of the ionfrad keratin. In another ambdi-
nietit the active ltgerg is aneiciared with the keratin eacipictfl 
by Van tier Wasla forces .aaociatton of the active agent 
with a keratin eacipieiil allows for the n1waidoil aiidlur 
eumwlled release of wive agenea In some emborhmcmit, 
the controlled release of the active agent is provided by the 
hydrolysis of the keratin eitcipient Such a lormulatkm may 
include a itydratable ketaihi solid eoipicnt. or ì kerathi 
hyrlrogel depending on the piuliculiw application In some 
embdimefflui the active agent Is a pharmaceutical agent 
while in other embodiments the active agent is a cosmetic 
agenL 

In the practice of the invention, a dry bydratatik keraim 
as &gciaihed herein may he iniw4 with a powdered phar-
ffiaceutieal agent St1 Water added ii, hyrbiec the irilatute, or 
alternatively such a solid mixture inisv be formulated aii it 
eornprsed tablet to he orally admitiis.iered or for eticet-
porancons preparations for injection, or as a molded tabici, 
or it may be enclosed in a capsule fbi oral administration or 

implantation, for rnmple In certain embth-
a solution contenting a water soluble drug or phat-

mgcoaticn-1 agent may be added to a hydratable kerittin no 
that the agent is carried into a hydrogel along with the waler. 
A prepared hydrugcl or dry formulation may also be 
efatkisell in a digestible of biodegradable capsule, such an it 
hard gelatin catitwle for oral drnioitrtioii In certain 
eathodinienra, the described pharmaceutical preparations 
may he formulated for injection. either in1ravena 

bcutSneo*ta. or intramuscular, for example. or for inbalani 
for eye, cat, of floie drops or for administration as a 
s.çtoiIory,  

It understood that the pil& formulated for oral 
admioisuatkm. including a hyrkarabk keratin wihirh, or swcw 
pills, capsules or tahlls containing a keratin hydrogel may 
contain Ingredient* to serve as coatings,, additional llltees, 
binders and for ccrhor c(kiin prscs. Thcne u,gae&hicnls are 
in coinnjon use in present Pharmaceutical (ormulatkma atid 
may include, bet are not limited to, gelatin, lactose, corn 
starch, calcium phosphate, pctvidunc, magnesium stearate, 
iiearIc acM, colloidal silicon ihniortc, hyrheoeypsupyl 
tnrthyleefiekwe, polyethylene glycol and one or more of the 
f4glirwi% dyew, I1i&C Blue No. I Ikr, PtI&C flue No. 2 
MuT*im Lake, 1)&C (keen No. 5, IM(’*Yellow No. ill, 
Fl)&p’.dliow No 6 or ID&( Red N’t, Of course these 
are 6m45 rureplary (nIna and dyes6 those of skill in the art 

rtitogtilzc that other Inactive ingredients may lie vied in 
the .q,erstiOn of the formulatione of the present invention 

Kci’*ftht esciptent preparations us described herein may be 
prepared (ci oral admin1tration, and would also include 
injectable solutions or suspensions for intramuscular or 
suheisemrx implantation including long acting injections, 

ppnsAnries, topical ointments, transdctml applications 
saab ta skin Patches. and preparations. Jeinrerad by inbile-
lion, Other ingredients may include a stirfactanr, Math as 
hydruayprupykvfluit,so, Dispersions can slat, be prepared in 
glycerol. hquid polyethylene glycols, and mixtures thereof 
anti in oils.. Varier ordinary conditions of teofage and use, 
these preparations may contain a ptcs.cfvative to prevent the 
growth of rtlleruuigauis.ws. Kcratin eacipient preparations 

may also Inelude uthC’r compounds such w dilueffis., fillers, inbeicains. s.tattiflzcm, binders and gcliufls 011uants and flUtes are added to ina’csuc batik formation, sarI lubricants to induce friction during the tableting or other formulation process. l3thdtrts ate used in (abiding And provide- the cohesiveness neceratary for bonding together the ingr*tiuievt.s 

ant)Cf cession. They also iflrease the strength of the 
compressed tablet and decreasm its friability, leading icy an Improvement In tite both appearance and mechanical chat-actetis.tia. The pharmaceutical forms suitable tot injectable Use inehale 4cril aqueous solutions or disprrsitm, stetile ptiw-

1 ilcis. and hydmgtls for the estemporanervus preparation of 
teriIe injectable solutions, diiperskms or gels. The carrier can be a solvent or dispersion medium containing., for example, water, ethanol, polyol (for example, glycteut, pir)pykiar glycol, and kjir1 plyrthyleor glycol, and the like), suitable mixtures thereof, and vegetable oils. The prevention of the action of mjcrm,rgarinms can be brought about by various antibacterial and antifungal agents, for esmplr, parabena, chlcrobuiauul phenol, soibic acid, thirnersa.l, and the like. In many cases, it will he preferable -70 

to Include isotonic agents, for example, augers or sodium ckkidc. Suitable pharmaceutical agents for use with the eSeipienta described herein would include any pharmacetitical agent that can form an association with the lreg*tin formulations 75 through non-covalent, covalent, or cleric; inlerehon ’These agents would include protein tbetpetztie agents., such au growth factors.. In regard to oral administration, s.ach agents mat’ include compounds such as acetaminophcn, tetracyciinre, penicililne vitamins antacids, non-utenuldal vM.iiriflasnmaktry agents, anesthetics., breath fresheners, and

 minerals, tot example. In those embexhirtients in which teanaekrmat admit,iMra Lion 

is desired, the disclosed comptatitkais rosy be roitno lewd to be adSIIiIMeIIed by use of a akin patch, or trejasdur-nial delivery system, traisaderrasi adniimuiraiion may be accnmplediul by any of a nurriber of systems known in The art, tisamples of systems that rosy Is sd*ptc&t for use with the compositions described herein include those systems of irausdamial administration duaci-ibed in U.S. l’ai. No. 4,K16, 252; t:.s. Pat. No. 5,1 22.3112; U.S. Pat. No, 5,t)R,22I; U.S. Pat. No. 502,Ob4; 12,5, Pat. No. 4,9(Wi,169; U.S Pat. No. 5,115,6112; U.s. M. No. 4,624,65; U.S. Pat. No. 461,4L U.S Pat. No. 4,11)4,97M. and U.S. Pit. No. 4,SI0,499 (I incorporated hecin by ref...)-These nirthixta typically include an adhesive matrix or drug rcarrvuif systaffi and may iclde a alein permeation erthancemeral agent such 

as ethanol, polyethylene glycol 2tXP dulaurate, isopropyl myristate, glycerol trioleale, linokilse , acid saturated ethanol, glycerol ifiono)kale, glycecol inotiolaurate, u4eeyl alcohol., eaprit- acid, and certaifi satu-rated and urisainrated fatty acids, And their esters, alcobol, monoglyeeridas. acetate, tlithanolsmi4e, and N4N-dirnethylamides (Set for examples. U.S. Pat No. 4,%6, The release rate cit an active, agent fiotit a keralin excipieiil preparation, when 

that active agent is not associated with the keratin eseipwnt, is determined by the rate at which Wilef is ahenfotd and the keratin solid disintegrates, The water so atworpthin iSle of the solid krstitt can be wnLmlktJ by Lhk number of 5"jfiy. acid reeidiies generated in the oxidation procedure, by exposing the keratin source material to extremes. of uaidant concentration temperature, and time, dXLluifltia of absorption rate can be ubtainçd. For ca.ampk,, a! at low oxidant concentration, colder temperatures and short rime periods, relatively few dfaoffide residues will be con-verted to stilffybic acid insidurs, Such a kerstin solid futiher 
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ptocossed as chs.rtbtd heff in will absiii relatively litt! 
water and jjjAi1ffUW3tC r atively slowly. Couversely a kctk-
lin solid piepared at high oxidant concentration,  at boiling 
tumpetature for a king time puriod, futtbcr p esed as 

i11w4 heio will alsioth relatively large amonnts of 
water and disinteWatc relatively quickly. Disrntegtation 
i-ales between thea eSircinca can be obtained by processing 
th. keratin source material using in mediate condittona. 
Wbcn the active agent is aaqncialed such as kieslly, with 
the keratin eacipieni, the release i-sic is determined by NO 
the rate at which water is absorbed and the keratin solid 
delegrates add the rate of dissasaociatkni of the Active 
agent fmiii the keratin excipicet. For a,tnt inateriab. Which 
aft so tightly fr,uinl that release by dimassociati4m alone is 
inclfretual, degradation of the keratin solid moat occur 

iho dreg mot"wic can ticoutric dissolved in the 
sin irnOding inrdia. The rlese one unciLt these vou&tkhm 
can be controlled by the degradation rite of the keratin solid, 
In general, oxidation and formulatkm conditions will effeet 
the hydrolytic stability (if the hydrogel containing the drag 
orepound. ?ecacetic acid oxidizc4 kenilin pnwiile* a mute 
hydtr4ytically stable go] than does hydrogen pci-i-tilde uni-
dizuri lieratirl. for example ranpeters such as cisilant. 
ii*idaisoo time and aoiat.i Conteril of the hydrogl have been 
abostit to be important patafflelcls in C4J111Y1$IIIIg in-vu -u 
stability at burly leffifierliutc. 

In some embodiments of the jflVCDIiUfl, a Wrtiposition for 
the i-lathery of phatinaccutical agents is in the form of a 
anuwoven film w0prising a synthetic polymer and a keratin 
material. The syn$iielic polyinci- may bc,ttut is not limited k.*, 
a.’cikiIns, acrylitea, urethanes, aculalca, nIkin% calels, and 
crixmlymers thereof. In some embodiments the tc,flwC,veul 

wnposition is a laminate, which may be a ti-i-laminate 
cutriprising two tinier Layers of sylithetic polymar and a 
middle layer of keratin material. The kstaiin material in the 
middle layer may be partially exposed by openiop in the 
twcv miter nuniWoven synthetic polymer tnyer In sorrr 
i--ni tilintenis of the invention the synthetic PCPIYIIWI layers 
We ocisiwown synthetic polymer webs. -flue noowoven hiatt 
phennaceutical delivery crunposilton may be used exIr 
i-tally or internally. 

fil(lVf- I SCRIPT)Olv OF ThF 1)RAWIN(IS 

ilia fc$lowing drawings form part of the preacmst tc 
cation and arc included 10 further demonstrate certain 
as,ecta of the present invention, Thu invention may tic better 
vudentiood by reforcnrx to one or inure of these drawings in 
combination with the dctaited description of speCific 
embodiments herein. 

FIG. 1 g.cicase of albumin front keratin tablets. 
HG. 2, Sbcmatie of ptoposed mechanirwi for ainliuc doug 

binding to oxidized keralht. 
140. 3. 1-lydrogun peroxide oxidized hair pH 7 titration 

eli-ye. 

14G. 4, keiease of rtorapbedrine from keratin tab" in 
tmlakd gastric fluid. 

FIG. 5, Jc1case of acetaminophen from keratin tablets in 
simulated gastric fluid. 

FIG. 6. Loading of acetaminophen Into keratin tablets.-- 
Iiuiding based on ansmtmt used in ion exchange proerea. 

140. 1. Stability of keratin hydrogel prepared by pci-acetic 
acid oxidation and at a solid to liquid weight ration oil :8. 
Columns iii ci day i-hi-I not li-arm a pl. 

liON. Stability of karaun flydrogel prepared byperseacac 
send oxidation and at 

a solid to liquid weight ratio of I i-i 

I. Columns of <I day diii not lion-i a get Columns with data 

labela indicate gel stable at last r bierratacat poan. 
FIG. 9 Stability of keratha liydwgel prepared by pereatk 

acid oxidation and at a solid to liquid weight ratio of 1A. 
Columns of el day did not [mm a get. Columns with data labtl ndieate gel stable at last nhse,vaticm point-FIG

ointItO.
 10. Stability of keratin hydnmgcl prepared by hydro-

gm peroxide oxidation and at a solid to liquid weight ruin of 1:8. Columns of .1 clay dirt not form a gel. itt 

M. II. Stability of keratin bydrugel prepared by hydro-
gun peroxide oxidation and at a solid to liquid weight rats, 

of tth. Columns of ci i-lay did not form a gut tiihtmns with dais labels indkk gel stable at last ubservatio point. 

1-4 FIG. 12. Stability of keratin hydrogel prepared by hydro-
gen penisitle oxidation ic-3 at a solid to liqmail weight ratio of 1:4. Columns of ci day did evf form a gel. Columns with data labels indicate gel stable at last observatioti point. tMTMI..1it) DliSCllAl’IlON OF THE.0 INVL Kin ON The, present invention inclutIts a b di-stbie solid ileritnal 

from keratin that is highly absorbent and can form a bydro-
gel or viseuelcslie hydrogel upon The application of wat. the keralin solid can include protein hiving an ionizable pendant group such 

as sidkmnk acid diii can be Jetived 1mm an oxidized protein disulfide linki-. A preferred source of protein iii keratin, and pariucutstly preferred is keratin obtained horn hair, including human hair. While bait 

is 
a to poifrered source of kervitwits material,

 other keratinous ttmteriicla arc also believed suitable for use in the present iovum.kmn, Fxainples of other MaUi-i-CS include animal hair, skin, hooves, feathcrs, beaks. feet and horns. The patient cx a human donor arc scant preferred smutoes of hair, as. hit ii fri-mi-n these sources 

it mi-nt likely to result in a non-immunogemc product, alrhrssgti animal hair may be accept-Iv many individuals for many IJipIICItiOns. In one itwtbtid according to The presciti inentiun, hair is provide..1, preferably e.deaii and unbkacbed. In another method, the hit 

it washed with …rsa-�le-an’5 (fisher Scicntifk, I’restrurgh, Paj rinsed with deionized Wafer, and allowed In i-fry. A. Preparation of Oxidized Iceratat The hair can be oxidized to peracetic acid or another -i suitable tcagent słch s One method utilizes between akntnt 1% to 12% peraixtic acid, at a temperature between about 0 degrees C. and 11*1 degrees C.’, for between 0,5 and 24 hours. In one method, about I wciglil’vcthirne percent pci-acetic acid is ntd. One method treats 10 prams of hair so with S(KI ml, of 4 pci-acetic acid at 4 degrees C. fuic 24 hours. Mother method treats the but at room temperature for 24 henna. yet another method tteals the 

hair at stat 90 deWoog C. for aliost 10 bones. In a preferred method, the ha is treated by heating the hair in the oxidizing agent Ire r.c bet*cu about 1 and 4 hours at it temperature betseccu ainaist Viand IfXI degrees C, Ira a InOre preferred method, the hair 1 treated by healing the hair in the oxidizing agent for between About I and 2 hours at a temperature between aixaul 140 and I(1 degrees C. In a iviest preferred method, the bitt W is treated by heating the hair in about 2 weighl/vutuete petoenl oxiullilng agent lot abłut 2 bcnirs at a temperature of uminul 140 degrees C. The oxidation 

it believed to elcaVe a significant portion of keratin disitbide bonds forming cysteic cciii residues having sulfonic ad-i gramps. lix accdfuciie eid groups are believed to be hy&xj?hiIk in nature and wi anaticaily bond 

to 
eattons laser in the process, forming a traIt of the keratiü mnid cation. The prtis1 oxidation 

is 
also 
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Como resultado del examen de bUsqueda de anterioridades y con fundamerito en el 
artIculo 46 de la Decision 486 de la Comisiôn de la  Comunidad Andina, se le comunica: 

1. SOLICITUD DE SUMINISTRO DE INFORMACION 

El articulo 46 de la Decision 486 de Ia ComisiOn de Ia Comunidad And/na establece que: "La Oficina Nacional 
corn petente podrÆ requerir al informe de expertos o de organismos cientlficos o tecnolOgicos que se 
consideren idOneos, para que emitan opiniOn sobre la patentabilidad de la invenciOn. Asirnismo, cuando 10 
estime con veniente, podra requerir informes de otras oficinas de propiedad industrial. De ser necesario, a 
efectos del examen de patentabilidad y a requerirniento de la oficina nacional competente, a/ solicitante 
proporcionar, en un plazo qua no excedern de 3 mesas, uno o mÆs de los siguientes documentos relativos 
a una o rnÆs de las solicitudes extranjeras referidas total o parcialmente a ía misma invenciOn que se 
exam/na: . b) Co pie de los resultados de exØmenes de novedad o de patentabilidad efectuados respecto a 
esa solicitud extranjera; ... Si el solicitante no presentara los documentos requeridos dentro del plaza 
seflalado en el presente articulo ía of/c/na nacional cornpetente denegarÆ la patente’ 

Como consecuencia de la büsqueda de anterioridades de materia relacionada con la de la 
presente invención, se determinO que existen en el estado de la tØcnica los siguientes 
documentos, que eventualmente afectarlan 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 



Siendo que las publicaciones referenciadas hacen parte del resultado del examen de 
büsqueda realizado esta solicitud colombiana, y no siendo viable la consecuciOn de dichos 
articulos par este despacho, se requiere que el solicitante, en virtud de 10 establecido en el 
articulo 46 de la Decision 486 de la ComisiOn de la Comunidad Andina, proporcione las 
publicaciones completas, con Ia que podrÆ realizarse un anÆlisis absoluto de la 
patentabilidad de la invenciOn correspondiente a la presente solicitud. 

Notifiquese el presente oficio conforme a Ia dispuesto en el numeral 5.2, literal e), del 
capitulo quinto (5), del tItulo primero la circular Unica N° 10 de 2001. 

P 
ALIX CARMENZACESPEDES DE VERGEL 
Directora de Nuevas Creaciones (C) 

1 

El anterior requerimiento fue 
fecha 

notificado por fijaciOn en lista, de 

CONCEPTO TECNICO EXAMINADOR TECNICO EXAMINADOR JURIDICO 
N°: 1125 Codigo N°: 202087 Código N°: 
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2020 
Bogota, D.C., 

Abogado 
EMILIO FERRERO 
Apoderado 

ASUNTO Radicación 06-98637 
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ActuaciOn 430 
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Folios 211 

Patente de lnvención Patente de Modelo de Utilidad 

Via Nacional 

Via PCT (fase nacional) Cap.I Cap. II 

No. Sol, Internacional PCT/US2005/007524 
Fecha de Presentaciôn Internal. 2005/03/03 

a 

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de 
Ia DecisiOn 486 de la Comisión de la Comunidad Andina, se le comunica: 

1. Documentos estudiados 

Descripciôn: Folios: 66 a 120 

Reivindicaciones: Folios 121 a 142 como se radicO inicialmente 

Prioridad: Fecha: 2004/03/03, pals: US, nümero: 60/550.015 

2. Objeto de la invención 

� TItulo de la solicitud: Composiciones y mØtodos para aplicaciOn tópica y 
suministro transdermico de toxinas botulinum. Nümero de folio: I 

El problema planteado en esta solicitud es la necesidad de la aplicaciOn tópica de 
la toxina botulinica que es mÆs segura y deseable debido a la naturaleza dolorosa 
de la aplicaciOn, a las largas superficiesde tratamiento que se deben cubrir, a la 
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 medlo para la entrega y administración 
transdermica (tipo parche) de la toxina sin requerir inyeccion. 

EXP 2006-98637 



Para solucionar este problema tØcnico la solicitud en estudio proporciona una 
composición para aplicación tópica de toxina botulinica. 

Clasificación Internacional de Patentes (IPC.): A6IK 51/00 

3. Unidad do invención (artIculo 25 D 486) 

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

4. Excepción a la patentabilidad (artIculo 20 D486 literal a)-d) 

Reivindicaciones 51- 150: Se refieren a un mØtodo para administrar una toxina 
. botulinum a un sujeto por 10 tanto estÆn exceptuadas de patentabilidad segOn la 

Iegislaciôn vigente. 

5. Determinación del Estado de la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es: 

Fecha de presentación de  la solicitud prioritaria 2004/03/03 

Ten iendo en cuenta la fecha indicada se realizO la büsqueda en el estado de  la 
tØcnica de documentos relacionados con la solicitud encontrÆndose los 
siguientes documentos mÆs relevantes: 

N°F Documento TituIo Fecha do 
publicación* 

METHOD OF TARGETING 
D1 US 2003/0147921 PHARMACEUTICALS TO 2003/0817 

MOTOR NEURONS  
KERATIN- BASED POWDERS 

02 US 6544548 AND HYDROGEL FOR 2003/04/8 PHARMACEUTICAL 
APPLICATIONS  

6. Anàlisis de patentabilidad (artIculo 14 D486) 

Nivel invontivo (artIculo18 D486) 

La presente Solicitud de Patente reivindica: 

Reivindicación 1: Composición que comprende toxina botulinum en asociación no 
covalente a un portador que comprende una estructura polimØrica que tiene 
grupos ramificados adheridos cargados positivamente. 

EXP 2006-95637 
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Dicha composición estÆ afectada por los siguientes documentos del Estado le"la 
TØcnica: 

Dl enseæa la aplicación mØdica de la toxina botulinica y composiciones que 
comprenden la toxina botulinica en asociación a un portador polimØrico. 

D2 enseæa que la asociación de un agente activo con un excipiente puede 
Ilevarse a cabo mediarite atracción no covalente (folio 203 In 65-67)0 asociación 
a travØs de interacciOn electrostÆtica, hidrofilita o iónica, en donde el agente 
activo puede ser una forma catiónica que se une iónicamente al excipiente. La 
prÆctica de la invención puede administrarse mediante implantaciOn subcutÆnea 
(folio 204) la cual incluye inyecciones de larga duraciOn, supositorios, unguentos 
tôpicos o aplicaciones transdØrmicas como parches cutÆneos (folio 204 In 58). 

La ünica diferencia con D1 es que esta solicitud es que la union entre la toxina 
y el portador polimØrico es no covalente. 

El efecto tØcnico logrado por esta diferencia es una forma de aplicaciOn tópica 
para la toxina botulinica. 

El Problema TØcnico Objetivo se puedØ definir en como lograr una forma de 
aplicación via tópica 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 tópica para  la 
administración de  la toxina botulinica y conociendo el estado de la tØcnica 
fabricarla las composiciones reveladas en Dl en donde la toxina botulinica se 
asocia a un portador polimØrico pero utilizando las ensenanzas 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 Ic 
reivindicado. 

En conclusión, no se considera que la presente solicitud merezca reconocimiento 
de nivel inventive. 

. 

6. Conclusion: 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados as[: 

N° Documento N° Reivindicaciones 
afectadas  Requisito que afecta 

D1 US 2003/0147921 1-40 NIVEL INVENTIVO 

02 US 6544548 1-40 NIVEL INVENTIVO 

EXP 200698637 
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En cumplimiento del articulo 45 de la Decision 486 de la Comisión de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de 60 dias contados 
a partir de la fecha de notificaciôn 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 concesión, Se denegarÆ la patente. 

Notifiquese el presente oficio cforme a lo dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del tItulo primero/de la Circular Linica No 10 de 2001. 

/C4ESPEDESALIX CARMENZA  DE VERGEL 
Directora de Nuevas Creaciones (C) 

El anterior requerirniento fue notificado 

CONCEPTO TECNICO 
No. 1125 

por fijaciOn en lista, de fecha 

EXAMINADOR TECNICO 
Cadigo No. 202087 

EXP 2006-98637 


