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molecular weight of a disaccharide unit of the polysaccharide 
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PHARMACEUTICAL COMPOSITIONS 
CONTAINING BOTULINUM NEUROTOXIN 

CROSS REFERENCE 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/467,795, filed May 9, 2012, which is a divi 
sional of application Ser. No. 1 1/539,778, filed Oct. 9, 2006, 
now U.S. Pat. No. 8,216.591, which is a divisional of appli 
cation Ser. No. 1 1/303,000, filed Dec. 13, 2005, now U.S. Pat. 
No. 7,758,873, which is a continuation of application Ser. No. 
10/359,828, filed Feb. 7, 2003, now U.S. Pat. No. 7,780,967, 
which is a continuation in part of is application Ser. No. 
10/288,738, filed Nov. 5, 2002 (now abandoned), which is a 
continuation in part of application Ser. No. 10/047,058, filed 
Jan. 14, 2002 (now abandoned), which is a continuation in 
part of application Ser. No. 09/500,147, filed Feb. 8, 2000 
(now abandoned). The entire contents of these prior patent 
applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 This invention relates to pharmaceutical composi 
tions comprising a polysaccharide and a botulinum toxin, and 
uses thereof. Such as to treat a facial wrinkle 

BACKGROUND 

0003. The present invention relates to Clostridial toxin 
pharmaceutical compositions. In particular, the present 
invention relates to Clostridial toxin pharmaceutical compo 
sitions with a reduced toxicity and/or a reduced antigenicity 
and uses thereof. 
0004. A pharmaceutical composition is a formulation 
which contains at least one active ingredient (Such as a 
Clostridial toxin) as well as, for example, one or more excipi 
ents, buffers, carriers, stabilizers, preservatives and/or bulk 
ing agents, and is suitable for administration to a patient to 
achieve a desired diagnostic result or therapeutic effect. The 
pharmaceutical compositions disclosed herein have diagnos 
tic, therapeutic and/or research utility. 
0005 For storage stability and convenience of handling, a 
pharmaceutical composition can be formulated as a lyo 
philized (i.e. freeze dried) or vacuum dried powder which can 
be reconstituted with a suitable fluid, such as saline or water, 
prior to administration to a patient. Alternately, the pharma 
ceutical composition can be formulated as an aqueous solu 
tion or Suspension. A pharmaceutical composition can con 
tain a proteinaceous active ingredient. Unfortunately, a 
protein active ingredient can be very difficult to stabilize (i.e. 
maintained in a state where loss of biological activity is 
minimized), resulting therefore in a loss of protein and/or loss 
of protein activity during the formulation, reconstitution (if 
required) and during the period of storage prior to use of a 
protein containing pharmaceutical composition. Stability 
problems can occur because of protein denaturation, degra 
dation, dimerization, and/or polymerization. Various excipi 
ents, such as albumin and gelatin have been used with differ 
ing degrees of Success to try and stabilize a protein active 
ingredient present in a pharmaceutical composition. Addi 
tionally, cryoprotectants such as alcohols have been used to 
reduce protein denaturation under the freezing conditions of 
lyophilization. 
0006 Albumin 
0007 Albumins are small, abundant plasma proteins. 
Human serum albumin has a molecular weight of about 69 
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kiloDaltons (kD) and has been used as a non-active ingredient 
in a pharmaceutical composition where it can serve as a bulk 
carrier and stabilizer of certain protein active ingredients 
present in a pharmaceutical composition. 
0008. The stabilization function of albumin in a pharma 
ceutical composition can be present both during the multi 
step formulation of the pharmaceutical composition and upon 
the later reconstitution of the formulated pharmaceutical 
composition. Thus, stability can be imparted by albuminto a 
proteinaceous active ingredient in a pharmaceutical compo 
sition by, for example, (1) reducing adhesion (commonly 
referred to as “stickiness') of the protein active ingredient to 
Surfaces, such as the Surfaces of laboratory glassware, ves 
sels, to the vial in which the pharmaceutical composition is 
reconstituted and to the inside Surface of a syringe used to 
inject the pharmaceutical composition. Adhesion of a protein 
active ingredient to Surfaces can lead to loss of active ingre 
dient and to denaturation of the remaining retained protein 
active ingredient, both of which reduce the total activity of the 
active ingredient present in the pharmaceutical composition, 
and; (2) reducing denaturation of the active ingredient which 
can occur upon preparation of a low dilution solution of the 
active ingredient. 
0009. As well as being able to stabilize a protein active 
ingredient in a pharmaceutical composition, human serum 
albumin also has the advantage of generally negligible immu 
nogenicity when injected into a human patient. A compound 
with an appreciable immunogenicity can cause the produc 
tion of antibodies against it which can lead to an anaphylactic 
reaction and/or to the development of drug resistance, with 
the disease or disorder to be treated thereby becoming poten 
tially refractory to the pharmaceutical composition which has 
an immunogenic component. 
0010 Unfortunately, despite its known stabilizing effect, 
significant drawbacks exist to the use of human serum albu 
min in a pharmaceutical composition. For example human 
serum albumins are expensive and increasingly difficult to 
obtain. Furthermore, blood products such as albumin, when 
administered to a patient can Subject the patient to a potential 
risk of receiving blood borne pathogens or infectious agents. 
Thus, it is known that the possibility exists that the presence 
of albumin in a pharmaceutical composition can result in 
inadvertent incorporation of infectious elements into the 
pharmaceutical composition. For example, it has been 
reported that use of human serum albumin may transmit 
prions into a pharmaceutical composition. A prion is a pro 
teinaceous infectious particle which is hypothesized to arise 
as an abnormal conformational isoform from the same 
nucleic acid sequence which makes the normal protein. It has 
been further hypothesized that infectivity resides in a 
“recruitment reaction of the normal isoform protein to the 
prion protein isoformat a post translational level. Apparently 
the normal endogenous cellular protein is induced to misfold 
into a pathogenic prion conformation. Significantly, several 
lots of human serum albumin have been withdrawn from 
distribution upon a determination that a blood donor to a pool 
from which the albumin was prepared was diagnosed with 
Creutzfeldt-Jacob disease. 

0011 Creutzfeldt-Jacob disease (sometimes character 
ized as Alzheimer's disease on fast forward) is a rare neuro 
degenerative disorder of human transmissible spongiform 
encephalopathy where the transmissible agent is apparently 
an abnormal isoform of a prion protein. An individual with 
Creutzfeldt-Jacob disease can deteriorate from apparent per 
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fect health to akinetic mutism within six months. Possible 
iatrogenic transmission of Creutzfeldt-Jacob disease by 
human serum albumin transfusion has been reported and it 
has been speculated that Sufficient protection against 
Creutzfeldt-Jacob disease transmission is not provided by the 
usual methods of human serum albumin preparation which 
methods include disposal of blood cellular elements and heat 
ing to 60 degrees C. for 10 hours. Thus, a potential risk may 
exist of acquiring a prion mediated disease, Such as 
Creutzfeldt-Jacob disease, from the administration of a phar 
maceutical composition which contains human plasma pro 
tein concentrates, such as serum albumin. 
0012 Gelatin has been used in some protein active ingre 
dient pharmaceutical compositions as an albumin Substitute. 
Notably, gelatin is a animal derived protein and therefore 
carries the same risk of potential infectivity which may be 
possessed by human serum albumin. Hence, it is desirable to 
find a substitute for human serum albumin which is not a 
blood fraction, and preferably, the albumin substitute is not 
gelatin and is not derived from any animal (i.e. mammalian) 
SOUC. 

0013 Collagen has been used cosmetically as a filler 
material to treat of skin contour problems, such as to Smooth 
smile line grooves and frown lines, folds between the eye 
brows, wrinkles in the corners of the eyes and fine vertical 
creases above and below the lips. Collagen is also useful in 
Smoothing certain post-Surgical traumatic or acne Scarring 
and viral pock marks, such as chicken pox marks. For Such 
purposes the collagen is injected into the dermis to raise the 
skin. 
0014 Botulinum Toxin 
0015 The genus Clostridium has more than one hundred 
and twenty seven species, grouped by morphology and func 
tion. The anaerobic, gram positive bacterium Clostridium 
botulinum produces a potent polypeptide neurotoxin, botuli 
num toxin, which causes a neuroparalytic illness in humans 
and animals referred to as botulism. Clostridium botulinum 
and its spores are commonly found in Soil and the bacterium 
can grow in improperly sterilized and sealed food containers 
of home based canneries, which are the cause of many of the 
cases of botulism. The effects of botulism typically appear 18 
to 36 hours after eating the foodstuffs infected with a 
Clostridium botulinum culture or spores. The botulinum toxin 
can apparently pass unattenuated through the lining of the gut 
and attack peripheral motor neurons. Symptoms of botulinum 
toxin intoxication can progress from difficulty walking, Swal 
lowing, and speaking to paralysis of the respiratory muscles 
and death. 

0016. Botulinum toxin type A is the most lethal natural 
biological agent known to man. About 50 picograms of botu 
linum toxin (purified neurotoxin complex) type A is a LDso in 
mice. Interestingly, on a molar basis, botulinum toxin type A 
is 1.8 billion times more lethal than diphtheria, 600 million 
times more lethal than sodium cyanide, 30 million times more 
lethal than cobrotoxin and 12 million times more lethal than 
cholera. Singh, Critical Aspects of Bacterial Protein Toxins, 
pages 63-84 (chapter 4) of Natural Toxins II, edited by B. R. 
Singhet al., Plenum Press, New York (1976) (where the stated 
LDso of botulinum toxin type A of 0.3 ng equals 1 U is 
corrected for the fact that about 0.05 ng of BOTOXOR) equals 
1 unit). One unit (U) of botulinum toxin is defined as the LDso 
upon intraperitoneal injection into female Swiss Webster 
mice weighing 18-20 grams each. In other words, one unit of 
botulinum toxin is the amount of botulinum toxin that kills 
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50% of a group of female Swiss Webster mice. Seven gener 
ally immunologically distinct botulinum neurotoxins have 
been characterized, these being respectively botulinum neu 
rotoxin serotypes A, B, C, D, E, F, and G, each of which is 
distinguished by neutralization with type-specific antibodies. 
The different serotypes of botulinum toxin vary in the animal 
species that they affect and in the severity and duration of the 
paralysis they evoke. For example, it has been determined that 
botulinum toxin type A is 500 times more potent, as measured 
by the rate of paralysis produced in the rat, than is botulinum 
toxin type B. Additionally, botulinum toxin type B has been 
determined to be non-toxic in primates at a dose of 480U/kg 
which is about 12 times the primate LDs for botulinum toxin 
type A. The botulinum toxins apparently bind with high affin 
ity to cholinergic motor neurons, are translocated into the 
neuron and block the presynaptic release of acetylcholine. 
0017. Botulinum toxins have been used in clinical settings 
for the treatment of neuromuscular disorders characterized by 
hyperactive skeletal muscles. Botulinum toxin type A was 
approved by the U.S. Food and Drug Administration in 1989 
for the treatment of essential blepharospasm, strabismus and 
hemifacial spasm in patients over the age of twelve. Clinical 
effects of peripheral injection (i.e. intramuscular or Subcuta 
neous) botulinum toxin type A are usually seen within one 
week of injection, and often within a few hours after injection. 
The typical duration of symptomatic relief (i.e. flaccid muscle 
paralysis) from a single intramuscular injection of botulinum 
toxin type A can be about three months to about six months. 
0018. Although all the botulinum toxins serotypes appar 
ently inhibit release of the neurotransmitter acetylcholine at 
the neuromuscular junction, they do so by affecting different 
neurosecretory proteins and/or cleaving these proteins at dif 
ferent sites. Botulinum toxin A is a Zinc endopeptidase which 
can specifically hydrolyze a peptide linkage of the intracel 
lular, vesicle associated protein SNAP-25. Botulinum type E 
also cleaves the 25 kiloDalton (kD) synaptosomal associated 
protein (SNAP-25), but targets different amino acid 
sequences within this protein, as compared to botulinum 
toxin type A. Botulinum toxin types B, D, F and G act on 
vesicle-associated protein (VAMP also called synaptobre 
vin), with each serotype cleaving the protein at a different 
site. Finally, botulinum toxin type C has been shown to 
cleave both syntaxin and SNAP-25. These differences in 
mechanism of action may affect the relative potency and/or 
duration of action of the various botulinum toxin serotypes. 
0019 Regardless of serotype, the molecular mechanism 
of toxin intoxication appears to be similar and to involve at 
least three steps or stages. In the first step of the process, the 
toxin binds to the presynaptic membrane of the target neuron 
through a specific interaction between the heavy chain (H 
chain) and a cell Surface receptor, the receptor is thought to be 
different for each serotype of botulinum toxin and for tetanus 
toxin. The carboxyl end segment of the H chain, H, appears 
to be important for targeting of the toxin to the cell Surface. 
0020. In the second step, the toxin crosses the plasma 
membrane of the poisoned cell. The toxin is first engulfed by 
the cell through receptor-mediated endocytosis, and an endo 
Some containing the toxin is formed. The toxin then escapes 
the endosome into the cytoplasm of the cell. This last step is 
thought to be mediated by the amino end segment of is the H 
chain, H, which triggers a conformational change of the 
toxin in response to a pH of about 5.5 or lower. Endosomes are 
known to possess a proton pump which decreases intra endo 
somal pH. The conformational shift exposes hydrophobic 
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residues in the toxin, which permits the toxin to embed itself 
in the endosomal membrane. The toxin then translocates 
through the endosomal membrane into the cytosol. 
0021. The last step of the mechanism of botulinum toxin 
activity appears to involve reduction of the disulfide bond 
joining the H and L chain. The entire toxic activity of botu 
linum and tetanus toxins is contained in the L chain of the 
holotoxin; the L chain is a Zinc (Zn----) endopeptidase which 
selectively cleaves proteins essential for recognition and 
docking of neurotransmitter-containing vesicles with the 
cytoplasmic Surface of the plasma membrane, and fusion of 
the vesicles with the plasma membrane. Tetanus neurotoxin, 
botulinum toxin B, D, F, and G cause degradation of synap 
tobrevin (also called vesicle-associated membrane protein 
(VAMP)), a synaptosomal membrane protein. Most of the 
VAMP present at the cytosolic surface of the synaptic vesicle 
is removed as a result of any one of these cleavage events. 
Each toxin specifically cleaves a different bond. 
0022. The molecular weight of the botulinum toxin pro 
tein molecule, for all seven of the known botulinum toxin 
serotypes, is about 150 kD. Interestingly, the botulinum tox 
ins are released by Clostridial bacterium as complexes com 
prising the 150 kD botulinum toxin protein molecule along 
with associated non-toxin proteins. Thus, the botulinum toxin 
type A complex can be produced by Clostridial bacterium as 
900 kD. 500 kD and 300 kD forms. Botulinum toxin types B 
and C are apparently produced as only a 500 kD complex. 
Botulinum toxin type D is produced as both 300 kD and 500 
kD complexes. Finally, botulinum toxin types E and F are 
produced as only approximately 300 kD complexes. The 
complexes (i.e. molecular weight greater than about 150 kD) 
are believed to contain a non-toxin hemagglutinin protein and 
a non-toxin and non-toxic nonhemagglutinin protein. These 
two non-toxin proteins (which along with the botulinum toxin 
molecule can comprise the relevant neurotoxin complex) may 
act to provide stability against denaturation to the botulinum 
toxin molecule and protection against digestive acids when 
toxin is ingested. Additionally, it is possible that the larger 
(greater than about 150 kD molecular weight) botulinum 
toxin complexes may result in a slower rate of diffusion of the 
botulinum toxin away from a site of intramuscular injection 
of a botulinum toxin complex. The toxin complexes can be 
dissociated into toxin protein and hemagglutinin proteins by 
treating the complex with red blood cells at pH 7.3. The toxin 
protein has a marked instability upon removal of the hemag 
glutinin protein. 
0023 All the botulinum toxin serotypes are made by 
Clostridium botulinum bacteria as inactive single chain pro 
teins which must be cleaved or nicked by proteases to become 
neuroactive. The bacterial strains that make botulinum toxin 
serotypes A and G possess endogenous proteases and sero 
types A and G can therefore be recovered from bacterial 
cultures in predominantly their active form. In contrast, botu 
linum toxin serotypes C, D, and E are synthesized by non 
proteolytic strains and are therefore typically unactivated 
when recovered from culture. Serotypes Band Fare produced 
by both proteolytic and nonproteolytic strains and therefore 
can be recovered in either the active or inactive form. How 
ever, even the proteolytic strains that produce, for example, 
the botulinum toxin type B serotype only cleave a portion of 
the toxin produced. The exact proportion of nicked to 
unnicked molecules depends on the length of incubation and 
the temperature of the culture. Therefore, a certain percentage 
of any preparation of for example, the botulinum toxin type 

Nov. 7, 2013 

B toxin is likely to be inactive, possibly accounting for the 
known significantly lower potency of botulinum toxin type B 
as compared to botulinum toxin type A. The presence of 
inactive botulinum toxin molecules in a clinical preparation 
will contribute to the overall protein load of the preparation, 
which has been linked to increased antigenicity, without con 
tributing to its clinical efficacy. Additionally, it is known that 
botulinum toxin type B has, upon intramuscular injection, a 
shorter duration of activity and is also less potent than botu 
linum toxin type A at the same dose level. 
0024. In vitro studies have indicated that botulinum toxin 
inhibits potassium cation induced release of both acetylcho 
line and norepinephrine from primary cell cultures of brain 
stem tissue. Additionally, it has been reported that botulinum 
toxin inhibits the evoked release of both glycine and 
glutamate in primary cultures of spinal cord neurons and that 
in brain synaptosome preparations botulinum toxin inhibits 
the release of each of the neurotransmitters acetylcholine, 
dopamine, norepinephrine, CGRP and glutamate. 
0025 High quality crystalline botulinum toxin type A can 
be produced from the Hall Astrain of Clostridium botulinum 
with characteristics of Ax107 U/mg, an Aeo/As of less than 
0.60 and a distinct pattern of banding on gel electrophoresis. 
The known Schantz process can be used to obtain crystalline 
botulinum toxin type A, as set forth in Schantz, E. J., et al. 
Properties and use of Botulinum toxin and Other Microbial 
Neurotoxins in Medicine, Microbiol Rev. 56: 80-99 (1992). 
Generally, the botulinum toxin type A complex can be iso 
lated and purified from an anaerobic fermentation by culti 
Vating Clostridium botulinum type A in a suitable medium. 
Raw toxin can be harvested by precipitation with sulfuric acid 
and concentrated by ultramicrofiltration. Purification can be 
carried out by dissolving the acid precipitate in calcium chlo 
ride. The toxin can then be precipitated with cold ethanol. The 
precipitate can be dissolved in sodium phosphate buffer and 
centrifuged. Upon drying there can then be obtained approxi 
mately 900 kD crystalline botulinum toxin type A complex 
with a specific potency of 3x107 LDU/mg or greater. This 
known process can also be used, upon separation out of the 
non-toxin proteins, to obtain pure botulinum toxins, such as 
for example: purified botulinum toxin type A with an approxi 
mately 150 kD molecular weight with a specific potency of 
1-2x10 LDU/mg or greater, purified botulinum toxin type 
B with an approximately 156 kD molecular weight with a 
specific potency of 1-2x10 LDso U/mg or greater, and; puri 
fied botulinum toxin type F with an approximately 155 kD 
molecular weight with a specific potency of 1-2x10 LDso 
U/mg or greater. 
0026. Botulinum toxins and toxin complexes can be 
obtained from, for example, List Biological Laboratories, 
Inc., Campbell, Calif.; the Centre for Applied Microbiology 
and Research, Porton Down, U.K., Wako (Osaka, Japan), as 
well as from Sigma Chemicals of St Louis, Mo. Commer 
cially available botulinum toxin containing pharmaceutical 
compositions include BOTOX(R) (Botulinum toxin type A 
neurotoxin complex with human serum albumin and Sodium 
chloride) available from Allergan, Inc., of Irvine, Calif. in 100 
unit vials as a lyophilized powder to be reconstituted with 
0.9% sodium chloride before use), Dysport(R) (Clostridium 
botulinum type A toxin hemagglutinin complex with human 
serum albuminand lactose in the formulation), available from 
Ipsen Limited, Berkshire, U.K. as a powder to be reconsti 
tuted with 0.9% sodium chloride before use), and MyoBlocTM 
(an injectable solution comprising botulinum toxin type B, 
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human serum albumin, sodium Succinate, and Sodium chlo 
ride at about pH 5.6, available from Elan Corporation, Dub 
lin, Ireland). 
0027. The success of botulinum toxin type A to treat a 
variety of clinical conditions has led to interest in other botu 
linum toxin serotypes. Additionally, pure botulinum toxin has 
been used to treat humans. See e.g. Kohl A., et al., Compari 
son of the effect of botulinum toxin A (BotoxR) with the 
highly-purified neurotoxin (NT201) in the extensor digitorum 
brevis muscle test, Mov Disord 2000: 15(Suppl 3):165. 
Hence, a pharmaceutical composition can be prepared using 
a pure botulinum toxin. 
0028. The type A botulinum toxin is known to be soluble 
in dilute aqueous solutions at pH 4-6.8. At pH above about 7 
the stabilizing nontoxic proteins dissociate from the neuro 
toxin, resulting in a gradual loss of toxicity, particularly as the 
pH and temperature rise. Schantz E.J., et al Preparation and 
characterization of botulinum toxin type A for human treat 
ment (in particular pages 44-45), being chapter3 of Jankovic, 
J., et al. Therapy with Botulinum Toxin, Marcel Dekker, Inc 
(1994). 
0029. As with enzymes generally, the biological activities 
of the botulinum toxins (which are intracellular peptidases) is 
dependant, at least in part, upon their three dimensional con 
formation. Thus, botulinum toxin type A is detoxified by heat, 
various chemicals surface stretching and Surface drying. 
Additionally, it is known that dilution of the toxin complex 
obtained by the known culturing, fermentation and purifica 
tion to the much, much lower toxin concentrations used for 
pharmaceutical composition formulation results in rapid 
detoxification of the toxin unless a suitable stabilizing agent 
is present. Dilution of the toxin from milligram quantities to 
a solution containing nanograms per milliliter presents sig 
nificant difficulties because of the rapid loss of specific tox 
icity upon Such great dilution. Since the toxin may be used 
months or years after the toxin containing pharmaceutical 
composition is formulated, the toxin can stabilized with a 
stabilizing agent Such as albumin and gelatin. 
0030. It has been reported that BoNt/A has been used in 
various clinical settings, including as follows: 
0031 (1) about 75-125 units of BOTOXR" per intramus 
cular injection (multiple muscles) to treat cervical dystonia; 
1Available from Allergan, Inc., of Irvine, Calif. under the tradename 
BOTOXOR. 

0032 (2)5-10 units of BOTOX(R) per intramuscular injec 
tion to treat glabellar lines (brow furrows) (5 units injected 
intramuscularly into the procerus muscle and 10 units 
injected intramuscularly into each corrugator Supercilii 
muscle); 
0033 (3) about 30-80 units of BOTOX(R) to treat consti 
pation by intrasphincter injection of the puborectalis muscle; 
0034 (4) about 1-5 units per muscle of intramuscularly 
injected BOTOXOR to treat blepharospasm by injecting the 
lateral pre-tarsal orbicularis oculi muscle of the upper lid and 
the lateral pre-tarsal orbicularis oculi of the lower lid. 
0035 (5) to treat strabismus, extraocular muscles have 
been injected intramuscularly with between about 1-5 units of 
BOTOX(R), the amount injected varying based upon both the 
size of the muscle to be injected and the extent of muscle 
paralysis desired (i.e. amount of diopter correction desired). 
0036 (6) to treat upper limb spasticity following stroke by 
intramuscular injections of BOTOXR into five different 
upper limb flexor muscles, as follows: 
0037 (a) flexor digitorum profundus: 7.5 U to 30 U 
0038 (b) flexor digitorum sublimus: 7.5 U to 30 U 
0039 (c) flexor carpi ulnaris: 10 U to 40 U 
0040 (d) flexor carpi radialis: 15 U to 60 U 
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0041) (e) biceps brachii: 50 U to 200 U. Each of the five 
indicated muscles has been injected at the same treatment 
session, so that the patient receives from 90 U to 360 U of 
upper limb flexor muscle BOTOXOR) by intramuscular injec 
tion at each treatment session. 
0042 (7) to treat migraine, pericranial injected (injected 
symmetrically into glabellar, frontalis and temporalis 
muscles) injection of 25 U of BOTOX(R) has showed signifi 
cant benefit as a prophylactic treatment of migraine compared 
to vehicle as measured by decreased measures of migraine 
frequency, maximal severity, associated Vomiting and acute 
medication use over the three month period following the 25 
U injection. 
0043. It is known that botulinum toxin type A can have an 
efficacy for up to 12 months (European J. Neurology 6 (Supp 
4): S111-S1150: 1999), and in some circumstances for as long 
as 27 months. The Laryngoscope 109:1344-1346: 1999. How 
ever, the usual duration of an intramuscular injection of 
Botox(R) is typically about 3 to 4 months. 
0044) The success of botulinum toxin type A to treat a 
variety of clinical conditions has led to interest in other botu 
linum toxin serotypes. Additionally, pure botulinum toxin has 
been used in humans. See e.g. Kohl A., et al., Comparison of 
the effect of botulinum toxin A (BotoxR) with the highly 
purified neurotoxin (NT 201) in the extensor digitorum brevis 
muscle test, Mov Disord 2000: 15(Suppl 3):165 Hence, a 
pharmaceutical composition can be prepared using a pure 
botulinum toxin. 

0045. The botulinum toxin molecule (about 150 kDa), as 
well as the botulinum toxin complexes (about 300-900 kDa), 
Such as the toxin type A complex are also extremely Suscep 
tible to denaturation due to Surface denaturation, heat, and 
alkaline conditions. Inactivated toxin forms toxoid proteins 
which may be immunogenic. The resulting antibodies can 
render a patient refractory to toxin injection. 
0046. As with enzymes generally, the biological activities 
of the botulinum toxins (which are intracellular peptidases) 
are dependant, at least in part, upon their three dimensional 
conformation. Thus, botulinum toxin type A is detoxified by 
heat, various chemicals surface stretching and Surface drying. 
Additionally, it is known that dilution of the toxin complex 
obtained by the known culturing, fermentation and purifica 
tion to the much, much lower toxin concentrations used for 
pharmaceutical composition formulation results in rapid 
detoxification of the toxin unless a suitable stabilizing agent 
is present. Dilution of the toxin from milligram quantities to 
a solution containing nanograms per milliliter presents sig 
nificant difficulties because of the rapid loss of specific tox 
icity upon Such great dilution. Since the toxin may be used 
months or years after the toxin containing pharmaceutical 
composition is formulated, the toxin must be stabilized with 
a stabilizing agent. To date, the only Successful stabilizing 
agent for this purpose has been the animal derived proteins 
human serum albumin and gelatin. And as indicated, the 
presence of animal derived proteins in the final formulation 
presents potential problems in that certain stable viruses, 
prions, or other infectious or pathogenic compounds carried 
through from donors can contaminate the toxin. 
0047. Furthermore, any one of the harsh pH, temperature 
and concentration range conditions required to lyophilize 
(freeze-dry) or vacuum dry a botulinum toxin containing 
pharmaceutical composition into a toxinshipping and storage 
format (ready for use or reconstitution by a physician) can 
detoxify the toxin. Thus, animal derived or donor pool pro 
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teins such as gelatin and serum albumin have been used with 
Some Success to stabilize botulinum toxin. 
0048. A commercially available botulinum toxin contain 
ing pharmaceutical composition is sold under the trademark 
BOTOX(R) (available from Allergan, Inc., of Irvine, Calif.). 
BOTOX(R) consists of a purified botulinum toxin type A com 
plex, human serum albumin, and Sodium chloride packaged 
in sterile, vacuum-dried form. The botulinum toxin type A is 
made from a culture of the Hall strain of Clostridium botuli 
num grown in a medium containing N-Zamine and yeast 
extract. The botulinum toxin type A complex is purified from 
the culture Solution by a series of acid precipitations to a 
crystalline complex consisting of is the active high molecular 
weight toxin protein and an associated hemagglutinin pro 
tein. The crystalline complex is re-dissolved in a solution 
containing saline and albumin and sterile filtered (0.2 
microns) prior to vacuum-drying. BOTOXOR) can be reconsti 
tuted with Sterile, non-preserved saline prior to intramuscular 
injection. Each vial of BOTOX(R) contains about 100 units (U) 
of Clostridium botulinum toxin type A complex, 0.5 milli 
grams of human serum albuminand 0.9 milligrams of sodium 
chloride in a sterile, vacuum-dried form without a preserva 
tive. 

0049. To reconstitute vacuum-dried BOTOXOR sterile nor 
mal saline without a preservative (0.9% Sodium Chloride 
injection) is used by drawing up the properamount of diluent 
in the appropriate size syringe. Since BOTOXOR) is denatured 
by bubbling or similar violent agitation, the diluent is gently 
injected into the vial. For sterility reasons, BOTOX(R) should 
be administered within four hours after reconstitution. Dur 
ing this time period, reconstituted BOTOXOR) is stored in a 
refrigerator (2° to 8° C.). Reconstituted BOTOX(R) is clear, 
colorless and free of particulate matter. The vacuum-dried 
product is stored in a freezer at or below -5°C. 
0050. It has been reported that a suitable alternative to 
human serum albuminas a botulinum toxin stabilizer may be 
another protein or alternatively a low molecular weight (non 
protein) compound. Carpender et al., Interactions of Stabiliz 
ing Additives with Proteins. During Freeze-Thawing and 
Freeze-Drying, International Symposium on Biological 
Product Freeze-Drying and Formulation, 24-26 Oct. 1990; 
Karger (1992), 225-239. 
0051. Many substances commonly used as carriers and 
bulking agents in pharmaceutical compositions have proven 
to be unsuitable as albumin replacements in a Clostridial 
toxin containing pharmaceutical composition. For example, 
the disaccharide cellobiose has been found to be unsuitable as 
a botulinum toxin stabilizer. Thus, it is known that the use of 
cellobiose as an excipient in conjunction with albumin and 
sodium chloride results in a much lower level of toxicity (10% 
recovery) after lyophilization of crystalline botulinum toxin 
type A with these excipients, as compared to the toxicity after 
lyophilization with only human serum albumin (>75% to 
>90% recovery). Goodnough et al., Stabilization of Botuli 
num Toxin Tipe A During Lyophilization, App & Envir. 
Micro. 58 (10) 3426-3428 (1992). 
0052 Furthermore, saccharides, including polysaccha 
rides, are in general poor candidates to serve as protein sta 
bilizers. Thus, it is known that a pharmaceutical composition 
containing a protein active ingredient is inherently unstable if 
the protein formulation comprises a saccharide (Such as glu 
cose or a polymer of glucose) or carbohydrates because pro 
teins and glucose are known to interact together and to 
undergo the well-described Maillard reaction, due to the 
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reducing nature of glucose and glucose polymers. Much work 
has been dedicated to mostly unsuccessful attempts at pre 
venting this protein-saccharide reaction by, for example, 
reduction of moisture or use of non-reducing Sugars. Signifi 
cantly, the degradative pathway of the Maillard reaction can 
resultinatherapeutic insufficiency of the proteinactive ingre 
dient. A pharmaceutical formulation comprising protein and 
a reducing saccharide, carbohydrate or Sugar, Such as a glu 
cose polymer, is therefore inherently unstable and cannot be 
stored for a long period of time without significant loss of the 
active ingredient protein's desired biological activity. 
0053. Notably, one of the reasons human serum albumin 
can function effectively as a stabilizer of a protein active 
ingredient in a pharmaceutical composition is because, albu 
min, being a protein, does not undergo the Maillard reaction 
with the protein active ingredient in a pharmaceutical com 
position. Hence, one would expect to find and to look for a 
Substitute for human serum albumin amongst other proteins. 
0054 Finding an appropriate substitute for human serum 
albumin as a stabilizer of the botulinum toxin present in a 
pharmaceutical composition is difficult and problematic 
because human serum albumin is believed to function in a 
pharmaceutical composition as more than a mere bulking 
agent. Thus, albumin apparently can interact with botulinum 
toxin so as to increase the potency of the neurotoxin. For 
example, it is known that bovine serum albumin can act as 
more than a mere stabilizing excipient for botulinum toxin 
type A, since bovine serum albumin apparently also acceler 
ates the rate of catalysis of synthetic peptide substrates, which 
substrates resemble the SNAP-25 intraneuronal substrate for 
botulinum toxin type A Schmidt, et al., Endoproteinase Activ 
ity of Tipe A Botulinum Neurotoxin Substrate Requirements 
and Activation by Serum Albumin, J. of Protein Chemistry, 16 
(1), 19-26 (1997). Thus, albumin may have a potentiating 
effect, apparently by affecting rate kinetics, upon the intrac 
ellular proteolytic action of a botulinum toxin upon the tox 
in’s substrate. This potentiating effect may be due to albumin 
which has accompanied the botulinum toxin upon endocyto 
sis of the toxin into a target neuron or the potentiating effect 
may be due to the pre-existing presence cytoplasmic albumin 
within the neuron protein prior to endocytosis of the botuli 
num toxin. 
0055. The discovery of the presence of a kinetic rate 
stimulatory effect by bovine serum albumin upon the pro 
teolytic activity of botulinum toxin type Arenders the search 
for a suitable substitute for albumin in a botulinum toxin 
containing pharmaceutical formulation especially problem 
atic. Thus, an albumin substitute with desirable toxin stabili 
Zation characteristics may have an unknown and possibly 
deleterious effect upon the rate of substrate catalysis by the 
toxin, since at least with regard to bovine serum albumin the 
two characteristics (toxin stabilization and toxin Substrate 
catalysis potentiation) are apparently inherent to the same 
albumin excipient. This potentiating is effect of albumin 
shows that albumin does not act as a mere excipient in the 
formulation and therefore renders the search for a suitable 
substitute for albumin more difficult. 
0056. Additionally there are many unique characteristics 
of botulinum toxin and its formulation into a suitable phar 
maceutical composition which constrain and hinder and ren 
der the search for a replacement for the albumin used in 
current botulinum toxin containing pharmaceutical formula 
tions very problematic. Examples of four of these unique 
characteristics follow. 
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0057 First, botulinum toxin is a relatively large protein for 
incorporation into a pharmaceutical formulation (the molecu 
lar weight of the botulinum toxin type A complex is 900 kD) 
and is therefore is inherently fragile and labile. The size of the 
toxin complex makes it much more friable and labile than 
Smaller, less complex proteins, thereby compounding the for 
mulation and handling difficulties if toxin stability is to be 
maintained. Hence, an albumin replacement must be able to 
interact with the toxin in a manner which does not denature, 
fragment or otherwise detoxify the toxin molecule or cause 
disassociation of the non-toxin proteins present in the toxin 
complex. 
0058 Second, as the most lethal known biological prod 

uct, exceptional safety, precision, and accuracy is called for at 
all steps of the formulation of a botulinum toxin containing 
pharmaceutical composition. Thus, a preferred potential 
albumin replacer should not itself be toxic or difficult to 
handle So as to not exacerbate the already extremely stringent 
botulinum toxin containing pharmaceutical composition for 
mulation requirements. 
0059. Third, since botulinum toxin was the first microbial 
toxin to be approved (by the FDA in 1989) for injection for the 
treatment of human disease, specific protocols had to be 
developed and approved for the culturing, bulk production, 
formulation into a pharmaceutical and use of botulinum 
toxin. Important considerations are toxin purity and dose for 
injection. The production by culturing and the purification 
must be carried out so that the toxin is not exposed to any 
substance that might contaminate the final product in even 
trace amounts and cause undue reactions in the patient. These 
restrictions require culturing in simplified medium without 
the use of animal meat products and purification by proce 
dures not involving synthetic solvents or resins. Preparation 
of toxin using enzymes, various exchangers, such as those 
present in chromatography columns and synthetic solvents 
can introduce contaminants and are therefore excluded from 
preferred formulation steps. Furthermore, botulinum toxin 
type A is readily denatured attemperatures above 40 degrees 
C., loses toxicity when bubbles form at the air/liquid inter 
face, and denatures in the presence of nitrogen or carbon 
dioxide. 

0060 Fourth, particular difficulties exist to stabilize botu 
linum toxin type A, because type A consists of a toxin mol 
ecule of about 150 kD in noncovalent association with non 
toxin proteins weighing about 750 kD. The nontoxin proteins 
are believed to preserve or help stabilize the secondary and 
tertiary structures upon which toxicity is dependant. Proce 
dures or protocols applicable to the stabilization of nonpro 
teins or to relatively smaller proteins are not applicable to the 
problems inherent with stabilization of the botulinum toxin 
complexes, such as the 900 kD botulinum toxin type A com 
plex. Thus while from pH 3.5 to 6.8 the type A toxin and non 
toxin proteins are bound together noncovalently, under 
slightly alkaline conditions (pH>7.1) the very labile toxin is 
released from the toxin complex. As set forth previously, pure 
botulinum toxin (i.e. the 150 kD molecule) has been proposed 
as the active ingredient in a pharmaceutical composition. 
0061. In light of the unique nature of botulinum toxin and 
the requirements set forth above, the probability of finding a 
suitable albumin replacement for the human serum albumin 
used in current botulinum toxin containing pharmaceutical 
compositions must realistically be seen to approach Zero. 
Prior to the present invention, only the animal derived pro 
teins, human serum albumin and gelatin, had been known to 
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have utility as suitable stabilizers of the botulinum toxin 
present in a pharmaceutical formulation. Thus, albumin, by 
itself or with one or more additional Substances such as 
Sodium phosphate or sodium citrate, is known to permit high 
recovery of toxicity of botulinum toxin type A after lyo 
philization. Unfortunately, as already set forth, human serum 
albumin, as a pooled blood product, can, at least potentially, 
carry infectious or disease causing elements when present in 
a pharmaceutical composition. Indeed, any animal productor 
protein Such as human serum albumin or gelatin can also 
potentially contain pyrogens or other Substances that can 
cause adverse reactions upon injection into a patient. 
0062 Chinese patent application CN 1215084A discusses 
an albumin free botulinum toxin type A formulated with 
gelatin, an animal derived protein. U.S. Pat. No. 6,087.327 
also discloses a composition of botulinum toxin types A and 
B formulated with gelatin. These formulations therefore do 
not eliminate the risk of transmitting an animal protein 
derived or accompanying infectious element. 
0063 Tetanus toxin, as wells as derivatives (i.e. with a 
non-native targeting moiety), fragments, hybrids and chime 
ras thereof can also have therapeutic utility. The tetanus toxin 
bears many similarities to the botulinum toxins. Thus, both 
the tetanus toxin and the botulinum toxins are polypeptides 
made by closely related species of Clostridium (Clostridium 
tetani and Clostridium botulinum, respectively). Addition 
ally, both the tetanus toxin and the botulinum toxins are 
dichain proteins composed of a light chain (molecular weight 
about 50 kD) covalently bound by a single disulfide bond to a 
heavy chain (molecular weight about 100 kD). Hence, the 
molecular weight of tetanus toxin and of each of the seven 
botulinum toxins (non-complexed) is about 150 kD. Further 
more, for both the tetanus toxin and the botulinum toxins, the 
light chain bears the domain which exhibits intracellular bio 
logical (protease) activity, while the heavy chain comprises 
the receptor binding (immunogenic) and cell membrane 
translocational domains. 
0064. Further, both the tetanus toxin and the botulinum 
toxins exhibit a high, specific affinity for gangliocide recep 
tors on the Surface of presynaptic cholinergic neurons. Recep 
tor mediated endocytosis of tetanus toxin by peripheral cho 
linergic neurons results in retrograde axonal transport, 
blocking of the release of inhibitory neurotransmitters from 
central synapses and a spastic paralysis. Contrarily, receptor 
mediated endocytosis of botulinum toxin by peripheral cho 
linergic neurons results in little if any retrograde transport, 
inhibition of acetylcholine exocytosis from the intoxicated 
peripheral motor neurons and a flaccid paralysis. 
0065. Finally, the tetanus toxin and the botulinum toxins 
resemble each other in both biosynthesis and molecular archi 
tecture. Thus, there is an overall 34% identity between the 
protein sequences of tetanus toxin and botulinum toxin type 
A, and a sequence identity as high as 62% for some functional 
domains. BinZ. T. etal. The Complete Sequence of Botulinum 
Neurotoxin Tipe A and Comparison with Other Clostridial 
Neurotoxins, J Biological Chemistry 265(16): 9153-9158: 
1990. 

0066. As set forth above, foodborne botulism can result 
from Swallowing botulinum toxin present in improperly pre 
served food. The toxin can pass unattenuated across gut 
mucosa into the general circulation and is carried by the 
bloodstream to peripheral cholinergic synapses where it 
blocks acetylcholine release causes impaired autonomic and 
neuromuscular transmission, one of the primary symptoms 
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being flaccid muscle paralysis. Similarly ingestion or injec 
tion of tetanus toxin can result in the spastic paralysis char 
acteristic of tetanus. As expected, intravenous administration 
of botulinum toxin causes botulism and can be fatal depend 
ing upon factors such as the dose of toxin administered and 
the condition of the patient. See e.g. Arnon, S. S., Clinical 
Botulism, chapter 13, pages 145-150 of Brin M. F. et al. 
editors, Scientific and therapeutic aspects of botulinum Toxin, 
Lippincott, Williams & Wilkins (2002), and; Kondo H., et al. 
Titration of botulinum toxins for lethal toxicity by intravenous 
injection into mice, Jpn J MedSci Biol 1984; 37:131-5. 
0067 Clinical use of botulinum toxin is typically by sub 
cutaneous or intramuscular administration in order to treat, 
for example, a spastic muscle disorder or for the cosmetic 
alleviation of hyperkinetic facial wrinkles. Through errors or 
incompetence in physician administration technique, inad 
Vertent overdosing and/or patient sensitivity to the toxin, 
iatrogenic intoxication, as revealed symptomatically by 
widespread muscle weakness, can occur. 
0068 Acetylcholine 
0069. Typically only a single type of small molecule neu 
rotransmitter is released by each type of neuron in the mam 
malian nervous system. The neurotransmitter acetylcholine is 
secreted by neurons in many areas of the brain, but specifi 
cally by the large pyramidal cells of the motor cortex, by 
several different neurons in the basal ganglia, by the motor 
neurons that innervate the skeletal muscles, by the pregangli 
onic neurons of the autonomic nervous system (both sympa 
thetic and parasympathetic), by the postganglionic neurons of 
the parasympathetic nervous system, and by some of the 
postganglionic neurons of the sympathetic nervous system. 
Essentially, only the postganglionic sympathetic nerve fibers 
to the Sweat glands, the piloerector muscles and a few blood 
vessels are cholinergic as most of the postganglionic neurons 
of the sympathetic nervous system secret the neurotransmit 
ter norepinephrine. In most instances acetylcholine has an 
excitatory effect. However, acetylcholine is known to have 
inhibitory effects at some of the peripheral parasympathetic 
nerve endings, such as inhibition of heart rate by the Vagal 

W. 

0070 The efferent signals of the autonomic nervous sys 
tem are transmitted to the body through either the sympa 
thetic nervous system or the parasympathetic nervous system. 
The preganglionic neurons of the sympathetic nervous sys 
tem extend from preganglionic sympathetic neuron cell bod 
ies located in the intermediolateral horn of the spinal cord. 
The preganglionic sympathetic nerve fibers, extending from 
the cell body, synapse with postganglionic neurons located in 
either a paravertebral sympathetic ganglion or in a preverte 
bral ganglion. Since, the preganglionic neurons of both the 
sympathetic and parasympathetic nervous system are cholin 
ergic, application of acetylcholine to the ganglia will excite 
both sympathetic and parasympathetic postganglionic neu 
OS. 

0071 Acetylcholine activates two types of receptors, mus 
carinic and nicotinic receptors. The muscarinic receptors are 
found in all effector cells stimulated by the postganglionic, 
neurons of the parasympathetic nervous system as well as in 
those stimulated by the postganglionic cholinergic neurons of 
the sympathetic nervous system. The nicotinic receptors are 
found in the adrenal medulla, as well as within the autonomic 
ganglia, that is on the cell Surface of the postganglionic neu 
ron at the synapse between the preganglionic and postgangli 
onic neurons of both the sympathetic and parasympathetic 
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systems. Nicotinic receptors are also found in many nonau 
tonomic nerve endings, is for example in the membranes of 
skeletal muscle fibers at the neuromuscular junction. 
0072 Acetylcholine is released from cholinergic neurons 
when small, clear, intracellular vesicles fuse with the presyn 
aptic neuronal cell membrane. A wide variety of non-neu 
ronal secretory cells, such as, adrenal medulla (as well as the 
PC12 cell line) and pancreatic islet cells release catechola 
mines and parathyroid hormone, respectively, from large 
dense-core vesicles. The PC12 cell line is a clone of rat 
pheochromocytoma cells extensively used as a tissue culture 
model for studies of sympathoadrenal development. Botuli 
num toxin inhibits the release of both types of compounds 
from both types of cells in vitro, permeabilized (as by elec 
troporation) or by direct injection of the toxin into the dener 
vated cell. Botulinum toxin is also known to block release of 
the neurotransmitter glutamate from cortical synaptosomes 
cell cultures. 
0073. A neuromuscular junction is formed in skeletal 
muscle by the proximity of axons to muscle cells. A signal 
transmitted through the nervous system results in an action 
potential at the terminal axon, with activation of ion channels 
and resulting release of the neurotransmitter acetylcholine 
from intraneuronal synaptic vesicles, for example at the 
motor endplate of the neuromuscular junction. The acetyl 
choline crosses the extracellular space to bind with acetyl 
choline receptor proteins on the Surface of the muscle end 
plate. Once Sufficient binding has occurred, an action poten 
tial of the muscle cell causes specific membrane ion channel 
changes, resulting in muscle cell contraction. The acetylcho 
line is then released from the muscle cells and metabolized by 
cholinesterases in the extracellular space. The metabolites are 
recycled back into the terminal axon for reprocessing into 
further acetylcholine. 
(0074) Hydroxyethyl Starch 
0075. A polysaccharide can be made up of hundreds or 
even thousands of monosaccharide units held together by 
glycoside (ether) linkages. Two important polysaccharides 
are cellulose and starch. Cellulose is the chief structural mate 
rial in plants, giving plants their rigidity and form. Starch 
makes up the reserve food Supply of plants and is found 
mainly in various seeds and tubers. 
0076 Starch occurs as granules whose size and shape are 
characteristic of the plant from which the starch is obtained. 
In general about 80% of starch is a water insoluble fraction 
called amylopectin. Amylopectin is made up of chains of 
D-glucose (as glucopyranose) units, each unit being joined by 
an alpha glycoside linkage to C-4 of the next glucose unit. 
Like starch, cellulose is also made up of chains of D-glucose 
units, where each unit is joined by a glucoside linkage to the 
C-4 of the next unit. Unlike starch though, the glycoside 
linkages in cellulose are beta linkages. Treatment of cellulose 
with sulfuric acid and acetic anhydride yields the disaccha 
ride cellobiose. As previously set forth, attempts to stabilize 
botulinum toxin using cellobiose have been unsuccessful. 
0077. A particular starch derivative which can be obtained 
by treating starch with pyridine and ethylene chlorohydrin, is 
2-hydroxyethyl starch, also called hetastarch. U.S. Pat. No. 
4,457,916 discloses a combination of a nonionic surfactant 
and hydroxyethyl starch to stabilize aqueous solutions of 
tumor necrosis factor (TNF). Additionally, a 6% aqueous 
solution of 2-hydroxyethyl starch (hetastarch) (available 
from Dupont Pharma, Wilmington, Del. under the trade name 
HESPANR), 6% hetastarch in 0.9% sodium chloride injec 
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tion) is known. Albumin is known to act as a plasma Volume 
expander upon intravenous administration to a patient. 
HESPANR) has also been administrated to patients to achieve 
a plasma Volume expansion effect and in that sense intrave 
nous HESPANR) can be considered a replacement for intra 
venous albumin. 

0078 Hetastarch is an artificial colloid derived from a 
waxy starch composed almost entirely of amylopectin. 
Hetastarch can be obtained by introducing hydroxyethyl 
ether groups onto glucose units of the starch, and the resultant 
material can then be hydrolyzed to yield a product with a 
molecular weight Suitable for use as a plasma Volume 
expander. Hetastarch is characterized by its molar substitu 
tion and also by its molecular weight. The molar substitution 
can be approximately 0.75, meaning that hetastarch is etheri 
fied to the extent that for every 100 glucose units of hetastarch 
there are, on average, approximately 75 hydroxyethyl Sub 
stituent groups. The average molecular weight of hetastarch is 
approximately 670 kD with a range of 450 kD to 800 kD and 
with at least 80% of the polymer units falling within the range 
of 20 kD to 2,500 kD. Hydroxyethyl groups are attached by 
ether linkages primarily at C-2 of the glucose unit and to a 
lesser extent at C-3 and C-6. The polymer resembles glyco 
gen, and the polymerized D-glucose units are joined prima 
rily by C-14 linkages with occasional C-1,6 branching link 
ages. The degree of branching is approximately 1:20, 
meaning that there is an average of approximately one C-1,6 
branch for every 20 glucose monomer units. Hetastarch is 
comprised of more than 90% amylopectin. 
007.9 The plasma volume expansion produced by 
HESPANR) can approximate that obtained with albumin. 
Hetastarch molecules below 50 kD molecular weight are 
rapidly eliminated by renal excretion and a single dose of 
approximately 500 mL of HESPANR) (approximately 30 g) 
results in elimination in the urine of approximately 33% of the 
administered HESPANR) within about 24 hours. The 
hydroxyethyl group of hydroxyethyl starch is not cleaved in 
Vivo, but remains intact and attached to glucose units when 
excreted. Significant quantities of glucose are not produced as 
hydroxyethylation prevents complete metabolism of the 
smaller hydroxyethyl starch polymers 
0080 Cellulose can likewise be converted to a hydroxy 
ethyl cellulose. The average molecular weight of 2-hydroxy 
ethyl cellulose (a 2-hydroxyethyl ether of cellulose) is about 
90 kD. Unfortunately, hydroxyethyl cellulose, unlike 
hydroxyethyl starch, is highly reactive and therefore unsuited 
for use as a stabilizer of a protein active ingredient in a 
pharmaceutical formulation. 
0081. What is needed therefore is a botulinum toxin con 
taining pharmaceutical composition which is free of animal 
derived proteins such as a blood pooled or blood fraction 
derived serum albumin or gelatin and which has a reduced 
toxicity and/or a reduced antigenicity. 

SUMMARY 

0082. The present invention meets this need and provides 
a botulinum toxin pharmaceutical composition which is free 
of animal derived proteins such as a blood pooled or blood 
fraction derived human serum albumin or gelatin, and which 
has a reduced toxicity and/or a reduced immunogenicity. One 
embodiment of the present invention is a botulinum toxin 
pharmaceutical composition wherein the primary stabilizer 
present in the formulation is a polysaccharide. 
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I0083. The present invention encompasses new pharma 
ceutical compositions, embodiments of which can provide a 
Superior replacement (i.e. by use of a Suitable polysaccharide, 
with or without additional stabilizers) for the serum or native 
albumin present as a primary stabilizer in a pharmaceutical 
composition. Thus, my invention encompasses new, stabi 
lized botulinum toxin pharmaceutical compositions, which 
can have the additional and desirable characteristic of 
reduced toxicity. Such as a reduced systemic toxicity (i.e. 
upon intravenous administration) or Such as a reduced toxic 
ity upon intramuscular administration. The serum or native 
albumin replacement compound used has the characteristic of 
low, and preferably negligible, immunogenicity when 
injected into a patient. 

DEFINITIONS 

0084 As used herein, the words or terms set forth below 
have the following definitions. 
I0085. About” means that the item, parameter or term so 
qualified encompasses a range of plus or minus ten percent 
above and below the value of the stated item, parameter or 
term. 

I0086) “Administration', or “to administer” means the step 
of giving (i.e. administering) a pharmaceutical composition 
to a subject. The pharmaceutical compositions disclosed 
hereinare “locally administered by e.g. intramuscular (i.m.), 
intradermal, Subcutaneous administration, intrathecal admin 
istration, intraperitoneal (i.p.) administration, topical (trans 
dermal) and implantation (i.e. of a slow-release device Such 
as polymeric implant or miniosmotic pump) routes of admin 
istration. 

0087 
I0088 Animal protein free” means the absence of blood 
derived, blood pooled and other animal derived products or 
compounds. "Animal' means a mammal (such as a human), 
bird, reptile, fish, insect, spider or other animal species. "Ani 
mal’ excludes microorganisms, such as bacteria. Thus, an 
animal protein free pharmaceutical composition within the 
Scope of my invention can include a Clostridial neurotoxin. 
For example, an animal protein free pharmaceutical compo 
sition means a pharmaceutical composition which is either 
substantially free or essentially free or entirely free of a serum 
derived albumin, gelatin and other animal derived proteins, 
Such as immunoglobulins. An example of an animal protein 
free pharmaceutical composition is a pharmaceutical compo 
sition which comprises or which consists of a botulinum toxin 
(as the active ingredient) and a suitable polysaccharide as a 
stabilizer or excipient. 
I0089 “Botulinum toxin' means a neurotoxin produced by 
Clostridium botulinum, as well as a botulinum toxin (or the 
light chain or the heavy chain thereof) made recombinantly 
by a non-Clostridial species. The phrase “botulinum toxin', 
as used herein, encompasses the botulinum toxin serotypes A, 
B, C, D, E, F and G. Botulinum toxin, as used herein, also 
encompasses both a botulinum toxin complex (i.e. the 300, 
600 and 900 kDa complexes) as well as the purified botuli 
num toxin (i.e. about 150 kDa). “Purified botulinum toxin' is 
defined as a botulinum toxin that is isolated, or substantially 
isolated, from other proteins, including proteins that form a 
botulinum toxin complex. A purified botulinum toxin may be 
greater than 95% pure, and preferably is greater than 99% 
pure. The botulinum C and C. cytotoxins, not being neuro 
toxins, are excluded from the scope of the present invention. 

“Amino acid includes polyamino acids. 
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0090 “Clostridial neurotoxin' means a neurotoxin pro 
duced from, or native to, a Clostridial bacterium, Such as 
Clostridium botulinum, Clostridium butyricum or 
Clostridium beratti, as well as a Clostridial neurotoxin made 
recombinantly by a non-Clostridial species. 
0091 “Entirely free (i.e. “consisting of terminology) 
means that within the detection range of the instrument or 
process being used, the is substance cannot be detected or its 
presence cannot be confirmed. 
0092 “Essentially free” (or “consisting essentially of) 
means that only trace amounts of the Substance can be 
detected. 
0093. “Immobilizing” means a step that prevents a subject 
from moving one or more body parts. If a sufficient number of 
body parts are immobilized, the subject will accordingly be 
immobilized. Thus, “immobilizing encompasses the immo 
bilization of a body part, such as a limb, and/or the complete 
immobilization of a subject. 
0094 “Modified botulinum toxin' means a botulinum 
toxin that has had at least one of its amino acids deleted, 
modified, or replaced, as compared to a native botulinum 
toxin. Additionally, the modified botulinum toxin can be a 
recombinantly produced neurotoxin, or a derivative or frag 
ment of a recombinantly made neurotoxin. A modified botu 
linum toxin retains at least one biological activity of the native 
botulinum toxin, such as, the ability to bind to a botulinum 
toxin receptor, or the ability to inhibit neurotransmitter 
release from a neuron. One example of a modified botulinum 
toxin is a botulinum toxin that has a light chain from one 
botulinum toxin serotype (such as serotype A), and a heavy 
chain from a different botulinum toxin serotype (such as 
serotype B). Another example of a modified botulinum toxin 
is a botulinum toxin coupled to a neurotransmitter, Such as 
substance P. 

0095 “Patient’ means a human or non-human subject 
receiving medical or veterinary care. Accordingly, as dis 
closed herein, the compositions may be used in treating any 
animal. Such as mammals. 
0096 “Pharmaceutical composition” means a formulation 
in which an active ingredient can be a neurotoxin, Such as a 
Clostridial neurotoxin. The word “formulation' means that 
there is at least one additional is ingredient in the pharmaceu 
tical composition besides a neurotoxin active ingredient. A 
pharmaceutical composition is therefore a formulation which 
is suitable for diagnostic ortherapeutic administration (i.e. by 
intramuscular or Subcutaneous injection or by insertion of a 
depot or implant) to a subject, Such as a human patient. The 
pharmaceutical composition can be: in a lyophilized or 
vacuum dried condition; a solution formed after reconstitu 
tion of the lyophilized or vacuum dried pharmaceutical com 
position with Saline or water, or, as a solution which does not 
require reconstitution. The neurotoxin active ingredient can 
be one of the botulinum toxin serotypes A, B, C, D, E, F or G 
or a tetanus toxin, all of which can be made natively by 
Clostridial bacteria. As stated, a pharmaceutical composition 
can be liquid or Solid, for example vacuum-dried. The con 
stituent ingredients of a pharmaceutical composition can be 
included in a single composition (that is all the constituent 
ingredients, except for any required reconstitution fluid, are 
present at the time of initial compounding of the pharmaceu 
tical composition) or as a two-component system, for 
example a vacuum-dried composition reconstituted with a 
diluent Such as saline which diluent contains an ingredient not 
present in the initial compounding of the pharmaceutical 
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composition. A two-component system provides the benefit 
of allowing incorporation of ingredients which are not suffi 
ciently compatible for long-term shelf storage with the first 
component of the two component system. For example, the 
reconstitution vehicle or diluent may include a preservative 
which provides Sufficient protection against microbial growth 
for the use period, for example one-week of refrigerated 
storage, but is not present during the two-year freezer storage 
period during which time it might degrade the toxin. Other 
ingredients, which may not be compatible with a Clostridial 
toxin or other ingredients for long periods of time, may be 
incorporated in this manner; that is, added in a second vehicle 
(i.e. in the reconstitution fluid) at the approximate time of use. 
0097. “Polysaccharide” means a polymer of more than 
two saccharide molecule monomers, which monomers can be 
identical or different. 

(0098 “Protein stabilizer” (or “primary stabilizer”) is a 
chemical agent that assists to preserve or maintain the bio 
logical structure (i.e. the three dimensional conformation) 
and/or biological activity of a protein (such as a Clostridial 
neurotoxin, such as a botulinum toxin). Stabilizers can be 
proteins or polysaccharides. Examples of protein stabilizers 
include hydroxyethyl starch (hetastarch), serum albumin, 
gelatin, collagen, as well as a recombinant albumin, gelatin or 
collagen. As disclosed herein, the primary stabilizer can be a 
synthetic agent that would not produce an immunogenic 
response (or produces an attenuated immune response) in a 
Subject receiving a composition containing the primary sta 
bilizer. In other embodiments of the invention, the protein 
stabilizers may be proteins from the same species of animal 
that is being administered the protein. Additional stabilizers 
may also be included in a pharmaceutical composition. These 
additional or secondary stabilizers may be used alone or in 
combination with primary stabilizers, such as proteins and 
polysaccharides. Exemplary secondary stabilizers include, 
but are not limited to non-oxidizing amino acid derivatives 
(such as a tryptophan derivate, such as N-acetyl-tryptophan 
(“NAT)), caprylate (i.e. sodium caprylate), a polysorbate 
(i.e. P80), amino acids, and divalent metal cations such as 
Zinc. A pharmaceutical composition can also include preser 
Vative agents such as benzyl alcohol, benzoic acid, phenol, 
parabens and sorbic acid. A “recombinant stabilizer” is a 
“primary stabilizer made by recombinant means, such as for 
example, a recombinantly made albumin (such as a recombi 
nantly made human serum albumin), collagen, gelatin or a 
cresol. Such as an M-cresol. 
(0099. “Reduced toxicity” means, with regard to a first 
pharmaceutical composition (i.e. Formulation II or IIA) with 
a particular protein active ingredient (i.e. a botulinum toxin) 
and a particular excipient or protein stabilizer, that the first 
pharmaceutical composition can be administered (i.e. by an 
intramuscular or intravenous route of administration) to a 
mammal at a dose level which is at the same as or even twice 
what is a fatal dose of a second pharmaceutical composition 
(i.e. Formulation I) administered by the same route, which 
second pharmaceutical composition has the same protein 
active ingredient (i.e. a botulinum toxin) but which does not 
have the same particular excipient or protein stabilizer, with 
out death resulting to the mammal to which the first pharma 
ceutical composition is administered. 
0100 “Stabilizing”, “stabilizes', or “stabilization” mean 
that a pharmaceutical active ingredient (PAI) retains at least 
20% and up to 100% of its biological activity (which can be 
assessed as potency or as toxicity by an in vivo LDso or EDso 
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measure) in the presence of a compound which is stabilizing, 
stabilizes or which provides stabilization to the PAI. For 
example, upon (1) preparation of serial dilutions from a bulk 
or stock solution, or (2) upon reconstitution with Saline or 
water of a lyophilized, or vacuum dried botulinum toxin 
containing pharmaceutical composition which has been 
storedator below about -2 degrees C. for between six months 
and four years, or (3) for an aqueous solution botulinum toxin 
containing pharmaceutical composition which has been 
stored at between about 2 degrees and about 8 degrees C. for 
from six months to four years, the botulinum toxin present in 
the reconstituted or aqueous Solution pharmaceutical compo 
sition has (in the presence of a compound which is stabilizing, 
stabilizes or which provides stabilization to the PAI) greater 
than about 20% and up to about 100% of the potency or 
toxicity that the biologically active botulinum toxin had prior 
to being incorporated into the pharmaceutical composition. 
0101 "Substantially free” means present at a level of less 
than one percent by weight of the pharmaceutical composi 
tion. 
0102) is “Therapeutic formulation” means a formulation 
can be used to treat and thereby alleviate a disorder or a 
disease, such as a disorder or a disease characterized by 
hyperactivity (i.e. spasticity) of a peripheral muscle. 
0103) A pharmaceutical composition within the scope of 
my invention can comprise a Clostridial toxin, Such as a 
botulinum toxin, and a polysaccharide as a primary stabilizer 
(as a protein stabilizer), and have a reduced toxicity. 
0104. The botulinum toxin can be present as a botulinum 
toxin complex (i.e. as an approximately 300 to about 900 
kiloDalton complex depending upon the particular botulinum 
toxin serotype) or the botulinum toxin can be is present as a 
pure or purified botulinum toxin (i.e. as the botulinum toxin 
molecule of about 150 kiloDaltons). The pharmaceutical 
composition can also comprise a secondary stabilizer, such as 
a metal (i.e. Zinc) or NAT. 
0105 Significantly, a pharmaceutical composition within 
the scope of my invention can have an enhanced potency or 
stability. By enhanced potency it is meant that the potency of 
a first botulinum toxin pharmaceutical composition is greater 
than the potency of a second botulinum toxin pharmaceutical 
composition. 
0106 Furthermore, a pharmaceutical composition within 
the scope of my invention can have an enhanced anti-micro 
bial activity. By enhanced anti-microbial activity it is meant 
that the ability of a first botulinum toxin pharmaceutical com 
position with a particular component to inhibit the growth in 
a liquid solution of a particular microorganism is greater than 
the ability of a liquid solution of a second botulinum toxin 
pharmaceutical composition without the particular compo 
nent present in the first botulinum toxin pharmaceutical com 
position to inhibit the growth of the same microorganism 
under the same conditions. 
0107 Another preferred embodiment of my invention is a 
pharmaceutical composition which can comprise (or which 
can consistessentially of or which can consist of) a botulinum 
toxin, a primary stabilizer, and a secondary stabilizer. 
0108. A pharmaceutical composition within the scope of 
the present invention can also include a neurotoxin, and a 
polysaccharide and have a reduced toxicity. The polysaccha 
ride stabilizes the neurotoxin. The pharmaceutical composi 
tions disclosed herein can have a pH of between about 5 and 
7.3 when reconstituted or upon injection. The average 
molecular weight of a disaccharide unit of the polysaccharide 
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is preferably between about 345 D and about 2,000 D. In a 
more preferred embodiment, the average molecular weight of 
a disaccharide unit of the polysaccharide is between about 
350 kD and about 1,000 kD and in a most preferred embodi 
ment between about 375 Dandabout 700 D. Additionally, the 
polysaccharide can comprise at least about 70% amylopectin. 
Furthermore, the weight average molecular weight of the 
polysaccharide itself is between about 20 kD and about 2,500 
kD. 
0109 Preferably, substantially all of the disaccharide units 
of the polysaccharide comprise ether linked glucopyranose 
molecules. An average of about 4 to about 10 of the hydroxyl 
groups present on each 10 of the glucopyranoses present in 
the polysaccharide are Substituted, through an ether linkage, 
with a compound of the formula (CH), OH, where n can be 
an integer from 1 to 10. More preferably, n is an integer 
between 1 and 3. 
0110. In a particularly preferred embodiment, an average 
of about 6 to about 9 of the hydroxyl groups present on each 
10 of the glucopyranoses present in the polysaccharide are 
Substituted, through is an ether linkage, with a compound of 
the formula (CH), OH, where n can be an integer from 1 to 
10. And in a most preferred embodiment, an average of about 
7 to about 8 of the hydroxyl groups present on each 10 of the 
glucopyranoses present in the polysaccharide are Substituted, 
through an ether linkage, with a compound of the formula 
(CH), OH, where n can be an integer from 1 to 10. 
0111. A detailed embodiment of the present invention can 
be a pharmaceutical composition with a reduced toxicity and 
Suitable for injection into a human patient, which includes a 
botulinum toxin, and a polysaccharide. The polysaccharide 
can comprise a plurality of linked glucopyranose units, each 
glucopyranose unit having a plurality of hydroxyl groups, 
wherein an average of about 6 to about 9 of the hydroxyl 
groups present on each 10 of the glucopyranoses present in 
the polysaccharide are Substituted, through an ether linkage, 
with a compound of the formula (CH), OH, where n can be 
an integer from 1 to 4. The polysaccharide can be an ethyl 
ether substituted polysaccharide. 
0112 The pharmaceutical composition is suitable for 
administration to a human patent to achieve a therapeutic 
effect, and the neurotoxin can be one of the botulinum toxin 
serotypes A, B, C, D, E, F and G. In a preferred embodiment 
of the present invention, the pharmaceutical composition 
comprises a botulinum toxin, and a hydroxyethyl starch. 
0113 Another embodiment of the present invention can 
encompass a pharmaceutical composition which includes a 
botulinum toxin, a polysaccharide, and an amino acid or a 
polyamino acid. 
0114. Whether the pharmaceutical composition com 
prises, beside the neurotoxin active ingredient, only a 
polysaccharide stabilizer, only an amino acid stabilizer or 
both polysaccharide and amino acid stabilizers, is the phar 
maceutical composition retains its potency Substantially 
unchanged for six month, one year, two year, three year 
and/or four year periods when Stored at a temperature 
between about -1° C. and about -15° C. Additionally, the 
indicated pharmaceutical compositions can have a potency or 
% recovery of between about 20% and about 100% upon 
reconstitution. Alternately or in addition, the pharmaceutical 
composition can have a potency of between about 10 U/mg 
and about 30U/mg upon reconstitution, Such as a potency of 
about 20 U/mg upon reconstitution. Significantly, the phar 
maceutical composition is devoid of any albumin. Thus, the 
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pharmaceutical composition can be substantially free of any 
non-toxin complex proteins. Notably, the amino acid can be 
present in an amount of between about 0.5 mg and about 1.5 
mg of amino acid per 100 units of botulinum toxin. 
0115 The polysaccharide can be a starch such as a 
hydroxyethyl starch, which, when the pharmaceutical com 
position comprises about 100 units of the botulinum toxin, 
there can be between about 500 ug and about 700 g of the 
hydroxyethyl starch present. Preferably, the botulinum toxin 
is botulinum toxin type A, and the amino acid, when present, 
is selected from the group consisting of lysine, glycine, his 
tidine and arginine. 
0116. A further detailed embodiment of the present inven 
tion can be a stable, high potency, non-pyrogenic, vacuum 
dried botulinum toxin type A pharmaceutical composition, 
comprising a botulinum toxin type A complex, a polysaccha 
ride, and, an amino acid or a polyamino acid. The pharma 
ceutical composition can be albumin free, have a 1 year shelf 
life at -5 C with about 90% potency immediately upon recon 
stitution with saline or water and about 80% potency 72 hours 
after reconstitution and storage at 2C. Additionally, the phar 
maceutical composition can have a specific toxicity of at least 
about 107 U/mg upon reconstitution. 
0117. My invention also encompasses a botulinum toxin 
formulation which comprises a botulinum toxin hydroxy 
ethyl starch (HES) glycine and providine. 
0118. The present invention also encompasses a lyo 
philized or vacuum dried pharmaceutical composition con 
sisting essentially of a high molecular weight polysaccharide 
and a botulinum toxin, wherein the botulinum toxin is stabi 
lized by the high molecular weight polysaccharide. The high 
molecule weight polysaccharide can be selected from the 
group consisting of hydroxymethyl starch, hydroxyethyl 
starch, hydroxypropyl Starch, hydroxybutyl starch, and 
hydroxypentyl starch and The botulinum toxin can be 
selected from the group consisting of botulinum toxin types 
A, B, C, D, E, F and G. 
0119 The polysaccharide can be present in the pharma 
ceutical composition in an amount of between about 1x10 
moles of the polysaccharide per unit of a botulinum toxin to 
about 2x10' moles of the polysaccharide per unit of the 
botulinum toxin. 
0120. The present invention also includes (a) a method for 
making a pharmaceutical composition, comprising the step of 
preparing a mixture of a botulinum toxin and a polysaccha 
ride comprised of covalently linked repeating monomers, 
wherein the average monomer molecular weight is between 
about 350D and about 1,000 D, and (b) a method for stabi 
lizing a clostridial neurotoxin against denaturation or aggre 
gation, the method comprising the step of contacting a 
clostridial neurotoxin with a stabilizing composition com 
prising a polysaccharide. The contacting step in this later 
method can comprise the step of adding to an aqueous solu 
tion or to a lyophilized or vacuum dried powder containing a 
clostridial neurotoxin an effective amount of the polysaccha 
ride. 
0121 A further aspect of the present invention is a phar 
maceutical composition, comprising a botulinum toxin, and a 
recombinantly made albumin. This composition preferably 
also includes an acetyltryptophanate and salts and derivatives 
thereof. 

0122) An additional embodiment of the present invention 
is a device for injecting a pharmaceutical composition com 
prising a dual chamber prefilled Syringe, one chamber of 
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which syringe contains a botulinum toxin and the second 
chamber of which syringe contains a diluent or buffer. 
I0123. A further embodiment of the present invention is a 
method for using a pharmaceutical composition, the method 
comprising the step of local administration of the pharmaceu 
tical composition to a patient to achieve a therapeutic effect, 
wherein the pharmaceutical composition comprises a botuli 
num toxin, a polysaccharide and an amino acid. 
0.124 Significantly, my invention also includes a pharma 
ceutical composition, comprising a botulinum toxin, and an 
amino acid. My invention also includes a stable pharmaceu 
tical composition, consisting essentially of a botulinum toxin, 
and an amino acid. These pharmaceutical compositions can 
be albumin free, polysaccharide free, has a 1 year shelf life at 
-5 C with at least about 90% potency upon reconstitution 
with saline or water and about 80% potency 72 hours after 
reconstitution and storage at 2 C. 
0.125. In one aspect of the invention, a method for immo 
bilizing a mammal comprises the step of administering a 
composition, which comprises at least one botulinum toxin 
serotype and a polysaccharide that stabilizes the botulinum 
toxin and is nonimmunogenic to the mammal. In one embodi 
ment, the foregoing method may be practiced by administer 
ing a composition comprising a hetastarch. 
0.126 In another embodiment of the invention, a method 
for immobilizing a mammal, comprises the step of adminis 
tering a composition to the mammal, wherein the composi 
tion comprises (i) at least one botulinum toxin serotype, and 
(ii) a polysaccharide, which comprises a plurality of linked 
glucopyranose units that each have a plurality of hydroxyl 
groups present on each of the glucopyranoses present in the 
polysaccharide are Substituted, through an ether linkage, with 
a compound of the formula (CH), OH, where n can be an 
integer from 1 to 4. 
0127. In another embodiment of the invention, a method 
for immobilizing a mammal comprises the step of adminis 
tering a composition to the mammal, wherein the composi 
tion comprises a botulinum toxin, and a hydroxyethyl starch, 
thereby immobilizing the mammal. 
I0128. The foregoing methods may be practiced utilizing a 
composition that comprises a botulinum toxin type A. In other 
embodiments of the invention, the foregoing methods may be 
practiced with a composition that comprises botulinum toxin 
type B. In further embodiments of the invention, the methods 
may be practiced with a composition that comprises a plural 
ity of botulinum toxin serotypes, such as botulinum toxin 
serotypes selected from the group consisting of botulinum 
toxin serotypes A, B, C, D, E, F and G. In certain embodi 
ments of the invention, purified botulinum toxins may be 
used. In other embodiments, modified botulinum toxins may 
be used. The compositions used in the foregoing methods 
may also include one or more amino acids in addition to the 
botulinum toxin and the polysaccharide. 
I0129. In yet additional embodiments of the invention, the 
compositions used in the foregoing methods can be adminis 
tered intramuscularly to the patient. In other embodiments, 
the compositions can be administered subcutaneously and/or 
intrathecally. 

DESCRIPTION 

0.130. The present invention is based upon the discovery 
that a Clostridial toxin pharmaceutical composition, with a 
stabilized Clostridial toxin, a reduced toxicity of the pharma 
ceutical composition and/or with a reduced antigenicity, as 
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well as being free of animal derived proteins (such as a blood 
pooled or blood fraction derived human serum albumin or 
gelatin) can be made by using a polysaccharide as the primary 
or protein stabilizer of the Clostridial toxin. 
0131 The present invention also encompasses a stable 
Clostridial toxin containing pharmaceutical composition for 
mulated free of any animal derived protein or donor pool 
albumin by incorporating both an polysaccharide and an 
amino acid into the pharmaceutical composition. In particu 
lar, the present invention encompasses a stable botulinum 
toxin containing pharmaceutical composition Suitable for 
administration to a patient for therapeutic effects made by 
replacing the donor pool albumin present in known botulinum 
toxin containing pharmaceutical compositions with a high 
molecular weight polysaccharide derived from starch and/or 
with certain reactive amino acids. 

Polysaccharide Containing Pharmaceutical Composition 

0132) I have discovered that a suitable replacement for 
albumin in a Clostridial toxin pharmaceutical composition 
can be a compound which is neither another protein, nor a low 
molecular weight, non-protein compound. Thus, I have dis 
covered that particular high molecular weight polysaccha 
rides can function as neurotoxin stabilizers in a is pharma 
ceutical composition. As set forth below, an amino acid can 
also, or in the alternative, be added to the pharmaceutical 
composition to increase the stability and useful storage life of 
the pharmaceutical composition. 
0133. The polysaccharide used in the present invention 
can impart stability to a neurotoxin active ingredient, Such as 
a botulinum toxin, present in the pharmaceutical composition 
by: (1) reducing adhesion (commonly referred to as “sticki 
ness') of the botulinum toxin to Surfaces, such as the Surfaces 
of laboratory glassware, vessels, the vial in which the phar 
maceutical composition is reconstituted and the inside Sur 
face of the Syringe used to inject the pharmaceutical compo 
sition. Adhesion of the botulinum toxinto surfaces can lead to 
loss of botulinum toxin and to denaturation of retained botu 
linum toxin, both of which reduce the toxicity of the botuli 
num toxin present in the pharmaceutical composition. (2) 
reducing the denaturation of the botulinum toxin and/or dis 
Sociation of the botulinum toxin from other non-toxin pro 
teins present in the botulinum toxin complex, which denatur 
ation and/or dissociation activities can occur because of the 
low dilution of the botulinum toxin present in the pharmaceu 
tical composition (i.e. prior to lyophilization or vacuum dry 
ing) and in the reconstituted pharmaceutical composition. (3) 
reducing loss of botulinum toxin (i.e. due to denaturation or 
dissociation from non-toxin proteins in the complex) during 
the considerable pH and concentration changes which take 
place during preparation, processing and reconstitution of the 
pharmaceutical composition. 
0134. The three types of botulinum toxin stabilizations 
provided by the polysaccharide conserve and preserve the 
botulinum toxin with it native toxicity prior to injection of the 
pharmaceutical composition. 
0135) In certain embodiments of the invention, the phar 
maceutical compositions of the invention may comprise a 
plurality of botulinum toxin serotypes. In other words, the 
composition may include two or more different botulinum 
toxin serotypes. For example, a composition may include 
botulinum toxin serotypes A and B. In another embodiment, 
a composition may include botulinum toxin serotypes A and 
E. Using a combination of botulinum toxin serotypes will 
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permit caregivers to customize the composition to achieve a 
desired effect based on the condition being treated. In an 
additional embodiment of the invention, the composition may 
comprise a modified botulinum toxin. The modified botuli 
num toxin will preferably inhibit the release of neurotrans 
mitter from a neuron, but may have a greater or lower potency 
than the native botulinum toxin, or may have a greater or 
lower biological effect than the native botulinum toxin. 
Because the compositions of the invention may be used for 
relatively long-term treatment of animals, the compositions 
may be provided in a relatively pure form. In one embodi 
ment, the compositions are of a pharmaceutical grade. In 
certain embodiments, the clostridial neurotoxin has a greater 
than 95% purity. In additional embodiments, the clostridial 
neurotoxin has a purity greater than 99%. 
0.136 A preferred polysaccharide for use in the present 
composition comprises a plurality of glucose monomers (mol 
wt 180) with one or more substituents on a majority of the 
glucose monomers, so that the preferred polysaccharide has a 
molecular weight range of between about 20 kD and about 
800 kD. Surprisingly, such a polysaccharide can stabilize a 
neurotoxin component present in a pharmaceutical composi 
tion. The present invention excludes from its scope disaccha 
ride oligosaccharides with a weight average molecular 
weight of less than about 20 kD. The present invention also 
excludes from its scope cyclic polymers such as the cyclo 
dextrins. The latter two classes of compounds are excluded 
from the scope of the present invention because the desired 
stabilization characteristics of the preferred polysaccharide 
while requiring a relatively high molecular compound (I.e. 
molecular weight in excess of 20 kD) do not require and 
indeed can make no use of the Small lipophilic cavity char 
acteristic of the cyclodextrins, because the cyclodextrin lipo 
philic cavity is much smaller in size than the size of the 
neurotoxins stabilized by the preferred polysaccharides of the 
present invention. Additionally, the cyclodextrins are low 
molecular weight compounds comprising only about 6 to 8 
glucose monomers. 
0.137 The present invention also encompasses a method 
for stabilizing pharmaceutical compositions which contain a 
clostridial toxin with a polysaccharide. The stabilizing effect 
is achieved by bringing a clostridial toxin in contact with the 
polysaccharide. Examples of suitable polysaccharides within 
the scope of my invention include certain starch and starch 
derivatives. As noted, the polysaccharide exhibits a stabiliz 
ing effect on the clostridial toxin. Furthermore, the effect of 
the polysaccharide to stabilize a clostridial toxin can be 
enhanced by the addition of an amino acid. 
0.138. Unexpectedly, I have discovered that 2-hydroxy 
ethyl starch demonstrates a unique ability to stabilize the 
botulinum toxin presentina botulinum toxin containing phar 
maceutical composition, thereby providing a pharmaceutical 
composition which is devoid of the potential for harboring a 
transmissible disease derived from human blood or blood 
fraction donor pools or animal derived proteins like gelatin. 
0.139. Thus, I have discovered that the particular high 
molecular weight polysaccharide, hydroxyethyl Starch, can 
stabilize the toxin during formulation, drying, storage and 
reconstitution. Preferably, to further stabilize the protein 
active ingredient, an amino acid is also included in the 
polysaccharide containing formulation. 
0140. The polysaccharide in the pharmaceutical composi 
tion is is preferably admixed with the clostridial neurotoxin in 
an amount of about 1 g of polysaccharide per unit of botu 
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linum toxin to about 10 ug of polysaccharide per unit of 
botulinum toxin. More preferably the polysaccharide in the 
pharmaceutical composition is admixed with the clostridial 
neurotoxin in an amount of about 4 Lig of polysaccharide per 
unit of botulinum toxin to about 8 Lug of polysaccharide per 
unit of botulinum toxin. In a most preferred embodiment, 
where the polysaccharide is a hydroxyethyl starch, the 
hydroxyethyl starch in the pharmaceutical composition is 
preferably admixed with a botulinum toxin type A complex in 
an amount of about 5 ug of hydroxyethyl starch per unit of 
botulinum toxin to about 7ug of hydroxyethyl starch per unit 
of botulinum toxin. Most preferably, the hydroxyethyl starch 
in the pharmaceutical composition is admixed with a botuli 
num toxin type A complex in an amount of about 6 ug of 
hydroxyethyl starch per unit of botulinum toxin. Since 
BOTOX(R) contains about 100 units of botulinum toxin type A 
complex per vial and the average molecular weight of 
hydroxyethyl starch is generally regarded as being between 
about 20 kD and about 2,500 kD, the most preferred concen 
tration of hydroxyethylstarch is between about 1x10 moles 
per unit of botulinum toxin (M/U) to about 2x10' moles per 
unit of botulinum toxin. In another preferred embodiment, for 
a 100 U botulinum toxin type A complex pharmaceutical 
composition, about 600 lug of the hydroxyethyl starch and 
about 1 mg of an amino acid, such as lysine, glycine, histidine 
or arginine is included in the formulation. Thus, my invention 
encompasses use of both a polysaccharide and an amino acid, 
or a polyamino acid to stabilize the neurotoxin active ingre 
dient in the pharmaceutical composition. 
0141 Additionally, my invention also encompasses use of 
a suitable amino acid in a sufficient amount to stabilize the 
protein active ingredient in a pharmaceutical composition, 
either in the presence of or to the exclusion of any polysac 
charide being present in the formulation. Thus, I have surpris 
ingly discovered that the inclusion of certainamino acids into 
a neurotoxin containing, pharmaceutical composition formu 
lation can extend the useful shelflife of such a pharmaceutical 
composition. Thus, my invention encompasses a neurotoxin 
containing pharmaceutical composition which includes an 
amino acid and the use of such a pharmaceutical composition. 
Without wishing to be bound by theory, I can postulate that 
since a neurotoxin, such as a botulinum toxin, is susceptible to 
oxidation, due to the presence of disulfide linkages in the 
toxin complex, the inclusion of an oxidizable amino acid may 
act to reduce the probability that oxidizers, such as peroxides 
and free radicals, will react with the neurotoxin. Thus, the 
likelihood that the oxidizable neurotoxin disulfide linkage 
will be oxidized by an oxidizer, such as peroxides and free 
radicals, can be reduced upon inclusion of an amino acid 
which can act as an oxidative sink, that is as a Scavenger for 
oxidizing compounds. A Suitable amino acid is an amino acid 
which is subject to oxidation. Examples of preferred amino 
acids are methionine, cysteine, tryptophan and tyrosine. A 
particularly preferred amino acid is methionine. 
0142. A preferred embodiment of my invention can also 
include the use of two or more amino acids either alone or in 
combination with a polysaccharide to stabilize the protein 
active ingredient in a pharmaceutical composition. Thus, for 
a 100 U botulinum toxin type A containing pharmaceutical 
composition, about 0.5 mg of lysine and about 0.5 mg of 
glycine can be used, either with or without between about 500 
ug and about 700 ug of hetastarch. 
0143. Thus, as set forth above, my invention encompasses 
a protein containing, pharmaceutical composition which 

Nov. 7, 2013 

includes a polysaccharide. The polysaccharide acts to stabi 
lize the protein active ingredient in the pharmaceutical com 
position. Additionally, my invention also includes a protein 
containing, pharmaceutical composition which includes a 
polysaccharide and an amino acid. Surprisingly, I have dis 
covered that the inclusion of certain amino acids into a neu 
rotoxin containing, pharmaceutical composition formulation 
which includes a carbohydrate can extend the useful shelflife 
of Such a pharmaceutical composition. Thus, my invention 
encompasses a neurotoxin containing pharmaceutical com 
position which includes both a polysaccharide and an amino 
acid and the use of Such a pharmaceutical composition. Fur 
thermore, my invention also encompasses use of an amino 
acid without any polysaccharide being present in the protein 
active ingredient pharmaceutical composition. 
0144. It is known that protein containing pharmaceutical 
compositions which also contain Sugars, polysaccharides 
and/or carbohydrates (referred to hereafter as reactive com 
pounds) are inherently unstable due to the fact that a protein 
and one of the three indicated reactive compounds can 
undergo the well-described Maillard reaction. Extensive, 
largely fruitless, research has been carried out to try and 
reduce the incidence or prevalence of this (for example) pro 
tein-polysaccharide Maillard reaction, by reduction of mois 
ture or by the use of non-reducing Sugars in the formulation. 
My discovery is based upon the observation that inclusion of 
a high concentration of a highly reactive amino acid encour 
ages the Maillard reaction to take place between the stabiliz 
ing polysaccharide and the added amino acid. By providing 
an abundantamine source for the carbohydrate to react with, 
the probability of the protein drug (i.e. botulinum toxin active 
ingredient) becoming involved in the Maillard is reduced, 
thereby reducing this degradation pathway of the protein 
active ingredient and in this manner thereby stabilizing the 
protein active ingredient in the pharmaceutical composition. 
0145 Preferably, any compound containing a primary or 
secondary amine can be used for this purpose. Most preferred 
are amino acids, such as lysine, glycine, arginine. Polyamino 
acids, such as polylysine is are also suitable. Cationic amino 
acids such as lysine may undergo ionic attraction, binding 
acidic proteins (e.g., botulinum toxins) and shield the active 
protein from contact with Sugars. Polylysine, in addition to 
being larger and therefore more likely to act as a shield, 
provides the additional advantage of being antibacterial. 
014.6 Another aspect of my invention is to pre-react the 
Sugar and amino acid components to exhaust Maillard reac 
tion potential before adding the active protein component 
(botulinum toxin) to the Sugar and amino acid formulation 
ingredients, thereby Substantially limiting the active protein's 
exposure to Maillard reactions. 
0147 Thus, my invention encompasses a pharmaceutical 
composition containing and the use of an amino acids and 
polyamino acids as Maillard reaction inhibitors in protein 
(i.e. botulinum toxin) drug formulations which contain 
starches, Sugars and/or polysaccharides. 
0.148. The invention embodies formulations of active pro 
teins (e.g., botulinum toxin) in combination with a stabilizing 
starch, Sugar, or polysaccharide or combination of these, and 
an amino acid such as lysine. 
0149 Significantly, I have discovered that hydroxyethyl 
starch does not undergo or undergoes a much attenuated rate 
or level of Maillard reactions with a protein, such as a botu 
linum toxin, when hydroxyethyl starch is compared to other 
polysaccharides or carbohydrates. Additionally, I have dis 
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covered that inclusion of an amino acid enhances the preser 
Vation effect of hydroxyethyl starch, possibly by acting as a 
competitive inhibitor, that is by competing with the toxin for 
Maillard reaction reactive Sugars. For this purpose, amino 
acids such as lysine, glycine, arginine and histidine are pre 
ferred amino acids. Polyamino acids, such as polylysine, 
which exhibit the desired competitive inhibition behavior can 
also be used. Notably, the specified amino and poly amino 
acids can also exhibit antimicrobial properties, providing 
therefore the added benefit of reducing bacterial contamina 
tion in the pharmaceutical composition. 
0150 Reducing Sugars, such as glucose and glucose poly 
mers, undergo Maillard reaction with proteins. Even Sugar 
alcohols like mannitol can react, albeit sometimes through 
contaminants or degradation products. Therefore a polysac 
charide can stabilize the toxin for a period of time only to 
chemically react later, thereby causing reduced storage sta 
bility. It is obvious that the choice of polysaccharide is criti 
cal. I have discovered that the rate of hydroxyethyl starch 
participation in the Maillard reaction is very low. Addition 
ally, I have found that hydroxyethyl cellulose, although struc 
turally very similar to hydroxyethyl starch, is unsuitable to 
use as a stabilizer, since I have found that hydroxyethyl cel 
lulose can rapidly react in a model system with lysine. This 
not only means that hydroxyethyl starch has an obvious 
advantage over other Sugar (i.e. polysaccharide) stabilizers, 
but that even excipients similar to hydroxyethyl starch, such 
as hydroxyethyl cellulose, can be unsuitable to use as stabi 
lizers of a protein active ingredient in a pharmaceutical for 
mulation. 

0151. As noted, hydroxyethyl starch, can participate to at 
least some extent, in Maillard reactions. Thus, and as set forth 
above, a polysaccharide alone may not be sufficient to pro 
vide optimal stabilization of the toxin. Thus, I discovered the 
advantages of inclusion of an amino acid to act as a competi 
tive inhibitor. Without wishing to be bound by theory, the 
hypothesis is that by providing another amine source, in high 
concentrations compared to the toxin, the probability of the 
Maillard reaction occurring with the toxin is reduced, thereby 
stabilizing the toxin. Any amino acid can be used however 
lysine being highly reactive and is a preferred amino acid. 
0152 Significantly, I have discovered that a botulinum 
toxin pharmaceutical composition formulated with 
hetastarch has a reduced toxicity, as well as a reduced anti 
genicity. It can be hypothesized that the reduced toxicity of 
the hetastarch botulinum toxin formulation upon either intra 
muscular or intravenous administration of amounts of botu 
linum toxin which are toxic when the botulinum toxin is 
formulated with a human serum albumin, is due to hetastarch 
mediated sequestration of the botulinum toxin by local and 
regional macrophages and monocytes of the reticuloendothe 
lial system, where presumably the toxin undergoes lysosomal 
proteolysis. Thus, it is known that upon intravenous admin 
istration of hetastarch as a plasma expander, the hetastarch 
can be taken up by macrophages and retained for prolonged 
periods in the liver, lung, spleen and skin. See e.g. Sirt1, C., et 
al., Tissue deposits of hydroxyethyl starch (HES): dose-de 
pendent and time-related, Br J. Anaesth. 1999 April; 82(4): 
510-5: Reimann S., et al., Hydroxyethylstarch accumulation 
in the skin with special reference to hydroxyethyl starch 
associated pruritus: Dtsch Med Wochenschr. 2000 Mar. 10; 
125(10):280-5: Parth E. et al. Histological and immunohis 
tochemical investigations of hydroxyethyl-Starch deposits in 
rat tissues, Eur Surg Res. 1992; 24(1):13-21; Jurecka W., et 
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al., Hydroxyethylstarch deposits in human skin—a model for 
pruritus?, Arch Dermatol Res. 1993; 285(1-2):13-9 
0153. Thus, I have discovered that a botulinum toxin for 
mulated with hetastarch not only retains the therapeutic para 
lytic activity of the toxin at the injection site upon intramus 
cular or Subcutaneous of administration of the formulation 
(i.e. the hetastarch present in the formulation does not inter 
fere with the activity of the botulinum toxin at the neuromus 
cular junction) but that the hetastarch formulation also has a 
markedly reduced toxicity. 
0154 My invention also encompasses addition of a pre 
servative, either in the diluent or formulation itself, to allow 
extended storage. A preferred preservative is preserved saline 
containing benzyl alcohol. 
0155 Aliquid formulation can be advantageous. A single 
step presentation (e.g., pre-filled Syringe) or a product con 
figuration that the user perceives as a single-step presentation 
(e.g., dual-chambered syringe) would provide convenience 
by eliminating the reconstitution step. Freeze-drying is a 
complicated, expensive and difficult process. Liquid formu 
lations are often easier and cheaper to produce. On the other 
hand liquid formulations are dynamic systems and therefore 
more Susceptible to excipient interaction, fast reactions, bac 
terial growth, and oxidation than freeze-dried formulations. A 
compatible preservative might be needed. Anti-oxidants such 
as methionine might also be useful as Scavengers especially if 
Surfactants are used to reduce adsorption as many of these 
compounds contain or produce peroxides. Any of the stabi 
lizing excipients which can be used in a freeze-dried formu 
lation (e.g., hydroxyethyl starch or an amino acid such, 
lysine) might be adapted to use in a liquid formulation to 
assist in reducing adsorption and stabilize the toxin. Suspen 
sions similar to those developed for insulin are also good 
candidates. Additionally, stabilizing botulinum toxin in a liq 
uid vehicle might require a low pH vehicle as the toxin is 
reported to be labile above pH 7. This acidity could produce 
burning and stinging upon injection. A binary Syringe could 
be employed. Inclusion of a co-dispensed buffer, sufficient to 
raise the pH to physiologic levels, would alleviate injection 
discomfort of a low pH while maintaining the toxin at a low 
pH during storage. Another dual-chambered Syringe option 
would include diluent and lyophilized material segregated in 
separate chamber, only mixing upon use. This option pro 
vides the advantages of a liquid formulation without the addi 
tional resources and time. 

0156 Thus, the botulinum toxin can be prepared at low pH 
to be co-dispensed with a buffer which raises the pH to at or 
near physiological pH at the time of administration. The two 
chamber orbinary Syringe can have in the first chamber (next 
to the plunger) a liquid formulation of a botulinum toxin with 
a pH between 3 to 6 (i.e. at pH 4.0). The second chamber (next 
to the needle tip) can contain a suitable buffer, such as phos 
phate buffered saline at a higher pH (i.e. pH 7.0). Alternately, 
the first chamber can contain a saline diluent and the second 
chamber can contain a freeze dried or lyophilized neurotoxin 
formulation. The two chambers can be joined in Such a way 
and the buffering components selected in Such a way that the 
solutions mix at or near the needle, thereby delivering the 
final solution at a physiological pH. Suitable two chamber 
Syringes to use as pre-filled Syringes for the purposes set forth 
herein can be obtained from Vetter Pharma-Fertigung of 
Yardley, Pa. 
0157. There are distinct advantages to formulating botuli 
num toxin at a low pH. The toxin has a low isoelectric point 
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(pl) and formulating proteins near their pl is a known way to 
stabilize a protein. Additionally, the toxin is used at a very low 
concentration making Surface adsorption a problem. Use of a 
low pH Solution can Suppressionization of toxin sites likely to 
interact with Surfaces. The Syringe and plunger materials are 
materials which reduce surface adsorption by the toxin. Suit 
able Such materials are polypropylene. 
0158. As discussed herein, the neurotoxin may be pre 
pared and purified using techniques well-known in the art. 
The purified toxin may subsequently be diluted in a stabilizer 
Such as a polysaccharide (e.g., hetastarch), or a recombinant 
serum albumin, or a serum albumin of the species of animal 
receiving the neurotoxin. It is preferred that the stabilizer 
prevents or reduces denaturation of the toxin, and produces 
no, or minimal, immunogenic responses in the animal that 
will receive the toxin. Aliquots of the diluted toxin are then 
lyophilized using conventional procedures. 
0159. The lyophilized neurotoxin may be reconstituted 
before administering the neurotoxin to a Subject by adding 
water, saline, or any buffer solution to the lyophilized neuro 
toxin. In certain embodiments, sodium free buffers may be 
preferred to help reduce denaturation of the neurotoxin. 
0160 The pharmaceutical compositions of the invention 
can be administered using conventional modes of administra 
tion. In preferred embodiments of the invention, the compo 
sitions are administered intramuscularly or Subcutaneously to 
the subject. In other embodiments, the compositions of the 
invention may be administered intrathecally. In addition, the 
compositions of the invention may be administered with one 
or more analgesic or anesthetic agents. 
0161 The most effective mode of administration and dos 
age regimen for the compositions of this invention depends 
upon the type, severity, and course of the condition being 
treated, the animals health and response to treatment, and the 
judgment of the treating doctor. Accordingly, the methods 
and dosages of the compositions should be tailored to the 
individual subject. 
0162 By way of example, and not by way of limitation, it 
may be preferred to administer the composition of the inven 
tion intramuscularly to reduce a muscle spasm. 
016.3 My invention also encompasses a pharmaceutical 
composition comprising a botulinum toxin and a collagen for 
use to treat a variety of conditions wherein the botulinum 
toxin acts to paralyze a muscle and the collagen acts to pro 
vide a dermal filler. 

0164. As indicated above, dosages of the neurotoxin, such 
as botulinum toxin, in the compositions may vary. In one 
embodiment, the compositions contain a therapeutically 
effective amount of neurotoxin, for example, between about 1 
U and about 500 U of botulinum toxin type A. Preferably the 
amounts are between about 10 U and about 300 U. More 
preferably the amount is between about 20 U and 250U, such 
about 50 U to 200 U, or 70 U. 
0.165 Alternatively, botulinum toxin, such as botulinum 
toxin type A, can be administered in amounts between about 
10U/kg and about 60U/kg to alleviate pain experienced by 
a mammal. Preferably, the botulinum toxin used is adminis 
tered in an amount of between about 10 U/kg and about 50 
U/kg. More preferably, the botulinum toxin is administered in 
an amount of between about 10' U/kg and about 40 U/kg. 
Most preferably, the botulinum toxin is administered in an 
amount of between about 1 U/kg and about 30 U/kg. In a 
particularly preferred embodiment of the present disclosed 
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methods, the botulinum toxin is administered in an amount of 
between about 1 U/kg and about 20 U/kg. 
0166 Compositions containing other serotypes of botuli 
num toxin may contain different dosages of the botulinum 
toxin. For example, botulinum toxin type B may be provided 
in a composition at a greater dose than a composition con 
taining botulinum toxin type A. In one embodiment of the 
invention, botulinum toxin type B may be administered in an 
amount between about 1 U/kg and 150U/kg. Botulinum toxin 
type B may also be administered in amounts of up to 20,000 
U (mouse units, as described above). In another embodiment 
of the invention, botulinum toxin types E or F may be admin 
istered at concentrations between about 0.1 U/kg and 150 
U/kg. In addition, in compositions containing more than one 
type of botulinum toxin, each is type of botulinum toxin can 
be provided in a relatively smallerdose than the dose typically 
used for a single botulinum toxin serotype. The combination 
of botulinum toxin serotypes may then provide a suitable 
degree and duration of paralysis without an increase in diffu 
sion of the neurotoxins (e.g. see U.S. Pat. No. 6,087.327). 

EXAMPLES 

0167. The following examples set forth specific embodi 
ments of the present invention and are not intended to limit the 
Scope of the invention. 

Example 1 

Preparation and Potency of a Botulinum Toxin 
Pharmaceutical Composition 

Containing Human Serum Albumin (Prior Art) 

Formulation I 

0168 A botulinum toxin type A complex was obtained 
from a culture of the Hall strain of Clostridium botulinum 
grown in a medium containing N-Zamine and yeast extract. 
The botulinum toxin type A complex was purified from the 
culture Solution by a series of acid precipitations to a crystal 
line complex consisting of the active high molecular weight 
toxin protein and an associated hemagglutinin protein. The 
crystalline complex was then re-dissolved in a solution con 
taining Saline and albumin and sterile filtered (0.2 microns) 
prior to vacuum-drying. The vacuum dried composition was 
reconstituted with sterile, non-preserved saline prior to injec 
tion. Each vial of vacuum dried composition contains about 
100 units (U) of Clostridium botulinum toxin type A complex, 
0.5 milligrams of human serum albumin and 0.9 milligrams 
of sodium chloride in a sterile, vacuum-dried form without a 
preservative. This pharmaceutical composition is Formula 
tion I, sold commercially under the trade name BOTOXR) in 
100 unit vials and is known to have an unchanged potency, 
after storage at -5 degrees Celsius for six months or longer 
followed by reconstitution in saline, of about 100 units. 

Example 2 

Preparation and Potency of a Botulinum Toxin 
Pharmaceutical Composition 

Containing 2-Hydroxyethyl Starch 

Formulation II 

0169. Botulinum toxin type A purified neurotoxin com 
plex pharmaceutical formulations were prepared in the same 



US 2013/02962.59 A1 

manner set forth in Example 1 above, except that the 0.5 
milligrams of albumin in Example 1 was replaced by either 
500 lug or 600 ug of hetastarch. This pharmaceutical compo 
sition is Formulation II (albumin free). It was determined that 
full potency was maintained upon preparation of the 
hetastarch containing formulations. Thus, Formulation II, 
with either 500 or 600 ug of hetastarch, had a potency as 
measured at the time of reconstitution of the lyophilized, 100 
U (+20 U) botulinum toxin type A Formulation II of from 96 
to 128 units. Three separate Formulation II batches had 
potency measurements at the time of reconstitution of 
respectively, 105, 111 and 128 units. Potency was measured 
using the standard mouse LDs assay. 

Example 3 

Preparation and Potency of Botulinum Toxin 
Pharmaceutical Composition 

Containing Hydroxyethyl Starch and Glycine 

Formulation IIA 

0170 Formulation IIA was made by adding 1 mg glycine 
USP, and 0.004 mg zinc chloride USP to the Formulation II of 
Example 2, reconstituted with sodium chloride and its 
potency was determined (To potency) using the mouse LDso 
assay. Lyophilized (i.e. not reconstituted) Formulation IIA 
was then stored for seven months at -5°C. At the end of this 
seven month period the potency of Formulation IIA was again 
determined upon reconstitution in Sodium chloride, using the 
mouse LDso assay, to be essentially unchanged (i.e. potency 
differed by less than 5% from the To potency). 

Example 4 

Toxicity of a Botulinum Toxin Pharmaceutical 
Composition 

Containing Human Serum Albumin Upon 
Intramuscular Administration 

Formulation I 

0171 An experiment was carried out to evaluate the tox 
icity of a botulinum toxin pharmaceutical composition con 
taining human serum albumin (i.e. BOTOXOR) upon intra 
muscular administration. 
0172 Formulation I was prepared as in Example 1 (i.e. 
100 units botulinum toxin type A complex, 0.5 mg human 
serum albumin USP, 0.9 mg sodium chloride USP, vacuum 
dried, without a preservative). The vacuum dried formulation 
was removed from the freezer, reconstituted with sodium 
chloride and administered within four hours. 
0173 A Formulation I placebo containing 0.5 mg human 
serum albumin USP and 0.9 mg sodium chloride USP was 
also prepared. The diluent used for both formulation and 
placebo was 0.9% sodium chloride inj. USP. 
0.174 Six separate lots of twelve Sprague Dawley albino 
rats (n=12.6 male, 6 female; 72 study rats plus 12 control rats 
for placebo injection, about 10 weeks old, Charles River 
Labs, Hollister, California) were injected with single intra 
muscular injections into the left gastrocnemius muscle of the 
left hind limb of Formulation I at doses of 5, 10, 50, 100, 200 
or 300 units/kg, respectively. A control group (n=12: 6 male, 
6 female) was injected with single intramuscular injections of 
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the vehicle (serum human and Sodium chloride) at the equiva 
lent dose volume (0.2 ml/kg). Rats were sacrificed and 
necropsied 14 days after the single injection. The parameters 
evaluated were mortality and morbundity, clinical observa 
tions, body weight, injected and non-injected gastrocnemius 
muscle weight, macroscopic observations and microscopic 
pathology of the injected and non-injected gastrocnemius and 
biceps femoris muscles. 
0.175. It was determined that intramuscular administration 
of Formulation I induced in rats local pharmacological effects 
(i.e. curling of the left hind toes, limping, left abdominal 
distension, small left hind limb calf muscles) at doses of 5 
units/kg or higher, and clinical signs of toxicity (i.e. chromo 
dacryorrhea, chromorhinorrhea, piloerrection, hunched pos 
ture, Soiled perianal region, immobility and morbundity) at 
doses of 50 units/kg or higher. 50% of the rats died at the 100 
units/kg dose level and 100% of the rats died at the 200 and 
300 units/kg dose levels. 
0176 This experiment determined that Formulation I (a 
botulinum toxin pharmaceutical composition containing 
human serum albumin) can be lethal upon intramuscular 
administration to rats at a 100 unit/kg dose level. 

Example 5 

Reduced Toxicity of a Botulinum Toxin 
Pharmaceutical Composition 

Containing Hydroxyethyl Starch Upon Intramuscular 
Administration 

Formulation II 

0177. An experiment was carried out to evaluate the tox 
icity of a botulinum toxin pharmaceutical composition con 
taining 2-hydroxyethyl starch (Formulation II) upon intra 
muscular administration. 
0.178 Formulation II was prepared as in Example 2 (i.e. 
100 units botulinum toxin type A complex, 0.6 mghetastarch 
and 0.9 mg NaCl). The vacuum dried formulation was 
removed from the freezer, reconstituted with sodium chloride 
and administered within four hours. 
0179 A Formulation II placebo containing 0.6 mg 
hetastarch was also prepared. The diluent used for both for 
mulation and placebo was 0.9% sodium chloride inj. USP. 
0180 Four separate lots of 8 Sprague Dawley rats (n=8; 4 
male, 4 female) (40 rats total including controls, 7-10 weeks 
old, Charles River Labs, Hollister, California) were given 
single intramuscular injections into the left gastrocnemius 
muscle of the left hind limb of Formulation II at doses of 10, 
50, 100 and 200 units/kg. A control group (n=8; 4 male, 4 
female) were injected with single intramuscular injections of 
the vehicle (serum human and Sodium chloride) at the equiva 
lent dose volume (0.2 mL/kg). Rats were sacrificed and 
necropsied 14 days after the single injection. The parameters 
evaluated were mortality, clinical observations, body weight, 
injected and non-injected gastrocnemius muscle weight, 
macroscopic observations. 
0181 Surprisingly no mortality was observed any dose 
level in any of the drug injected rats. Local pharmacological 
effects (curling of the left hind toes, limping, decreased 
injected muscle weight) were observed in the drug treated 
groups. Drug related clinical findings indicative of toxicity 
included one incidence each of chromodacryorrhea and chro 
morrhinorrhea in one male rat in the 200 U/kg dose group. 
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0182. As set forth in Example 4, intramuscular Formula 
tion I induced in rats local pharmacological effects at doses of 
5 units/kg or higher, clinical signs of toxicity at doses of 50 
units/kg or higher and deathat doses of 100 units/kg or higher. 
However the experiment carried out in this example showed 
that intramuscular doses of Formulation II as high as 200 
units/kg induced only local pharmacological effects (i.e. curl 
ing of the left hind toes, limping, palpably smaller left calf 
muscles and is decreased injected muscle weight), with mini 
mal clinical signs of toxicity and no mortality. 
0183 Hence, it can be concluded that Formulation II 
showed significantly less toxicity and similar local pharma 
cological effects, as compared to Formulation I. 

Example 6 

Reduced Toxicity of a Botulinum Toxin 
Pharmaceutical Composition 

Containing Hydroxyethyl Starch and Glycine Upon 
Intramuscular Administration 

Formulation IIA 

0184 An experiment was carried out to evaluate the tox 
icity of a botulinum toxin pharmaceutical composition con 
taining 2-hydroxyethyl starch and glycine upon intramuscu 
lar administration. 
0185. Formulation IIA was prepared as in Example 3 (i.e. 
100 units botulinum toxin type A complex, 0.6 mghetastarch 
and 0.9 mg NaCl) and 1 mg glycine USP, but no zinc chloride, 
was added to make the formulation. The vacuum dried for 
mulation was removed from the freezer, reconstituted with 
sodium chloride and administered within four hours. 
0186 A Formulation IIA placebo containing 0.6 mg 
hetastarch and 1 mg glycine was also prepared. The diluent 
used for both formulation and placebo was 0.9% sodium 
chloride inj. USP. 
0187. Two separate lots of 5 female Sprague Dawley rats 
(n=5, all female) (15 rats total including controls, 7-10 
weeks old, Charles River Labs, Hollister, California) were 
given single intramuscular injections into is the left gastroc 
nemius muscle of the left hindlimb of Formulation II at doses 
of either 100 or 200 units/kg. A control group (n=5; all 
female) were injected with single intramuscular injections of 
the vehicle (hetastarch with glycine in sodium chloride dilu 
ent) at the equivalent dose volume (0.2 mL/kg). Rats were 
sacrificed and necropsied 14 days after the single injection. 
The parameters evaluated were mortality and morbundity, 
clinical observations, body weight, injected and non-injected 
gastrocnemius muscle weight, macroscopic observations and 
microscopic pathology of the injected and non-injected gas 
trocnemius and biceps femoris muscles. 
0188 Surprisingly no mortality was observed at any dose 
level in any of the drug injected rats. Nor were there observed 
any drug related clinical signs of toxicity at any dose level in 
any of the rats. Local pharmacological effects (curling of the 
left hind toes, limping, palpably Smaller left calf muscles and 
decreased injected muscle weight) were observed in the drug 
treated groups. 
0189 As set forth in Example 4, intramuscular Formula 
tion I induced in rats local pharmacological effects at doses of 
5 units/kg or higher, clinical signs of toxicity at doses of 50 
units/kg or higher and deathat doses of 100 units/kg or higher. 
However the experiment carried out in this example showed 
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that intramuscular doses of Formulation IIA as high as 200 
units/kg induced only local pharmacological effects, with no 
clinical signs of toxicity or mortality. Hence, it can be con 
cluded that a botulinum toxin pharmaceutical composition 
containing 2-hydroxyethyl starch (with or without glycine) 
has upon intramuscular administration a significantly lower 
toxicity than does a botulinum toxin pharmaceutical compo 
sition containing human serum albumin. 
0.190 Since both Formulations II and IIA showed reduced 
toxicity (as compared to Formulation I), but glycine was not 
present in Formulation II, therefore the reduced toxicity of 
Formulations II and IIA was due to the presence of the 
hydroxyethyl starch present, and was not due to any effect of 
the glycine. 

Example 7 

Comparison of Toxicity of Botulinum Toxin 
Pharmaceutical Compositions 

Containing Human Serum Albuminor Hydroxyethyl 
Starch Upon Intravenous Administration 

Formulations I and IIA 

0191 An experiment was carried out to evaluate the tox 
icity of a botulinum toxin pharmaceutical composition con 
taining 2-hydroxyethyl Starch upon intravenous administra 
tion of the pharmaceutical composition. It was expected that 
an intravenously administered botulinum toxin pharmaceuti 
cal composition would result in widespread systemic effects, 
including muscle weakness, systemic toxicity, respiratory 
failure and subject mortality. 
0.192 Formulation I was prepared as set forth in Example 
1 (i.e. 100 units botulinum toxin type A complex, 0.5 mg 
human serum albumin (“HSA) USP, 0.9 mg sodium chloride 
USP). The vacuum dried formulation was removed from the 
freezer, reconstituted with sodium chloride and administered 
within four hours. 

0193 Formulation IIA was prepared as in Example 3 (i.e. 
100 units botulinum toxin type A complex, 0.6 mghetastarch 
and 0.9 mg NaCl) and 1 mg glycine USP, and 0.004 mg zinc 
chloride USP was added to the formulation. The vacuum 
dried formulation was removed from the freezer, reconsti 
tuted with sodium chloride and administered within four 
hours. 

0.194. A Formulation I placebo containing 0.5 mg human 
serum albumin USP and 0.9 mg sodium chloride USP was 
also prepared. A Formulation IIA placebo containing 0.6 mg 
hetastarch, 1 mg glycine USP, and 0.004 mg zinc chloride 
USP was also prepared. 
0.195 The diluent used for both formulations and placebos 
was 0.9% sodium chloride inj. USP. 
0.196 Separate lots of 60 male and 60 female Sprague 
Dawley rats (n=12; six male, six female) (120 rats total, 6-10 
weeks old, Charles River Labs, Hollister, California) were 
injected with single intravenous injections of the two botuli 
num toxinformulations into the lateral tail vein at 10 units per 
kg of animal weight, 50 units per kg, 100 units per kg or 200 
units per kg dose levels of the botulinum toxin type A. Two 
separate control groups (n=12; six male, six female) were 
injected with single intravenous injections of each of the two 
different placebos at an equivalent dose Volume (0.2 ml/kg). 
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0.197 Surviving rats were sacrificed and necropsied 14 
days after the single injection. The parameters evaluated were 
mortality, clinical observations, body weight and macro 
scopic observations. 
0198 The results of this experiment are shown by Table 1. 
Not unexpectedly, mortality occurred in all rats treated with 
100 U/kg of any of the Formulation I. Surprisingly, no mor 
tality was observed in any of the rats treated with Formulation 
IIA, at doses as high as 200 U/kg. Thus Formulation IIA 
exhibited a significantly lower systemic toxicity as compared 
to Formulation I. 

TABLE 1. 

Toxicity of a Botulinum Toxin Hetastarch Formulation 
Compared to a Botulinum Toxin Human Serum Albumin 

Formulation Upon Intravenous Administration 

Total No 
Toxin Dose Formulation or Dead No. Percent 

Group No. (U/kg) Placebo Dosed Mortality 

1 O Placebo HSA Of 12 O 
2 10 Of 12 O 
3 50 Of 12 O 
4 100 12,12 100 
5 200 12,12 100 
6 O Placebo Hetastarch Of 12 O 
7 10 IA Of 12 O 
8 50 IA Of 12 O 
9 100 IA Of 12 O 
10 200 IA Of 12 O 

Example 8 

Botulinum Toxin Pharmaceutical Composition 
Containing Lysine 

Formulation IIC 

(0199 100 U botulinum toxin type A purified neurotoxin 
complex pharmaceutical formulations are prepared in the 
same manner set forth in Example 1 above, except that the 0.5 
milligrams of albumin was replaced by 600 ug of hetastarch. 
In addition 1 mg of lysine is added to the formulation. A 
lyophilized, hetastarch plus lysine, albumin-free, 100 Ubotu 
linum toxin type A complex, pharmaceutical composition is 
then stored for one year at -5°C. At the end of this one year 
period the potency of this hetastarch plus lysine, toxinformu 
lation is determined, using the mouse administration assay, to 
be essentially unchanged (i.e. potency differs by less than 5% 
from the original potency). 

Example 9 

Botulinum Toxin Pharmaceutical Composition 
Containing Histidine 

Formulation IID 

0200 100 U botulinum toxin type A purified neurotoxin 
complex pharmaceutical formulations are prepared in the 
same manner set forth in Example 1 above, except that the 0.5 
milligrams of albumin was replaced by 600 ug of hetastarch. 
In addition 1 mg of histidine is added to the formulation. A 
lyophilized, hetastarch plus histidine, albumin-free, 100 U 
botulinum toxin type A complex, pharmaceutical composi 
tion is then stored for one year at -5°C. At the end of this one 
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year period the potency of this hetastarch plus histidine, toxin 
formulation is determined, using the mouse administration 
assay, to be essentially unchanged (i.e. potency differs by less 
than 5% from the original potency). 

Example 10 

Botulinum Toxin Pharmaceutical Composition 
Containing Arginine 

Formulation IIE 

0201 100 U botulinum toxin type A purified neurotoxin 
complex pharmaceutical formulations are prepared in the 
same manner set forth in Example 1 above, except that the 0.5 
milligrams of albumin was replaced by 600 ug of hetastarch. 
In addition 1 mg of arginine is added to the formulation. A 
lyophilized, hetastarch plus arginine, albumin-free, 100 U 
botulinum toxin type A complex, pharmaceutical composi 
tion is then stored for one year at -5°C. At the end of this one 
year period the potency of this hetastarch plus arginine, toxin 
formulation is determined, using the mouse administration 
assay, to be essentially unchanged (i.e. potency differs by less 
than 5% from the original potency). 

Example 11 

Botulinum Toxin Pharmaceutical Composition 
Containing An Amino Acid 

0202 Botulinum toxin type A purified neurotoxin com 
plex pharmaceutical formulations can be prepared in the 
same manner set forth in Example 1 above, except that the 0.5 
milligrams of albumin can be replaced by about 1 mg of an 
amino acid Such as lysine, glycine, histidine or arginine. Thus 
alyophilized, polysaccharide free, albumin free, glycine con 
taining, botulinum toxin type A complex, pharmaceutical 
composition can be prepared and stored for at least one year 
-5°C., and at the end of this period can have a potency of 
which is essentially unchanged (i.e. potency can differ by less 
than 5% from the original potency). 

Example 12 

Use of a Botulinum Toxin Pharmaceutical 
Composition 

0203 A 48 year old male is diagnosed with a spastic 
muscle condition, Such as cervical dystonia. Between about 
10 U/kg and about 35 U/kg of a botulinum toxin type A 
pharmaceutical composition containing 600 ug of hetastarch 
and 1 mg of an amino acid, Such as lysine, is injected intra 
muscularly into the patient. Within 1-7 days the symptoms of 
the spastic muscle condition are alleviated and alleviation of 
the symptoms persists for at least from about 2 months to 
about 6 months. 

Example 13 

Reduced Antigenicity Botulinum Toxin 
Pharmaceutical Compositions 

Containing Hydroxyethyl Starch Upon Intramuscular 
Administration 

Formulations I and IIA 

0204 An experiment can be carried out to evaluate the 
antigenicity of a botulinum toxin pharmaceutical composi 
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tion containing 2-hydroxyethyl starch, with and without gly 
cine, upon intramuscular administration. 
0205 Formulations I, II and IIA can be prepared as set 
forth by Example 1-3, respectively. The vacuum dried formu 
lations can be removed from the freezer, reconstituted with 
sodium chloride and administered within four hours. Formu 
lations I, II and IIA placebos can be prepared as previously set 
forth. 
0206 Six separate lots of rabbits can be given periodic 
intramuscular injections of Formulation I. Formulation II, 
Formulation IIA, or one of the three placebos (i.e. 3 control 
groups) over a six month period, at a high, but non-toxic dose 
level. It is expected that Formulations II and IIA will show a 
reduced generation of antibodies due to the reduced immu 
nogenicity of the carbohydrate hydroxyethyl starch of For 
mulations II and IIA, as compared to the protein albumin 
present in Formulation I. 

Example 14 

Multiple Component Botulinum Toxin Formulations 
0207 As set forth briefly in the Definitions sections supra 
under the definition of “Pharmaceutical Composition a mul 
tiple (i.e. two or more) component system for the making of a 
final formulation can provide the benefit of allowing incor 
poration of ingredients which are not sufficiently compatible 
for long-term shelfstorage with the first component of the two 
component system or which for other reasons it is not desir 
able to include with the first component of the pharmaceutical 
composition. In this manner what I refer to as adaptive neu 
rotoxin (i.e. botulinum toxin) formulations can be prepared. 
0208 rhSA and HSA can require secondary stabilizers 
Such as N-Acetyltryptophan, Sodium caprylate, fatty acids, 
Surfactants and divalent cations for optimum long-term sta 
bility. Studies utilizing probe formulations indicate that some 
of these secondary stabilizers may induce enhanced potency 
or stability on neurotoxin (i.e. botulinum toxin) formulations. 
This example sets forth a way to add the appropriate concen 
tration of these ingredients to obtain the desired effect. One 
way to accomplish this is to include the ingredient in the base 
formulation. Another is to add it to a base formulation prior to 
use. As set forth herein, Zinc, for example, may enhance the 
potency or liquid stability when added to an existing neuro 
toxin (i.e. botulinum toxin) formulation not containing zinc. 
Other beneficial stabilizing ingredients can likewise be added 
in this manner. 
0209. A limitation of the current Botox(R) formulation is 
related to the useful length of the product. Currently the 
recommended (for sterility reasons) life after reconstitution 
of BotoxR) is about four hours. This is due to the fact that the 
product contains no preservative. The diluent, saline, also 
contains no preservative. Studies indicate that incorporation 
of some preservatives can degrade the toxin over a long Stor 
age time (i.e. up to 2 years) of the vacuum dried product. 
However, utilization of a diluent containing a preservative 
would expose the toxin to degradation processes for a much 
shorter time while still providing preservative efficacy, that is 
the time of use, and thereby allow incorporation of a preser 
vative. 
0210 A problem related to removal of protein stabilizers 

is clinical performance. Studies with hetastarch stabilized 
formulations indicate differences in performance (safety pro 
file) possibly related to diffusion characteristics of the HES 
when compared to HSA. Other stabilizers (such as povidone) 
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which perform similarly to HSA have thus far proven incom 
patible during storage, thereby limiting their usefulness. 
Incorporating them into a diluent or reconstitution vehicle 
would eliminate long-term exposure of the toxin to the 
incompatible species is during which Such degradation could 
occur. Therefore a HES or saline vacuum-dried formulation 
could be reconstituted in a vehicle containing a carrier, Such 
as povidone, providing a shelf-stable product with the desired 
clinical performance. 
0211 Buffer salts or physiological pH conditions also 
may cause degradation during long-term storage. Enhanced 
storage stability may only be achievable by providing a Suit 
able pH environment not suitable for injection (burning/sting 
ing), such as low pH. A two-part system would overcome 
these limitations. A low pH shelf-stable formulation could be 
diluted or reconstituted using a buffer to overwhelm the 
capacity of the first composition, thereby providing a com 
fortable physiologic pH for injection. 
0212. Other advantages allow for changing the vehicle 
depending on use; i.e., the carrier could be selected according 
to the desired clinical diffusion characteristics. For example, 
toxin vacuum-dried in SWI, reconstituted with HES for one 
indication (cosmetic) and HSA for another (therapeutic). Sta 
bilizing the toxin in SWFI, then reconstituting with saline (to 
obtain isotonicity) is another formulation option. 
0213. The final formulation might also be adapted to pro 
vide for patients allergic to a particular ingredient (a collagen 
vehicle Substituted for a patient allergic to gelatin, for 
example). Otherwise, the base toxin formulation could be 
reconstituted with different albumins derived from a particu 
lar species for use in Veterinary applications (equine serum 
albumin for use in horses, bovine serum albumin for use in 
cattle, as examples). 
0214. The basis of the invention is a formulation combined 
with adaptive, specialized vehicles/diluents to obtain the 
desired characteristics. The product can consist of three (or 
more) components; e.g., a vial containing a stable Solid toxin 
and two pre-filled Syringes containing differently formulated 
reconstitution vehicles. 
Examples of three-component systems: 
Version I (solid/liquid): 
0215 1. Toxin vacuum dried in NaCl 
0216 2. Reconstitution vehicle containing HSA or rHA 
0217 3. Second reconstitution vehicle containing HES 
0218. In this version of a pharmaceutical composition 
wherein the active ingredient is a botulinum toxin, reconsti 
tution can be carried out so as to obtain a formulation wherein 
the diffusion profile of the pharmaceutical composition upon 
intramuscular injection is the same as or different from dif 
fusion profile of a pharmaceutical composition wherein the 
active ingredient is a botulinum toxin, but which contains 
albumin instead of HES. 

Version II (solid/liquid): 
0219 1. Toxin vacuum dried in NaCl 
0220 2. Reconstitution vehicle containing Povidone 
0221) 3. Second reconstitution vehicle containing HES 
0222. In this version of a pharmaceutical composition (as 
in each of the additional versions set forth below) wherein the 
active ingredient is a botulinum toxin, reconstitution can be 
carried out so as to obtaina formulation wherein the diffusion 
profile of the pharmaceutical composition upon intramuscu 
lar injection is the same as or different from diffusion profile 
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of a pharmaceutical composition wherein the active ingredi 
ent is a botulinum toxin, but which contains albumin instead 
of HES and povidone. 
is Version III (solid/liquid): 
0223 1. Toxin vacuum dried in SWFI (sterile water for 
injection) 
0224 2. Reconstitution vehicle containing Povidone 
0225 3. Second reconstitution vehicle containing HES 
(reconstitute with Povidone to obtain Botox safety profile/ 
HES to obtain modulated safety profile) 
Version IV (liquid/liquid): 
0226 1. Toxin liquid stabilized with a buffer at pH 4 
0227 2. Diluent liquid buffered to pH 7 containing HSA 
0228. 3. Second diluent liquid buffered to pH 7 containing 
HES (dilute with HSA diluent to obtain Botox safety profile/ 
HES to obtain modulated safety profile) 
Version VI (solid/liquid): 

0229) 1. Toxin vacuum dried in SWFI (sterile water for 
injection) 

0230 2. Reconstitution vehicle containing HSA or rhA 
and preservative 

0231. 3. Second reconstitution vehicle containing HES 
and preservative 

(reconstitute with HSA/rHA to obtain Botox safety profile/ 
HES to obtain modulated safety profile; preservative is com 
patible with toxin to retain potency during specified time of 
use (e.g., 48 hours)) 
0232 A pharmaceutical composition according to the 
invention disclosed herein has many advantages, including 
the following: 
0233 1. the pharmaceutical composition can be prepared 
free of any blood product, such as albumin and therefore free 
of any blood product infectious element such as a prion. 
0234 2. the pharmaceutical composition has stability and 
high% recovery of toxin potency comparable to or Superior to 
that achieved with currently available pharmaceutical com 
positions. 
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0235 3. reduced toxicity, as assessed by either intramus 
cular or intravenous administration. 
0236 4. reduced antigenicity. 
0237 Various publications, patents and/or references have 
been cited herein, the contents of which, in their entireties, are 
incorporated herein by reference. 
0238 Although the present invention has been described 
in detail with regard to certain preferred methods, other 
embodiments, versions, and modifications within the scope 
of the present invention are possible. For example, a wide 
variety of stabilizing polysaccharides and amino acids are 
within the scope of the present invention. 
0239 Accordingly, the spirit and scope of the following 
claims should not be limited to the descriptions of the pre 
ferred embodiments set forth above. 

I claim: 
1. A device comprising at least two chambers, wherein a 

first chamber comprises an acidic solution of Botulinum 
toxin, and a second chamber comprises a buffering solution, 
wherein the buffering Solution is present in an amount Suffi 
cient to raise the pH of the acidic botulinum toxin solution to 
at or near physiological pH after mixing. 

2. The device of claim 1, wherein the pH of said acidic 
solution of Botulinum toxin is about 3.0 to about 6. 

3. The device of claim 1, wherein said acidic solution of 
Botulinum toxin comprises any combination of one or all of 
immunotypes A-G. 

4. The device of claim 1, wherein said acidic solution of 
Botulinum toxin comprises about 1 to about 2000 LDs units 
of Botulinum toxin. 

5. A method of preparing a pharmaceutical formulation of 
Botulinum toxin comprising combining an acidic solution of 
Botulinum toxin and a buffering solution in a device of claim 
1, wherein the pH of said botulinum toxin formulation after 
mixing is at or near physiological pH. 
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