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1 
PHARMACEUTICAL coMPOSITION OF 

BOTULINUM NEUROTOXIN AND METHOD 
OF PRE PARATION 

FTJ) OF nIB INVENTION 

The present invention relates to botulinum toxin. More 
particularly, it relates to novel pharmaceutical compositions 
containing botulinum toxin and a method for preparing the 
compositions. 

BACKGROUND OF THE INVENTION 

The most serious form of bacterial food poisoning is 
botulism which is caused by ncurotoxiris produced by 
Clostridium botulinum. The toxins arc usually preformed by 
the causative organism in foods and subsequently absorbed 
through the intestinal tract and transported via the circula-
tory system to motor nerve synapses where their action 
blocks normal neural transmissions. Various serotypes of C. 
botulin urn produce neurotoxins with similar toxic activity 
but which differ antigenically. Serotype A toxin is the 
pi.-cdominant cause of botulism in the United States while 
type B toxin is the most prevalent in Europe. 

Crystalline type A botulinum toxin complex was prepared 
in .1.979 by B. I. Schantz of the Food Research Institute! 
Department of Food Microbiology and Toxicology at the 
iJrtiversity of Wisconsin-Madison. It has been used medi-
cally to treat hyperactive muscle disorders such as stxabis-
titus, blepharospasm, and spasmodic torticollis. Treatment 
involves injection of nanogram quantities of the toxin 
directly into the hyperactive muscles. The toxin inhibits the 
release of acetylcholine across the synaptic junction causing 
a decrease in the activity of the injected muscles. 

Type Aneurotoxin produced by C. botulinum is present as 
part of a complex of at least seven different noncuvalently 
bound proteins. High quality type A toxin complex has a 
specific toxicity of 3xi0 mouse intraperitoncal 50% lethal 
doses (L050) per mg. The purified neurotoxin, that is the 
neurotoxin that has been chromatographically separated 
from the other proteins of the toxin complex, has a specific 
toxicity of 9x1 07 to lxl()8 l<1()8 LD50 per rug. In the medical field, 
a unit (U) is considered to be 1 LD50, Toxin titers are 
determined in female, white mice, 18-22g in weight accord-
ing to the method of Schantz and Kautter as described in 
Association of Official and Analytical Chemistry, vol. 61, p. 
96, (1978). 

A major drawback to the use of botulinum toxin in 
treatment of hyperactive muscle disorders is development of 
antibodies or other types of immunity by patients. The toxin 
is recognized by patient’s immune systems as foreign and 
stimulates antibody production. This renders treatment of 
the various hyperactive muscle disorders with botislinum 
toxin ineffective. One way to reduce the number of patients 
developing neutralizing antibodies would be to develop a 
more shelf-stable product with a higher specific activity 
following lyophilization. Such a formulation would result in 
a product that is not as antigenic as the currently available 
product and lesser quantities oltoxin would be required for 
treatment. 

Botulinal toxin is very susceptible to denaturation due to 
surface denaturation, heat, and alkaline conditions. Lyo-
philization or freeze-drying of botulinal toxin is the most 
economically sound and practical method of distributing the 
product in a form that is stable and readily used by the 
clinician. The current commercial type A botulinal toxin 

2 
product is made by combining up to 500 ng/rnl of type A 
toxin complex in 5.0 mg/ml humeri serum albumin (HSA) 
with 9.0 mg/ml sodium chloride at a pH of 7.3. After 
dissolution, 0.1 ml is dried to obtain 100–30 active U of 

5 toxin, 0.5 mg of HSA, and 0.9 rug of sodium chloride per 
vial. This product has a saline concentration of 0.9% when 
reconstituted in 1.0 ml of dH2O. The current commercial 
formulation which employs the toxin complex has a specific 
toxicity of about 2.5 U/ng after drying BOTOXfi, crystalline 

10 botulinum toxin complex, Allergon, Inc. of irvine, Calif. The 
considerable loss (up to 90%) of activity during drying 
causes the formation of inactive toxin that serves as a toxoid 
inciting antibody formation. 

A rabbit model in which repetitive injections of various 
15 type A toxin preparations have been given to simulate the 

treatment of a focal dystonia has been used to assess the 
immunogenicity of various toxin preparations. The model 
consists of injecting albino rabbits with sublethal doses of 
the toxin over a period of time and assaying the serum of the 

20 animals for the ability to neutralize a small but carefully 
quantitated amount of purified type A toxin. Our results 
show that the product presently available in the United 
States which has the lowest specific toxicity of all prepara-
tions tested is the most antigenic of all the preparations 

2$ tested to date. These results indicate that high specific 
activity preparations reduce the probability of patients 
developing neutralizing antibodies. It obviously would be 
desirable to have higher specific activity preparations than 
those currently available. 

30 The current commercial product must be stored at a 
temperature of _10O C. or less to maintain the labelled 
potency for the one year shelf life. It also would be advan-
tageous to have a product that could he stored at higher 

35 
temperatures (i.e. room temperature). This would facilitate 
more practical shipping and storage of the toxin. 

BRIEF SUMMARY OF THE INVENTION 

We have discovered that pharmaceutical compositions 
40 made from a liquid formulation containing essentially pure 

botulinum type A neurotoxin, human serum albumin (HSA), 
and trehalosc provides for the improved recovery of active 
toxin following lyophilization (>80%). The use of the pure 
neurotoxin instead of the toxin complex, which is used 

45 commercially, reduces the amount of toxin required to 
obtain the necessary number of active U per vial as man-
dated by the U.S. Food and Drug Administration. This 
improvement also reduces the amount of inactive toxin 
(toxoid) in each vial and thereby lessens the possibility of 

50 antibody formation after injection of the preparation into 
patients. 

We also have discovered that the compositions obtained 
by adding trehalose to the pre-lyophilization formula 
increases the glass transition temperature of the dried mate-

55  and thereby increases the usable storage temperature. 
The addition of the trehalose surprisingly enhances the 
temperature stability of the dried toxin and lessens both the 
risk of loss in potency with corresponding degradation 
during storage and shipment with a consequent increase in 

60 antigenic potential due to temperature abuse. In addition to 
trehalose, we have discovered that the polyhydroxy corn-
pound maltotriose and possibly other polyols can be used. 

DESCRIPTION OF PREFERRED EMBODIMENT 65 

The preferred pharmaceutical compositions of the present 
invention have the following composition: 
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TABLE 1 -continued 

Effect of exeipients on recovery of toxicity of Clcstridºuni horulinum type A toxin 
complex after lyophilization _of 0.1 ml of each solution-oluiioa

E>.cipients 
Starting Toxin 
concentration’ p1-I % recovery" 

human serum albumin’ 100, 1,000 6.4-6.8 >90, >90 
alpha-lacuslhumin5 1,800 6.1 >78 
lysozynil" 1,800 5.3 >18 
gelatin1 1,800 6.3 >16 
bovine serum aibuminhtrehalose" 500 53 >90 
bovine serum albumin/sucrose1 325 6.6 65 
bovine sexism albuminlmaltotxiosem 250 7.0 >80 

-’Typa A mouse lethal doses/vial before lyophilizacion; 
"n recovery = (number mouse lethal doses after lyophilization/number mouse lethal doses prior to 
lyophilization) 51100; 
’50 mM sodbtm phosphate; 
’bovine serum albumin (5.0 ingtml), sodium chloside (9.0 mg/ml), 
’bovine serum albumin (9.0 mg/nil); 
’bovine serum albumin (9.0 mg/iiil), 50 mm sodium citrate; 
tbavine serum albumin (9.0 mg/md), 50 mm sodium phosphate; 
"bovine serum albumin (9.0 mg/nil), 50 mm potassium phosphate; 
human serum albumin (9.0 mg/ed); 

1coiicentration 9,0 r1g/ml; 
"9.0 mg/ml bovine serum albumin, 100 mg/ml trehatose; 
19.0 tug/ml bovine serum albumin, 250 mg/ml sucrose; 
‘9(1mg/ml bovine serum albumin, 100mg/mi msillolriose. (adapted front Goodriough and Johnson, 
1992). 

’[ABLE 2 

Recovery of activity following lyophilization of purified 
Chsstridium botuli,ttm, type A neurotoxin. 

Starting Toxin re-
Excipient combination concentration’ pH covxsry’ 

bovine serum aThuinft 20) 6.4 90 
human senurt ntbnmin 1,000 64 90 
bovine serum albumin, trehalose 500 5.7 >90 
bovine serum albumin, sucrose 325 6.6 50 
bovine serum albumin, 250 7.0 >80 
maltotriose 

"bovine and bunsen serum albumin concentration was 9.0 mg/ml, carboby-
dualt Concentration was 100 mg/ml in all cases except sucrose which was 250 
rig/nil; 
"niousc intraperitoneol lethal doses/visl; 
"(number of mouse lethal dose/vial after lyophilization, number of mouse 
lethal doses before lyophilization) x 10). 

It was found that the formulations used for lyophilization 
had a marked effect on the recovery of toxin. The most 
critical factor was the absence of sodium chloride in the 
solution in combination with a p1:1 loss than 7.0. In the best 
cases, recovery of active toxin was >90% following lyo-
philization. 

The addition of trehitlose in particular, allowed the recov-
ery of active type A neurotoxirt following lyophilization and 
storage at temperatures in excess of those required for 
storage of the commercially available type A toxin complex 
(370 C, versus �10° C.). 

The antigenicity of various toxin preparations (containing 
low or high specific toxicities) was evaluated in rabbits by 
repetitive injection of sublethal doses of toxin simulating 
treatment of a focal dystonia with botulinal toxin. The 
samples were standardized to contain the same number of 
active lethal doses in order that the immune response from 
the rabbits could be compared. The samples with the highest 
specific activity were those consisting of purified type A 
natirutoxin (96 U/ng) while the lowest were the conm-ier-
cially available BOTOXfi, crystalline botulinum toxin com-
plex, samples (4.3 U/ng). 

30 

35 

40 

45 

Total toxin concentration for each preparation (i.e. both 
active and inactive) was determined using an enzyme-linked 

50 iminursosorbent assay (ELISA) specific for type A botulinal 

toxin. The ELISA assays performed on BOTOXfi, crystal-

line botulinum toxin complex, and ASB indicated that 

BOTOXfi, crystalline botulinum toxin complex, had an 
55 average specific toxicity of 4.3 U/ng and ASB had an 

average specific toxicity of 17.3 U/ng after reconstitution. 

Type A toxin complex used in these assays had 
a 

specific 

activity of 18 U/ng. 
60 

Serum samples were drawn on the days shown in Table 3 
and titrated for the ability to neutralize 5.6 U of essentially 

pure type A neurotoxin. Total toxin concentration (active+ 

65 
inactive) in each preparation was determined by ELISA 

following reconstitution except in the. cases of A neurotoxin 

and A complex which were not lyophilized. 
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Botulinum toxin type A is the most lethal natural biological agent 

known to man. About 50 picograms of botulinum toxin (purified 

neurotoxin complex) type A is a LD50 in mice. Interestingly, on a molar 

basis, botulinum toxin type A is 1.8 billion times more lethal than 

5 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. Singh et 

al., Plenum Press, New York (1976) (where the stated LD50 of 

10 botulinum toxin type A of 0,3 ng equals 1 U is corrected for the fact that 

about 0.05 ng of BOTOXfi equals 1 unit). One unit (U) of botulinum 

S toxin is defined as the LD50 upon intraperitoneal injection into female 

Swiss Webster mice weighing 18-20 grams each. Seven 

immunologically distinct botulinum neurotoxins have been 

15 characterized, these being respectively botulinum neurotoxin serotypes 

A, B, C1, D, E, F and C 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 

20 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 480 U/kg which is 

about 12 times the primate LD50 for botulinum toxin type A. The 

25 botulinum toxins apparently bind with high affinity to choUnergic motor 

neurons, are trarislocated into the neuron and block the presynaptic 

release of acetylcholine. 

Botulinum toxins have been used in clinical settings for the 

30 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 

blepharospasrn, strabismus and hemifacial spasm in patients over the 

5 
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(such as glucose or a polymer of glucose) or carbohydrates because 

Proteins and glucose are known to interact together and to undergo the 

well-described Maillard reaction, due, i.e. to the reducing nature of 

glucose and glucose polymers. Much work has been dedicated to 

mostly unsuccessful attempts at preventing this protein-saccharide 

reaction by, for example, reduction of moisture or use of non-reducing 

sugars. Significantly, the degradtive pathway of the Maillard reaction 

can result in a therapeutic insufficiency of the protein active ingredient. 

A pharmaceutical formulation comprising protein and a reducing 

10 saccharide, carbohydrate or sugar, such as a glucose polymer, is 

therefore inherently unstable and cannot be stored for a long period of 

time without significant loss of the active ingredient proteins desired 

biological activity. 

15 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, albumin, being a protein, does 

not undergo the Maillard reaction with the protein active ingredient in a 

pharmaceutical composition. Hence, one would expect to find and to 

2 0 look for a substitute for albumin amongst other proteins. 

Finding an appropriate substitute for albumin as a stabilizer of the 

botulinum toxin present in a pharmaceutical composition is difficult and 

problematic because albumin is believed to function in a 

25 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 

30 accelerates the rate of catalysis of synthetic peptide substrates, which 

substrates resemble the SNAP-25 intraneuronal substrate for 

botulinum toxin type A Schmidt, et al., Endoproteinaso Activity of Type 

A Botulinum Neurotoxin Substrate Requirements and Activation by 

12 
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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 provide optimal 

stabilization of the toxin. Thus, I discovered the advantages of 

5 inclusion of an amino acid to act as a competitive 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 

10 however lysine being highly reactive and is a preferred amino acid. 

My invention also encompasses addition of a zinc ion source to a 

botulinum toxin containing pharmaceutical formulation. Metals, 

especially divalent cations, are reported to greatly influence the 

15 success of a freeze-dried formulation due to various cryo-properties 

including the lattice structures of formed ices. Extraneous metals such 

as copper and iron species lend themselves to radical oxidations and 

are generally to be avoided. More specifically Botulinum Type-A toxin 

is dependent upon bound zinc for activity. Many of the proposed 

20 excipients or reaction products of the excipients will chelate metals. 

This could lead to formation of unstable ices and/or inactivated toxin. 

By supplying ample zinc in the formulation the presence of desirable 

40 
divalent cations is assured, the likelihood of zinc loss by the toxin is 

reduced, and stability enhanced. This can be accomplished by the 

25 addition of ZnSO4 to a botulinum toxin pharmaceutical composition. 

Is it known to make recombinant human serum albumin (rHSA) 

production using an expression strain of the methylotrophic yeast 

Pichia pastoris with high productivity. Botulinum toxin containing 

00 pharmaceutical formulations can be prepared containing stabilizing 

rHSA. rHSA expressed by genetically altered yeast host cells, while 

having the same primary amino acid sequence, differ in other respects 

from plasma derived HSA. Thus, while eukaryotic, yeast, lacking many 

32 
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estas mezclas tambiØn son ventajosas al utilizar otros subtipos de toxina 
botulinica ya que la solicitud solo presenta ejemplos con el subtipo A y B y 
tampoco evalüa el use de protelnas quimØricas. 

La descripciôn no cumple con el requisito de divulgación completa lo que harla 
dificil su comprensión y ejecución de acuerdo al art. 28 de la Decision 486 o art. 

� 
22 del Tratado 

3.2. Reivindicaciones (articulo 30 D 486) 

El tØrmino "agente secuestrante", es ambiguo y da lugar a un indeterminado 
nUmero de composiciones diferentes que no se encuentran soportadas en la 
descripciOn. 

Las composiciones reclamadas en las reivindicaciones 1, 7, 15 y 59 carecen de 
soporte suficiente por la descripción debido a que los ejemplos presentados solo 
ertseæan combinaciones de toxina tipo A y B con albtimina en una cantidad que 

va de 2750pg a 25500pg. For lo tanto no es claro a partir de la informaciOn 
contenida en la descripciOn cuÆl es la ventaja de utilizar mayores cantidades de 
albUmina como las reclamadas y si el resultado es igual con otros subtipos de 
neurotoxina. 

Las reivindicaciones 11 y 12 establecen que se utiliza una mezcla hibrido, formas 
traslocadas y formas quimØricas de toxina botuilnica. La solicitud no discute la 



estructura de estas cadenas ni la preparación de composiciones o bioensayos 
con cadenas modificadas de la protemna o formas quimØricas como las aqui 
recla mad as. 

Las reivindicaciones 13 y 17 caracterizan una composición por un resultado a 
alcanzar como lo es Ia actividad especifica y el tipo de enlace que se produce 
entre la toxina y el agente secuestrante. 

La expresión "uno o mas agentes secuestrantes adicionales’, de la reivindicaciôn 
28, le resta concision a la solicitud. Adicionalmente el soporte descriptivo es 
irisuficiente para el nümero de mezclas que pueden generarse a partir de esta 
definición. 

Las reivindicaciones 57 y 58 establecen mØtodos para obtener las composiciones 
que comprenden secar por congelación o flash la mezcla o la Iiofilización de la 
mezcla, Sin embargo ninguno de los ejemplos 10 a 13 establece la preparaciOn 
de la mezcla mediante alguno de los procesos reclamados. 

Las reivindicaciones mencionadas no cumplen con el requisito de concision o 
sustento por la descripcion de acuerdo al art. 30 de la DecisiOn 486.y/o art.22 
Tratado PCT. 

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

Las reivindicaciones 33 a 55 reclaman un mØtodo para tratar un padecimiento 
mediante la administraciôn de una composición que  contiene toxina botulmnica. 
Los mØtodos para tratamiento no son patentables 

5. DeterminaciOn del Estado de la TØcnica 

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

Fecha de presentaciOn de la solicitud prioritaria 20-12-2002 

Teniendo en cuenta la fecha indicada se realizô  la bUsqueda en el estado de la 
tØcnica de documentos relacionados con la solicitud encontrÆndose los 
siguientes documentos mØs relevantes: 

NO Documento Titulo Fecha de 
publicación I 

PHARMACEUTICAL 
COMPOSITION OF BOTULINUM 

Dl US5512547 
HEUROXIN AND METHOD OF 

30-04-1996 

PREPARATION  
BOTULINUM TOXIN 

D2 W001 58472 PHARMACEUTICAL 16-08-2001 
COMPOSITIONS  



6. Analisis de patentabilidad (artIculo 14 D486) 

6.2 Nivel inventivo (artIculol8 D486) 

El documento del Estado de la TØcnica mÆs próximo es Dl que enseæa 
composiciones que comprenden neurotoxina botulinica tipo A y albUmina en aitas 
concentraciones (Ver coiumna2 pÆrrafo 40 y columna 5 tabla 1), con Ia que se 
mejora la actividad de la toxina botulinica. 

La ünica diferencia con Dl es que esta solicitud menciona el uso de albUmiria 
recombinante. Pero esta diferencia no parece conceder un efecto tŁcnico 
inesperado porque estas composiciones siguen siendo mas estables mediante la 
adición de eievadas concentraciones de albumina coma se ye en Dl en la tabla 
1, excipiente 8 en donde se utilizari 9mg/mi de aibumina para 100 a 1000 

� unidades LD50 de toxina 

El problema tØcnico plariteado en esta solicitud consiste en la necesidad de 
composiciones de toxina botulinica que mejaren la efectividad cilnica y 
reduzcan ios efectos colaterales debidos a la difusión de la toxina. Este 
problema se habla resuelto previamente mediante el mismo tipo de 
composiciones divulgadas en Dl, ya que esta referenda demuestra la eievada 
recuperaciÆn de la neurotoxina al utilizar albUmina en altas proporciones 
(columna 5, tabla 1). For esta razôn se considera que la sustitución de albümina 
humana par albümina recombinante es alga evidente a la iuz de D2 en donde se 
divuigan composiciones de toxina botulinica tipas A, B, C, D, E, F, y G (pÆgina 5 
pÆrrafa 15) combinadas con albumina recombinante lo cual la hace libre de 
efectos adversos de la albümina proveniente de sangre (pagina 32), asi es 
sencilla para el experto en la materia utilizar albümina recombinante de D2 en 

concentraciones mayores de 550pg par 100 unidades LD50 de toxina coma las 

de Dl y obterier los efectos secuestrantes esperados sin la contaminación que se 
deriva del uso de albümina proveniente de sangre humana o animal. For Ia 
anterior, las reivindicaciones I a 32, y 56 a 60 no poseen Nivel Inventivo. 

7. Conclusion: 

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

No Documento N° 
Reivindicaciones Requisito que afecta 

afectadas 
DI US551 2547 I a 32 y_56 a 60 Nivel Inventivo 
D2 W00158472 1 a 32 

y 

56 a 60 Nivel Inventivo 



8. Respuesta a los argumentos del solicitante: 

Dar respuesta al pronunciamiento del solicitante respecto del concepto tOcnico de 

art. 45 y argumentar el motivo por el cual no se aceptan dichos argumentos 

En cumplimiento del artIculo 45 de la DecisiÆn 486 de la ComisiOn de la 
Comunidad Andina, se le indica que debe dar respuesta dentro del tØrmino de 
sesenta dias contados a partir de la fecha de notificaciôn de la presente 
comunicación. En caso de no dar respuesta al presente requerimiento, 0 si a 
pesar de la respuesta subsistieran los impedimentos para la concesión, se 
denegarÆ la patente. 

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), 

del capItulo quinto del titulo primero de la Circular Linica N° 10 de 2001. 

/ 

11/ 
ALIX CARMENZAJ4PEDES DE VERGEL 
Jefe de Division d uevas Creaciones 

El ant requerimiento requerimiento fue notificado por fijación en lista, de fecha 
2 NOV. 21108 

CONCEPTO TECNICO EXAMINADOR TECNICO 
No.2798 Código No. 202073 


