10

15

20

25

IBESCRIPTION]
[Invention Titlel

LYQPHILIZED PREPARATION OF BOTULINUM TOXIN

[Technical Field}
[0001} The present invention relates to a lyophilized preparation of botulinum

toxin witheut a protein stabilizer derived from animals.

iBackground Art}

{0002} Botulinum toxin, which is a polypeptide product of Clostridium
botulismm, ana.erobic bacteria, is a toxic material that specifically affects a I}EI";:’L‘: cell,
Although botulinum toxin originally 1s a toxic material causing death, in recent years,
it is used for treating cervical dystonia, biepharospasm, hyperhidrosis, strabismus,
achalasia, neurogenic bladder, urologic disease, migraine, and the like. As an
sxample of use of botulinum toxin as a pharmacewtical composition, there s
Meditoxin Inj. h@ing sold by the present inventors now.

[0003] Many proteins having a medicinal effect exhibit a property of
adhesiveness to a solid surface. Therefore, when the proteins are Injected to a
container, some of the proteins adhere to an inner wall of the contamer, thereby
causing loss of an active component. In addition, sinée protein may castly be
oxidized or degraded into small fragments, it is necessary to add a stabilizer as a
material capable of preventing oxidation and degradation of the protein.

{0004} Recently, albumin and gelatin are used as a stabilizer for botulinum
toxin. Loss of protein active components may be decreased by reducing protein

denaturation caused due 1o protein adhesion or dijfution when albumin is injected into
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a container.  Gelatin is obtained by collagen hydrolysis and sometimes may be used
instead of albumin. However, since albumin and gelatin are proteins derived from
animals, there 1s a danger of pathogens.dezféveé from blood or latent infection.
Therefore, a stabilizer which is not derved from animals and also does not cause
activity loss of botulinum toxin 1s needed.

[0005] In this regard, the present inventors disclosed a pharmaceutical liquid
composition of botulinum foxin including botulinum toxin, methionine, and
polysorbate 20 that exhibits long-term stability at normal temperature in Korean
Patent Publication No. 20(}9—{}0()5953, However, in such a liquid composition, it is
difficult o mainiain stability of botulinum toxin at a high temperature higher than

normal temperature,

Hrisclosure}

[Technical Problem]

[0006] An object of the present invention is to provide a lyophilized preparation
of botulinum toxin, in which storage st:abiiitgf can be mamtained for a long period of

time at a high temperature higher than normal temperature.

iTechnical Solution]

[0007] For the conventional preparation of botulinum toxin, stability of
botulinum toxin can be maintained at a refrigerant temperature or normal
tﬁampcramﬂ:. However, it 1 difficult to maintain an activity of botulinum toxin for a
long period of time at a high temperature. Therefore, the presemt mventors
developed a lvophilized preparation of botulinum toxin having excellent storage

stability, in which an activity of botulinum toxin can be maintamed for a long period
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of time even across a wide temperature range, for example, a freezing temperature, a
refrigerant temperature, normal temperature, and a high temperature,

{0008] Therefore, the present invention provides a pharmaceutical lyophilized
preparation comprising 1) botulinum toxin; 2) polysorbate; and 3) methionine; and
one or more components selected {rom the group consisting of 4) sugar, sugar

alcohol, and an ionic compound.

fiffectl

fagag] The Iyophilized preparation of botulmum toxin according Lo the presemt
%zwa':r"ﬂ'mﬁ can mamtam an activily of botulinum toxin, and slso exhibit excelient
long-term starage stability cven under conditions of high temperature, which may

oeeur when botufinum toxin s stored. delivered, and processed.

{ Best Mode]

[0010}--  The iyophilized preparation of botulinum toxin according to the present
invention comprises 1) botulinum toxin, 2} polysorbate, and 3) methionine, which
have been added to the conventional liquid preparation; and further includes one or
more selected from the group consisting of 4) sugar, sugar alcohol, and an ionic
compound as an additional component.

[0011] The additional component functions as mamtaining an activity of
botulinum toxin, and also stabilizing the activity even al a high temperature higher
than normal temperature when bolulinum toxin is prepared in & form of a lyophilized
formulation.  For a composttion including 1} botulinum toxin; 2) polysorbate; and
s

3) methionine, its stability decreases when bemng lyophilized, and alse decreases at a

high temperature higher than normal temperature even when prepared in a liquid
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preparation. However, the lyophilized preparation of botulinum toxin according (o
the present invention can maintain the activity of botulinum toxin even at a high
temperature higher than normal temperature, and also can have excellent iong-term
storage stabiltty.

[0012] .The botulinum toxin which is included in the Iyophilized preparation
according to the present invention may be dertved from Clostridium botulinum.
The botulinum toxin which 15 included m the iyophilized preparation according to
the present invention may be isolated and purified from those strains through known
methods, or commercially avatlable products may be used as the botulinum toxin.

[0013] The botulinum toxin which is included in the lvophilized preparation

“according to the present nmvention may be any selected from the group consisting of

Botulinum Serotypes A, B, C, D, E, F, and (6. The botulinum toxin s divided into
Serotypes A, B, C, D, E, F, and ( according to an unmunological distinguishing
method. It 1s known that the botulinum toxins of all Ser(ﬁtypes irhibit a secretion of
etylcholine, which is a signaling molecule m a negrc}muscaEar junction, thereby
generating an effect of neural paralysis, and different Serotypes may affect different
animal species and have different degrees of paralysis, durations, and the like.
[0014] Meanwhile, when a toxin protein is produced by Clostridium botud inm,
the botulinum toxin protein is produced by forming various complexes with various
hemagglutinine proteins zmd non-hemagglutinine proteins, which assist and protect a
function of botulinum toxin protem.  The botulinum toxin which is mciuded in the
iyophilized preparation according to the present invention may include a complex
form with a complexing protemn and a form without a complexing protein.  The
activity of bofulinum toxin is unaffected by whether or not the complexing protein is

incheded.
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[0015] In the iyophilized preparation of botulinum toxin according to the
present invention, polysorbate, which is one of stabilizers of botulinum toxin, is a
nonionic surfactant and mainly used as an emulsifying agent in the field of
pharmaceuticals or food. A type of polysorbate includes polysorbates 20, 40, 60, 80,
and 100 on the basis of the totai number of an oxyethylene group. For the
ivophilized preparation of botulmum toxin according to the present invention, all of
those polysorbates can be used.  The polysorbate may be included i an amount of
0.01 to 2 mg with respect to 100 units of botulinum toxin.  Within the above range,
an activity of botulinum toxin can be mamtained even at a high temperature higher
than no.mml temperature, and also storage stability can be mamtained for a fong
period of time.

[0016] In addition, methionine, a stabilizer, is used instead of an animal protein
such as albumin and gelatin as a stabilizer of botulinum toxin.  Methionine may be
included in an amount of 0.01 to 10 mg with respect to 100 units of botulinum toxin.
Within the above range, an activity of botulinum toxin can be maintained even at a
high temperature higher than normal temperature, and also storage stability can be
maintained for a long period of time.

[0817] The lyophilized preparation of botulinum toxin according to the present
invention further includes at least one of 4) sugar, sugar alcohol, or an ionic
compound as an additional component in addition to methionine and polysorbate,
unlike the conventional liquid preparation.

[0018] - Sugar is known to prevent denaturation of macromolecules.  An
example of sugar that may be vsed for the lyophilized preparation according to the
present invention includes, but is not limited to, trehalose, sucrose, maltose, fructose,

raffinose, lactose, glucose, or the like.  Such sugar may be ncluded in an amount of

5
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0.1 to 30 mg with respect to 100 units of botulinum toxin. Within the above range,
an activity of botulinum toxin can be maintained even at a high temperature higher
than normal temperature, and also storage stability can be mantained for a long
period of time.

[0019] Sugar alcoho! is known to stabilize macromolecules when fresze-dried
or in a hquid state, and to prevent denaturation.  An example of sugar aicohol that
may be used for the lyophilized preparation according te the present invention
inchudes, but is not Hmited to, cyelodextrin, mannitol, sorbitol, glycerol, xyiitol,
inositol, or the like.  The sugar alcohol may be included in an amount of 0.1 to 50
mg with respect to 100 units of botulinum toxin. Within the above range, an
activity of botulinum toxin can be maintained ¢ven at a high temperature higher than
normal temperature, and also storage stability carr be maintained for 2 long period of
time.

{6020] in additon, an ionic compound means salt or a buffer. An ionic
compound reacts with macromolecules through specific or non-specific binding.
The salt may increase thermostability and solubility, and may decrease a degree of
aggregéti@n. However, it is important to note that a protein may tend to be
denatured at a high concentration of salf.  An example of the ionic compound
includes. but s not limited tfo, sodium chloride, sodium phosphaie, ammonium
phosphate, magnesium sulfate, sodium acetate, sodium lactate, sodium succinate,
sodium propionate, potassium phosphate, or the like.  The ionic compound may be
inchuded in an amount of 0.1 to 10 mg with regpect to 100 units of botulinum toxin.
Within the above range, an activity of botulinum toxin can be maintained cven af a
high temperature higher than normal temperature, and also storage stability can be

maintained for a long period of time.
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[0021] The lyophilized preparation of botulinum toxin according to the present
invention is prepared from a culture of Clostridium borulimem cultured in a specific
mediu}n, but the present invention is not limited thereto. A complex of botulinum
toxin is purified from the culture solution through a series of acid precipitations o
obtain a crystal complex of bowlinum toxin composed of an active high-molecular
weight toxin protein and a relevant haemagglutinin protein.  The crystal complex 18
dissolved in a solution including salt water and a stabilizer, and then freeze-dried to
produce the fyophilized preparation of botulinum toxin.

[06022] The advantages and characteristics of the present invention, and methods
for obtaining the advantages and characteristics of the present invention, will be
apparent with reference to the exemplary embodiments described in detail below.
However, the present invention 1s not linmted to any aspect of the exemplary
embodiments disclosed below and may be implemented in various different forms.
The exemplary emb@dime_ms are only prov%dcd to enable those skilled in the art fo
embody and practice the present invention. The technical spirit and scope of the

present invention is defined by the appended claims.

<Example [> Production of Lyophilized preparation of Botuhnum Toxin

[0023] A lyophilized preparation of botulinum toxin according to the present
invention was prepared by lvophilizing (or freeze-drying)g a sterilized preparation
solution including botuitnum toxin, methionine, and polysorbate, and sugar or sugar

sicohol and/or an ionic compound.

(Botulinum toxin stability test)

[0024] Stability of botulinum toxin was determined by confirming continuity of
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activity after storing for a certain period of time and the continuity of activity of
botulinum toxin was measured by checking a lethality of mice or mouse LDsg. A
dosage form of the lyophilized preparasion was stored at 40°C and a relative
humidity of 70% for 30 days and then dissolved in physiclogical saline.  Then, the
botulinum toxin corresponding 2.5 LDsg 1U was abdominally injected to three mice.
When two or more mice died, it was determined that stability continued, which s
expressed as mortality in the following Table. When the mice mortality s 50% or

more, it may be estimated that activity of botulinum toxin is maintained.

{(Titrimetry)

[00625] A titrimetry was performed as follows, 2.8 mi of physiological saline
was added to two vials including specimens, respectively. 4.4 mb of the specimen
was taken from the vial, and then. 1.45 ml of physiological saline was added to the
speéiman to obtain a Test solution 1. 1.45 mL of physiological saline was added 1o
4.4 mL of Test solution | to obtam a Test solution 2. By the same method, dilution
of the solution was repeatedly performed eight times to obtain each of the test
solutions.  For Test solutions 3 to 6, 0.1 ml. of each of the test solutions was
abdominally injected to 10 mice (CD1, female) having a weight of 17 1o 22g, and
then after 3 days, a lethality was measured.  The results were statistically processed

by using a Probit method to obtain mouse 1.Ds; and titer.

<Example 2> Selection of Stabilizer of Botulmum Toxin
(1) Selection of combination of methionine and polysorbate
10026] in the combination of human serum albumin and polysorbate, which are

components of a conventionatly known stabilizer of bowlinum toxin, a stabilizer for
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Concentration Methionine (mM)

the exchange of the human serum albumin was selected.

[Tabie 1]

Composition of liquid formulation

| e Mortality after
Polysorbate 20 - Botulinum toxin Stabilizer stormg for 30 days
- (mg/mL) (unmt/mL) {Concentration} (%)
HSA (Smgml) | 10
L-methionine (20mM) | 100
. L-arginine (50mM) O
2 | 160  Histidine (10mM) 0
| .Mal}.‘nitol (50mg/mL. e |
Sorbitol (S0mg/mL) 0
Sucrose (Sﬁmghnl.,}” """ 0
Lactose (S0mg/mL) 0

[0027] From the above results, it was estimated that the combination of HSA
and polysorbate 20 could be replaced with the combination of methionime and
polvsorbate 20 as a stabtlizer,

[0028]) Next, for the combination of methionine and polysorbate 20 selected as
a stabilizer of botulinum toxin, stability tests of botulinum toxin were performed
according to various conceniration changes of methionine and polyserbate 20,
[0029] Table 2 shows stability test results (mortality (%)) of botulinum toxin
under conditions of various concentrations of methionme and polysorbate 20 1y the
case of storing for 30 days, and Table 3 shows stability test results (mortality (%)) of
botulinum toxin under conditions ef. various concentrations of methionine and
polysorbate 20 in the case of storing for 60 days. The concentration of botulinum

toxin in the bowlmum toxin iguid composition of the above test was 100 units/ml.
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0. | 100 | 100 80 . 100 | 100 | 100 100

0.5 100 100 | 80 100 100 100 100

25 100 . 100 100 100 | 100 | 100 100

10 100 100 . §00_ 100 100 100 100
20 100 . 100 . J00 100 100 100 100
25 80 100 | 100 80 | 80 100 100

Polysorbate
20 (mg/mL) —-

[Table 3]
N ' Methionine (mM})

LS 0 35 50 75 100

Polysorhate ™

L0100 o0 |80 M0 100 80 [ 100

05 100 100 ¢ 80 100 | 100 100 100
100 0 100 100 80 L 100 ¢ 100 100

e . 040 0 100 100 100 | 40
- 20 (mg/mL) e
| 20 0 8 . 8 100 . - 180 . 60

N b .0 0_ | 80 | - . 0
[0030] As a result of performing a statistical analysis using the results listed in

Tables 2 and 3, it was assumed that the combination of 25 to 75 mM of methionine

and 0.1 to 2.5 mg/ml of polysorbate 20 maximally stabilized the botuimum toxin.

{2) Selection of additional component

{0031} When the methionine and polysorbate 20 selected from Tables 2 and 3

were used as a fvophilized preparation, the contents of methionine and polysorbate
20 were calculated to be in the ranges of 0.06! to 10 mg and 0.01 6 1 mg,
respectively,  However, when the stabilizer having such a combination was used as
the lyophilized preparation, the stability was not maintained after storing for 30 days.

Therefore, an additional stabilizer capable of maintaining the stability was selected,

10



as listed in Table 4. At this time, 100 units of botulinum toxin, 3 mg of methionine,

and 2 mg of polysorbate 20 were used.

[Table 4]
' "E‘c‘)mposi{-icm of lyophilized preparation Mortality
| Additional stabilizer ~ after
oy o d i T storing for
So fum 50 m,“, © Sucrose | Mannitol  Sorbitol 30 days
chioride | phosphate (%)
- o - - - 0
Botulmum  © ¢.9mg . - - - 100
toxin +
+ - - 0.3mg - - o0
Polysorbate - - . 40mg - 100
20 0.9mg - - 40me - 100
- 10mM - 40mg - 166
- HomM 50mg - - 160
- 09mg - 50mg - - 106
- 10mM  50mg - 40mg 100
5 [0032] As shown in Table 4, 1t could be confirmed that when the Iyophilized

preparation including only methionine and polysorbate as a stabilizer was used, the

stabilization effect of botulinum toxin was not mamtamed, but when at least one of

sugar, sugar aicohol, and an ionic compound was further added in addition to

methiomne and polysorbate, the stabilization effect was maintained.

10 [0033]

Next, a proper content and a type of sugar, sugar alcohol, or an ionic

compound which is further added to the combination of methionine and polysorbate

were tested. At this time, 100 units of botulmum toxin, 2 mg of methionine, and 0.2

mg of polysorbate 20 were used.

[Table 5}

Mortality |

Composition of Iyophilized preparation after storing

for 30 days |

11
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(o)

» Additional stabilizer _Content
0.3mg 100
S 2.0mg 100
SUCTOSE -
. 4.0mg 100
S0mg : 160
03mg 100
Trehalose e
_ 2.0mg 160
Botulinum Sorbitol B 40mg 160
toxim + . Mannitol 40mg 100
Methiomne =
Polysorbate _
20 ' ;
Sodium chloride
sodium hydrogen o
Sodium : phosphate, anhydrous ()‘(?.?.f?]'é : 100 }
phosphate  Sodium dihydrogen .
phosphate dihydrate 0.101mg )
[0034]} As shown in Table 3, it could be confirmed that when 0.1 to 50 mg of

sucrose and 0.1 to 10 mg of sodium chloride were added to the combination of
methionine and polysorbate, the stabilization effect was maintained. When the
content of the additional siabilizer was the above range or less, there was no
gtabilization effect, while when the content of the additional stabilizer was the above
range or more, the stable type as the Jyophilized preparation was not obtamned.

[6035]} Next, the long-time stability test of the Ivophilized preparation at a high
temperature was performed by using titntmetry. At this time, when the combination

of botulinum toxin + methionine + polysorbate 20 + sodium phosphate + sucrose was

used as the lyophilized preparation, 100 units of botulinum toxin, 0.8 myg of

methionine, 0.02 mg of polysorbate 20, sodium phosphate (0.0 mg of sodmum

12
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hydrogen phosphate, anhydrous + 0.101 mg of sodium dihydrogen phosphate
dehydrate), and 4 mg of sucrose were used. When the combination of botulinum
toxin + methionine + polysorbate 20 + sodium chloride + sucrose was used as the
lyophitized preparation, 100 units of botulinum toxin, 0.2 mg of methiorine, 0.02 mg
of polysorbate 20, 2 mg of sodium chloride, and 4 mg of sucrose were used.  When
the lvophilized .preparation including human serum afbumin was used as a controi

group, 0.5 mg of human serum albumin and 0.9 mg of sodium chloride were used.

[Table 6]
Tiier (units)
- Composition Qﬁyophilmed 0 week 3 4 g 1224
preparation Grep | Weeks | weeks - weeks | weeks  weeks
titer tter . ter titer | dter |
Botulinum toxin + :

Human serum albumin + - 00 - R
Sodium chioride : :

Botulinum toxim +
Methionine +

Polysorbate 20+ 109 | 100 80 | 100 | oo .
Sodium phosphate (Sodiam | (120) | (95)  (95) {120} - 7
chloride) + ' ‘ |
Sucrose |
[0c036] As shown in Tabie 6, it could be confirmed that when the combination

of botulinum toxin, methionine. polysorbate, sodium phosphate or sodium chioride,
and sucrose was used as the lyophilized preparation, the stabilization effect was

maintained for about 6 months.

findusirial Applicability]
[0037] The present invention can be osed as a medicine for treating cervical
dystonia, blepharospasm. hyperhidrosis, strabismug, achalasia, neurogenic bladder.

urologic disease. migraine, and the like,

13
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FHCLAIMS]
[Claim 1]

A pharmaceutical lyophilized preparation comprising:

botulinum toxin, polysorbate, and methionine; and

one or more components selected from the group consisting of sugar, sugar
alcohol, and an fonic compound.
fClanm 21

The pharmaceutical lvophilized preparation of claim |, wherein the botulinum
toxin is selected from the group consisting of Botulinum Serotypes A, B, C. D, E,| F,

and .

[Claim 3]
The pharmaceutical Iyophilized preparation of claim 1, wherein the botulinum
toxin is a form without & complexing protein or a complex form with a complexing

protein.

I aim 4]
The pharmaceutical lIvophilized preparation of claim 1, wherein the

polysorbate is any one of polysorbates 20, 40, 60, 80, and 100.

[Clatn 5]
The pharmaceutical  lyophilized  preparation of claim 1, wherein  the
polysorbate is included in an amount of .01 to 2 mg with respect to 100 units of the

batulinum toxin.

14
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[Claim 6]
The pharmaceutical lyophilized preparation of claim 1, wherein the methionine
is included 0 an amount of 0.01 to 10 mg with respect to 100 units of the botulinum

toxin.

[Clamm 71
The pharmaceutical lyophilized preparation of claim 1, wherein the sugar is
one or more sclected from the group consisting of trehalose, sucrose, maltose,

fructose, raffinose, lactose, and glucose.

[Claim 8]
The pharmaceutical tyophilized preparation of claim 1, wherein the sugar is
included in an amount of 0.1 to 30 mg with respect to 100 units of the botulinum

toxin.

[Claim 9]
The pharmaceutical lyophilized preparation of claim 1, wherein the sugar
aleahol is one or more selected from the group consisting of cyclodextrin, mannitol,

sorbitol, glycerol, xylitol, and mositol

[Claim 1]
The pharmaceutical lyophilized preparation of claim 1, wherein the sugar
alcohol is included in an amount of 0.1 to 50 mg with respect to 100 units of the

botulinum toxin.

15
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fClaim T

The pharmaceutical lyophilized. preparation of claim 1, wherein the ionic
compound is one or more selected from the group consisting of sodium chioride,
sodium phosphate, ammontum phosphate, magnesium sulfate, sodium acetate,

sodium [actate, sodium succinate, sodium propionate, and potassium phosphate.

[Clanm 12]
The pharmaceutical lyophilized preparation of claim . wherein the ionic
compound is included in an amount of 0.1 to 10 mg with respect to 100 units of the

botulmum toxin.
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