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[DESCRIPTION]
Hnvention Title]

LYOPHILIZED PREPARATION OF BOTULINUM TOXIN

I'Techaical Field)
[0001] The present invention relates to a lyophilized preparation of botulinum

toxin withoul a protein stabilizer derived from animals,

|Background Art]

{002} Botelinum toxin, which is a polypeptide product of Clostridium
bomdimem, anaerobic bacteria, is a toxic material that specifically affects a nerve cell.
Although botulinum toxin originally is a toxic material causing death, in recent years,
it is used for treating cervical dystonia, blepharospasm, byperhidrosis, strabismus,
achalasia, neurogenic bladder, urologic discase, migraine, and the like. As an
example of use of botulinum toxin as a pharmaceutical composition, there is
Meditoxin inj. being sold by the present mventors pow,

[6003] Many proteins having a medicinal effect exhibit a property of
adhesiveness to a solid surface. Therefore, when the proteins are mjected to a
container, some of the proteins adhere to an inner wall of the contammer, thereby
causing loss of an active component. In addition, since protein may easily be
oxidized or degraded into small fragments, 1t is necessary to add a stabilizer as a
malerial capable of preventing oxidation and degradation of the protem.

f0004] Recently, albumin and gelatin are used as a stabilizer for botulinum
toxin.  Loss of protein active components may be decreased by reducing proteim

denaturation caused due (¢ protein adhesion or dilution when albumin is injected into
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a container.  Gelatin 1s obtained by collagen hydrolvsis and sometimes may be used
mstead of albumin.  However, since albumin and gelatin are proteing derived from
animals, there 1s a danger of pathogens derived from blood or latent infection.
Therefore, a stabtlizer which i1s not denved from animals and also does not cause
activity loss of botulinum toxin is needed.

[0005] In this regard, the present inventors disciosed a pharmaceutical Liguid
composition of botulinum toxin including botulinum  toxin, methionine, and
polysorbate 20 that exhibits long-term stability ar normal temperature in Korean
Patent Pubhication No. 2009-0005963.  However, m such a hiquid composition, if 1s
difficult to maintan stability of botulinum toxin at a high temperature higher than

normal femperature.

[iisclosure!

PTechnical Problem!

{0006) An object of the present invention is 1o provide a lyophilized preparation
of botulinum toxin, in which storage stabiiity can be maintained for a long period of

time at & high temperature higher than normal temperature.

iTechrical Solution|

16007} For the conventional preparation of bowldinum toxin, stability of
botulinum toxin can be maintained at 2 refrigerant temperature or normal
temperature.  However, 1t 1s difficult to mamtam an activity of botulinum toxin for a
long period of time at a high temperature.  Therefore, the present inventors
developed o ‘tyophihized preparation of botulinum toxin having excellent storage

stabihity, in which an activity of botulinum toxin can be maintained for a long period
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of time even across a wide temperature range, for example, a freczing 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 from the group consisting of 4) sugar, sugar
alcohol, and an ionic compound.
{6008a] The present invention also provides 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 ionic compound and wherein the preparation is free of an animal

protein stabilizer.

[Effect]

[0009] The lyophilized preparation of botulinum toxin according to the present
invention can maintain an activity of botulinum toxin, and also exhibit excellent
long-term storage stability even under conditions of high temperature, which may

occur when botulinum toxin is stored, delivered, and processed.

[Best Mode]

[06010] The lyophilized 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 maintaining an activity of
botulinum toxin, and also stabilizing the activity even at a high temperature higher
than normal temperature when bolulinum toxin is prepared in a form of a lyophilized
formulation. For a composition inclading I} botulinum toxin; 2) polysorbate; and
3) methionine, its stability decreases when being tyophilized, and also decreases at a

high temperature higher than normal temperature even when prepared in a liquid

3a
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preparation.  However, the lyophilized preparation of hotulinum toxin according to
the present invention can maintain the activity of botulinum toxin even at a high
temperature higher than normal temperature, and aiso can have excelient long-term
storage stability,

16012} The botulinum toxin which is included in the lyophilized preparation
according to the present invention may be derived from Clostridium botulinum.
The botulinum toxin which is included in the lyophilized preparation according to
the present mvention may be isolated and purified from those strains through known
methods, or commercially available products may be used as the bowlinum toxin.
{0013] The botulinum toxin which is included in the tyophilized preparation
according to the present inventions may be any selected from the group consisting of
Bowlimum Serotypes A, B, C, D, E, F, and G, The botulinum toxin s divided into
serotypes A, B, C, D, E, F, and G according to an immunological distinguishing
method. Tt is known that the botulinum toxing of all Serotypes inhibit a secretion of
acetylcholine, which is a signaling molecule in & nevromuscular junction, thereby
generating an effect of neural paralysis, and different Serotvpes may affect different
animal spectes and have different degrees of paralysis, durations, and the like.

10014] Meanwhile, when a toxin protein is produced by Closiridium botulinum,
the botulinum toxin protein is produced by forming various complexes with various
hemagglutinine proteins and non-hemagglutinine proteins, which assist and protect a
function of botulinum toxin protein.  The botulinum toxin which is included in the
Iyophilized preparation according to the present invention may include a complex
form with a complexing protein and a form without a complexing protein.  The
activity of botulinum toxin is unaffected hy whether or not the complexing protein is

mcluded.
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{0615] In the lvophilized preparation of botulinum toxin according to the
present mnvention, polysorbate, which is one of stabilizers of botulinum toxin, is a
notionic 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 total number of an oxvethylene group. For the
lvophilized preparation of botulinum texin according to the presemt invention, all of
those polysorbates can be used,  The polysorbate may be included in an amount of
0.01 to 2 mg with respect to 100 units of botulinum toxin.  Within the above range,
an getivity of botulinum toxin can be maintained even at a high temperatare higher
than normal temperature, and also storage stability can be maintained 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 toxm can be mainizined even at a
high temperature higher than normal temperature, and alse storage stability can be
matntained for a long period of time.

o017} 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 polysorbaie,
uniike the conventional liquid preparation.

(60181 Sugar 1s known fo preven! denaturation of macromolecules.  An
example of sugar that may be used 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 included in an amount of
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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 even at a high temperature higher
than normal temperature, and also storage stability can be maintained for a long
period of time.

16019] Sugar alcohol 15 known o stabilize macromolecules when freeze-dried
or in a liquid state, and to prevent denaturation.  An example of sugar alcohol that
may be used for the iyophilized preparation according to the present invention
includes, but 18 not Hmited fo, cyclodextrin, mannitol, sorbitol, glyeerol, xylitol,
inositol, or the fike.  The sugar alcohol may be included in an amount of 0.1 (o 30
mg with respect to 100 units of botuhnum toxin.  Within the above range, an
activity of botulinum toxin can be maintained even at a high temperature higher than
normal femperature, and also storage stability can be maintained for a long period of
time.

[0620] fn addition, an ionic compound means salt or a buffer. An ionic
compound reacts with macromolecules through specific or non-specific binding.
The sait may increase thermostability and solubility, and may decrease a degree of
aggregation.  However, it is important 0 note that a protein may tend to be
denatured at a high concentration of salt.  An example of the ionic compound
includes, but is not limited to, sodium chloride, sodium phosphate, ammonium
;th)s;_}i”;zum magnesium sulfate, sodium acetate, sodium lactate, sodium succinate,
sodium propionate, polassium phosphate, or the like.  The jonic compound may be
mcluded 1 an amount of .1 to 10 mg with respect to 160 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.
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[0021] The tyophilized preparation of botulinum toxin according to the present
invention 18 prepared from a culture of Clostridium borulinum cultured in a specific
medium, but the present mvention 18 not limited therete. A complex of botulinum
toxin is purified from the culture solution through a series of acid precipitations to
obtain a crystal complex of botulinum toxin composed of an active high-molecuiar
weight toxin protein and a relevant haemagghatinin protein.  The crystal complex is
dissolved in a solution including salt water and a stabilizer, and then freeze-dried w©
produce the fyophilized preparation of botulinum toxin.

[og22] The advantages and charactenistics of the present invention, and methods
for obtaining the advantages and characieristics of the present mvention, will be
appafem with reference fo the exemplary embodiments described in detasl below.
However, the present invention is nof Umited to any aspect of the exemplary
embodiments disclosed below and may be mplemented in various different forms.
The exempiary embodiments are only provided to enable those skilled in the art 1o
embody and practuce the present invention.  The technical spirit and scope of the

present invention is defined by the appended claims.

<Example 1> Production of Lyophilized preparation of Botulinum Toxin
{00231 A lvophilized preparation of botulinum toxin according to the present
invention was prepared by Ivophilizing (or freeze-dryingig a sterilized preparation

solution inciuding botuiinum toxin, methionine, and polysorbate, and sugar or sugar

alcohol and/or an 1onic compound.

(Botulinum toxin stability test)

[6024] Stability of hotulinum 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 LDz, A
dosage form of the Iyophilized preparation was stored at 40°C and a relative
humidity of 70% for 30 days and then dissolved in physiological saline.  Then, the
botulinum toxin corresponding 2.5 LDs 1U was abdommally injected to three mice.
When two or more mice died, it was determined that stability continued, which is
expressed as mortality in the following Table.  When the mice mortality 18 50% or

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

(Tirimetry)

[0025] A titrimetry was performed as follows. 2.8 mL of physiclogical saline
was _ad.dc:d to two vials mcluding specimens, respectively. 4.4 ml. of the specimen
was taken from the vial, and then 1.45 mL of physiological saline was added to the
specimen to obtain a Test solution 1. 1.45 mL of physiological saline was added {o
4.4 mL of Test solution 1 to obtain 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 4, 0.1 mbi of cach of the test solutions was
abdominally injected to 10 mice (CD1, female) having a weight of 17 to 22g. and
then after 3 days, a lethality was measured.  The results were statistically processed

by using a Probit method 1o obtain mouse LDsy and titer.

<Example 2> Selection of Stabilizer of Botulinum Toxn
{1} Selection of combination of methionine and polysorbate
160261 in the combmation of human serum albumin and polysorbate, which are

components of a conventionally known stabilizer of botulinum toxin, a stabilizer for
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the exchange of the human serwm albumin was selected.

[Table 1]

Composition of liquid formulation . .
| e Mortatity after
. Polysorbate 20 - Botulinum toxin | Stabilizer storing for 30 days
(mg/mlL) {unit/ml.) (Concentration} (%o}
HSA (Smg/ml) o0
L-methionine (Z0mM) o
~ L-arginine (ﬁSOmI\/:{:) . 0
2 5 100  Histidine (10mM) 0
 Mannitol (S0mg/mL) o
Sorbito} (30mg/ml) 0
__ Lactose (Somg/mLy | 0
[0027] From the above results, it was estimated that the combination of HSA

and polvsorbate 20 could be replaced with the combination of methionine and
potvsorhate 20 as g stabilizer.

[6028] Next, for the combination of methionine and polysorbate 20 selected as
a stabilizer of botuhnum toxin, stability tests of botulinum toxin were performed
according to various concentration changes of methionine and polysorbate 20.

[0029] Table 2 shows stahility test results {mortality (%)) of botulinum toxin
under conditions of various concentrations of methionine and polysorbate 20 in the
case of storing for 30 days, and Table 3 shows stability test results (mortaiity (%)) of
botulinum toxin under conditions of various concentrations of methionine and
polysorbate 20 in the case of stermg for 60 days. The concentration of botulinum
toxin 1w the botulinum toxin hquid con}position of the above test was 100 units/ml..

[ Table 2]

Concentration Methionine (mM})
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20 (mg/mL) -

100 100 80 100 100 100 | 100

100100 . 80 100 100 100 100

100100 100 100 | 100 | 100 | 100 |
100 100 100100 106 100 - 100

100 100 . 100 100 100 100 100
80 100 100 80 8O 100 100

Polysorbate 5

[Table 3]

Palysorbate
- 20 (mg/mL)

Methionme (mM)

Concentration

1 s T as 50 75 100
160 100 80 ! 100 100 80 | 100
100 100 80 100 100 | 100 | 100
100 100 100 . 86 | 100 . 100 . 100
o 40 0 100 100 100 | 40 |
801 80 100 - 100 T 60

-
S
Lo

L)

—
=

ISR TRy
Ty P s
<

100301 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 botulinum toxin.

{2) Selection of additional component

f6031] When the methionine and polysorbate 20 selected from Tables 2 and 3
were used as a tyophilized preparation, the contents of methionine and polysorbate
20 were calculated to be in the ranges of 0.01 to 10 mg and 0.01 o | mg
respectively.  However, when the stabilizer having such a combination was used as
the Ivophilized preparation. the stability was not maintained after storing for 30 days.

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

10



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

and 2 mg of polysorbate 20 were used.

[Tabie 4]
Compesition of lyophilized preparation 7 Mortxhty
 Additional stabilizer after
_ 3 ) o= storing for
Sodu_im SOdle? | Sucrose  Mannito]  Sorbitol - 30 days
- chioride | phosphate : (%)
Botulinum  09mg I - - 100
Methionine o OMM e 100
Polysorbate - - -  40mg - j 100 :
200 00mg - - Ame |- 100
- 1omM SOmg - - j00
0.9mg ” - | 50mg - ; 7 - B 166
o OmM . SOmg - domg | 100

[0032] As shown in Table 4, it could be confirmed that when the lvophilized
nreparation inciuding only methionine and polysorbate as a stabilizer was used, the
stabilization effect of botulinum toxin was not maintained, but when at least one of
sugar, sugar alcohol, and an tonic compound was further added in addition 1o
methtonine and polysorbate, the stabilization effect was maintained.

[0033] Next, a proper content and a type of suga?, sugar alcohol, or an ionic
compound which is further added to the combination of methionine and polysorbate
were tegfed. At this time, 100 units of botulinum toxin, 2 mg of methionine, and 0.2
mg of polysarbate 20 were used.

[Table 5]

Mortality
Composition of Iyophilized preparation - after storing

for 30 days

i



10

) mwAdditéonaI stahilizer ~ Conteat =
0.3mg _ 100
. 2.0mg 130
Sucrose e -
4.0mg _ 100
50mg 5 100
- 03mg 100
Trehalose ‘ £
: 2.0mg 100
Botulinum Sorbito} R 40mg 100
toxim + Mannitot e 40mg 100
Methionine | - 006mg | 0
B  Odmg 100
Sodium chioride _ Obmg 100
0.9mg 1o
| Omg . ...100
sodium hydrogen . S ‘
Sodium |_phosphate, anhydrous | 7™ S
phosphate Sodium dihydrogen 6.101me |
_phosphate dihydrate HVImE
[0034] As shown in Table 5, it could be confirmed that when 0.1 to 30 mg of

sucrose and 0.1 to 10 mg of sodium chlonde were added to the combination of
methionine and polysorbate, the sabilization cffect was mamtaincd. When the
content of the additional stabilizer was the above range or less, there was no
stabilization effect, while when the content of the additional stabilizer was the above
range or more, the stable type as the lyophilized preparation was not obtained.

[0G35] Nexi, the tong-time stability test of the lyophilized preparation at a high
temperature was performed by using titrimetry. At this time, when the combimation
of botulinum foxin + methionme + polysorbate 20 + sodium phosphate + sucrose was
used as the lyophilized preparation, 100 wnits of botulinum toxin, .8 mg of

methionme, 0.02 mg of polysorbate 20, sodium phosphate (0.05 mg of sodium

12
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hydrogen phosphate, anhydrous + 0,101 mg of sodium dihydrogen phosphate
dehydrate), and 4 mg of sucrese were used.  When the cmﬁbiﬂation of botulinum
toxin -+ methionine + polysorbate 20 + sodium chloride + sucrose was used as the
iyophilized preparation, 100 units of botulinum toxin, 0.2 mg of methionine, 6.02 mg
of polysorbate 20, 2 mg of sodium chloride, and 4 mg of sucrose were used.  When
the lvophilized preparation including human serum albumin was used as a control
group, 9.5 mg of human serum albumin and 0.9 mg of soditum chioride were used.

[Table 6]

Titer (units}

Composition of Iyophilized o 2 4§ 112 24
preparation v t\:\iil\ weeks | weeks | weeks weeks weeks |
Botufinum toxin -+ : ' : _ ' '
Human serum atbumin + -0 0 - o
Sodium chloride o ‘ ? f 5

Rotulinum. toxin +
Methionine + :
| Polysorbate 20+ L9 100
. Sodium phosphate (Sodium | (120) | (95)
: chloride) 'j
Sucrose

80 100 o
{93) (rzey 7 i

10636] As shown in Table €, it could be confirmed that when the combination
of botulinum foxmin, methionine, polysorbate, sodmnm phosphate or sodivm chioride,
and sucrose was used as the lyophilized preparation, the stabilization effect was

maintained for about 6 months.

[Endustrial Applicabilitvi
[0037] The present mvention car be wsed as a medicine (o treating cervical
dvstonia, blepharospasm, hvperhidrosis, strabismus, achalasia, newrogeme bladder,

urclogic disease, migraine, and the like.

13
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[CLAIMS]
[Claim 1}

A pharmaceutical lyophilized preparation comprising:

botulinum toxir, polysorbate, and methionine; and

one or more components selected from the group consisting of sugar, sugar
alcohol, and an ionic compound and wherein the preparation is free of an animal protemn

stabilizer.

[Claim 2}
The pharmaceutical lyophilized preparation of claim 1, wherein the botulium

toxin is selected from the group consisting of Botulinum Serotypes A, B, C, D, E, F, and

G.

Claim 3]
The pharmaceutical lyophilized preparation of ciaim 1, wherein the botulinum
toxin is a form without a complexing protein or a complex form with a complexing

protein.

[Claim 4]
The pharmaceutical lyophilized preparation of claim 1, wherein the polysorbate 1s

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

[Claim 5]

The pharmaceutical tyophilized preparation of claim 1, wherein the polysorbate is

included in an amount of 0.01 to 2 mg with respect to 100 units of the botulinum toxin.

14



10

15

20

25

[Claim 6]
The pharmaceutical ivophilized preparation of claim [, wherein the methionine
is included m an amount of 0.01 to 10 mg with respect 1o 100 units of the botuiinum

fOXIn.

[Clatm 7]
The pharmaceutical lyophibized preparation of claim 1, wherein the sugar 1s
one or more sclected from the group consisting of trehalose, sucrose, maltose,

fructose, raffinose, lactose, and glucose.

[Clamm 8
The pharmaceutical lyophilized preparation of clarm 1. wherein the sugar is
inciuded i an amount of 0.1 10 50 mg with respect to 100 units of the botulinum

{OXIN,

[Claim ]
The pharmaceutical lyophilized preparation of claim |, wherein the sugar

alcoho! 1s one or more selected from the group consisung of cyclodextrin, mannitol,

sorbitod, glyveerol, xylitol, and nositel.

The pharmaceutical lyophilized preparation of claym 1, wherein the sugar
H

alcohol 15 included m an amount of 0.1 to 30 mg with respect to 100 units of the

hotubmum toxin.

15
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FClamm 11

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

sodium lactate, sodium succinate, sodium propionate, and potassium phosphate.

[ aim 17

The pharmaceutical lyophilized preparation of claim 1, wherein the ionic

compound is included in an amount of 0.1 to 10 mg with respect to 100 units of the

botulinum toxin.
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