TOOTHPASTE COVPOSI TI ON FOR ALLEVI ATI NG DENTI N HYPERESTHESI A

BACKGROUND OF THE | NVENTI ON

1. Field of the Invention

The present invention relates to toothpaste conposition,
and nore specifically, the present invention relates to
t oot hpaste conposition for preventing or alleviating dentin
hyper est hesi a by i nduci ng physi ol ogi cal rem neralization of
defects in dentin constituting a tooth.

2. Description of the Related Art

Dentin hyperesthesia, comonly referred to as 'sensitive
dentin', is a conmon synptom experienced by 8% to 57% of the
adult population. In particular, the case of periodontal
di sease, which is the npost comon disease in Korea, 72.5%to 98%
of patients suffer from'sensitive dentin' (Source: National
Heal th Information Portal Medical |nformation;
http://heal th. cdc. go. kr/ heal t h/ Mai n. do) .

Dentin hyperesthesia can be defined as a pain caused by the
exposure of dentinal tubules transmtting all external stinmuli
to the pulp nerve. This makes the pulp nerve to be nore
sensitive to the sane stinulus. Although there are no nerves in
the dentin itself, but we can perceive the changes because the
cold tenperature stinmulus is transmtted through the denti nal

tubul es to the nerves inside the pulp.
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In the dentin, which occupies the nost part of the tooth,
there are dentinal tubules that extend fromthe pulp to the
enanel. These tubules are filled with Iiquid. The dianeter
i ncreases toward the pul p and has a dense structure. Because of
t hese distinct structures, external stinmuli can be transmtted
qui ckly to the pulp nerve. If the dentin surface is damaged and
t he nunber of exposed dentinal tubules increases, it may cause a
nore sensitive reaction to the sane stinulus than usual

Currently, there are two ways for dentin hyperesthesia,
depending on the principle of action. One is to interfere with
the signal transm ssion of the nerve that transmts pain, and
the other is to block the exposed dentinal tubules to alleviate
t he synptons.

Di pot assi um phosphate (KoHPQyw) has been widely used in a
method for interfering with the signal transm ssion of nerves
that transmt pain. However, dipotassium phosphate has a | ow
pai n- bl ocki ng effect and nust be used repeatedly, and it is not
an effective treatnent nethod because it |limts the sense of
chew ng.

Next, cal ci um hydrogen phosphate (CaHPQi), fluorine
oxal ate, arginine (amno acid), and cal cium carbonate (CaC%) are
used to block the dentinal tubules. In recent years, considering
t he i nconveni ence of receiving treatnent at the dentist for

dentin hypersensitivity, toothpastes for preventing or
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alleviating dentin sensitivity are on the market, including

cal ci um phosphate, dental type silica, strontiumchloride,

cal cium carbonate or trical cium phosphate, as active

i ngredi ents. However, these are also foreign materials different
fromthe original dentin, so there would be a gap created in the
peri pheral boundary area between dentin and the foreign
materials. The nerve woul d be exposed again after the foreign
mat eri al being separated fromthe sealing, and it woul d cause a

recurrence of dentin sensitivity.

SUWARY OF THE | NVENTI ON

Enbodi nents of the present inventive concepts nay provide
t oot hpaste conposition for alleviating dentin hyperesthesia,
conprising a peptide including an am no acid sequence of the
follow ng Fornmula 1:

K- Y- R1- R2- R3- R4- R5- R6- R7- R8 (Formul a 1)

wherein R1 is arginine(R), lysine(K) or glutam ne(Q;

R2 is arginine(R) or glutamne(Q;

R3, R4, and R5 are arginine(R) or lysine(K), respectively;

R6 i s asparagi ne(N) or serine(S); and

R7 and R8 are lysine(K) or tyrosine(Y), respectively.

Enbodi nents of the present inventive concepts may al so
provi de a conposition for oral care conprising a peptide

i ncludi ng any one am no acid sequence of SEQ ID NOS: 1 to 96.
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Enbodi nents of the present inventive concepts, 0.0015-

0. 0025 parts by weight of the peptide nay be included based on
100 parts by weight of the conposition.

Enbodi nents of the present inventive concepts, 31.00-33.00
parts by weight of trical cium phosphate may be included based on
100 parts by weight of the conposition.

Enbodi nents of the present inventive concepts, 0.045-0.055
parts by weight of hydroxyapatite may be included based on 100
parts by weight of the conposition.

Enbodi nents of the present inventive concepts, the
t oot hpaste conposition may include 20-22 parts by wei ght of
purified water, hunectant 33-37 parts by weight, viscosity
nodi fier 4.4-5.4 parts by weight, surfactant 1.1-1.3 parts by
wei ght, flavoring agent 0.8-0.9 parts by weight, and diluting
agent 0.04-0.06 parts by weight based on 100 parts by wei ght of
t he conposition.

Enbodi nents of the present inventive concepts, the
t oot hpaste conposition may include 0.15-0.25 parts by wei ght of
am nocaproic acid and 1.9-2.1 parts by weight of allantoin based
on 100 parts by weight of the conposition.

Enbodi nents of the present inventive concepts, the
humect ant may be D-sorbitol solution or sodium PCA sol ution, or
concentrated glycerin, the viscosity nodifier may be hydrous

silicic acid, xanthan gum or CMC(Car boxynet hyl Cel |l ul ose Sodi um
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Salt), the surfactant nmay be sodi um cocoyl net hyl taurate,
flavoring agent is green tea extract, chanom | e extract,
rosemary extract, nyrrh tincture, rhatany tincture, chanonmle
tincture, mastic oil 40 HF- 60662, propolis extract, grapefruit
seed extract, spearm nt B71228 or peppermnt oil 81689, and the
di luti ng agent may be hydroxyapatite.

Enbodi nents of the present inventive concepts, the
humect ant may i ncl ude 80-83% by wei ght of the D-sorbitol
solution, 7-8% by weight of the Sodi um PCA solution, and 10-12%
by wei ght of the concentrated glycerin.

Enbodi nents of the present inventive concepts, the
viscosity nodi fier may include 79-85% by wei ght of the hydrous
silicic acid, 4-8% by weight of xanthan gum and 11-13% by
wei ght of the CMC.

Ef fect of the invention

The present inventive concepts may provi de toothpaste
conposition that prevents or alleviates dentin hyperesthesia by
sealing off exposed defects of the dentinal tubule through
physi ol ogi cal rem neralization of dentin.

O her aspects, advantages and salient features of the
enbodi nrents wi ||l becone apparent to those skilled in the art
fromthe follow ng detail ed description, which, taken in
conjunction with the annexed draw ngs, discloses exenplary

enbodi nents of the discl osure.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1A is a graph showing the results of conparing the
effect of the respective groups of the peptide included in the
t oot hpaste conposition for alleviating dentin hyperesthesia
according to an enbodi nent of the present invention on the
expression of DSPP, which is an odontoblast differentiation
mar ker gene.

FIG 1B is a graph showing the results of conparing the
expression |l evels of the odontoblast differentiation marker Dspp
gene in MDPC-23 cells treated with the peptides included in the
t oot hpaste conposition for alleviating dentin hyperesthesia
according to an enbodi ment of the present invention.

FIG 1Cis a graph showing the results of conparing
expression |l evels of odontoblast differentiation marker genes,
Dspp, Dnpl, and Nestin in MDPC-23 cells treated with peptides of
Group 11 and Group 12 included in the toothpaste conposition for
all eviating dentin hyperesthesia according to an enbodi nent of
the present invention.

FIG 1D is a graph showing the results of evaluating
cytotoxicity of the peptides included in the toothpaste
conposition for alleviating dentin hyperesthesia according to an
enbodi mrent of the present invention.

FIG 2 is a result of neasuring the nol ecul ar wei ght
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t hrough MALDI - TOF analysis to confirmthe stability of the

pepti de contained in the toothpaste conposition for relieving
dentin hyperesthesia according to an enbodi nent of the present
invention. In Figure 2, A shows the nol ecul ar wei ght of the
peptide itself contained in the toothpaste conposition for
relieving dentin hyperesthesia according to an enbodi nent of the
present invention. In Figure 2, B shows the nol ecul ar wei ght of
the peptide contained in the state of the toothpaste conposition
for relieving dentin hyperesthesia according to an enbodi nent of
the present invention.

FIG 3 shows the perneability of toothpaste conposition for
all eviating dentin hyperesthesia according to an enbodi nent of
the present invention. A fluorescence dyei ng reagent (Rhodam ne
B) was m xed and treated for 1 mnute on the tooth exposed to
t he dentinal tubules and then observed with a fluorescence
m cr oscope.

FIG 4 shows the results of conparing the sealing ability
of the dentinal tubule with the toothpaste conposition for
all eviating dentin hyperesthesia according to the enbodi nent of
the present invention (exanple 3), conparative test exanple 3-1,
and conparative test exanple 3-2.

A-D shows the dentinal tubules treated only with purified
wat er (conparative test exanple 3-1), E-H is show ng the

dentinal tubules brushed using a toothpaste conposition w thout
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t he peptide conparing with the enbodi nent of the present

i nvention (conparative test exanple 3-2), and |I-L shows the
dentinal tubul es brushed using a toothpaste conmposition for

all eviating dentin hyperesthesia according to the enbodi nent of
the present invention (scale bar: A, E, I, 100 uym; B, F, J, 20
um; C, G, K, 20 um; D, H, L, 10 pm). In each case, the dentin
slices with exposed dentinal tubules were washed 3 tines with
distilled water after brushing once a day for 1 mnute and then
imrersed in artificial saliva. After repeating this process for
2 weeks, the ability to seal off the dentin tubules was observed

with a scanning el ectron m croscope.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Reference will now be made in detail to enbodi nments,
exanpl es of which are illustrated in the acconpanyi ng draw ngs,

wherein |ike reference nunerals refer to like elenents

t hroughout. In this regard, the present enbodi nents may have
different forns and should not be construed as limted to the
descriptions set forth herein. Unless otherw se defined, al
ternms including technical and scientific ternms used herein have
t he same neani ng as commonly understood by one of ordinary
skills in the art to which this disclosure belongs. It wll be
further understood that terms, such as those defined in conmonly

used dictionaries, should be interpreted as having a neaning
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that is consistent with their neaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unl ess expressly so defined herein. In
addition, terns to be described later are defined in

consi deration of contributions in the present disclosures, which
may vary according to the intention of the user or practice.

The disclosure now will be described nore fully hereinafter
with reference to the acconpanyi ng draw ngs, in which
illustrative enbodi ments of the disclosure are shown. This
di scl osure may, however, be enbodied in many different forns and
shoul d not be construed as |limted to the enbodi nents set forth
herein; rather, these enbodi nents are provided so that this
di scl osure will be thorough and conplete and will fully convey
the scope of the disclosure to those skilled in the art.

However, as it is presented as an exanple, the present invention
is not limted thereto and the present invention is defined only
by the scope of the clains which will be described | ater.

It will be understood that the terns "conprises" and/or
"conprising," when used in this specification, specify the
presence of stated conponents, this neans that it may contain
nore conponents, rather than exclude other conponents, unless
there is a particularly contrary article.

Her ei nafter, enbodi nents of the present invention are

described in nore detail.



An odontoblast may refer to a cell that synthesizes and
secretes proteins and pol ysacchari des conposing the matrix of
the dentin. It is a columar cell that is in contact with the
predentin (uncalcified dentin) and forns a cell |ayer at the
peri phery of the dental pulp. It is a differentiated cel
(becom ng a cell derived fromthe nmesenchynmal ectodern) involved
in calcification of dentin. At the devel opnental stage, an
odont obl ast faces the enanel anong the cells of the dental
papilla, involved in calcification of dentin.

A peptide, included in the toothpaste conmposition for
all eviating dentin hyperesthesia according to an enbodi nent of
the present invention (hereinafter, 'odontoblast differentiation
pronoting peptide'), does not exhibit cytotoxicity, but it is
possible to increase the expression | evel of the odontobl ast
differentiation marker genes DSPP, Dnpl and Nestin. Wen
transplanted in vivo with pulp tissue cells, the pulp tissue
cells may forma dentin/dentin-like tissue.

Cdont obl ast differentiation pronoting peptide includes
nmut ant peptides having a sequence different fromthe amno acid
sequence constituting the am no acid sequence and at | east one
amno acid residue, as long as it can pronote dentin
regeneration or treat dentin hyperesthesia.

Am no acid exchanges in proteins and pol ypepti des, which do

not generally alter the nolecular activity, are known in the
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art. The nost commonly occurring exchanges are am no acid
residues Ala/Ser, Val/lle, Asp/@u, Thr/Ser, Ala/dy, Al alThr,
Ser/Asn, Ala/Val, Ser/dy, Thy/Phe, Al al/Pro, Lys/Arg, Asp/Asn,
Leu/lle, Leu/Val, Ala/du, Asp/dy, in both directions. The
pepti de may include peptides that have inproved structural
stability against heat, pH, etc., or inproved ability to pronote
regeneration of dentin or dental pulp due to alteration or

nmodi fication of the am no acid sequence.

For exanpl e, although glutam ne which is an acidic am no
acid at position 3 of the peptide of SEQID NGO 1 of the present
invention is substituted with a basic am no acid, |ysine or
arginine, the effects of the peptide of the present invention
may be obtained as it is; although arginine which is a basic
amno acid at position 4 or 5 of the peptide of SEQID NGO 1 is
substituted with an acidic amno acid glutam ne or a basic am no
acid lysine, the effects of the peptide of the present invention
may be obtained as it is; although |ysine which is a basic am no
acid at position 6, 7, or 9 of the peptide of SEQID NGO 1 is
substituted with a basic amno acid arginine or an aromatic
amno acid tyrosine, the effects of the peptide of the present
i nvention may be obtained as it is; although asparagi ne which is
an acidic amno acid at position 8 of the peptide of SEQ I D NO
1 is substituted with a neutral am no acid serine, the effects

of the peptide of the present invention nmay be obtained as it
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is; and al though tyrosine which is an aromatic amno acid at
position 10 of the peptide of SEQID NGO 1 is substituted with a
basic amino acid lysine, the effects of the peptide of the
present invention nmay be obtained as it is.

As such, although the acidic am no acids, basic am no
acids, or aromatic am no acids constituting the peptide of the
present invention are substituted with am no acids having the
sane properties, or substituted with different acidic am no
acids, basic am no acids, neutral am no acids, or aromatic am no
acids, respectively, the effects of the peptide of the present
i nvention may be obtained as it is. Therefore, it is apparent
that a peptide variant having a sequence including one or nore
amno acid residues different fromthose of the am no acid
sequence constituting the peptide of the present invention is
al so included in the scope of the peptide of the present
i nvention.

Further, although arbitrary am no acids are added at the N
termnus or Ctermnus of the peptide of the prevention, the
effects of the peptide of the present invention may be obtai ned
as it is. Therefore, a peptide prepared by adding arbitrary
amno acids at the NNtermnus or Cterm nus of the peptide of
the present invention is also included in the scope of the
pepti de of the present invention. For exanple, a peptide

prepared by adding 1 to 300 anmino acids at the N-term nus or C
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term nus of the peptide of the present invention may be
exenplified, for another exanple, a peptide prepared by adding 1
to 100 am no acids at the N-term nus or C-termnus of the
peptide of the present invention may be exenplified, and for
still another exanple, a peptide prepared by adding 1 to 24
amno acids at the NNtermnus or Cterm nus of the peptide of
the present invention may be exenplified.

The nRNA of the DSPP gene in NMDPC-23 cells treated with the
odont obl ast differentiation pronoting peptide, conpared to the
MRNA | evel of the DSPP gene in NMDPC-23 cells (control) not
treated with the odontobl ast differentiation pronoting peptide,
was all 1.3 times or nore (Tables 13 to 24).

As reported up to now, it is known that as the nRNA | evel
of DSPP is increased, odontoblast differentiation and dentin
regeneration are pronoted, and therefore, it can be seen that
128 kinds of peptides increases the nRNA | evel of Dspp gene,
which in turn may exhibit the effect of pronoting odontobl ast
differentiation and dentin regeneration (Taduru Sreenath et al.
THE JOURNAL OF Bl OLOG CAL CHEM STRY, Vol . 278, No. 27, |ssue of
July 4, pp. 24874-24880, 2003; WIlliamT. Butler et al.,
Connective Tissue Research, 44(Suppl. 1): 171-178, 2003).

The peptide included in the toothpaste conposition for
all eviating dentin hyperesthesia may be used in a single form of

the peptide or a pol ypeptide formof 2 or nore repeats of the
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peptide, and the peptide nmay al so be used in a conplex formof a
drug having a therapeutic effect on dentin or dental pulp

di seases linked at the N-term nus or C-term nus of the peptide.

Exanpl e 1:

Synt hesis of Peptides for Pronoting Odont obl ast

Differentiation

The present inventors synthesized a peptide (SEQ ID NO 1)
showi ng the effect of pronoting regeneration of dentin or dental
pul p tissues by a 9-fluorenyl net hyl oxycar bonyl (Fnoc) nethod,
and they synthesi zed pepti des of respective groups (Tables 1 to

12) by substituting the am no acids of the synthesized peptide.

N- KYQRRKKNKY- C (SEQ I D NO 1)

First, peptides of Goup 1 were synthesized by using the
peptide of SEQID NO 1 or by substituting any am no acid at
positions 5 to 7 of the peptide of SEQID NGO 1 with Iysine or

arginine (Table 1).

[ Tabl e 1]

Peptides of Goup 1

SEQ I D NG Am no acid sequence(N-C)
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1 KYQRRKKNKY
2 KYQRRKRNKY
3 KYQRRRKNKY
4 KYQRRRRNKY
5 KYQRKKKNKY
6 KYQRKRKNKY
7 KYQRKKRNKY
8 KYQRKRRNKY

Next, peptides of Goup 2 were synthesized by substituting
any anmno acid at positions 5 to 7 of the peptide of SEQ ID NG
1 with lysine or arginine or by substituting an am no acid at

position 8 of the peptide of SEQID NO 1 with serine (Table 2).

[ Tabl e 2]

Pepti des of G oup 2

SEQ I D NG Am no acid sequence(N-C)
9 KYQRRKKSKY
10 KYQRRKRSKY
11 KYQRRRKSKY
12 KYQRRRRSKY
13 KYQRKKKSKY
14 KYQRKRKSKY
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15 KYQRKKRSKY

16 KYQRKRRSKY

Next, peptides of G oup 3 were synthesized by substituting
any anmno acid at positions 5 to 7 of the peptide of SEQ ID NG
1 with lysine or arginine or by substituting an am no acid at
position 9 of the peptide of SEQID NO 1 with tyrosine (Table

3).

[ Tabl e 3]

Pepti des of Goup 3

SEQ I D NG Am no aci d sequence(N-C)
17 KYQRRKKNYK
18 KYQRRKRNYK
19 KYQRRRKNYK
20 KYQRRRRNYK
21 KYQRKKKNYK
22 KYQRKRKNYK
23 KYQRKKRNYK
24 KYQRKRRNYK

Next, peptides of Goup 4 were synthesized by substituting

any anmno acid at positions 5 to 7 of the peptide of SEQ ID NG
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1 with lysine or arginine, by substituting an am no acid at
position 8 of the peptide of SEQID NO 1 with serine, by
substituting an amino acid at position 9 of the peptide of SEQ
ID NGO 1 with tyrosine, or by substituting an am no acid at
position 10 of the peptide of SEQID NGO 1 with Iysine (Table

4) .

[ Tabl e 4]

Pepti des of Goup 4

SEQ I D NG Am no acid sequence(N O
25 KYQRRKKSYK
26 KYQRRKRSYK
27 KYQRRRKSYK
28 KYQRRRRSYK
29 KYQRKKKSYK
30 KYQRKRKSYK
31 KYQRKKRSYK
32 KYQRKRRSYK

Next, peptides of Goup 5 were synthesized by substituting
an amino acid at position 3 of the peptide of SEQID NGO 1 with
arginine, by substituting an amno acid at position 4 of the

peptide of SEQID NO 1 with glutam ne, or by substituting any
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amno acid at positions 5 to 7 of the peptide of SEQID NO 1

with lysine or arginine (Table 5).

[ Tabl e 5]

Pepti des of Group 5

SEQ I D NG Am no aci d sequence(N-C)
33 KYRQRKKNKY
34 KYRQRKRNKY
35 KYRQRRKNKY
36 KYRQRRRNKY
37 KYRQKKKNKY
38 KYRQKRKNKY
39 KYRQKKRNKY
40 KYRQKRRNKY

Next, peptides of Goup 6 were synthesized by substituting
an amino acid at position 3 of the peptide of SEQID NGO 1 with
argi nine, by substituting an amno acid at position 4 of the
peptide of SEQID NO 1 with glutam ne, by substituting any
amno acid at positions 5 to 7 of the peptide of SEQID NO 1
with lysine or arginine, or by substituting an am no acid at

position 8 of the peptide of SEQID NO 1 with serine (Table 6).
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[ Tabl e 6]

Pepti des of Group 6

SEQ I D NG Am no acid sequence(N O
41 KYRQRKKSKY
42 KYRQRKRSKY
43 KYRQRRKSKY
44 KYRQRRRSKY
45 KYRKKKSKY
46 KYRQKRKSKY
47 KYRKKRSKY
48 KYRQKRRSKY

Next, peptides of Goup 7 were synthesized by substituting
an amino acid at position 3 of the peptide of SEQID NGO 1 with
argi nine, by substituting an amno acid at position 4 of the
peptide of SEQID NO 1 with glutam ne, by substituting any
amno acid at positions 5 to 7 of the peptide of SEQID NO 1
with lysine or arginine, by substituting an am no acid at
position 9 of the peptide of SEQID NO 1 with tyrosine, or by
substituting an amino acid at position 10 of the peptide of SEQ

ID NGO 1 with lysine (Table 7).

[ Tabl e 7]
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Peptides of Goup 7

SEQ I D NG Am no acid sequence(N-C)
49 KYRQRKKNYK
50 KYRQRKRNYK
51 KYRQRRKNYK
52 KYRORRRNYK
53 KYRQKKKNYK
54 KYRQKRKNYK
55 KYROQKKRNYK
56 KYRQKRRNYK

Next, peptides of G oup 8 were synthesized by substituting
an amino acid at position 3 of the peptide of SEQID NGO 1 with
argi nine, by substituting an am no acid at position 4 of the
peptide of SEQID NO 1 with glutam ne, by substituting any
amno acid at positions 5 to 7 of the peptide of SEQID NO 1
with lysine or arginine, by substituting an am no acid at
position 8 of the peptide of SEQID NO 1 with serine, by
substituting an amno acid at position 9 of the peptide of SEQ
ID NGO 1 with tyrosine, or by substituting an am no acid at
position 10 of the peptide of SEQID NO 1 with Iysine (Table

8) .
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[ Tabl e 8]

Pepti des of Group 8

SEQ I D NG Am no acid sequence(N O
57 KYRQRKKSYK
58 KYRQRKRSYK
59 KYRQRRKSYK
60 KYRQRRRSYK
61 KYRKKKSYK
62 KYRQKRKSYK
63 KYRKKRSYK
64 KYRQKRRSYK

Next, peptides of Goup 9 were synthesized by substituting
an amino acid at position 3 of the peptide of SEQID NGO 1 with
| ysine, by substituting an am no acid at position 4 of the
peptide of SEQID NO 1 with glutam ne, or by substituting any
amno acid at positions 5 to 7 of the peptide of SEQID NO 1

with lysine or arginine (Table 9).

[ Tabl e 9]

Pepti des of Group 9

SEQ I D NG Am no acid sequence(N O

65 KYKQRKKNKY
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66 KYKQRKRNKY
67 KYKQRRKNKY
68 KYKQRRRNKY
69 KYKQKKKNKY
70 KYKQKRKNKY
71 KYKQKKRNKY
72 KYKQKRRNKY

Next, peptides of G oup 10 were synthesized by substituting
an amino acid at position 3 of the peptide of SEQID NGO 1 with
| ysine, by substituting an amino acid at position 4 of the
peptide of SEQID NO 1 with glutam ne, by substituting any
amno acid at positions 5 to 7 of the peptide of SEQID NO 1
with lysine or arginine, or by substituting an am no acid at
position 8 of the peptide of SEQID NO 1 with serine (Table

10) .

[ Tabl e 10]

Pepti des of Group 10

SEQ I D NG Am no acid sequence(N-C)
73 KYKQRKKSKY
74 KYKQRKRSKY
75 KYKQRRKSKY
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76 KYKQRRRSKY
77 KYKQKKKSKY
78 KYKQKRKSKY
79 KYKQKKRSKY
80 KYKQKRRSKY

Next, peptides of Goup 11 were synthesized by substituting
an amino acid at position 3 of the peptide of SEQID NGO 1 with
| ysine, by substituting an amno acid at position 4 of the
peptide of SEQID NO 1 with glutam ne, by substituting any
amno acid at positions 5 to 7 of the peptide of SEQID NO 1
with lysine or arginine, by substituting an am no acid at
position 9 of the peptide of SEQID NO 1 with tyrosine, or by
substituting an amino acid at position 10 of the peptide of SEQ

IDNO 1 with lysine (Table 11).

[ Tabl e 11]

Pepti des of Goup 11

SEQ I D NG Am no acid sequence(N O
81 KYKQRKKNYK
82 KYKQRKRNYK
83 KYKQRRKNYK
84 KYKQRRRNYK
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85 KYKQKKKNYK

86 KYKQKRKNYK
87 KYKQKKRNYK
88 KYKQKRRNYK

Lastly, peptides of Goup 12 were synthesized by
substituting an amno acid at position 3 of the peptide of SEQ
IDNO 1 with lysine, by substituting an am no acid at position
4 of the peptide of SEQID NO 1 with glutam ne, by substituting
any amno acid at positions 5 to 7 of the peptide of SEQ I D NO
1 with lysine or arginine, by substituting an am no acid at
position 8 of the peptide of SEQID NO 1 with serine, by
substituting an amno acid at position 9 of the peptide of SEQ
ID NGO 1 with tyrosine, or by substituting an am no acid at
position 10 of the peptide of SEQID NGO 1 with Iysine (Table

12).

[ Tabl e 12]

Pepti des of Group 12

SEQ I D NG Am no acid sequence(N O
89 KYKQRKKSYK
90 KYKQRKRSYK
91 KYKQRRKSYK
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92 KYKQRRRSYK
93 KYKQKKKSYK
94 KYKQKRKSYK
95 KYKQKKRSYK
96 KYKQKRRSYK

Exanple 2: Verification of the effect of pronoting

regeneration of dentin using the odontobl asts

Exanple 2-1: Validation of the effect of peptides on the

activity of the DSPP (dentin sial ophosphoprotein) pronoter.

First, MDPC- 23 cells, which are nouse-derived odontobl asts,
were cultured in DVEM nedi um cont ai ni ng 10% FBS, 5% CO2 and
37°C

Next, the cultured MDPC-23 cells were dispensed into a 24-
well plate at 5x10 4 cells per well, incubated for 24 hours. And
t hen usi ng Lipofectam ne Plus™ reagent, the cultured cells were
transforned by introducing a reconbi nant (pG.3 vector) the DSPP
pronoter and |uciferase gene were introduced. The transforned
MDPC- 23 cells were treated with the peptides of groups 1 to 12
synt hesi zed in Exanple 1, respectively, and cultured for 48
hours. Then luciferase activity was neasured, and the average
| evel was conpared (Fig. 1a). As a control, transformed MDPC- 23

cells without an odontobl ast differentiation pronoting peptide
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wer e used.

FIG 1A is a graph showi ng the effect of each peptide
provided in the present invention on the expression of DSPP, an
odont obl ast differentiati on marker gene, for each group. As
shown in FIG 1A each peptide provided in the present invention
showed a val ue of about 1.3 tinmes or nore of the |uciferase
activity level neasured in the control group as a whole, but the
di fference was shown for each group, and the peptide of group 12
was the highest. And the next highest |evel of |uciferase
activity was fromgroup 11 pepti de.

Therefore, it was verified that the peptides provided by
the present invention exhibit an effect of activating the DSPP

pronot er .

Exanple 2-2: Verification of the effect of peptides on the

expression | evel of the DSPP gene, an odont obl ast

differentiati on narker gene

The MDPC-23 cells cultured in Exanple 2-1 were treated with
the peptides of each group synthesized in Exanple 1, then
cultured for 48 hours. The nRNA | evel of the DSPP, an
odont obl ast differentiati on marker gene, expressed in the NMDPC
23 cells were nmeasured, and the nmeasured nRNA | evel of each DSPP
gene was converted into a relative ratio to the nmRNA | evel of

t he DSPP gene nmeasured in control (Tables 13 to 24). In
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addition, the average value of the nRNA | evel of the DSPP gene
nmeasured according to the peptides of each group was conpared
(Fig. 1B). At this tinme, as a control, MDPC-23 cells that were
not treated with the peptide pronoting differentiation of
odont obl ast were used.

The expression | evel of the DSPP gene was neasured through
RT-PCR and real -tine PCR anal ysis: Specifically, total RNA was
extracted from the MDPC-23 cells using TRIzol reagent. 2 pg of
the total RNA, 1 pl of reverse transcriptase, and 0.5 pg of
oligo (oligo; dT) were used to synthesize cDNA. The synthesized
cDNA was used in a real-tine polynerase chain reaction. The
real -time polynerase chain reaction was perforned on an ABI
PRI SM 7500 sequence detection system (Applied Biosystens) and an
SYBR GREEN PCR Master M x (Takara, Japan). The real -tine
pol ynerase chain reaction was perfornmed under conditions of
94°C, 1 min; 95°C, 15 sec; 60°C, 34 sec for 40 cycles. Results
were anal yzed by a conparative cycle threshold (CT) nethod. At
this time, the Gapdh gene was used as the internal contro
group, and the neasured value was repeated three tines. The nean

val ue and standard devi ati on val ue thereof were used.

Dspp_F: 5' - ATTCCGGTTCCCCAGTTAGTA-3' (SEQ I D NO 97)
Dspp_R 5' - CTGTTGCTAGTGGTGCTGTT-3' (SEQ I D NO  98)

Gapdh_F: 5' - AGGTCGGTGTGAACGGATTTG 3' (SEQ I D NO 99)
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Gapdh_R 5' - TGTAGACCATGTAGTTGAGGTCA- 3' (SEQ I D NO 100)

[ Tabl e 13]

Ef fects of peptides of group 1 on nRNA | evel

nNRNA | evel of Dspp gene
SEQ | D NO. [Mean St andard
devi ati on
1 1.754 0.132
2 1. 646 0.092
3 1. 464 0. 221
4 1. 855 0.102
5 1.639 0. 057
6 1.746 0. 091
7 1. 864 0.132
8 1.639 0. 032
[ Tabl e 14]

Ef fects of peptides of group 2 on nRNA | evel

MRNA | evel of Dspp gene
SEQ ID Mean St andar d
NC. devi ati on
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9 1. 854 0. 032
10 1.746 0. 052
11 1.639 0. 201
12 1.548 0. 027
13 1.685 0.077
14 1. 846 0. 141
15 1. 964 0. 279
16 1.739 0. 092
[ Tabl e 15]
Ef fects of peptides of group 3 on nRNA | evel
MRNA | evel of Dspp gene
SEQ I D NG [Mean St andard
devi ati on
17 2.117 0. 209
18 2.319 0. 092
19 1.931 0.102
20 2. 553 0. 099
21 1.893 0.132
22 2.412 0.072
23 2.171 0. 281
24 2.212 0.111
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[ Tabl e 16]

Ef fects of peptides of group 4 on nRNA | evel

MRNA | evel of Dspp gene
St andar d
SEQ I D NGO |Mean
devi ati on
25 2.371 0. 089
26 2.193 0. 052
27 1.993 0. 202
28 2.453 0.192
29 1.883 0.101
30 2.512 0. 209
31 2.371 0. 139
32 2.219 0. 302
[ Tabl e 17]

Ef fects of peptides of group 5 on nRNA | evel

MRNA | evel of Dspp gene
St andar d
SEQ I D NO [Mean
devi ati on
33 1.712 0. 091
34 1.931 0.172
35 1.983 0. 102
36 2.319 0. 292
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37 1.597 0. 301
38 2.116 0. 211
39 1.712 0.191
40 2.219 0. 212

[ Tabl e 18]

Ef fects of peptides of group 6 on nMRNA | evel

MRNA | evel of Dspp gene
St andar d
SEQ I D NO [Mean
devi ati on

41 1. 546 0. 091
42 1.586 0. 103
43 1.669 0. 095
44 1.793 0. 203
45 1.532 0.31
46 1.887 0.077
47 1.697 0. 009
48 1.558 0. 201

[ Tabl e 19]

Ef fects of peptides of group 7 on nRNA | evel

MRNA | evel of Dspp gene

SEQ I D NGO |Mean St andar d
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devi ati on
49 1.923 0.192
50 1.887 0. 007
51 1.601 0. 082
52 2.019 0. 135
53 1.592 0. 222
54 1.437 0. 341
55 1.663 0. 094
56 1.701 0. 109
[ Tabl e 20]
Ef fects of peptides of group 8 on nRNA | evel
MRNA | evel of Dspp gene
St andar d
SEQ I D NO [Mean
devi ati on
57 2. 039 0. 082
58 1.998 0.172
59 1.792 0. 007
60 2.107 0. 201
61 2.301 0. 019
62 1.672 0. 308
63 1.769 0. 085
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64

1.

967

0. 039

[ Tabl e 21]

Ef fects of peptides of group 9 on nRNA | evel

nMRNA | evel of Dspp gene
St andar d
SEQ I D NGO |Mean
devi ati on
65 1.723 0.072
66 1.627 0. 291
67 1.777 0. 027
68 1.432 0.41
69 2.011 0. 081
70 1.927 0. 105
71 1.879 0. 06
72 2.011 0. 009
[ Tabl e 22]

Ef fects of peptides of group 10 on nRNA | evel

MRNA | evel of Dspp gene
St andar d
SEQ I D NG |Mean
devi ati on
73 2.035 0. 021
74 2.011 0. 063
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75 1.997 0. 059
76 2.351 0. 109
77 1.729 0.111
78 2.635 0. 091
79 2.231 0.077
80 1.837 0. 201

[ Tabl e 23]

Ef fects of peptides of group 11 on nRNA | evel

nMRNA | evel of Dspp gene
St andar d
SEQ I D NGO |Mean
devi ati on

81 3. 092 0. 152
82 3.361 0.098
83 3.572 0. 209
84 3.702 0. 301
85 3. 67 0. 088
86 3. 705 0. 137
87 3.888 0. 072
88 4.021 0. 301

[ Tabl e 24]

Ef fects of peptides of group 12 on nRNA | evel
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nRNA | evel of Dspp gene

St andar d

SEQ I D NGO |Mean
devi ati on

89 4. 211 0. 413

90 4. 811 0. 302

91 4. 362 0.182

92 4. 211 0. 287

93 4.525 0. 25

94 3. 836 0. 099

95 4. 62 0. 401

96 5.211 0. 371

As shown in Tables 13 to 24, conpared to the nRNA | evel of
t he DSPP gene neasured in the control group, it was confirmnmed
that the nRNA | evel s of the DSPP gene of the experinental group
treated with the peptide were all 1.3 times or nore. In
particular, it was confirnmed that all the peptides of group 11
showed a value of 3 tines or nore in the nRNA | evel of the DSPP
gene, and all peptides of group 12 showed a value of 3.8 tines
or nore in the nRNA | evel of the DSPP gene.

In addition, FIG 1B is a graph conparing the expression
| evel of the DSPP gene, an odontobl ast differentiation marker,

in MDPC-23 cells treated with an odontobl ast differentiation
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pronoting peptide. As shown in FIG 1B, when the peptide for
pronoting differentiation of odontoblast was treated, the nmRNA
| evel of the DSPP gene, which is a marker for odontobl ast
differentiation, is increased. Simlar to that of FIG 1A it
was confirmed that a value of about 1.3 tinmes or nore conpared

to the |l evel of DSPP gene nRNA was neasured in the control

group.

Exanple 2-3: Verification of the effect of the peptide on

the expression | evel of the odontobl ast differentiation nmarker

genes DSPP, Dnpl and Nestin genes

Fromthe results of Exanple 2-2, it was confirned that the
odont obl ast differentiation pronoting peptide could increase the
MRNA | evel of the DSPP gene, and in particular, the peptides of
groups 11 and 12 can increase the nRNA | evel of the DSPP gene by
at least 3 times or nore.

Accordingly, it was confirnmed whether the peptides of
groups 11 and 12 can also increase the nRNA | evel s of the Dnpl
and Nestin genes, which are other odontoblast differentiation
mar ker genes.

The follow ng priners were used with the nethod from
Exanpl e 2-2. The peptides of groups 11 and 12 were used, thereby

affecting the expression | evels of Dnpl and Nestin genes. The
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effect of the differentiation pronoting peptide was neasured,
and the average | evel was conpared (Fig. 1C). At this tine, as a
control group, MDPC-23 cells without a peptide pronoting

differentiati on of odontobl ast were used.

Dpl F: 5' - CATTCTCCTTGTGTTCCTTTGGG 3' (SEQ | D NO 101)
Dpl R 5' - TGTGGTCACTATTTGCCTGTG 3' (SEQ | D NO 102)
Nestin_F: 5'- CCCTGAAGTCGAGGAGCTG 3' (SEQ | D NO 103)

Nestin_R 5" - CTGCTGCACCTCTAAGCGA- 3' (SEQ | D NO 104)

FIG 1Cis a graph showing the results of conparing the
expression |l evels of the odontoblast differentiation marker
DSPP, Dnpl, and Nestin genes in MDPC-23 cells treated with the
peptides of groups 11 and 12. As shown in Fig. 1c, when the
odont obl ast differentiation pronoting peptide was treated, the
expression |l evels of the odontoblast differentiation marker
DSPP, Dnpl, and Nestin genes were all increased, but the |evel
of increase for each gene was different. It was confirnmed that
the peptide of group 12 was nore effective.

Since each differentiation marker gene is known to be
involved in the differentiation of odontoblasts and dentin
calcification, the peptides provided in the present invention

wer e anal yzed whet her they pronote the dentin regeneration.
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Exanpl e 2-4: Eval uation of cytotoxicity of peptides on pul p

ti ssue cells

Human dental pulp cells were separated fromw sdomteeth of
10 adults (aged 18-22) at the School of Dentistry, Seou
National University. In detail, all experinents were perforned
after the approval of the Institutional Review Board and
obtaining the infornmed consent frompatients. Wsdomteeth were
fractured according to a nethod of Jung HS et al. (J M
Hi stol.(2011)) to expose the dental pul ps, and dental pulp
ti ssues were separated with forceps. Each of the separated
dental pulp tissues was chopped into small pieces with a razor
bl ade, put in a 60-mm dish, covered with a coverslip, and then
cultured in a Dul becco’s nodified Eagle s nedi um

Next, the obtained dental pulp tissue cells were dispensed
into a 96-well plate so the nunber of cells per well was to be
about 3x103, cultured for 24 hours. Then the peptides of groups
11 or 12 were treated at a concentration of 10 or 50 upug/ml. And
it was incubated again for 1, 3 or 5 days. The cultured cells
were washed with PBS, 20 pul of MIT solution was added, and then
reacted at about 37°C for 4 hours. After the reaction was
conpleted, the MIT solution was renoved, 100 pl of DMSO was
added, and absorbance was neasured at a wavel ength of 540 nm
(Fig. 1D). At this time, as a control, pulp tissue cells

cultured without the peptide were used.
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FIG 1D is a graph showing the cytotoxicity of a peptide
that pronotes the differentiation of oblasts to dental pulp
tissue cells. As shown in FIG 1D, it was confirmed that the
survival rate of pulp tissue cells was at the sane | evel as that
of the control group even when the odontoblast differentiation

pronoti ng peptide was added.

Exanpl e 3: Preparation of toothpaste conposition for

all eviating dentin hyperesthesia

Step 1

M xing purified water and D-sorbitol solution

Step 2

Trical ci um phosphate, am nocaproic acid, allantoin, hydrous
silicic acid, sodium PCA sol ution, hydroxyapatite, peptide (SEQ
ID NO 96), enzyne-treated stevia, and xylitol were added and
stirred in a stirrer for about 40 mnutes (stirring conditions:
PADDLE 10~ 30 rpm DI SPERSE 500~600 rpm HOMO 2400~3200 rpm)

Step 3

Add (concentrated) glycerin and xanthan gum and stir for
about 40 mnutes (Stirring condition: PADDLE 10~30 rpm DI SPERSE
500~600 rpm HOMO 2400~3200 rpm)

Step 4:

(concentrated) G ycerin, Carboxynethyl Cellul ose Sodi um
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Salt (CMC) added and stirred for about 40 mnutes (Stirring
condition: PADDLE 10 ~30 rpm DI SPERSE 500~600 rpm HOVO
2400~3200 rpm

Step 5

Add sodi um cocoyl net hyltaurate and stirring for about 20

mnutes (Stirring conditions: PADDLE 10~30 rpm DI SPERSE 450~650
rpm,
Step 6

Add green tea extract, chanom |l e extract, rosenmary extract,
myrrh tincture, rhatany tincture, chanomle tincture, mastic oi
40, propolis extract, grapefruit seed extract, spearm nt,
peppermnt oil, and stir for about 15 mnutes (stirring
condition: PADDLE 10~30 rpm DI SPERSE 450~650 rpm

Each step is stirred under reduced pressure conditions (-

760 nmmHg)

[ Tabl e 25]
t oot hpaste conposition for alleviating dentin hyperesthesia

according to Exanple 3

Conponent I ngr edi ent Cont ent

(W%

1 Sol vent Purified water 21. 587
hurmect ant D- Sor bi tol Sol uti on 30
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St apl e Trical ci um phosphat e 32
Am nocaproi c acid 0.2
Al'lantoin 2
Vi scosity 4
hydrous silicic acid
nmodi fier
hurmect ant Sodi um PCA sol uti on 3
diluting Hydr oxyapatite 0. 05
agent
Peptide (SEQ ID NO 96) 0. 002
Odont obl ast
differentiat
ion
pronoti ng
pepti de
sweet eni ng enzyne-treated stevia 0.1
agent Xylitol 0.1
humect ant (concentrated) glycerin 2
Vi scosity Xant han gum 0.3
nodi fier
humect ant (concentrated) glycerin 2
Vi scosity CMC( Car boxymet hyl Cel | ul ose 0.6
nodi fi er Sodi um Sal t)
Sur f act ant cocoyl net hyl taurate 1.2
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5 Fl avori ng green tea extract 0.01
agent chanonm | e extract 0.01
rosemary extract 0.01

nyrrh tincture 0.01

rhatany tincture 0.01

chanomi |l e tincture 0.01

mastic oil 40 HF- 60662 0. 001

propolis extract 0. 05

grapefruit seed extract 0.1

spearm nt B71228 0. 05

Pepperm nt oil 81689 0.6

Tot al 100

Prepari ng Conpositions of Conparative Exanple

Conpar ati ve Exanpl e 3-1:

Prepared purified water of the sane volune as in Exanple 3

Conparative Exanpl e 3-2:

Among the ingredients of Exanple 3, all ingredients other
than those that did not contain an odontobl ast differentiation

pronoting peptide (SEQ ID NO 96) were prepared to be contained
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t he same

Test Exanple 1:

MALDI - TOF anal ysis of toothpaste conposition for

alleviating dentin hyperesthesia according to Exanple 3

A. Preparation of a toothpaste conposition solution by
di ssol ving about 0.5 g of a sanple of the toothpaste conposition
provided in Exanple 3 in about 1 ml of distilled water

B. Centrifuge the solution of A at about 15,000 rpmfor
about 10 m nutes and col |l ect the supernatant

C. 2 ul of the supernatant collected in B. was mxed with 2
ul of the substrate solution (10mg/mL of o-Cyano-4-
hydr oxyci nnam c acid (CHCA) in 0.1% TFA / ACN (1:1, v/v)) and
MALDI - TOF anal ysis was perfornmed (U traflexlIl TOF/ TOF (Bruker

Daltonics)) (Fig. 2, B)

Test Exanple 2:

Qobservation of the dentinal tubule perneability of the
t oot hpaste conposition for alleviating dentin hyperesthesia

according to Exanple 3

A. Cut the tooth to expose the dentinal tubules

Cut the crown of the extracted person's tooth horizontally
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with a dianmond saw to expose the dentinal tubules, and then wash
twice for about 5 mnutes with a phosphate buffer sol ution

B. O eaning anputated tooth

The previously cut tooth was reacted with 0.5 M
et hyl enedi am netetraacetic acid (EDTA, pH 7.4) solution for
about 5 minutes and then washed tw ce for about 5 minutes with a
phosphat e buffer sol ution.

C. Addition of a fluorescent dyeing reagent to the

t oot hpaste conposition for alleviating dentin hyperesthesia

according to Exanple 3

Added 0. 1% of the fluorescent dyeing reagent to the
t oot hpaste conposition for alleviating dentin hyperesthesia
cont ai ni ng the odontobl ast differentiation pronoting peptide
(SEQ ID NO 96), mxed well, and then brushed the cut tooth
exposed to the dentinal tubules for about 1 m nute.

D. Observation of Penetration of toothpaste conposition for

all eviating dentin hyperesthesia

The brushed cut tooth was washed 3 tines with distilled
water and then cut lengthwi se to a thickness of about 0.5 mm so
that the dentinal tubules of the cut tooth | ooked | ong using a
di anond saw, and the degree of penetration was observed with a

fl uorescence m croscope (Fig. 3)

Test Exanple 3:

44



Qobservation of the sealing ability of the dentinal tubules
of the toothpaste conmposition for alleviating dentin

hyper est hesi a according to Exanple 3

A. Preparation of artificial saliva

The conposition of artificial saliva is shown in Table 26

bel ow.

X The purified water was added to the final concentration

of each conponent in Table 2 and m xed, and potassi um phosphate

(K2HPO4) was added | ast.

X The pH of artificial saliva is nmeasured near 7.2, simlar

to human saliva

[ Tabl e 26]

I ngredi | concent

ent ration
(MM
Cad » 0.7
Mycl 2 0.2
KoHPQ 4
Kd 30
NaNs 0.3
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HEPES 20

B. Maki ng dentinal tubul e speci nens

The extracted human tooth was cut horizontally using a
di anond saw to make a 1nmthick, dentin specinen with exposed

denti nal tubul es

X The dentin specinmen was reacted for about 5 mnutes in a

32% phosphoric acid solution to expose the dentinal tubul es
conpletely, and then washed three tines with purified water for
about 5 mnutes. Then, the dentin specinmen was washed 6 tines in
an ultrasonic cleaner for about 5 mnutes to expose the dentinal
tubul es conpletely.

Thereafter, washed three tines with a phosphate buffer

sol uti on and st ored.

C. Observation of the sealing ability of the dentina

t ubul es of the toothpaste conposition for alleviating dentin

hyper est hesi a

Usi ng the toothpaste conposition for alleviating dentin
hyper est hesi a according to Exanple 3, the specinen was brushed
for about 1 mnute to the dentinal tubule specinen, washed 3
times with distilled water, and then reacted to the artificial

saliva for about 24 hours.
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After repeating this process for 2 weeks, washed three
times with distilled water, dried, and observed the degree of
dentinal tubule blockade with a scanning el ectron mcroscope (S-

4700, HI TACHI, Tokyo, Japan) (FIG 4, I-Ll).

Conparative Test Exanple 3-1:

Using the purified water prepared in Conparative Exanple 3-
1, brushed the dentinal tubule specinmen for about 1 m nute,
washed 3 tines with distilled water, and then reacted for about
24 hours in artificial saliva.

After repeating this process for 2 weeks, the specinens
were washed with distilled water 3 tinmes, dried, and observed
t he degree of dentinal tubule blockade with a scanning el ectron

m croscope (Fig. 4, A-D).

Conparative Test Exanple 3-2:

Usi ng the toothpaste prepared in Conparative Exanple 3-1,
brushed the dentinal tubule specinen for about 1 m nute, washed
3 times with distilled water, and then reacted for about 24
hours in artificial saliva.

After repeating this process for 2 weeks, the specinens
were washed with distilled water 3 tines, dried, and observed

t he degree of dentinal tubule blockade with a scanning el ectron
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m croscope (Fig. 4, E-H)

Through Test Exanple 1, the stability of the peptide
contained in the toothpaste conposition for alleviating dentin
hyper est hesi a according to the enbodi nent of the present
invention can be confirmed. FIG 2 is a result of neasuring the
nmol ecul ar wei ght through MALDI - TOF analysis to confirmthe
stability of the peptide contained in the toothpaste conposition
for alleviating dentin hyperesthesia according to an enbodi nent
of the present invention. In FIG 2A shows the nol ecul ar wei ght
of the peptide itself contained in the toothpaste conposition
for alleviating dentin hyperesthesia according to an enbodi nent
of the present invention. In FIG 2B shows the nol ecul ar wei ght
of the peptide contained in the state of the toothpaste
conposition for alleviating dentin hyperesthesia according to an
enbodi ment of the present invention.

Referring to FIG 2, it was observed that the peptide
contained in the toothpaste conposition according to Exanple 3
had the sane peak (nolecul ar weight of about 1384 Da) as the
nmeasur ed val ue of the nolecul ar weight, and through this, the
stability of mxed dentin differentiation pronoting peptide in
t he toot hpaste conposition was confirned (see Fig. 2 and A).

According to Test Exanple 2, as a result of observing the

dentinal tubule perneability of the toothpaste conposition for
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alleviating dentin hyperesthesia according to Exanple 3 with a
fl uorescence mcroscope, as shown in FIG 3, in the case of the
tooth treated with the conposition, fluorescence was strongly
observed on the dentin surface. In addition, penetration of the
fl uorescent staining reagent was observed al ong the | ower side
of the exposed dentinal tubules.

Next, the results of conparing Test Exanple 3 and
Conparati ve Test Exanples 3-1 and 3-2 are as shown in FIG 4.
FIG 4 is a set of inmages conparing the sealing ability of the
dentinal tubul es of toothpaste conposition for alleviating
dentin hyperesthesia according to Exanple 3, Conparative Exanpl e
3-1, and Conparative Exanple 3-2. And in nore detail, A-D shows
the dentinal tubules of the dentin treated only with purified
wat er (Conparative Exanple 3-1), and E-H shows the toothpaste
conposition w thout odontoblast differentiation pronoting
pepti de (Conparative Exanple 3-2), and |I-L shows the denti nal
tubul es reacted with the composition, including a peptide for
oral care that prevents or alleviates dentin hyperesthesia

according to an enbodi nent of the present invention. One (size
bar: A, E, I, 100 ym; B, F, J, 20 ym; C, G, K, 20 um; D, H, L,
10 um) .

As can be seen fromFIG 4, it could be observed that the

dentinal tubules were blocked by rem neralization in the
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dentinal tubules by reacting with the toothpaste conposition for
all eviating dentin hyperesthesia according to an enbodi nent of
t he present invention.

FIG 4 is an enlarged i mnage of the dentinal tubul es bl ocked
by the conposition including a peptide for oral care that
prevents or alleviates dentin hyperesthesia according to an
enbodi nrent of the present invention and shows the results of
rem neralization in the bl ocked dentinal tubules and dentin
surf aces.

As above, the toothpaste conposition for alleviating dentin
hyperesthesia according to an enbodi nrent of the present
invention forms a thin filmon the dentin and at the sane tine
strongly binds to the phosphate-cal ciumions rel eased from
trical cium phosphate, and rem neralizes the exposed dentina
tubul es and dentin surfaces. In other words, the toothpaste
conposition for alleviating dentin hyperesthesia according to an
enbodi mrent of the present invention induces remneralization not
only on the surface of the exposed dentinal tubules but also
i nside the dentinal tubule, thereby exhibiting the effect of

al l eviating and/ or preventing dentin hyperesthesi a.

Wil e one or nore enbodi nents of the present invention have
been described with reference to the figures, it wll be

understood by those of ordinary skill in the art that various
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changes in formand details may be made therein w thout
departing fromthe spirit and scope of the present invention.
"This study was supported by the technol ogy devel opnent

project of the Mnistry of SMEs and Startups in 2017 [ S2462696]"
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CLAI M5

1. Toot hpaste conposition for alleviating dentin
hyper est hesia, conprising a peptide consisting of an am no acid
sequence of the follow ng Fornula 1:

K- Y- R1- R2- R3- R4- R5- R6- R7- R8 (Formul a 1)

wherein R1 is arginine(R), lysine(K) or glutam ne(Q;

R2 is arginine(R) or glutam ne(Q;

R3, R4, and R5 are arginine(R) or lysine(K), respectively;

R6 i s asparagi ne(N) or serine(S); and

R7 and R8 are |ysine(K) or tyrosine(Y), respectively,

wherei n said toothpaste conposition includes 0.0015-0.0025
parts by weight of the peptide, 31.00-33.00 parts by wei ght of
trical cium phosphate, 0.045-0.055 parts by wei ght of
hydr oxyapatite, and 20-22 parts by weight of purified water,

wherein said toothpaste conposition forns a thin filmon
the surface of said dentin and induces rem neralization on said
surface of said dentin and dentinal tubule by binding with the
phosphat e-cal ciumions rel eased fromsaid trical ci um phosphate.

2. The conposition of claiml, wherein said peptide is any
one anmi no acid sequence of SEQ ID NOS: 1 to 96.

3. The conposition of claim1, wherein said toothpaste
conposition conprises humectant 33-37 parts by weight, viscosity
nodi fier 4.4-5.4 parts by weight, surfactant 1.1-1.3 parts by

wei ght, flavoring agent 0.8-0.9 parts by wei ght based on 100
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parts by wei ght.

4. The conposition of claim1l1l, wherein said toothpaste
conposition conprises 0.15-0.25 parts by wei ght of am nocaproic
acid and 1.9-2.1 parts by weight of allantoin based on 100 parts
by wei ght .

5. The conposition of claim3, wherein said humectant is D
sorbitol solution, sodium PCA sol ution, concentrated glycerin or
a mxture thereof,

said viscosity nodifier is hydrous silicic acid, xanthan
gum CMC (Carboxymethyl Cellul ose Sodium Salt) or a mxture
t her eof,

said surfactant is sodi um cocoyl net hyltaurate,

said flavoring agent is green tea extract, chanomle
extract, rosemary extract, nyrrh tincture, rhatany tincture,
chanom |l e tincture, mastic oil 40 HF- 60662, propolis extract,
grapefruit seed extract, spearm nt B71228, peppermnt oil 81689
or a mxture thereof.

6. The conposition of claim5, wherein said hunectant
conprises 80-83% by weight of said D-sorbitol solution, 7-8% by
wei ght of said Sodi um PCA sol ution and 10-12% by wei ght of said
concentrated gl ycerin.

7. The conposition of claim5, wherein said viscosity
nodi fier conprises 79-85% by wei ght of said hydrous silicic

acid, 4-8% by weight of said xanthan gum and 11-13% by wei ght
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of said CMC.

8. A nethod of alleviating dentin hyperesthesia in a
subj ect in need thereof, adnmi nistering the toothpaste
conposition according to claiml1, to dentin surface of said

subj ect .
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