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Calcitonin gene related peptide(CGRP) 37 amino acid

peptide ,
neurotransmitter neuromodulator
, 7
(n=7)  CGRP
Imm
diamond bur coolant
15 . CGRP

High performance liquid chromatography Shimadzu LC-10A VP

series
, (median 123.69, interquartile range
178.74) (median 76.83, interquartile range 18.74)
CGRP ;

(1=0.0033).

CGRP (calcitonin gene related peptide), HPLC (high

performance liquid chromatography), dental pulp,



High Performance Liquid Chromatography (HPLC)

Calcitonin Gene—Related Peptide

(CGRP)
A Eu g >
QAo ELaL oekel A o) a3

compliance environment

(dental injury)

Histamine, bradykinin, prostaglandins, serotonin, substance
calcitonin gene-related peptide( CGRP), leukotrienes
(inflammatory mediators) nociceptors

low



Zhang® CGRP, NPY-

Immunoreactive perivascular plexuses 3

40 (large arterioles) prolific
peptidergic  innervation (arteriole)
innervation . ,
innervation

2= W EA8= o8] 24 peptide 7F=dlolA CGRP+= 37702 amino
acidE 7}zl peptide ©|t}. ol&= 71 s 3 dHAZE dHA 9o,
neurotransmitter =& neuromodulator® #8238t} Bernard? $5& Ao}z

ot} o] ¢y 77t AAAMG(sensory neuron)ol o3 H=% CGRPE &

& Ap=ll wE

T
olo

3ol 22 9] self-repairE 93] mineralogenic stimulating
effect® 7}t B 313}9 ). Heyeraas' S-S substance P, neurokinin A,
CGRP 9] wi7fel ¢ls] 77z A A(sensory nerve)o] A=< ¥l 24+ 3

o g 2 dRFY T dolde Huddth Brain® Sl 3
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B oo A A% 3 Afoldles oug 715 AQ AEBATE ds

o7 AZtE Byers' 52 9 goldel A58 FUL W CGRP 4174
el sproutings And o=z #ESHGAT
Ax S AAH FTEuE T3 (Reverse—-phase high performance

liquid chromatography, RP-HPLC)i= neuropeptidet} 95 ©wj7RA]
(inflammatory mediator)9] A (identification) % “ % (quantification) =

A3 AbgET o] AlAElS e gRulEI] AJ2ED ol H]SEX

flo

T WA o2 o8 EA(compound)ES A= T o] Al AH]
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g Algte] 27] 9% A%olA CGRP o AR AZo] g ATE of
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1. Standard stock of human calcitonin gene related peptide

Standard CGRPZ+ CGRP-1; a-CGRP#C0167, Sigma-Aldrich, St.
Louis, MO, USA)E AH8-3tSith. AF#hel CGRP ol Ade thgsl 2
o},

Ala-Cys—Asp-Thr-Ala-Thr-Cys—-Val-Thr-His—-Arg-Leu-Ala-Gly-
Leu-Leu-Ser-Arg-Ser-Gly-Gly-Val-Val-Lys-Asn-Asn-Phe-Val-Pro-
Thr-Asn-Val-Gly—-Ser-Lys—Ala-Phe-NH,

(Disulfide bridge : 27, Ci63H267N51049S2, FW 3789)

41 CGRPY] peak’} S = AIZHHE ¢olx 7] 213 human CGRP
standard stocks T¢3sted HPLC 7|7l loading 3 X.¢kt}. Powder 3 i
2 EA)%F standard stocks A ALY AAUIR AREE] 7] 7] -207T
oA BR¥=Jot. i FAI peake] RIS ffd :=F 0.1, 0.05,

0.025pg/ul = -3k & A Zbool A peak®] S3bo] A=A A

Aol AbgE Aok= AAtstn X ishE ol wge 9l A o

B9 oA BAEASA~454) 4, SHILTAE WPOE, WET TAH%h



1

Job= =24 vk (2% xylocaine with 1:80,000 epinephrine) -, U
Zat A= glo] viE RS Aldeglon, Aiddtds Al f3 A=
= 771 9al Aot FW T4l A7 1.0mm ¢ high speed diamond
burZ ©o]&3te] zZlo] Imme] grooveZE AT GrooveE AT ujo

= oEg WA g3 oktel e FolA AEE RN FaHow

AE Aobi= w7 FH]E cryogenic vial o 2o Fol-& AAHA(-196T)
ol vt= Bl Bkl XJo}E carborundum disk®} chisels ©]-§-3}
of Hoteo] AHFel HyPstA zINASH, AVM AgFxARS FALHA
Hall M2 cryogenic vialol & AAAA Fol BEetgih A Ao}
= split A A Agex2s AT d7bA] 2= AR 18 o]tz §fof

peptide degradation & A3}3}% ).

2. Tissue management for extraction of neuropeptide

AR o] Base] Jd AgxHe] B3 vialE ice oA AAM3F] %<
& $7E5 543 Eppendorf tubedl] & AF2AE &7 FAE 54
vk AFxAs W7l A Fo Tube 1o FA 25 o]&dte] A
x4 afe FAE ALttt

0.5M acetic acid®l peptide®] degradation®] A= s 57019 th&
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protease inhibitor(5, 4mm Pefabloc SC, 1uM leupeptin, 2.8uM E-64,
1uM pepstatin, 1.3mM EDTA - 10ml% 1 tabletS Yo]5F4H dd =9
cocktaile] ®: ¥ 1)7} ¥&%  cocktail(Complete Mini®-protease

inhibitor cocktail tablet, Roche, Germany)<

o‘r

I E FTEoE A% b9

TAL} o] & AFx2] g 8mlY x| gxFo

_—

E03)+= tubeoll H7Fsta #

rir

E(1000)ol TFo=Z 107t £ F, sample 58 5300rpmo = 20
P 4Tl YAREEEGITH? AZ NS B O3 protease inhibitor7} E3HE
0.5M acetic acidE F7}sle] 2ul~4n] A A TE o] & 0.45um millipore
GS filter(Millex®, Billerica, Massachusetts, USA)E o] &3] HE2H o=

filtering 3}$it}. Filter® sampleES 50u? HPLC loading vialell & 9kT}.

Table 1. Composition of protease inhibitors used in this experiment

Protease inhibitor Concentration Protease class
EDTA sodium salt 0.5mg/ml Metallo

Pefabloc SC 1mg/ml Serine

E-64 10ug/ml Cysteine
Pepstatin 0.7ug/ml Aspartic
Leupeptin 0.5¢g/ml Serine & Cysteine




3. High Performance Liquid Chromatography

ShimadzuAke] LC-10A VP seriesE AH&3l9] reverse—phase HPLC 7}
AlBEJTt. o] 7]AE  system  controller?l SCL-10A VP, liquid
chromatogram?l LC-10AD VP, FCV-10AL VP, degasser?l DGU-14A,
refractive index detectorq]l RID-10A, diode array detector?] SPD-M10A
VP, auto—injector$] SIL-10AD VP, column oven?l CTO-10AS VPZ G4
o] 9t} Column Delta-Pak C18 5UM 300A 3.9mm x 150mm(Waters,
Tokyo, Japan)7} AF&-= STt

HAE o] 5 (solvent) &2 ALEshE= 445 A AmvtEI I ekal 3
th A ARutEIDRYE sheE] A Aol glow Ase] H
Aol = @ wizhebar, w3k AR 9] 3|97t golstth. o 2fgk A ARvEIL
gule] Fel 285 oS Fol7] e aetd A7 high performance
liquid chromatography(HPLC)e]t}t, HPLC A|Z~Ho A= 13 A (columnti
AN JAe] A71E 10 mm olske] RS ARESIE R o]54(solvent)©]

JES 4 719 gEe sletel BAS Reld & il SEh

i
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' Defeclors
Eolvemt
Delivery |y Tnjecor
Syslan L
Woite of collact

* A
Imjection of sampla Becords | .
mixbane contaiaing

materials A B & C T T J—
Chart Redond

Fig 1. Diagram of the HPLC device

G 24 NA AREIHI(RP-HPLOC o] &%= solvent®i=
water, methanol, acetonitrile's©] It} & Ao AL84H solvents=
WA= 0.1% trifluoroacetic acid 7F $FEHASem  HPLC grade
acetonitrile, DWE HZ % Z7 30, 70%% 3t ZHFAt° 2z
Z 10%7F = on, Aed g

sample ¢ chromatography® =

215nm$it}.

4. TA A

ol
—_
3
i)

BA A= v ESFA 2 EAHEQ Wilcoxon rank sum test < A 3Y
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Ao calcitonin gene-related peptide(CGRP) <] standard
chromatogram-> 1% 2~4. o YeRfaL )

a4 2. & F5F 0.1ug/m 2 3} loadingst Aoty ¥l 3, 4. &
0.05ug/ut, 0.025ug/pl = F%E Bt% o2, Z47b9] chromatograms 3
1023t loading 3}3A T},

a8 2. J| A= acetic acid&v ¢ standard CGRP #3229 dA| %<l B&

& HoFa glen, a9 2-1, 3, 4. & 0.1, 0.05, 0.025xg/pt 2t2+e] 12
ZZ Fuisto] BEI Aot

Yz Hol= xFL AE WERH(minute), vHS FEAT

4

(absorbent unit, mAU)S eI}

1000 1000
Retention Time
- 8 :
g s G 500 %
D - g < o © T o — @ n ] © ~
a2 = R 3o s g = b= @ & R
co o o @ + < w0 ~ @ ] o0

1536

o
~

w

IS

o
o
-
o
©
=

Fig 2. Chromatogram of standard human calcitonin gene related peptide

(0.1p8/ut)



Fig 2-1. Magnification of the chromatogram of standard human

calcitonin gene related peptide (0.1ug/10)

Poterion Time

Fig 3. Magnification of the chromatogram of standard human calcitonin

gene related peptide (0.05xg/18)

Heterton Tme

4 585

Fig 4. Magnification of the chromatogram of standard human calcitonin

gene related peptide (0.025ug/10)
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Retergxn Tere

0 B
. § 3 88 § 8§ G
i : - Ji - = s sa
d [ T L]
Fig 5. Chromatogram of 0.5M acetic acid only
- Rsirion Tims %
"$"5 3 &
b g = 28 o
833 5 : B . o
@ o i -
[
il ] i ] (] 1 i
Fig 6. Chromatogram of normal pulp
i : . 4
Heteptan Teme
- u i
g i 'C‘_
¥ ;
= |3 =ML >
2 L} 3 n

Fig 7. Chromatogram of experimental group — 15 min. extraction after

grooving
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Standard CGRP+ 215nm 34 3.65 oA AdASA %o =7+
o]l Bzt
a9 2~4. 9] 2dF 1~28 oA HoJX|= peaks SwlE AEH 0.5M

f =3t

o,

ol
%0

acetic acid ¢ chromatogrameo|™, 18 5, 7} o]& =4

a3 6. & FA w3 FA X 42] chromatogram S Z 3.6t ol A]
CGRP peakE #z g 4= v}, 29 7. & A8 T s =EA 9A] 3.6%

ol A CGRP peaks H.of i1 )t}

30000

25000 |

20000 |

15000 [

height

10000 - y = 253423x + 294

R? = 0.9986
5000 -

0 0.02 0.04 0.06 0.08 0.1
dose

Fig 8. CGRP standardZ ©¢]-& 3%} standard curve

a9 8. 2 0.1, 0.05, 0.025ug/02] standard CGRP 5%=& 7}A]aL
standard curveE ¥ Aot} xFL Fx(ug/w)E YEMHY, vy HPLC

7} 7123+ peak?] Eolgkoltl. Z+zt 0.1, 0.05, 0.025ug/wl 5 EE YEI =
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340l FEIZANA AL Wolhx gx 9ee & F Atk

Table 2. Comparison of CGRP amount of normal and induced pulp
inflammation (p = 0.0033)

Amount of calcitonin gene related peptide
- ug/tissue g.
Normal pulp (n=7) Induced pulp
inflammation (n=7)
Patient 1 41.62 97.26
Patient 2 92.65 137.04
Patient 3 64.8 106.43
Patient 4 78.82 142.19
Patient 5 76.83 82.67
Patient 6 77.46
Patient 7 60.08
Patient 8 123.69
Patient 9 276
median 76.83 123.69
Interquartile range 18.74 178.74

¥ 2. £ HPLC 7|A9lA4 54%¥ peak? height #S I1d

oo
o

standard curve o tHste] AAtE FRof, 3Aste WEo R HITHS
wotal 7} sample?] X2 FAZ Yo 4FES tissue 1g F CGRP %
(ng) S YERT) (4 patient 19 AF=t9] 4%, standard curve © t¢

sto] dojdll F== 0.0071ug/wel Tt ©] sample ¢ 749 HPLC loading

_13_



S Y&l At dojz F volumeo] 100R L, F4 FA= 0.0073g°]
A71ell, sample 19 A= tissue 1lg o = CGRP % (ng) <& 0.0071
(ug/ul) x 100 () + 0.0073g = 97.26ug°] ©t})

FAIA 8+ Wilcoxon rank sum tests A3l om, o] A3 CGRP 4
FA A= 718 (A, median 123.69, interquartile range 178.74)9
A A A 4(H 2, median 76.83, interquartile range 18.72)X.t} f-2] A

IA =A e (p=0.0033).
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H AF+= high performance liquid chromatography(HPLC) W& o]-&
&to] CGRPE] 2AA 7S #Zstar, Aotol el A55 FA& o ol& 4
Ssto] A sk vl n A 9k

Neuropeptide® AZ38ta &Rlst= WHS @l RT-PCRe|Y Western
blot, ELISAS& °] & 4= 3lon, o] s 9 AFAd £4°] 7hsst

o}, Xk RT-PCRE] 4, 71¥9] =#5ol: 5% CGRP primer?t 9l

32
N
=
b
Do
o
Lo
(@)
[
=
av)
o
=l
8
9
=
i
e
rir
=
=
2
v
o
o
%2,
32
O
b
Do
o
Lo
(@)
)
=
av)

AZ FES] W U gl MM A8HE Azkel Arl, Ag Hu

rir
-,

1

slA el W oz HAn a#ste] Hekoul Western blot Al A3s =
SDS-PAGE® A CGRP¢ 7% =L =7|7} 3.5kdale® JFA3s Z7] wjio

geld] d# ®2¥A] E3taL buffero] o] whAdud Aol AA7]o Al

e

b eFkth. LA microgram®] A& 4% HE3 W@ 4 = HPLCE
ol-gste] HE 9 AFstuAl skt

CGRP7} AlzbH o & B BooA AZHEA & 5 fi7] wiel 4
CGPR standard& ©]&3l9] ¥%=& 0.1, 0.05 0.025ug/uw= Z&] 3}
215nm ¥4l A CGRP standard peak®] W3Z #2313}
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HPLCOl A peakt 0.01~0.001%9] AIZH4 b= dAsE 4= 9lo 0.1
W ool Apolzp WAE= A 9ol thE peak® 143kAl ®rh. CGRP
standard 9] vE=E &g sle] HPYY 3.6% thell4 dose-dependent 3}
A peak7} DAGsHA FHFFo] FJAHATE o] A= o] peak’t CGRP

peak¥lol FATS oulstm FAlo] CGRPE HEste 717 AAY dH®

HPLC S 53 urine °]Y temporo—mandibular joint(TMJ) % fliud
ol EAsk= CGRP o AT 2 &g WHE oY =5 AAEo] 3l
o Agel e o8] F7F9 neuropeptide7t EASHAIRE, AA] A o= G4
H AL Ao A olE FEIUl= W dis Tde BwA o A4y
sty dAE @k 2 AYA = radioimmunoassayE 130
neuropeptide %9 &1}l CGRPE #Z%3 Awawdeh® o WS 28349

t}. Awawdeh= AF#9] X420l A substance P, neurokinin A, CGRPE F&

protease inhibitor7}A] AFg3F A-$ o 2w A4S 7 grial Hal

319Gt Awawdehd =F< radioimmunoassays $3F 23 =Fo|x|t

=

Z2 A F-Eu FFHEA] o HPLC Agel ARgs) Bokbed £& A¥
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il

[e)
de F AU

+

a8 6, 7. oA Hojx|Zo] 368 HAFZR ZIndk o] peakES #F

st 4= 9ldth o]+ 0.5M acetic acid® A& 3l= o] X4ZZA A CGRP

S FE5lE o] olyr] wjiEo] thE neuropeptideEo] o] FEH4 o]
U Aolgta AZtEtl. SampleEs EFolA] 3.68 ] CGRPE FAHH+=

peak”’} 1 E A AT o] peak’} CGRPRIAIE 321617 Q&4+ standard
CGRP¢} co-injectione & Z a7} AdA o™, co-injection A T peak®}
= Hgle] 3.6 W9 peakd TS #FE & 4 A% tH(data not shown).
A¥A o5 CGRPE standard stockelAx ¢ HPLC loading A AA X

Fol A 4TS F oA B 3.6%ujo A uhel

ot
o
Lo
O
ol

SHAITE AEHE Yol =3 Ho & FTHoR  #olv IHAHAA
neuropeptide?] AAo] A7]2] k=R oF& 7HAA HAY. 1A FH
9] standard CGRPE ©]&3td] %8 0.1ug/w= st & 5%

o

WE k7t loadingshe] ®lawate] Hlth & FRoR Folx

S

o

3

S E38o] neuropeptide®l 337} 9L ¢ vkn AAEAoY, THS
SO 1 o] 90% ol #EEE= AS AT F U] 53

ol

o 2] neuropeptide®] A2 31elshA] ol F& ZAolgta A4E 5
A AT}
CGRP7} fref#t=3 d#Eo] dsts AL A eA|vt 1 A7) glof

Byers 59 dtollA B, mild injury® & 7§ sprouting reaction =
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6-10 ¥o] Ay FEHOZ subside HQom 21do] HH &38| Ab
2ol B35t =3k advanced injuryEs + & 4994 CGRP nerve
fiber ¢ sprouting® micro-abscess formations #&3A Tt W13

B AT oAz e e ATET P Fol A fal Aol

A

ofl shsiAw €)% AFe] thd A% WOE neuropeptidert
oluel wulE Aeleh 4L sa AW AWk Y A 4GS

48] 74 e Y A5z AFTE vwstel were u, AFEA

+

el ol A o] HEHNeH FAACE ool . &
AT A= F 30%, 1ARF T AE S =9 2 ARPEE CGRP %

o] W3lE #A&sto], v 79 A XA (irreversible pulpitis)ol ¢ CGRP %

o)

o] Apde FEA ok & Aolr,

VAZA Y ATE ME, otw spere TRabel BAY ATE YAk

¥ ATE sampleo] §l4 A7) wjiel] Aetst sters skl TAAE
5 A BRAT, Y AFED) e CGRPEe] Aotnrt stotelA &
A wes B T 5 Aok et skete] nociceptor, 37 2174wl

sample©] 1 ®o] r o] o5 FAs}etA] X7k ol ofwo® Hith
£ ol¥ data ol WA FHAR FHEYG g 27 A= 164,

AROE Tt 2TA MALH GTAE AT U o] BT A



A=Z 3 F XA HAEH CGRPYS vluste] HE

2
(e
2
A
o
N
ki
=3

=], AeH(E 2. 9 patient 5)2 tiFEa* 76.83ug/tissue g., At 82.67ug
/tissue g. &2 T2 x5 Hl=gk A& BAoh ey shete] A S

2= (51.46ug/tissue g )BT A3 TH(59.65ug/tissue g oA Fol =4 A

]

ZHEJoH, 1 g Aolol oA THE sample EAH 2¥] HE] g
zZtol & HolA= il oft 2 ARE HAFAT T3 txae] CGRP
Y% & sample EXRT €53 @S S HIU(ETS datadl ESHA
712 %), olEgt A= ofvt: i Hoprt mAds A7) wiE

A7) BETh el Febe] e Fuwe Aviela Azta)
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Abstract

Identification of Calcitonin gene-related peptide (CGRP) by High
performance liquid chromatography (HPLC) and quantification in
induced-inflamed human dental pulp

Sun-young, Kim DDS
Department of Dentistry,
The Graduate School, Yonsei University

(Directed by Seung-Jong, Lee D.D.S, M,S,D., Ph.D.)

I. Objectives

The purpose of this study was to develop methodology for the detection and
identification of calcitonin gene related peptide (CGRP) in human dental pulp and to
quantify this substance in induced pulpal inflammation using reverse-phase high

performance liquid chromatography (RP-HPLC).

. Materials and Methods
) Human CGRP standard preparation
O-CGRP (#C0167, Sigma-Aldrich, St. Louis, MO, USA) was used for standard.
Human CGRP standard stock was loaded on HPLC device with different doses (0.1,

0.05,0.025 / ). The data was used to confirm when CGRP was detected and to make

a standard curve.
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) Tissue management for extraction of neuropeptide
14 human first or second premolars without caries, restorations or periodontal
disease which were going to be extracted for orthodontic reason were used in this study.
Traumatic injury for pulpal inflammation was induced on buccal surface of the crown
by preparing a groove longitudinally with a high speed diamond bur (1.0mm diameter)
with a depth of about 1.5mm without coolant. 15 minutes after grooving they were
extracted atraumatically and placed in liquid nitrogen (-196 ) immediately. The tooth
was split longitudinally and pulp tissue was gained. This step was done within 1 minute
for prevention of peptide degeneration. The pulp tissue was weighed and 0.5M acetic
acid was added to the tissue 8ml/g and boiled for 10 minutes. It was centrifuged at
5300rpm for 20 minutes at 4 . The supernatant was transferred to another tube and
diluted with 0.5M acetic acid until the total volume was about 200 . Then it was
filtered through Millipore GS filter (Millex®, Billerica, Massachusetts, USA). The
resultant was loaded 50 each on HPLC device for 10 minutes. Wavelength for
detecting CGRP was 215nm.
) High performance liquid chromatography
Reverse-phase HPLC was done using LC-10A series (Shimadzu. Co., Japan).
Delta-Pak C18 SUM 300A 3.9 x 150mm (Waters, Tokyo, Japan) was used as a column.
HPLC grade 30:70 acetonitrile : DW were used as a solvent. Y axis expresses absorbent

unit (mAU) and X axis expresses time (minute) (Fig.2~7).
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. Results

The peak of human CGRP standard was detected at 3.6 minute. This peak was
shown to be dose-dependent and time-constant.

In experimental group CGRP was also detected at 3.6 minute. Fig 2 ~ 4. shows the
standard curve of CGRP standard. CGRP amounts of both normal and experimental
group were calculated using the standard curve (Fig 6, 7).

According to Wilcoxon rank sum test, CGRP was significantly higher in induced
pulp inflammation (median 123.69, interquartile range 178.74) than normal pulp

(median 76.83, interquartile range 18.74). P value was 0.0033.

. Conclusion
Calcitonin gene related peptide (CGRP) could be detected and quantified
successfully by high performance liquid chromatography (HPLC) device in both
normal and induced pulpal inflammation.
Further study should be directed to substantiate the early pulpal reaction against the

external stimulus using this technique.

Keyword : CGRP (calcitonin gene related peptide), HPLC (high performance liquid

chromatography), dental pulp, pulp inflammation.

_26_



	차 례
	그림 및 표 차례
	국문요약
	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. Standard stock of human calcitonin gene related peptide
	2. Tissue management for extraction of neuropeptide
	3. High Performance Liquid Chromatography
	4. 통계 처리

	Ⅲ. 결과
	Ⅳ. 고찰
	Ⅴ. 결론
	Ⅵ. 참고 문헌
	Abstract


