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The present study investigated the role of peripheral P2X
receptors in inflammatory pain transmission in the orofacial
area in rats. Experiments were carried out on male Sprague-
Dawley rats weighing 220 to 280 g. Formalin (5%, 50 pL) and
complete Freund's adjuvant (CFA, 25 pL) was applied
subcutaneously to the vibrissa pad to produce inflammatory
pain. TNP-ATP, a P2X,, ,; , receptor antagonist, or OX-ATP, a
P2X, receptor antagonist, was then injected subcutaneously
at 20 minutes prior to formalin injection. One of the
antagonists was administered subcutaneously at three days
after CFA injection. The subcutaneous injection of formalin
produced a biphasic nociceptive behavioral response. Sub-
cutaneous pretreatment with TNP-ATP (80, 160 or 240 pg)
significantly suppressed the number of scratches in the second
phase produced by formalin injection. The subcutaneous
injection of S0 pg of OX-ATP also produced significant
antinociceptive effects in the second phase. Subcutaneous
injections of CFA produced increases in mechanical and
thermal hypersensitivity. Both TNP-ATP (480 pg) and
OX-ATP (100 pg) produced an attenuation of mechanical
hypersensitivity. However, no change was observed in ther-
mal hypersensitivity after the injection of either chemical.
These results suggest that the blockade of peripheral P2X
receptors is a potential therapeutic approach to the onset of
inflammatory pain in the orofacial area.
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ATP (adenosine 5'-triphosphatey:= ©}=l\d (adenine)l] 3
Me] eliKphosphate)e] =&l 7] BHHea Al el &
Ast Al AdellA F83t 755 gt =3k AlE 9
ofal= AL ko g EAeh, A (messenger)E & 2}
S5paA A2lE 7]soll Fodgkek(Burmstock et al, 1970).
ATP= 77+ Al7d(sensory nervespl|A -rel=le] Al7dd=h
= A AR dEA glom 53], Tt UxAl
A4 55 H=ell goigtrbe AMIE Cul AFE o
] $eh(Collier et al, 1966). 2132l FE53kHo| ATPE
FYsAY FWe R a, B-methylene ATPS FU38S
) AS & C Al7AR-E AxElE 25417 (nociceptive
afferent nerves)e| S-i-=l= 2 7] A 7155 &
3l gelstch(Dowd e al, 1998). 73 8 (purinergic
receptoryg &51] FASRHt od#A Q= ATPE TE
P2X o] %1814 4~8-A| (ionotropic receptor)s &35to] 5%
= A3 dA Qi HA A P2X EA1S] ofy
<= 7N oA P22X )eE dA 9Jom(Li er al, 2008),
24 Sl8e] FA1E e (central terminals)(Burnstock G, 2007)
3} A4 F¥2](spinal dorsal root)(Burnstock G and Knight
GE, 2004) iub ohzl AkxkAl73A  Al73A| 2 (trigeminal
ganglion neuronspllX] F-2 " (Staikopoulos et al, 2007)
Het olgt J9E2 5 WA A wg- T8
2ol Frolrt.

P2X &A= FFAA at opel w2z 55
Amol Hofghrte A2 oikgt AYAT-5 Sofed B
ook P2X 8= WERAlE] AlAEH| xSk
(Norenberg and Illes, 2000) 2127, CFA (complete Freund's
adjuvantys 21 F| Slibol] 4] slod AFANE st H
P2X,5; 84 GAIAIQl A-317491% Z|5kz T35S
uf 45 AeellA vehd= 71AIA S2teEla 94 7t
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Frlo] f2J5HA| 7hasldet(Jarvis et al, 2002). 31 P2X,
T&A7F A% # 3 F o] CFAE 4 sk A4
o7 P2X, &AE 712l 2Fel wisl 71AA Sl
a4 Ezlajle] fejalA| 748kt (Chessell ef al, 2005).
olgfdt ZAzE Aeleud, HzAIA EAske P2X
A7} &5 WA Ao et s Sk Ae
3=t

P2X G-8A ol QdoellA] WAlske 559 Axet =
Aoz 2g3ehe AL Addrola Hag wp Qo
P2X,; &A= g3t A4, Blile 23kele] A=K
747 (trigeminal ganglion) 5 77 b oJd& A|ulsl=
Al7del] &gk (Alavi et al, 2001; Ichikawa et al, 2004;
Kim et al, 2006; Kim et al, 2008). 2 #<| gbAo]
carrageenanre T3jste] HhAshE AFA S5l P2X,50h
P2X, &A| AAAE Bl3bde] F4ish SRl 1o
SHA| 7R ek (Teixeira et al., 2010; Shinoda et al, 2005).
=4} HAdE ATP] Fol ¥ A4 37 o m
2] (trigeminal brainsterm subnucleus caudalis)ell4] WDR
(wide dynamic range) A17d-& Ao, o3t Al
ZdA 2] A2 p2Xe] AlA]l PPADSS| fFololl 3]
3] 7raskdch(Tashiro ef al, 2007). °]=idt 17743}
T b lellA WA P2XFEAI7 B A=l 24
| FesHA 2Ehe A2 U SskaL ix|ul A
A ekl sdsmEls of8sle] P2XEAI7E 154 &
S A= 2 2AAgol gk A7 BA 2 Al
AgHor JdF4 S5 I Slstd ARgEE
2ol A2+ 2wkl mustard oil, CFA S°| Sl
©w(Cairns et al., 1998; Iwata et al, 1999; Zhou et al,
1999), ekl = o5 &4 o]&3fe] 5 W=
AL, 55 MRS 718k 9leH(Choi ef al, 2003a;
Lee ef al, 2010). ¥ SA7olx+ =213} CFAE T4
ste] AT S5 TEAITIL P2X, s, 8A AAIAL
2',3'—O—(2,4,6—Tn'nitrophenyl)adenosine—S’—tn'phosphate tetra
triethyl ammonium salt (TNP-ATP)} P2X, 58 4]
A2l adenosine S-triphosphate periodate oxidized sodium
salt (OX-ATP)S @x=xz o g Folsle] P2X84|717}
AFH B3l VAL e TS

L [e]

N, 2
q

i}

=219 < oHd™
AYFE
A FEE 7 Sprague-DawleyAd] 313 (220-280 g)y&-

AL, AeReh A SSAEA SEANA 12
7 Fok #8 F15h AT L8, S5 FAEA
YEBE Aush B Afze] Rl ARl
YEE @ vl T Fehey el Feisig
AYFES o ATL A F U=F AR Ao

_loll

=] ko Ale| 2 FQItH(Ahn et al, 2005; Jung et al.,
2006). Agg Zekay] ARls ubx] otowix %83 ¥
7kl T, AdsES FHa 302 oAk s £
s
5

e R ELE E o LRRE R RE B
Q12 qiglen, g4jo] gt FEe] Aol W FEAT

razaddy = 55 F994-$

Feals F9sk] vehs 55 A9ke-2 Al
of| A AR I} FUsHA| #71el3irH(Choi er al., 2003
ab,c; Lee er al, 2004; Ahn et al, 2005; Yang et al,
2007). 50 uLe] FE=l(5%)s ol IHol FARE the
e W AdRkE AL ZEERl] o Yehies &
% FSAE 71Eskdnt. 22l ols FRleh oy
Hehtbe el e A9E SH5d 550 xR
Aol xEHk] 79 & 5% ZbHoE 458 E9k 7|
slodomd Z7lellw HA AEdhe UAMES(0-10+%, first
phase)?} o]ofA] vERb= &9l o] xpkE-(11-45%, second
phaseys %7135+

CFA F o2 =5+ 934 53

AlFE-5-2 ketamine(0.2 g/kg)? xylazine(0.02 g/kg) &3t
Aoz A wFHAZ v AdTE =7y QTR
25 uLe] CFAE Hl&TF(n="7)y> AeXa45 2 13
o2 1, 3, 7, 10, 13, 17, 21%0]] o]AE3} dAx}= Ezta)
nl& 7kt

o] A5 %7t

CFAE 533} th& von Frey filaments ©]-83lof o]
o= W7lelsict. CFAS 793 Adses b+
WAsE7] 9Jste] H-3A17]3L von Frey filamens 0.008 g
S s R 60 g7bA] ol F-flel] 2o E #8519
thLee et al, 2010). ZlHlE+= 108] H-8-02x &t =<4
AIZE, 1022] ZFANRIAAM 50%2] FENA filamente]
Holl 93l slFAY I 9 kS vele A5
39 ubg QA E AR5k Hrleld

A A5l digk T2 )

Laser (LVI 810-30, LVI Technology)s ©]-&3lo] o5&
FE 10cm "ol oM 90° A== A A5E HEs
%tk CFAE T3t FolA ok ool 4 #A55 A
43} ohe AdES ¥se A|ZH(Head withdrawal Timeys
SAste] F7siedrt.

T2z FY3 P2X F&A qAAY A 52FE
w24 ATP 84171 oebd fdollA Asl= F5ol
u|2= ks Aok fsle] EA JAAE 3 FH <
oFd 3ol Foidt thy 550l wHlw e Hrekd
ok 7YY ATP -84 JAlAl= AddadTolx ofn] A
TGS sle AoE gl P2X,,,, A A
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9] TNP-ATP (Oliveira e al, 2009)°} P2X, -84 7|
Al OX-ATP (Chen et al, 2008)5 AR-&-3tSict. 2wt
9] 202 A ATP %A AAAES FslxR oz F
olsle] ZEmEo| o3 SEEE B2 oullo) n|x=
FEE Hrkslslet. CFA 791 & 55l »}EM“ 3 )5
P2X 84 AAAE okl w4 ;=olo}oq 3l A

7 ) 30, 60, 120, 180, 360% J-E]_x_ 24&]& )
von Frey filaments ©]-83F 0|53} Lasers o]g3F &
A Bzl A eke 7lek

n:d rS‘i

FAEA

kel FA FAL s 2wl SRS
HAREAH I LSD post-hoc tests ©]- 83813t 1571
Hitths vlashr] flsked Student's T-tests: AAISHATEH.
EAA] v|aE 3l EAA 0_4/(4_/] 3T e p<0.05
2 AAsoleh. Ze Ades it + 35 QAHSEM)E ¥
/(] O]’/%r’k

A A
AgE= 3 Fof gk I]Fo 50puLe] Z2=E(5%)

[ Vehicle (7)
A 1 80 pg TNP- ATP (7)
600 - 160 ug TNP- ATP (7)
240 ug TNP- ATP (7)
o
2 5004 T
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e *
© 400 -
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Fig. 1. Effects of the subcutaneous injection of TNP-ATP, (A) a
P2X,,;, antagonist, and OX-ATP, (B) a P2X, antagonist, on the
number of scratching responses produced by formalin injection in
rats (n="7 in each group). Asterisks denote significant inhibition
compared to vehicle injection (*P < 0.05).

SNE T 55 ke FE INE I d9
Hhgo] viERstet ol=gh b2 2ol wAl et
T YRS ololM HEH o g vehle o]aplgo R
el 22 ATP 8471zl o8 vehle
55 FESol wlAE <GS dotrr] $5te] P2X,,,,
T4 AAA9] TNP-ATPS} P2X, 483 SAAIel OX-
ATPE ¥2u] 9] A qlv| o] 27t Fofsla B3
kgl mlA= 9GS 7t 3k AL Fig. loll veR
ek TNP-ATP= A HhgolA] froldh a5 vepli#]
ofokont o]z HEg<ll4] 80, 160, 240 pgA EE Fxo
A izl vlsle] TEwEle] o f=d 55 ke
FoJsHA] 7R ZEHP <0.05, Fig. 1A). w—o‘—L OX-ATP%=
Az} wkgold e 252E-E JeRA] Z38l ot o]} uk
S04 50 pgel ko2 Flehu vl nlsle] o]
A 55 Mol 7= dek(P <0.05, Fig. 1B).

3] #o] ok ¥ ¥el CFAT FY3819S o vehtes &
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Fig. 2. Time course of changes in thermal hypersensitivity (A) and
von Frey filament scores, (B) following subcutaneous injection of

CFA. Asterisks denote significant inhibition compared to vehicle
injection (*P <0.05).
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7t W35 Fig. 20 YERNSIEE CFA 4 19 %
g 94 57l dabs AR 4 9lgle, 1094 7+
A Al FAERIL o] F *l7¥°l Aol wheh 3]
=of 159A= izt vlssst ro 2 Sl EQnhP <
0.05, Fig. 2A). CFA 5] % obd A—?ﬁﬂﬂ »}EML o]
AF2| %7l von Frey filament B|2~ES 3)5lo] e}
WoAth(P <0.05, Fig. 2B). A2 Ad4E TC’J = B
AN froleh ukgo] vehA] eiskAlul, CFAE F4igt
Agrellds AA el FrefsiAl asgit. o] %%& o]
A CRAT 791 F 3 E folshAl vepdton,
21LAEA] ALE=]aL o] & 35t

CFA 78 § vehte o]0l 7B A vehi= 3
Az P2X -8A AAA| Fofsle] 5ol mIA=
5 H7lele] Fig. 3ol veRidct. 22 5= TNP-
ATP (240, 160 pgy= frolet 2528+ vERIAl X351

ab =& FEel 480 ugs Folshd el AEAEE
»‘rE}LH JoHP < 0.05, Fig. 3A). OX-ATP=. S Fw=al 50

A
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Fig. 3. Effects of subcutaneous injection of TNP-ATP, (A) a P2X,,,

antagonist and OX-ATP, (B) a P2X, antagonist, on mechanical all-

odynia. Asterisks denote significant inhibition compared to vehicle
injection (*P < 0.05).
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Fig. 4. Effects of subcutaneous injection of TNP-ATP, a P2X,,,
antagonist and OX-ATP, a P2X; antagonist, on thermal hypersensi-
tivity produced by CFA injection. Both drugs did not affect CFA-
induced thermal hypersensitivity.

7} 25 peelA= 55 0“1] 5 IR 4 giiAEE =
< 5=2l 100 ugOJW ol gk AE2E-& eI P <
0.05, Fig. 3B).

CFA 5% % 394 TNP-ATPS} OX-ATPE F¢3F o
+ ool mAE J3E H7lsled Fig. 40l urE} At
TNP-ATP2} OX-ATPE Foigh AlglrolA A A4+
Tk Nzt wlasleds = frole WskE 4%6—;}
AATHP > 0.05).

AT R ATP F&AI7F ofebd ododella] zEwk
3 CFAE F8iste] vehies 954 550l nIX= <
e HrRelirt. P2X,y, 8A A7IAIQl TNP-ATPS}
P2X, 84 2AAIe]l OX-ATPE= Zzw=lo] s f=
H 55 A+ sl Al CFAR =%
o] A5 TNP-ATPS} OX-ATPol 2la) JA|=|glont 4]
J,]_U]sz]/\]—oﬂ‘— J3kS F2| 3l o]z’ A¥ AT}

1= ATP $~8A7) 2lobd ofodofa] wblsl= 3%A
Tow AT Zler AZAEAR 55 Felo] wet
g 7)Aol Apol7t Qe ZloE Bl

ATP+= Drury9} Szent-Gyorgyi®] <1-foll4 AlZ Bloll4]
7dstAl &AdstEl= ol 3}3HE-(adenine compounds)s-
W7Agke 24 A5 ¥l (Drury and Szent-Gyorgyi,
1929), =L ] Holtorell ¢J3l] A5-02 A7 wrloilx] ATP
7k ‘ﬁ’"ﬂﬂt 7/4\3 3}o]3H(Holton, 1959)0-24] A7 A2
Ae] 75+ dhe Ao® IkEn ATPE w3l 8=
A P2Y T‘/H/‘Pﬂ 84| (metabotropic receptor)2} P2X ©|
< A3 -84 (ionotropic receptor)Z UHrolAltl, P2Y
‘Lr‘g‘x'ﬂ = G-EPY<4~8-4)| (G-protein coupled receptor)2} 3¢

T ZAskE R, P2X 8l o] Ade 2Asle] A%

2= 2

rlr 01411
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-+ vRERAch(Shaver, 2001; Ziganshin et al, 2002; Volonté
et al, 2003). P2X &AL He] o}dS s glom
5% Aol ol B opfel Alxe] Z4l5h 23, 4]
¥ AM 55 =AY 35 28-S gkeh(Abbrachio
and Burnstock, 1998).
P2Xyon 8k P2X, AL FAZA Weh ole) Bk
—?J—‘.OH/HE ATA v AIHSA 55 2ol At
L A gleh CFAS A F19f side]l 4 3] 454
T THAIZL F P2X,,,, AAIAIR]D A-3174915 HWhlet
of AXsle v o]dEz H2Fnl dade] FhAsksdct
(McGaraughty et al, 2003). T2 Eojzl p2X, olAA]
= CFAR op|gt A4 43l dds Folskl 74
Zitk(Honore et al., 2009). o|&g A3 A= P2X,,,,2t
P2X, 8A7t A 55 WA Al Fagk
qE she AS & F UATE kg Aelxe] e A
A es Ul‘ﬂ%\} Aot
B o FollA] P2X,,5, 41 AAIAIQ] TNP-ATPS} P2X,
T84 Al OX-ATP= Z2dzlo] o8] fess &
% 4R CFAE F8ishd vehdbe odE+ %AOPH
A a2y CFAS F8lsted vehies 94 &2
JJr“L HEgoll= d3ke XAl okt olzfdh ukE-e] Aol
% E i:ﬁoﬂ/‘i ATPE =%l 7|AA o|dE3t dA= &
Z z219] pHel ges dk=th(Seo et al, 2011)y=
E:ﬂ% lﬂﬂléﬂ 2 o whxze] e ATP 4249
2] Wel, 2eln A9 20 el chzA el A
°% Hof Ark, 2} CFAE 59 & vehle 94 &
Zizinla} o] AEollA ATP -84 Atasr} ch2A] el
S 3 & ] odfm|ool T Aow AzkEc) m
ATP & AAAE Foistdsu olsf et
14% AgaRge] SFAAE Sl v Zk1A &
olskr] $istel ATP & AAAE ubHHe] Szl
Eo: 46]- 1’4-.« E= H]-.—o-]] o{uﬂ ]— Oﬂ‘G]:—— _1,]_7<1—~]- 7:1“4. ==
F9Egol ofwigt = wH|A] Fsloint. ol Ad
77 ATP 'F‘Q“X'“ AAA] Fole U2 FEAE Asks
of AEALL vehllchs a; ke
2 Oq:fl_oﬂ/q o:]Z/zq S = ]’7] —r]O]'O:] *]"Q‘;}‘ x=
2oL} CFAE A=A EZS H]—g],__ Az odeA 9l
. CFAT= H34 (Ren and Dubner 1996)7} ksl (Lee
1 2010) Soll F3sted 958 Faslglon, Feuky
42 o] AH(biphasic) % 351+ -FE3ltH(Tjolsen er
. “lon), el mEwRle Felalel ekl ol W
o 22 b} 522 vblsks £l WSl o8l et
e Aoz WA ek EERoN 243 FimsiE U
W) oA gL ol B AFold] welF ohE A 2
k= dAgeH(Clavelou ef al, 1989; Choi et al, 2003
a,b,c).
o|ge] ATATE gokepd, WazA 02 FolEl PAX,.,,
T84 dAAe]l TNP-ATPS} P2X, <84 AAA|e]l OX-

1

;ﬁ
LN
rzi

-iN“ —.lmi

ATPE ZERIs} CFAR T4 i Hehhs 954 55
-

e °4X4I€Pai I AP el

il

ZHAtel 2

o] E=H-2 2010d% AH-(SIsr]e)e] Ador 3t
FelrAlRte] A1ghg ol S35l 7]121741819] (No. 2010-
0012329).
Zaed

Abbracchio MP, Burnstock G. Purinergic signalling: pathophysi-
ological roles. Jpn J Pharmacol. 1998;78:113-45.

Ahn DK, Chae JM, Choi HS, Kyung HM, Kwon OW, Park HS,
Youn DH, Bae YC. Central cyclooxygenase inhibitors
reduced IL-1beta-induced hyperalgesia in temporomandib-
ular joint of freely moving rats. Pain. 2005;117:204-13.

Alavi AM, Dubyak GR, Burnstock G. Immunohistochemical
evidence for ATP receptors in human dental pulp. J Dent
Res. 2001;80:476-83.

Burnstock G, Campbell G, Satchell D, Smythe A. Evidence that
adenosine triphosphate or a related nucleotide is the
transmitter substance released by non-adrenergic inhibitory
nerves in the gut. Br J Pharmacol. 1970;40:668-88.

Burnstock G. Knight GE. Cellular distribution and functions of
P2 receptor different systems. Int Rev Cytol. 2004;240:31-
304.

Burnstock G. Physiology and pathophysiology of purinergic
neurotransmission. Physiol Rev. 2007;87:659-797.

Cairns BE, Sessle BJ, Hu JW. Evidence that excitatory amino
acid receptors within the temporomandibular joint region
are involved in the reflex activation of the jaw muscles. J
Neurosci. 1998;18:8056-64.

Chen Y, Zhang X, Wang C, Li G, Gu Y, Huang LY. Activation of
P2X7 receptors in glial satellite cells reduces pain through
downregulation of P2X3 receptors in nociceptive neurons.
Proc Natl Acad Sci USA. 2008;105:16773-8.

Chessell IP, Hatcher JP, Bountra C, Michel AD, Hughes JP,
Green P, Egerton J, Murfin M, Richardson J, Peck WL,
Grahames CB, Casula MA, Yiangou Y, Birch R, Anand P,
Buell GN. Disruption of the P2X7 purinoceptor gene
abolishes chronic inflammatory and neuropathic pain. Pain.
2005;114:386-96.

Choi HS, Lee HJ, Jung CY, Ju JS, Park JS, Ahn DK. Central
cyclooxygenase-2 participates in interleukin-1 beta-induced
hyperalgesia in the orofacial formalin test of freely moving
rats. Neurosci Lett. 2003a;352:187-90.

Choi HS, Ju JS, Lee HJ, Kim BC, Park JS, Ahn DK. Effects of
intracisternal injection of interleukin-6 on nociceptive jaw
opening reflex and orofacial formalin test in freely moving
rats. Brain Res Bull. 2003b;59:365-70.



148 Min-Kyoung Park, Hyun-Chul Song, Kui-Ye Yang, Jin-Sook Ju, and Dong-Kuk Ahn

Choi HS, Lee HJ, Jung CY, Ju JS, Park JS, Ahn DK. Central
cyclooxygenase-2 participates in interleukin-1 beta-induced
hyperalgesia in the orofacial formalin test of freely moving
rats. Neurosci Lett. 2003¢;352:187-90.

Clavelou P, Pajot J, Dallel R, Raboisson P. Application of the
formalin test to the study of orofacial pain in the rat. Neurosci
Lett. 1989;103:349- 53.

Collier HO, James GW, Schneider C. Antagonism by aspirin and
fenamates of bronchoconstriction and nociception induced by
adenosine-5'- triphosphate. Nature. 1966;212:411-2.

Dowd E, McQueen DS, Chessell IP, Humphrey PP. P2X
receptor-mediated excitation of nociceptive afferents in the
normal and arthritic rat knee joint. Br J Pharmacol. 1998;125:
341-6.

Drury AN, Szent-Gyorgyi A. The physiological activity of
adenine compounds with especial reference to their action
upon the mammalian heart. J Physiol. 1929;68:213-37.

Holton P. The liberation of adenosine triphosphate on antidromic
stimulation of sensory nerves. J Physiol. 1959;145:494-504.
Honore P, Donnelly-Roberts D, Namovic M, Zhong C, Wade C,
Chandran P, Zhu C, Carroll W, Perez-Medrano A, Iwakura Y,
Jarvis MF. The antihyperalgesic activity of a selective P2X7
receptor antagonist, A-839977, is lost in IL-1alphabeta knock-

out mice. Behav Brain Res. 2009;204:77-81.

Ichikawa H, Fukunaga T, Jin HW, Fujita M, Takano-Yamamoto
T, Sugimoto T. VR1-, VRL-1- and P2X3 receptor-immunore-
active innervation of the rat temporomandibular joint. Brain
Res. 2004;1008:131-6.

Iwata K, Tashiro A, Tsuboi Y, Imai T, Sumino R, Morimoto T,
Dubner R, Ren K. Medullary dorsal horn neuronal activity in
rats with persistent temporomandibular joint and perioral
inflammation. J Neurophysiol. 1999;82:1244-53.

Jarvis MF, Burgard EC, McGaraughty S, Honore P, Lynch K,
Brennan TJ, Subieta A, Van Biesen T, Cartmell J, Bianchi B,
Niforatos W, Kage K, Yu H, Mikusa J, Wismer CT, Zhu CZ,
Chu K, Lee CH, Stewart AO, Polakowski J, Cox BF, Kowaluk
E, Williams M, Sullivan J, Faltynek C. A-317491, a novel
potent and selective non-nucleotide antagonist of P2X3 and
P2X2/3 receptors, reduces chronic inflammatory and neuropathic
pain in the rat. Proc Natl Acad Sci USA. 2002;99:17179-84.

Jung CY, Lee SY, Choi HS, Lim EJ, Lee MK, Yang GY, Han SR,
Youn DH, Ahn DK. Participation of peripheral group I and II
metabotropic glutamate receptors in the development or
maintenance of IL-1beta-induced mechanical allodynia in the
orofacial area of conscious rats. Neurosci Lett. 2006;409:173-8.

Kim SH, Cho YK, Chung KM, Kim, KN. Purinergic Receptors
Play Roles in Secretion of Rat von Ebner Salivary Gland.
1JOB. 2006;31:141-148.

Kim YS, Paik SK, Cho YS, Shin HS, Bae JY, Moritani M,
Yoshida A, Ahn DK, Valtschanoff J, Hwang SJ, Moon C, Bae
YC. Expression of P2X3 receptor in the trigeminal sensory
nuclei of the rat. ] Comp Neurol. 2008;506:627-39

Lee HJ, Choi HS, Jung CY, Ju JS, Kim SK, Bae YC, Ahn DK.
Intracisternal NMDA produces analgesia in the orofacial
formalin test of freely moving rats. Prog Neuropsychopharmacol
Biol Psychiatry. 2004;28:497-503.

Lee S, Zhao YQ, Ribeiro-da-Silva A, Zhang J. Distinctive
response of CNS glial cells in oro-facial pain associated with

injury, infection and inflammation. Mol Pain. 2010;6:79.

Li HY, Oh SB, Kim JS. Pharmacological and electrophysio-
logical characterization of rat P2X currents. IJOB. 2008;33:1-5.

McGaraughty S, Wismer CT, Zhu CZ, Mikusa J, Honore P,
Chu KL, Lee CH, Faltynek CR, Jarvis MF. Effects of A-
317491, a novel and selective P2X3/P2X2/3 receptor
antagonist, on neuropathic, inflammatory and chemogenic
nociception following intrathecal and intraplantar administra-
tion. Br J Pharmacol. 2003;140:1381-8.

Norenberg W, llles P. Neuronal P2X receptors: localisation and
functional properties. Naunyn Schmiedebergs Arch Pharmacol.
2000;362:324-39.

Oliveira MC, Pelegrini-da-Silva A, Tambeli CH, Parada CA.
Peripheral mechanisms underlying the essential role of
P2X3,2/3 receptors in the development of inflammatory
hyperalgesia. Pain. 2009;141:127-34.

Ren K, Dubner R. An inflammtion/hyperalgesia model for the
study of orofacial pain. J Dent Res. 1996;75:217.

Seo HS, Roh DH, Kwon SG, Yoon SY, Kang SY, Moon JY, Choi
SR, Beitz AJ, Lee JH. Acidic pH facilitates peripheral
affimeATP-mediated nociception in rats: differential roles of
P2X, P2Y, ASIC and TRPVI1 receptors in ATP-induced
mechanical allodynia and thermal hyperalgesia. Neuropharma-
cology. 2011;60:580-6.

Shaver SR. P2Y receptors: biological advances and therapeutic
opportunities. Curr Opin Drug Discov Devel. 2001;4:665-70

Shinoda M, Ozaki N, Asai H, Nagamine K, Sugiura Y. Changes
in P2X3 receptor expression in the trigeminal ganglion
following monoarthritis of the temporomandibular joint in rats.
Pain. 2005;116:42-51.

Staikopoulos V, Sessle BJ, Furness JB, Jennings EA. Localiza-
tion of P2X2 and P2X3 receptors in rat trigeminal ganglion
neurons. Neuroscience. 2007;144:208-16.

Tashiro A, Okamoto K, Milam SB, Bereiter DA. Differential
effects of estradiol on encoding properties of TMJ units in
laminae I and V at the spinomedullary junction in female rats. J
Neurophysiol. 2007;98:3242-53.

Teixeira JM, Oliveira MC, Nociti FH Jr, Clemente-Napimoga JT,
Pelegrini-da-Silva A, Parada CA, Tambeli CH. Involvement of
temporomandibular joint P2X3 and P2X2/3 receptors in
carrageenan-induced inflammatory hyperalgesia in rats. Eur J
Pharmacol. 2010;645:79-85.

Tjolsen A, Berge OG, Hunskaar S, Rosland JH, Hole K. The
formalin test: an evaluation of the method. Pain 1992;51:5-17.

Volonté C, Amadio S, Cavaliere F, D'Ambrosi N, Vacca F,
Bernardi G. Extracellular ATP and neurodegeneration. Curr
Drug Targets CNS Neurol Disord. 2003;2:403-12.

Yang GY, Lee JH, Ahn DK. Participation of NMDA and non
NMDA glutamate receptors in the formalin-induced inflam-
matory temporomandibular joint noception. Interantional
Journal of Oral Biology. 2007;32:59-65.

Zhou Q, Imbe H, Dubner R, Ren K. Persistent Fos protein
expression after orofacial deep or cutaneous tissue inflam-
mation in rats: implications for persistent orofacial pain. J
Comp Neurol. 1999;412:276-91.

Ziganshin AU, Ziganshina LE, Burnstock G. P2 receptors:
theoretical background for the use in clinical practice. Bull
Exp Biol Med. 2002;134:313-7.



