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Animal Research Committee of

Osaka Dental University?] <&
ot} (5elHE P 14-01011%).

E AlgoM+= Sprague-Dawley rat
(=71, 30 =kg], 250 g, Japan SLC
Inc., Japan)< AH-3FSich

Sodium pentobarbital (70 mg/kg,
i.p., Nembutal, Dainippon Sumito-
mo Pharma, Japan) & vl&sled, o}l
08 AFS Frp)

L-L group (control, 30 =}2]); rat
left masseter muscle (LMM)ell lipo-
polysaccharide (LPS) 2 #g/kg (100 #1)
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S AL 24417 3 Bl K9
LPS 53-8 FAIATE. L-S6 group
(experimental, 30 #F2]): rat LMM

of LPS 2 #g/kg (100 #1) & FAls}
Ak 24417 ¥ L 9l 6 %
A A9 (hypertonic saline) (S6,
100 #1, 5 times per 90 min) & F
AT LPSE W9 9% 29l
o240, S6w A 2dewn Folsl
r}24-26)

Aok Fo & 19 (10 =k=)), 7¢ (10
ute]), 14 (10 =)l 4 % para-
formaldehyde (PFA, 100 mD)=Z 35
A4S 31e], LMM, rat right masseter
muscle (RMM), H&7|& AZ3F5c}.
4 % PFA= ‘:]’/‘] 24 (LMM 2 RMM:
24 hours (h), ¥<7]: 48 h) ¥
% sucroseoﬂ =it} (48 h).

Leica CM3050S cryostat (Leica

Microsystem, Wetzlar, Germany)?”

5 AHEl] FAAERS ARl (LMM
2 RMM: 57 15 #m, ¥1%7] (bregma
AA -7.22 mmH-E -15.66 mm7}A]):
A 30 #m, -20 C). Azt LMM %
RMM 2743 22 Hematoxylin-Eosin
(HE) A3 |94 Ae4stad
LMM % RMM-= o9 12 A
(rabbit anti-TNFa (1:200, 1 h,
room temperature (RT); Chemicon,
USA), rabbit anti-TNF @ (1:200, 1 h,
room temperature (RT); Chemicon,
USA), rabbit anti-bradykinin receptor

B2 (BKRB2, 1:250, 1 h, RT: ENZO
Life science, USA))E AMS-3l] &4
FAH A S Akt

&)= ok 12k A (rabbit anti-
phosphorylated-p38 mitogen acti-
vated-protein kinase (p-p38 MAPK),
1:500, 1 h, RT: R&D Systems),
rabbit anti-ionized calcium-binding
adapter molecule 1 (Ibal, 1:200,
1 h. RT: Chemicon, USA)*®Z #}
galo] EagAYRE ABalsic)

LMM, RMM, ¥&7] 25 olefle] 2t
g4 (biotinylated goat anti-rabbit
IgG (1:400, 30 minutes (min),
RT: Vector Laboratories, USA),
avidin-biotin-peroxidase complex (30
min, RT, Elite ABC kit: Vector
Laboratories))& ARS-3lich SF=ell
0.05 % 3, 3-diaminobenzidine (DAB,
Vector Laboratories), 0.2 % nickel
sulfate, 0.01 % hydrogen pero-
xideE ol 4o, AlolA 2 #7F uks
])l]_;]—.

LMM, RMM, ¥H<=7] A& s}
A4 (Olympus BX41 light micro-
scope (Olympus, Tokyo, Japan),
Olympus FX380 3CCD digital camera
system (OS: Windows 7: Microsoft,
CA, USA)) AHle #edsieict. LMM %2
RMM-= 10 7} 75 A=3te] (area=
200x200 #m? square), TNFa <}
BKRB2-immunoreactive (IR) A%
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5 A8, Student’s £test (Excel
2010, Microsoft, USA)E o]&3}e]
HA A ] A7 A A WEE
AtA o2 EA3Tt. HE7|= 1070
T9& Adste]  (area=400x400 #
m? square), p-p38 MAPK$} Ibal-IR
AETES 438193, Student's ttest
(Excel 2010)E o]-83fo] M fdA =
T AZF AIA WEE FAHeR

#Astge
2

A5 19 Foll= L-L group (control)
°} 1.-S6 group (experimental) -+
% EF TNFae-IR AH¥x7} A3
vebgtt (Fig. 1-a). A5 7€ Fol=
TNF a@-1R A*®7} L-L group®} L.-S6
group + L& B dagelellAnt <
i AR E] vebgar, o] AlE A 1d
5 1 AE o of 10 % A=A
(Fig. 1-a). = A5 149 Fol= TNF
a-IR Al ddo] 79l flala, L-S6
group®] L-L groupXt} <7t @e] 1}
eb x| wt -1, groupet L.-S6 groupAt
olol f2Jgt zol= it (Fig. 1-
b). ZHARE AT 1d Folle F 21
B ROl HolA] eskAIE, A5 14

Yol 2Ae] A AL A T 5
s1siv}
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L-L group L-56 group
Day 1 e & 2 y
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Day 7 MR v Lens
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v o i S 3 o
2
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Day 14 :’1{"" . '-,'_,/{_ v s
Y ik 4 N7,
7 VR e

Fig. 1=a. TNFa —IR cells in the left masseter
(LMM). In the specimens of 1 day after
nociception, TNFa —IR cells (arrows)
are particularly localized in the LMM,
However, after 7 or 14 days of
nociception, the TNFa —IR cells are
found to be wih litlle localization,
Scale bar: 100 z m.

200 1
180 +
160 +
140
120 1
Bday |

100 +
mday 7

=

Qday 14

Mean number of TNFu-IR cells

L-L group L-56 group

Fig. 1—b. Expressions of TNFa —IR cells in
the LMM. The number of TNFa —IR
cells is not significantly different between
L-L group and L-=S6 group. Error
bars: S.EM.

BKRB2 receptors 3455 o]
slo] EZ87) (nociceptor), EAA
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¥ (macrophages), A-f52AZ(fibro-
blasts) el &gt 25 1 $Fell=
L-L group¥ L-S6 group + L& EF
BKRB2-IR #27} &A|stA] vebyict
(Fig. 2-a). A= 74 $lli= BKRB2-IR
A2 ko] L-L group? L-S6 group
FOOE EF AREe] vepdARE,
IF RF A 1Y 9 k10 % AR
Htell vepdA] od9ktt (Fig. 2-a). =
A= 149 Foll= BKRB2-IR A%
do] F aF BF AL vl @9
3, L-L group¥} L-S6 groupAleld
oIt ztel= $lsdet (Fig. 2-b)-

L-L group

L-56 group

Day |

Day 14 [

Fig. 2—a. Bradykinin receptor B2 (BKRBZ) IR
cells in the LMM. In the specimens
of 1 day after nociception, BKRB2—IR
cells (arrows) are particularly localized
in the LMM. However, after 7 or 14 days
of nociception, the BKRB2 expression
is found to be with little localization.
Scale bar: 100 ¢ m,

200
180
160
140 4
120
100 4

Bday |

mday 7
Bday 14

60

Mean number of BKRB2-IR cells

L-L group L-56 group

Fig. 2—b Expressions of BKRB2—IR cells in
the LMM. The number of BKRB2-IR
cells is not significantly different be—
tween L—L group and L-S6 group.
Error bars: S.EM.

L-L group L-56 group
Day 1 o y e
B _}f 19 e
regma 3 s e S S
-14.94mm Pt S i
e »
'.* = L

Day 7

Bregma !
-14.22mm

Day 14

Bregma
-14.58mm

Fig. 3—a. Phosphorylated p38 (p—p38) MAPK—
IR cells in the trigeminal subnucleus
caudalis (Vc). Microphotographs of the
rat brainstem Vc ipsilateral side. In the
specimens of 1 day after nociception,
p—p38 MAPK—IR cells (arrows) are
shown in the Vc of both groups.
p—p38 MAPK—IR cells are found in
the Vc not only dorsomedial region
but also laterodorsal side and central
region. p—pP38 MAPK—IR cells are
observed so as to overlap Ibal-IR
cells partly (data not shown). Scale
bar: 50ux m.
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Bday |

=

Wday 7

Bday 14

Mean number of p-p3SMAPK-IR cells

;=

L-L group L-S6 group

Fig. 3—b. Expressions of p—p38 MAPK-IR
cells in the Ve, The number of p—
P38 MAPK-IR cells of L—-S6 group is
increased more than L—L group (p=
0.095). Error bars: SEM.

psi. contra,
Day 1 £ 2
Bregma — el J
-14.0d4mm : " 5 M : '. p
o7 (SRR 5
Bregma X O el
-14.58mm . BRI

= Lo

Day 14
Bregma

-14.58mm

Fig. 3—c. p—p38 MAPK—IR cells in the Vc
(L—S6 group). In the specimens of 1
day after nociception, p—p38 MAPK-IR
cells (arrows) are particularly localized
in the Vc ipsilateral of all specimens.
However, 7 days after nociception,
the p—p38 MAPK-IR cells are found in
the Vc not only dorsomedial region
but also laterodorsal side and central
region. p—p38 MAPK-IR cells are
observed so as to overlap Ibal-IR
cels partly (data not shown). Scale
bar: 50 ¢ m.
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p-p38 MAPK-IRA2+= 1582l LPS
2 Aaleel S65 FoIg L-S6 groupel
L-L groupXt} wWo] vtepdtl (Fig.
3-a, b). 53] A5 1¥ Fol+= L-S6
group®| L-L groupXrt oF 2uf, A=
149 Foll= L-S6 groupe| L-L
group®rt oF 3ul] Wol yehylr} (Fig.
3-b). =y} p-p38 MAPK-IR A%
W2 L group<tl-S6 groupAte]
o frelgk Ael7b glsdet (p=0.095).
pp38 MAPK-IRM ¥+ Ve HHE -
$#(dorsomedial region)¥w"F ofz}
71 -9l (dorsolateral region)tt
Zo}5-¢l(central region)elA= &l
& = lsdel. €% p-p38 MAPK-IR
AZE Thal-IRAZS}F FUg F-9]o) 4]
W& =it (data not shown).

1400

80 Bduy |
|day?

Sday 14

number of pop3SMAPK-IR cells

Mean

ipsi contrn

Fig. 3—d. Expressions of p—p38 MAPK—IR
cels in the Vc (L-S6 group). The
number of p—p38 MAPK-IR cells of
ipsilateral side is increased than that
of contralateral side (p=0.14). Error bars:
SEM.

186 EU53} whehS-2 nlashd A
= MAPK-IRA| 7} 5=
291614 e

1021 3‘1"—01 R p—p3
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Tk 2= T Follxs Ve Tl =
gel=gitt (Fig. 3-c¢, d). = p-p38
MAPK-IRAZE 25 1Y Foll= 5
Zo] Hi S} oF 2wl wo] yepylt}
(Fig. 3-d). A= 7, 149 Fel&=
p-p38 MAPK-IRA|Z7} HiSelA %
vebgr}t (Fig. 3-c, d). 22 "=
9] p-p38 MAPK-IR A% & A= T
A Fol= TLF oF 85 % A=,
A= 149 Foll= 59359 2 65 % A=
k. (Fig. 3-d). Z2iv p-p38 MAPK-
IR AlZ e FdSe} vig|S Aol
o3k ztel7} Hsiet (p=0.14).

L-L group L-56 group
Day 1 e e B e ._‘__I,,
Bregma [hiise g S T
-13.86mm [BRtth s s '_ Ry = -k -
iwn N - . Fe s
Dav 7 ) = i e
ay - : i '

y N o e T
Bregma ) s T 2 % 'I\ Ll
-14.40mm g . o . r

b ) ol
3 AR e TR i e 0 e
AR bt T g T e
Day 14 [eS = i P R
4 B : A, e MOV T B |
Bregma X Wk Yt AT S A __V:’ i
-15.66mm: . * jie % i e -
S - S

Fig. 4—a. Ibal—-IR cells in the Vc. In the
specimens of 7 and 14 days after
nociception, Ibat (an indicator for
microglia activity)-IR cells (arrows) in
the Vc of L—=S6 group display hype—
rtrophic  morphologies. On the other
hand, 14 days after nociception, the
cells in the Vc of L-L group are
found less than the cells of L—S6
group. Scale bar: 20 x4 m.

wells

Bday 1
Wy 7

Bday 14

Mean number of Ibal-IR

L-L group L-S6 group

Fig. 4—b. Expressions of Ibal=IR cells in
the Vc. The number of Ibal—IR cells
of L=S6 group is more significantly
increased than L—-L group (*p{0.05).
Error bars: S.E.M.

Ibal-IR Alx= 25 14 Fel= F
2 1-S6 groupels #el=gic} (Fig.
4-a). A= 193 A5 T A Feolle=
L.-S6 groupe°] L-L groupXr} ¢F 1.6
o] wo] BHAE|lw, AT 14Y Foll&=
L-S6 group®| L-L groupXrt} ¢F 3u)
o wol WA= (Fig. 4-b). A= 7
A, 14d Fell= A3} viAlolaA 2=
AZkE = vlig Tbal-IRAZ7E eyt
ot (Fig.d-a). = A5 14 JFd=
Ibal-IRAIZE F2 Z1E7|v]AlofalA|
%9 e (ramified form)=z 2=
Ak A= 7, 149 5ol olwulE )
(ameboid form)2 &A=} (Fig.
4-a). A= 74 ¥ Ibal-IRA%2+= F
T RoellA dAfe] e E AR A=
14 5= thA] L-S6 groupelAqt 5
2 Ibal-IRAZ7} #Hl= it} (p<0.05,
Fig. 4-b). Ibal-IRM¥+= Ve <&
SR ol FZEE-RY St
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FE A SR whgo] xlE|wi-
of MES TE
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FA AEFk SO AAe e
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ABSTRACT

Evaluation of MAPK pathway activation in brainstem induced by the
masseter muscle inflammation

Michiko Nakatsuka™, Shunji Kumabe', Shoko Gamoh?, Hironori Akiyama?, Seong—Suk Jue®,
Ji—Youn Kim®, Katsura Ueda', Yoshifumi Matsuda', Kimishige Shimizutani?, Je—~Won
Shin® and Yasutomo Iwai'

!Department of Oral Anatomy, Osaka Dental University, *Department of Oral Radiology, Osaka Dental
University, Osaka, JAPAN, °Department of Oral Anatomy, Graduate School of Dentistry, Kyung Hee
University, Seoul. KOREA

To evaluate the inflammatory hyperalgesia induced by noxious stimula-
tion of the masticatory muscles, we performed an immunohistochemical
study on the expressions of phosphorylated-p38 (p-p38) mitogen
activated-protein kinase (MAPK) and the distribution of activated
microglia in the trigeminal subnucleus caudalis (Vc¢). The left masseter
muscle (LMM) of Sprague Dawley rats (male, 250 g, n=60) was
stimulated in the following methods: 1) L-L group (control): the LMM
was injected with lipopolysaccharide (LPS, 2 #g/kg, 100#1) on the 1%
day of the experiment. On day 2, the same site was injected with the
LPS again. 2) 1.-S6 group (experimental); the LMM was injected with
LPS (2 rg/kg, 100#1) on the 1% day of the experiment. On day 2, the
same site was injected with 6 % sodium chloride solution (S6, 100 #1,
5 times per 90 min). Rats were allowed to survive for 1 day, 7 days or
14 days after the last injection. The brainstems were dissected and cut
with a cryostat (at 30 #m thickness). These specimens were inve-
stigated with anti-TNFa (masseter muscle), the bradykinin receptor
B2 (BKRB2, masseter muscle), anti-p-p38 MAPK (brainstem) and
anti-Ibal (ionized calcium-binding adapter molecule 1: Ibal, a marker
for microglial activity; brainstem) enzyme-labeled antibody method.
The specimens were observed and evaluated using a light microscope
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(LM) mounted with an Olympus FX380 3CCD digital camera system
connected with a FLvFs software (Flovel Image Filling System, Tokyo,
Japan). In both groups, the TNF-2¢ and the BKRB2-immunoreactive
(IR) cells were observed until 7 days after stimulation. In the
experimental group, the LM histology indicates that p-p38 MAPK and
Ibal-IR cells were particularly localized in the left Vc until 14 days
after stimulation. In the experimental group, 7 days or 14 days after
nociception, the p-p38 MAPK-IR cells were recognized in the
contralateral and ipsilateral in the Vc. The results suggest that the
prolonged MAPK activity in the Vc is related to central sensitization
in chronic pain of the masseter muscle.

Key Words: masseter muscle:; chronic pain
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