(&)
<707y —VIRMpRRERN S E L
7 v PRI EE XS0

GO EE i S I e
N R e R &Y
S IR T N

E B

7 2 [EEME L HHE OGN & - T, §i7s EITHRERRD S NS0 &b & 39 B
TBIEPHSPITIE - TVD, ZOKIBICIIHRERT(NGF) OBISEH 5T\ 5 DD,
ECHOHEAEISNTOAEPIHLATERIEV, Fi, w787 7 — Y KOS ESNTED,
/077 —VIENGFEEET S EM0, v/ 077 — UHBNGFEANR S IERREICEA 5
BT O WCHNT, ¥ 7 REES Ay SEERTc oK L <2 07 » — ViGEREEE L,
Z OHIDEE 75 & CITH ORI Z L L, HHicB ) 2 NGF ¥ v/ 37 BL%IR RO NGF
BRI R TP T ORGSR, <27 B 7 » — DREEFIZRS L BT SRS Ak R E o
KT8 5N, FcHT 5 NGF & v/ ¥ 7 SR RAIRMHEET D NGF IV 213380 S s h -
720 TNHDOT EMNSARERNC L 2R EIC 7 07 » = VIFEEBETIE L TV S L7

F—U—F I NEHOR, s vy —Y, JoFo v fEERERT, 70 b
D, BEHER 21T LIABHEL B 2 &b 5,

—H, B LTORBWREERS v 7 4 T L
TF7AMEZME L ICRICBOTS, DR

53°8

EIT BRI, ks LT+

72 CHEHEEE L THEOEED L T LB
5o F7REREIL, BEADEATEDFI
WCEBEBRIBEERLTVWEEEZONE LD

BT 07« = THEL B 2 Entlitish
TW3 [26], k7o, MBS OIREIZBWT
BARIRAE 2 4375 < SNBSS, IRRIZEHs

1 ZEREFRERNTE UAEY)F— g v
2 HE

3 FRfEREE VBV F—va VR

4 BASHER) A AEYF—va v —ER
SHIE F AL 1 052-678-4078 (N5710)
Correspondence to: Tomoko Koeda

Email: tomokoed@ngu.ac.jp

Received 24 August, 2022
Accepted 16 September, 2022



= YN

L OFWEICIEAATRA 5 C EBRS TV
5o X biTld, 3 ALIER#ET 2 @B
AHT 5 NOMENMEHBE, KT L HAIK
FEIcZ Vo TR, B LAHEMREE T
277 =7 DHICEL, FIREHREZ S e
EIRBEDLZ MERICH - 72 [17], T OHD
FAEICAE LI AN B RRE Licz D% DA
TlE, BUEEERERO Y A7 K& L THEM
M, ETERE SEIS & Ol BUEE ORI
BmEPHRESN TV [18], TD XS ITAE
B & aEmAEEMEHIIR O—K & L CiHH
SN, TOX D KRG AEEIHER S HE N
XTI ->TETVS [21),

REBHAIEOFIE A /1 = X L %D 10
i, FESIE T v bEHVCHREE R SR
HEAER % T F 7 2 THEALCHIE S 2 ANEE) €
FNEAERIL CHEREIT > C& e TOET IV
IR £ 7L & LCERlE TR D
[20], BEETATEEHIFR < fi ZE6 72 & D FEHIE
FEHAERET 2 EMBIHL L EE>TVS[T,S,
20, 29], % DWGEDFER, B ORI
O, EENHOER RO i
MR ABIEAE N2 C & bR L [16], &
ISR D A = X ARRICE S E 5 v
& LU CHix OBFFRRFAIRICO W T O L T
=7 [8, 11, 15, 16],

C OAEBIER McEE e MFTIRTFE LT
fERY KT (nerve growth factor; NGF)
1vy—uA+r1BORGRENREEINT
W2 [15, 19]o NGF (308 D R DRI
IR EISOWYIETH 5725, FEELTH
HEHsn Tk [9], BELRT V74 7T EH
B & U 7o NGF OFBIRINEESS, B NS,
IS i HEmBAIE DK 75 E23A: U e
i nTTwa [22, 25], NGF3Ffic
KIE MicB O TS, ~7e 77—,

ESES

v a2y Vil E% < Ofifar SEER s TY
BT ENMEINTWS [23] 23, fWifla,
gwsnsd I EbEshTns [1l. L
L, FrOHOTOV B NGB E 7 V)
PHNCBWT, NGFAEIhopwsnTn3
HEFHSH TRV, NEEHREEICS 5 an 5
LFERME OB ZEESA L B o [2]
EfC3~r7 07 > = VHBEE5LTVEED
W 5] Bbd, £/, =/ 0 77—V
HEGIERILTWEEVWIHELDH S [4],
NEEHAI R 5 ~2 07 » — VOERES
5.& 2 WIENGF ORI < 7 0 7 7 — Vg
BLTOWANREED A H =X LE2 TSNS B
T &3, ANEEMEEIR O TP B> &
EAHNDE, €T, TAlF<I/vn7 =YD
MBERZHOWT, <2075 — YOiEEEE
L 7RI T OEIRFELE & NGF 3 IbR i~ 05
BIZOWCHND T & AHINCFHEREZTT - 12,

R ETiE

Kﬁ”i%é%%&ﬁ%@%%%ééé 7K
2 (2007-004) %15 TIT- 7,

1) X%

SR 13 8 i D Wistar RN 5 » b 8PL &
L, LAMEBSTE L2k, hoE2mEAIC
MM F 7 2 EE T 28 Immobi B, 3PL),
¥ 7 Z2[HEBE3 HRiih 5~ 27 v 7 » — Vkklg
Fl 25 L1578 6 3MEE S 2 #f (Immobi
3w+Clod#¥, 3ML), [kkic~7 o7 > — Jkk
ez U153 & 2 8[HEE 3 55 (Immobi
2w+Clod#f, 2PC) D3FHTHRD 431 1o &M
Ml CHARS 120500 1 7 VOB ZETHhK
LG HBICERTE 2 BRETHE L,



R/ 7y = VIEMRRERTENLICT v P ASEHEIRICEREE S AW

2) w07 7—IKBE
<707y — hgHNc 3T (28]

EHHEIL, su e vigE) Ry — s b UTEL
#£ Clophosome-N (F70101C-N, FormuMax
Scientific Inc.) ZH\\ oo U A — & (ZHHENE
DB AEED B0, VY —sfblLizy
oRovigldwrso7r —VIKEARSTPT L
55, RSN/ o Fo VBIZATPRH#Z
FHEE L, #E5ic <7 B 7 7 — VESLHS ¥ 5,
Immobi BEZ R < 28ficxd L, F 7 R [&ERIG3
HENC~ 7 a7 7 — UiLEHI 70 mg/kg % IEHE
WEE-L, o540 (7 2EERIEER)
PIF&I3 2 H$ ZF1217.5 mg/kg ZIEPER S Lt
1o BEG#%IE, LIES CEE U EETEINGEY
LNV EEMER LI, w787 > — Vkklg
HDORIHE, Bk g B IFEIER; ORI
X OHERL 726

3) ¥TZEE

F7REER, LTOWE [16] 1 i
PRI OIERARTH & BB & TAMEALICF 7 R [H
E LT, EIRTEhREER S 5 W ISREIES AT
ISR RS2 SN BIC IEEF 7 2 % %
ZiE L7,

4) FEBHEAE

ARG U TR i M & i
TR 2 [ E AR SR 5 B /ERIE U 7o mllE
FriE e [11] L, Mk Fcx 7
R fFbR Uik, PO EBEEMRE L T o
Fh L oo DROMEZEIT - 728, HIEIZ
ImmobiZf & Immobi 3w+Clod B E L, [EER]
h O EEH 3BT~ 720 Immobi2w+ Clod #f
3L L,

5) FRERERE 5 SRR ETHRRIREL

WEEAERIE <Y SV E Y — L B ) A
KA (40 mg/kg, / &/ Ry F b, HATHLER)
Z NS U 7RI ¢+ 7 R [E2 780
L 3BREIRITIT » 720 WEIERR OEIGERICIT W i
&7 5 60 mg R ZFINL, M7 8F2—7
MICANTIREED & F A LETN T audisfifh &
Wi, o OBHIER RLIFTOMWE (6] ©Fik
(ICHE U T vy B & FEEICL T 7oREE
DR ZFH U oo WEIEAREREGR 3 LIRT O
& [11] oFGEIcHE L TREREE 2TV,
TERD A 7 1 — AIRIRESGR, 554 ~ 6 iR
RAREET (L4 ~ L6 DRG) 0@ifE7 o v 7 %
PESIL 72,

6) FDIEREFAIRRNTE D N E(LSRRRAT
TR OO AT | S BRRS O R U
DR G ERIC L D 1T - T2 BRI
—20CIZEKE L7 544 2% » ~ (CM1860,
Leica) THIMERARBZREE D £ TUIOH L
%10 1 mEIHilE O Kl x s 5 A mnc i
Yl ToHEEUIFIZHWT~Y /707 7 —
VTR 1Y 75 5T CD-68 Bk o g ki kLo
RtoziTo7, O, HEEICIIL6-VT
IV /2-7 2 =)4 v K= (LI FDAP],
D9564, Sigma-Aldrich) % i\ 7z, BikHY7S
F i IURTOWE (6] IcHELTITVL, H
Ak, HOEEAMEE (BX51, Olympus) 1
L7 A5 v 254 (DP21, Olympus) T#
JIERIT & B GEEfR % 400 5 THIZ,
Yy T —4E LTPCICIDIAATL, il
AT A AT R—EEF O BRI Hig > 7 b
photoshop(CS4, Adobe) i THEAGHH (LT,
merge), CD-68[51:4> > DAPIZ{0IT & % 1%
PEDoNEHfaE~ s a7 > — Y EHWL,
&g~ 7 b (Image]) =MW T, T

wel, 7

737



Al B R

By v b L, HAHERES 72 0 ORGPl
BaFiH L, thydfid 2 sked T 3BT hER L 72

AL @13 Enzyme-linked
immunosorbent assay (ELISA) T 17T » 7
SR BHE = & 72 JPEIE 5 (3, PIPA LysisBuffer
System (sc-24948, Santa Cruz) #HW\ T~
478 F 2 —THNTHELEEEITV, & vy
7B A U foo BRPRILEEA R (3 5000 [H]R D
=0 (5810R, Eppendorf) %W T4CT
300 L, FilEllER R E Ui, &k
Blig<4 27— boy iz A, BCA
Protein Assay Kit (23225/23227, Thermo
Scientific) % f W TGS &, BOLEE 7
L — b Y — % — (Varioskan LUX, Thermo
Scientific) TotAY, BMOT VT I V&
holEl S NicmiR e B, Kilkhica E
nafey o mEREN LI, £/NGF 5 ~
X7 BORIEITIZNGF ELISA kit (KA0401,
Abnova) ZfH W, ¥4 7B 7L —hDY T
ITHEEHER O NGF & &3tk An37°CT 90457
7oy + v JESE % 4 F vAebt
NGFHifE% v = Vic Af, 37°CT600 LS
W72, PBS TR T £ Y v — B F VEAK
Y TV AN, 37°CTI0NES b
% 3,3’,5,5-tetramethylbenzidine base (TMB)
TROI I, tbvEREBNLE, 2h
S OWSEASR LIz 7 L — b ) — 5 —THIE
Lo BEHIONGE 7 v ¥ 7 & DWSEEE D 5
wmEREIER L, SEBONGF ¥ vy 88
7o BONIZNGF Y vxs 8o, &k
DR X7 B 1 mgHIcE&ENENGE 7 /%
7 EERINL, iz CIFR TR L
720

7) DRG D#B#FRIBEHT
DRG DA FHIfFIT 1£ L4 ~ L6 Hif5 DRG 7

oy &2l 54425y FT10 um
Eodithic Ul 5 A chust bp gtk
LK OIT- 7, HUIRIE, 0.1 MY v B
&K (PBS, pH7.6) Tk, 3% v v
Mig 773 (BSA) /PBST4043fH 7 &
FYTML IR, —IRVUATH B U4 Fh
NGF £ ) 7 v+ — gk (1200, M20/sc—
549, Santa Cruz) %0+, 37°CT60XIELS
72, 1% BSA/PBS Titifis, IXKIUKATH
% Alexa fluor 568® v ¥Pr + FIgGHifk (1:
200, A11011, Thermo Fisher) # & U'DAPI
(1:10000, Sigma) DEAHKEZE D, HHL
T37TCTNMRILES E 1, Bhif, EAR
HORRAMEE (BX51, Olympus) ({4 L7
* 5 v 25 4 (DP71, Olympus) THI%, #x
2L, 7V NTF—5ELTPCIKIDAAT,
INSOEED S, BGFENTY 7~ (Image],
National Institute of Health) % FH\»"CNGF}5
TR0 RERIE L, DRGH o2l 5
5 NGFGPEldoEIG 2R L, iz sk
HTIFMTHE L 72,

8) #rEtiniE

BRI (ST 7 P RAO2ZEHW, B
BUKIEZ B9 L LTco BUMTS O DN i
12 © Immobi 7 & Immobi3w + Clod #iH o Lt
BIT3mndl 7 ey ot %E, Immobi2w+ Clod
BFORERIAIC 3R D R L D &b 5 —IthiliE Sy
BT 24T - 720 F 12, BEIEAIICH Y 5 CD68
B PEM IR, NGF % v ¥ 7 815 5 U DRG
1235 1) 5 NGF [ PEAaE o 4 3EEE M 13
Kruskal-Wallis % 7E & Steel-Dwass f& & 21T -
7o

747



<707y — VRERRKERNTEZN LS v N AEEIEER ISR L 5.2 0
€ 250 - *
£ .
& 200 -
£ 150 - ‘
% .
Z 100 |
15_” * . :
m i °
%\ 0 ° |
by (]
8 o
(@]
Immobi Immobi2w+Clod Immobi3w+Clod

K1 BHEficsdb<2707 > — I
Mt AR S 2 0~ v 7 » — VOH%E,
A REERL, 20200 Ny b AREAKOERE
RLTWVE, Foy bOKREVWHDORBKEEO YA
79 ImmobiBf & Immobi2w+ Clod BE [ I 7 & 7= %

Bl (p<0.05)

TER

1 BHERICHIIE<I 07 7 —ORBKR

MERE 7 1< B o 2 BAALH S (mm®) 2720
D CD68 b 14 il el £ D - fiEd & P 43 7 %4 1
Immobi #f 90.9 [86.3-118.9],
Clod #£36.6 [15.6-59.4], Immobi3w+Clod #f
13629 [42.5-86.6] T & v, Clophosome-N
B 2BRICERERDAED Sshic (K1,
p<0.05)5

Immobi2w+

2) FEEEBEAE

Immobi #F O [l 7E Hij D B A R fiE (3 20.0 +
23 g [EE1MAKIZ23514¢g [EE2H%
13215125 g, [EE3H%(£14.713.6 g T,
Immobi3w + Clod # D fZ 5 REIE 1 HIC 21.9
+04g 222+0.7g 176+T12g 121+14
g CdHh - 72, Immobi#f & Immobidw+ Clod BED
B R EME ORI LIZ R 2A 1R L 7o &
INAZHAER Y (p<0.001), 2B
BRlicEEAEZ#E Y1z (p<0.01), Immobi#F
O KB EIE 18 H i BERT 28 H
DI & it L CHREICEEZ R L7z (p<0.05)

73, 2B AL EE /R L 3EH I3 Mthod
NTOR EFEZEAERD 12 (p<0.01), — 7,
Immobi3w + Clod #f O K& R R EME 13 128 H
Bl L2358 59 208 H DU (AKE %2 7R
L, o REH g~ T L AEZEZED 7 (p<0.01),

Immobi2w + Clod #£ D [H]7E /i D K7 &/ R e
13224403 g, FEELEKIZ18.7104 g,
T2H%1311.0E12gTH Y, T-XTOHIR
THESERLEZ (p<0.01),

Tmmobi O [ 58 §ij O 6 L B i 12 142.5 =
7.6 g [EE1H%(3181.2£22.0g [ME2:8
% 131765 £20.3 g, [& E3H % 131164 =
11.7 g ©, Immobi3w+Clod# O ;i ‘. B il
W E12157.0 5173 g, 170.8+15.8 g, 143.4
+145g, 1126198 g T - 7z, Immobift
& Immobi3w+ Clod Bf @ i Ja 0 [ il D #% ¢
FIZEALIZII2BIT /R L 728, SR HAFH &89
(p<0.00D), 2:EHIC BB IcEEEEZED
7z (p<0.01)o Immobi £ O i KA B B s 13
[EE 1 ~ 2 HICEERT & © BEICEEZ R L
o (p<0.0D 23, 3WEH I FKfEZ R Ltho
SR & FEEEZRD T (p<0.00D, —7,
Immobi3w + Clod B D [H]5E 18 H O Fib&him &

757



Al B R

A) B)
330 * _.250 ok
@ s T s 2 t +
oz @ 200
i 20 to# %mgﬁ
% 15 e o 150 Tt
# = 100 §

10 #
ot L +H g ts#
& T ® T

pre 1w 2w 3w pre 1w 2w 3w

=@=—Immobi =®=Immobi3w+Clod =@—Immobi  =@®=Immobi3w+Clod

¥, ¥*. BERAHLER (p<0.05,0.01), t: vs pre, §:vs 1w, #: vs 2w

K2 RS 75 O O b b B i 0 R 221 L
femhi g (A, # (B) OB HERIME, BB, 247 (3 Immobiff, 7 L —#% (3 Immobi3w + Clod #f
THRHOVIE EEERELRL TV 5, K « B ERIE 3 2 B TR AEMA 23, RRcEE
2B TRRIcEEEZRw 2 (EICp<0.05, p<0.01),

— 40 -
£ ;
Bl . . }
0 H :
D 20 | o
2
A
& 10 A
[V
o
2
0
Immobi Immobi2w+Clod  Immobi3w+Clod

X3 WBEHEMICBIBNGF ¥ v &
ftlh IR L 2 BEE o/ s v 2 Bl mghic G E
BNGF % v /¥ 7 8%, #ihx&isRL, £hEho
Ko b MAEORERERLTWVWS, Fy PORKZVLED
FEBEORREA RS, SEERNCZE D - 7o,

B X EERT & 220575 <, 28EPIEIRT~NT
DO & FEAEZRD 12 (p<0.001),

Immobi2w + Clod B D i B bl BB O R
KIZE(bIE, FEERIH160.8£5.3 g, [ElE 1:81%
166.3+32.3 g, [EE2:1H1%125.6+49gTdh
v, BEERNCHABE 2 B%ICEEEERD I
(p<0.01),

3) BHERICEIFBNGFY VU8
BRELL 2 EERT 08 &~ o9 7 B 1 mgHhic
&% N ANGF % v ¥ 7 5D 1E Immobi £

28.6 [25.0-32.4] pg, Immobi2w+Clod £
32.6 [30.8-34.5] pg, Immobid3w+Clod #f (&
27.8 [25.4-29.3] pgTH Y, IFRHNCHELE
3o 7 (K3),

4) HBIRMBIZERICH 1T B NGF piEHmR

Immobi #f @ NGF [ /a3 13 29.5 [20.1-
35.5] %, Immobi2w+Clod &f (317.4 [15.4-
23.1] %, Immobi3w+Clod#F (319.8 [13.82-
4.3] % TH v, IFRNCHELE G E» - 72 (K
4)o

767



R/ 7y = VIEMRRERTENLICT v P ASEHEIRICEREE S AW

(x100%)

0.5 -
°
v 0.4 A
" :
== 0.3 [
tl:l °
m_m@ 0.2 °
[N
o1
°
0

Immobi

X4 14~ LeRIRAIREETIC

Immobi2w+Clod  Immobi3w+Clod

B1F 5 NGF SR

e 3 DRG IZ 5 1F 5 NGF (a2, i3 Sat2mL,
ENEND Ky b BEEKOKERERLTVS, Ky hDORE

Vb O REREOFRIEE RS EERHNIC

EE

<7 m 7y — UHEAIEICRBT 5~/ 0
77— V%R EORREMHIL TW Iz oW\,
ERE SR 1 5 CD68 A EHIaRL & fk I~ 72
LI, v v7 - VOtkEHIERS L T2
B ~7 07 7 — VOiEHEZE & 2RI
L, 3H iz oA+ clain 73
BEOEMER AR LI, v/ 77— VOEE
ZPRERI IS I L W EE3EH £ T
TREEE DAL & 3 E ORI 7S 5 CITERIR
MREHTHIIAIC B ANGF & v ¥/ B&h 5~ 7
07 7 — Y OEMFA L NGF EEA DRI
DWTHEET L7,

BERE 78 S OIS iR R BIE (3, Immobi fF
& Immobi3w+Clod O T2:BHICHEXA %
2%, Immobidw+Clod THEMKEA R L7, C
113 Immobi FE O BIMEX N33 HH IS 51
cDIT%t L, Immobi3w+Clod#f Tl 2:8H 1T
BHONINOTH B, LhL, FEliHE LR
HEG (11, 16] T3, FERIEE 2 1EH
BOL2HEED» SED SN TE D, Immobidw
+Clod Bt DZAL R RERZAL & DS > 72
% 72 Immobi2w + Clod #f & [rl#1c 28 H < (&[]

A ESAV N N

TR EHBEEEZHD TV, TDIH, w78
7 7 — VkHEHIDIRRIEE G L AR s E 7
AREHES bDD, s b~ v T 7 —
VIR HBEE NS LiswEE L oh
720 1384010 Immobi #f T IZER RIS EN
T OVWTIEFIAS > X I WETATH S
, Jeo BB [11] <3, EERGET
@%&Wﬁﬁ%@@ﬁﬁﬂﬁm%gﬁﬁot
2L, AlEofEEIZ160 g LEMAERLTO
feriaBET 5L, O BERBRIO N Y FY
v TR, N=2 54 VKD
KN clE-7, @FEBEDI A I vk
BEAEEDE, O OORREENEZ SN B,
L L, RFFUCE T 5o 2 B0 FIIE b5
BMETH-7-ILEZET 5 LT THELO
ORFEHIC >V T HEZITL L, HEERT S
REDHRIDPMETH B, L LIENG, 40|
DIFR[RIUE, TNClE] UIERE DN E TV %E
TERIL TV B 70, ARIOFEERAN TO R IR
RERZEEZ DN, <2707 — UhRHEEIED
KBS LW EART T EMTE I L
Wr L 72,
HERE #7512 48 & 5 NGF %~ »¥ 7 & (3 Immobi
#f, Immobi2w+Clod #f, Immobi3w+ Clod #¥

777



Al B R

TREALEZENL, =787 7 — YDNGF
PEARICE A IE LTV B & 13HEZIT VSR
T & - 72 NGF ldreceptor tyrosine kinase A
(TrkA) (T#%# L T tyrosine kinase D& AL «
AHRLPERIER DEXE) 248 C, MR DI
SRS 5 [12], £/, NGFAHEAL
7o TrkA (S FHREHIREAN T B D 1A & NBZR % #
fafk g Tt s g [12], TDVEASN
7o NGF 75 Trk A SZE4A & A L0 > 1 B A
ROMIAE Tk s/ IEST % &, 38
DFNTIEFS ANGF 7 v /<7 ST 208180 -
e bEAoN, —F, BRI A
NI NGFEZKM L TW5 E&Z 515 DRG
BT BENGF ¥ vo¥ 7 mb 3ERicEEER
DI Ip o1z, ZDID, TOMRNLL <
077 — YONGFELICEEL A 12 L3%
AW ot Ogas [19] 13, A LfEkRIC
5 v b ERAETA 2750 L 4R F 7 X [EE L,
VEERc B 5~2 07 » — VOFBEETN
fe& T A, fE S b LR L THEICHEN
L, €I > TNGFRHENd 22 &To v
g —naAF 1 BN TRERAET | ik
CLTOWABEEERLTVWAD, = iRz i
TEIEMTER DT, v7 87 7= VI3
DOIEE & FAEZEEET 5 2 s hTn
% [27]1 H, TOEFNTRBEENELT
WHEWZ EARELTWS [29], Oga & (31
Wi IS IZE 0 & DfERTH v, EU TV EHR
hoffERL7cGhiTd b, UL, Fald
*I w7y — VOB XD EHEICHRET L
too =7 BT > — VOMBOBE L2 ELR E
TThH -7, FREBEALPBIER BT 5
NGF ¥ v ¥ &, 125 UNTDRGICTHIT % NGF
RER, §XTTBVT< 7 07 7 — JHEEHA
BEBEHATELT, IhoDlihbzy
07— VPNHEERRIOEEERIF LTV

D, NGFAZFEALTWA EEZ 5 LD I35
k7> © O NGF EEE D ENE A Stc, NGF
(SRR O IR EE & L ChbiiEsh
TW3 [13] 2%, fhfllars v Ui Emia s
S DEEAEDAIREMENURE [14] ShTHD,
L2137 DRI B W T ORI DPMETH b,
<717y — YOkkiE#lE W I AR DR
Rig, © <7 v 77— IhkiEHIDXFEYIEERIC
SVWTOEENRTE TRV &, @ ETE3H
HicB 3 <7 07 > — IHLBHIOhEAHEE
2L b TWiZ EBEF o5, 7
o F o YROBGEPEGD 54 1 v sl
FATHIZE [3, 10, 24] ®F =5 v — +%25BF
CFERE L 7oA, MERENE G B 1 2 FYIEER D
MR E CREMTETE S, SHROMZEThHE
BLTWSBEND B, T2, 70 Fa vkt
W CHAES D 5 DIElE, LA BGREI S
T53U 07y — VOBERHNIREB ST
BEECEESHEE T, E<THI12H%E
TLOHENONTE 5T, SHEFOELETE~N
TR RS 5o [3, 10, 24], A
TRENEARG € 7 Vi B 1 2 IR IR BN
iz f AWK D 5N 5
LMD, AW TIIATEENHR % 3EM & #E
LTHiZE Lice L L, AlloBiEihicsis 3
CD68 < — 1 —Ic L BfERMNS, v/ v 77—
IthERIEHWT< 2 a7 » — Y OREMEA I
LTh, kcofitis~s a7 > —vnst
T Uisir 2 2 & REEL <, KEBHID
R, 2/ S VWETHRRAL EEZ 5N
120 TD712%, 4413 Immobi BEOEITE IR %
2BEL, S OIC@EROINA RS DNET
EEZ TV,

787



<707y — VRMERERFEN L2 T v b AGEE) IR I8

xeo

AEENEAIGDOFEA 1 = X L &G 55
AT, =78 77— YNNGFRRICHEELT
WBNE I LTI BT — UERIZER TR
Nfco %787 7 — VORGIEBRENTldd -
7ehs, NGFRBUTHEEZ KIF L TV EfE
am L 7o

A

AW 32 H BRI B (20204
fE~ 20224FE) 22 316D TH B,

3Lk

[1]  Amano T, Yamakuni T, Okabe N, Sakimura
K, Takahashi Y (1991) Production of nerve
growth factor in rat skeletal muscle.
Neurosci Lett. 132: 5-7

[2]  Booth FW (1977) Time course of muscular
atrophy during immobilization of hindlimbs
in rats. ] Appl Physiol Respir Environ Exerc
Physiol. 43(4): 656-661

[3] DiPasquale DM, Cheng M, Billich W, Huang
SA, van Rooijen N, Hornberger TA, Koh
TJ (2007) Urokinase-type plasminogen
activator and macrophages are required for
skeletal muscle hypertrophy in mice. Am J
Physiol Cell Physiol 293: C1278-C1285

[4] Gong WY, Abdelhamid RE, Carvalho CS,
Sluka KA (2016) Resident macrophages
in muscle contribute to development
of hyperalgesia in a mouse model of
noninflammatory muscle pain. J Pain 17(10):
1081-1094

[5] Kawanishi N, Funakoshi T, Machida S
(2018) Time-course study of macrophage

(6]

(7]

(8]

(9]

[10]

[11]

[12]

=5z 0

infiltration and inflammation in cast
immobilization-induced atrophied muscle of
mice. Muscle Nerve 57(6): 1006-1013
NEHAR T HRHS, BT, R
DHIGR (2022) 1 57 = VERFEME I
L BEEE TR OK S, BEEFFR
T R e R e R — v R
10(2) : 1-9

HEHBF, PhrsED, MsaE, SEHEE,
PR, PR, FRFEE HIEEL
SRS (2016) BAEIAELIC X 5 AEE)
EFVITH T BT S I HZERR
T35 0Ly FIVEOE, ZEEFEEAY
W PR - EEERRE - 2 A — RREEL 4
1-8

JEFHAF R, phigiEs, JEiHEE
Tk, iR, SRR, PEE—,
A SHC, WAL (2013) BI&TAB)(LIC
& % BEET A EEHIR & B TR IS B = b
Loy F v 7 OR. BilETFREATRE R
e MR - 2K - YRR 12) 1179
Lewin GR, Ritter AM, Mendell LM (1993)

>.

Eﬂh

Nerve growth factor-induced hyperalgesia in
the neonatal and adult rat. ] Neurosci 13(5):
2136-2148

Lidbury BA, Rulli NE, Suhrbier A, Smith
PN, McColl SR, Cunningham AL, Takowski
A, van Rooijen N, Fraser RJ, Mahalingam S
(2008) Macrophage-derived proinflammatry
factors contribute to the development of
arthritis and myositis after infection with
an arthrogenic alphavirus. J Infect Dis 197:
1585-1593

FRRIE, SRR, AU, MBS, )1
AR, EHBF (2016) AEENCPES K
TR 2 A HES ORE. Ll BB
Refamthe RS« @R« 2 4 — Y BSREL
5(1) : 1522

KRR, AfRdD- (2022) FiEERRAT
(NGF) & = OZZK TrkA—F&H & OB
W T—. Pain Research 37(1): 7-15



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Al B R R

Murase S, Terazawa E, Queme F, Ota H,
Matsuda T, Hirate K, Kozaki Y, Katanosaka
K, Taguchi T, Urai H, Mizumura K (2010)
Bradikinin and nerve growth factor play
pivotal roles in muscular mechanical
hyperalgesia after exercise (delayed-onset
muscle soreness). ] Neurosci. 30(10): 3752—
3761

PR, LR, RS EL R
(2014) B HEH (S Rttt o B Rl i 2 5 |
Sk TMRERER T2 AT 5. HAET)
R RE. 611327135

Nakagawa T, Hiraga S, Mizumura K, Hori
K, Ozaki N, Koeda T. (2018) Topical thermal
therapy with hot packs suppresses physical
inactivity-induced mechanical hyperalgesia
and up-regulation of NGF. J Physiol Sci.
68(5): 629-637

PR s, RO, KB AAE, AR
(2015) B B Aif O IHB) AT ($HIC
KEIHE—7 v PRV Ly FIVE
ToRE— GilEFREARYERE R
FERlr « 248 — v BSRE. 3(2) 1 9-16
Nakamura M, Nishikawa Y, Ushida
T, Toyama Y. (2011) Prevalence and
characteristics of chronic musculoskeletal
pain in Japan. J Orthop Sci. 16(4): 424-432
Nakamura M, Toyama Y, Nishiwaki Y, Ushida
T (2014) Prevalence and characteristics
of chronic musculoskeletal pain in Japan:
a second survey of people with or without
chronic pain. J Orthop Sci. 19(2): 339-350
Oga S, Goto K, Sakamoto J, Honda Y,
Sasaki R, Ishikawa K, Kataoka H, Nakano
J, Origuchi T, Okita M (2020) Mechanisms
underlying immobilization-induced muscle
pain in rats. Muscle Nerve. 61(5): 662-670
Okita M, Yoshimura T, Nakano J, Saeki A,
Uehara A, Mineshita A, Eguchi K (2001) Jpn
Phys Ther Assic. 4(1): 1-5

T (2019) 3HDREA 7 =X 4,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

H¥E « EET. MY EYF—va v
AP, =asEE, el pp23-35

Petty BG, Cornblath DR, Adornato BT,
Chaudhry V, Flexner C, Wachsman M,
Sinicropi D, Burton LE, Peroutka SJ (1994)
The effect of systemically administered
recombinant human nerve growth factor
in healthy human subjects. Annu Neurol.
36(2): 244-246

Pezet S and McMahon SB (2006) Neurotrophins:
mediators and modulators of pain. Annu Rev
Neurosci. 29: 507-538

Shen W, Li Y, Zho J, Schwendener R, Huard
J (2008) Interaction between macrophages,
TGF- B 1, and the COX-2 pathway during
the inflammatory phase of skeletal muscle
healing after injury. ] Cell Physiol. 214: 405
412

Svensson P, Cairns BE, Wang K, Arendt-
Nielsen L (2003) Injection of nerve growth
factor into human masseter muscle evokes
long-lasting mechanical allodynia and
hyperalgesia. Pain 104: 241-247

Terkelsen AJ, Bach FW, Jensen TS. (2008)
Experimental forearm immobilization
in human induces cold and mechanical
hyperalgesia. Anesthesiol. 109(2): 297-307
Tidball JG, Wehling-Henricks M (2007)
Macrophages promote muscle membrane
repair and muscle fibre growth and
regeneration during modified muscle loading
in mice in vivo. J Physiol. 578(Pt 1): 327-
336

Van Rooijen N and Sanders A (1994) Liposome
mediated depletion of macrophages: mechanism
of action, preparation of liposomes and
applications. ] Immunol Methods. 174: 83-93
WWiARRE, HERTF, ERZEF, EEBT
(2009) 7 v hEBFEIAEILIC & 2 7EEIHIFR IR
WAZIEET 5. BEFRET. 36(6) 1 305-311



v/ u 7y — VRMRERERFEN LI v P AEEIERICEEE S ATV

(Original Article)

Macrophages are uninvolved in NGF-mediated
immobilization-induced muscle pain in rats.

Tomoko Koeda', Hikaru Hagiwara®
Risa Koyanagi’, Nana Fukui®

Masanori Watanabe', Yuta Itoh'

Abstract

It has been shown that pain materializes regardless of lack of observed damage due to cast
immobilization or inactivity. Nerve growth factor (NGF) is recognized to be involved in this pain,
however, it is not clear where it is produced. In addition, the involvement of macrophages has
also been reported, and since macrophages produce NGE the effects of macrophages on NGF
and immobilization-induced muscle pain were investigated in this study. We intraperitoneally
administered the macrophage-depleting agent repeatedly to rats before and during the immobilization
period. The changes in the mechanical withdrawal thresholds of the skin and muscles during
that period, the amount of NGF protein in the gastrocnemius muscles, and the number of NGF-
positive cells in the dorsal root ganglion were examined. As a result, decreases in the skin/muscle
mechanical withdrawal threshold were observed even in animals using the macrophage-depleting
agent, and there was no difference in the amount of NGF protein in the gastrocnemius muscle and
the number of NGF-positive cells in the dorsal root ganglion. We concluded that macrophages are

uninvolved in NGF-mediated immobilization-induced pain.

Keywords: inactive pain, nerve growth factor, Clodronate, immobilization, rats
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