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LSRG BIE NG 2 B3 R 2 AT 500 T3 TR L 7z, BRSO P& i sl & L C von
Frey test, ZfIHEEZG R E & L T Hot plate test # 7z, »FHE#E 121X Sham ICS ALiE %
1o 7. ICSHEE Sham ICSLEIC X B~ A B % WM L72& 2 A, ICS/ALE X von
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(A) Study protocol. (B) The von Frey test
was performed twice before blue light
illumination was given and then twice again
after the illumination (upper panel). Following
the von Frey test, the hot plate test was
performed twice before blue light illumination
was given and then twice again after that
(lower panel).

Hot plate test Hot plate test

Blue light Blue light

Time

Fig. 1

ZiklF, ICS B dERiRTIZ 928k 1 247> 72. Bigenic
# L Control HEIZBWT, X7 7 A N—bDHEM
Y8V A (W& 470nm, B 500ms) TR
@ 5-HT #fE 2R L, ZORIIKFRBMEAZEILd
% et L7z,

JEIG M 1L von Frey test & Hot plate test T&F
fliL7:. von Frey test Ti&, ¥ ZAD RIS L
FEICFATVEDOT 45 AL MEMLYT, B2
FFCRBITE A RT T4 T A Y POKE EFH
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Hot plate test Ti&, 525CICEE LN ERED
TL—tDOEIIIAZEE, REZHKOS S LS
EROBRA S & v o kBT B AN BT % £ TOW
Rz GHll U, BRI (03 2 SO BRAE 2 e
L 72. Hot plate test TIEMMEEE IR S Lhwnk
ENDL0BEN Y M TfEE LT

von Frey test & Hot plate test (¥, #H DR
WAl & BB cENEN 2T OMEL, TV
% ZOMEAROLEIFERM L L7z (Fig. 1B). &I
von Frey test 2> b % L7z, Hbz e,
X7 ADEEPELE TR THRAO von Frey
test FER L7z (MHERT1IEH)., 2 ORHD von
Frey test & T#H» 5 5 Ll Lo MR L T, 2
I H @ von Frey test %47 7z (H4Fai2 M\ H).
KIZHF B2 D von Frey test # Efi L7z, *
FTHEMOOLE 1 MBS L, ZOREH»5 1 45%IEM
WS Z2FEM L7, RPOBEH»S 25T, =7
A DE)E D HAE N2 RT von Frey test % i
L7z (B4t 1 H). M4 118 H @ von Frey
test T HDS 50U EOBREZ MR L T, FHEIC
2 B H @ von Frey test 417> 72 (HBEHZ 2MH).
von Frey test &k ® Hot plate test & ® 121 30
UL o bE A fEAR L 7.

%t < Hot plate test TI&, Htz By~
A& TL—I~BLTI1HHOWEEZ T 72 (4
Bil1EHE). ZOR#MD Hot plate test & THENH 5
AUl ok EMEAE LT, 2 H® Hot plate test
iTo 7 (BERI2HH). RISHFEOLRE#ZO
Hot plate test # & L7-. Hy6% 1 BIES LT
T R TAZTL—I~BLT1 BEONEZ 1T
ol (BS#£1MH). & Hot plate test 2%
HTLT2L 50 hoMBEMRL, FE1 R
BFLTT WYY A% 7 L= ~BL, 2HHOH
ExiTo7: (REHZ2MHE).

2) FEER2 ICSALE% (Fig 1A)

FEBE1IH»S3IH2»5H5 HBIZICSALE F 721
Sham ICS L& % BAIG L 72. < 7 A |3 Bigenic B,
Control #%, ZhZNICSHLEZE T 58 (ICSH)
& Sham ICS #LiE % § 2 #F (Sham ICS #) (241)
7o, ICSHLE 1Z4 H M 22 TAr-72. 1 HHIZ
PM4:30 %225 4T (£2TC) OWim=EIC—HlgEHE
72 2 HH® AMIO : 00 ZHiRE D5 24T (£2T)
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DFIMENE L T30 7 HEE S, TORHEES
M= 30 /Mg SE72. PM4 : 30 £ THI=E &
RHAZ 30 77§ OMEE S LERELRD
BL, PM4: 30 ICHmEICHEL D 9 —HilgE ¢
7. SHEB®D AMI0: 00253 2 HE & FHEDOIE
ExA TV, PM4 30 ICHIMEICRE L & 51— Mg
M ICEEgE S 4 HHO AMIO @ 00 126 i %
PHORY ML TICSESE T & L. €RITHL
Sham ICS #1% 4 H 2 HIRE O AICEEFE L7z
BOBERLr — Y ORE S EIEDANO ML
FLL L

FER 1 L [HFRIZ, von Frey test & Hot plate test
BT 2 EEIG OV R BRGSFI % T O %9 B iE 2 e
L7 (Fig. 1B). &3, ZTOFEERIZICSWE T 7-1%
Sham ICSALE ST LT 5, 1 KR E % ICH
BL7.

5. et

P B D 281k 1%, Bigenic #, Control # % 11
ZRICB VT, ZoolE 5B T L (IBM
SPSS statistics, HZAIBM, HE), FREB L O
RHEAEHZMET Lz, M ZERE LT, BELE
(Exposure : Sham ICS L& & ICS AL @ 2 /K #E)
D1EN, #EBBEANORY K LERE LT, K
(Time : BEFRALE ] & BEHBRLEH O 2 KHE) L HFM
JEHEST (Blue light @ RETHT & G R0 2 KH#E) @ 2
PHRARE L. P<O0b 2 HEAD Y LHE L.

& R

FER 1 & 928k 2 T 517z von Frey test DG #:
% Fig. 2, Hot plate test D% Fig. 3 1IR7.
o (Fig. 2, 3) T A Before sham ICS ¥ 72 12 O
Before ICS & H A DL, EEB1 THONIT—%
TH 5. A After sham ICS F 7213 @ After ICS &
HHDIL, FEBR2THONIT—5ThA.

Control # T Sham ICS L& % %1 F 72~ 7 AL 8
JE, ICSHLE % 272 Z1X10ETH - 7-.
Bigenic #C Sham ICS L& % 521} 72~ 7 A1 7 I,
ICSHLiEZZ T2~ ZAIZ 15 L TH-72. ZD 15
L9 b, 2IEHICSREHRIFET L. 2D 2L
DTF—=FZTRTHRHAL o7 51, EHo
13D 9 5, 1VCTvon Frey test 11267 7 4 /3 —
A3HE, ICS MLiE# @ von Frey test d 57— % 1L
BRI E 2572, T o< AD ICS MLERFT D von

Wl = N
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Frey test 7— % A L %202 o 72728, Bigenic #
TICSMEZZ 72wy AT 12ILDF— % 2 4F
HL7: (Fig 2, HF84, @ After ICS, n=12).
Hot plate test 1ZFET L7z 2 PE# B < 13 PECHEMT &
72 (Fig. 3OA T /3%, @ After ICS, n=13).

1. von Frey test (Fig. 2)

Figure 2 @ F B2 Control # T® von Frey test
DFEREIRT. ZIChLE 5 B OF &, Control
HIZBWT, ZEMEHO [F (Time) X BEE&EAL
5 (Exposure)] B X OF [ & WL & (Exposure)
X FtST (Blue light) | 282 EhAETH -
7z (Table 1, JHIZ P<0.001, P=0019).
HAEM [ (Time) X BE#&ALE (Exposure) | A%
RS B DL, W OE (Time @ 8§ ALE AT &
BEFRALEL) 1S X 2EMBIIEOZ L, BEELE
O i $ (Exposure : Sham ICS WL & & ICS ML & )
KXo TREBLEVWH) ZETH D, Figure 2D 1
BONSANELEATHET S &, Sham ICS O£
PIRBEIX EA L7228 (e m o7 — % Tk
414 205 419~ E5, HELRHE RO 7T — 5 Tk
415 25 420 ~LH, FEENARV), ICSALED#H
IR BIEAME T LTz (FbRE o r— %
TIE 418 25 412 MR, HotlE#o7—%
TIE 416 205 410 MEF, ALk v). —F, A
B HAEM THEFEWLE (Exposure) X Fti
5 (Blue light) ] 25" 3 2 @13, H oGRS
(Blue light : BEEIHT & B ER) 12 X 2RI BRMEOZ
LEEIX, IBFEALE O (Exposure : Sham ICS AL
e ICSHE) ICXoTRRZEVWHIZETH .
H OGS ORI % TEWEE % i3 5 &, Sham
ICSEETHIAITHML (Sham ICS ALiEHEF&Hij <
414 H 5 415 ~BE0, Sham ICS WL &4 T 4.19
M5 420 NI, ICSEHETHIT NI T L7z (ICS
WLE B TR T 418 20 5 416 ~NMEF, ICS JLiE g 5%
%HT412 55 410 METF).

Figure 2 ® F B2 Bigenic # T von Frey test ®
FER %2789, Bigenic BETIE, [BRFEALE (Exposure) ],
[HE] (Time) X BEFEALE (Expo-sure) J, [WE#RALE
(Exposure) X H LIS (Blue light) | 25212
NHETH -7z (Table 1, NHIZ P=0048, P=0011,
P=0044). AREZZHEAEM [HH (Time) X BR#
WLiE (Exposure) | HS/RIE$ % DX, Wi oW
(Time : BEFALE [T & BEERALE ) 12 X 2 5 BIE

RIS
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Fig. 2 Effects of blue light pulses on mechanical pain thresholds in the von Frey test
Pooled data from 18 control mice (upper panels) and 19 bigenic mice (lower panels)
before (/\) and after (A) sham ICS (left panels) and before (O) and after (@) ICS
(right panels). Values are means * standard error of the mean.

DEALEX, WBEFEALE O (Exposure : Sham
ICSHLE & ICSHLE) ICX > THREDLEVWH) T ET
H5H. OF N, Sham ICS WLiE D TIIH B E A
B L72h (BT 8400, FHEHEAH < 4.15 »
5418 ~EH, HEOLHRFH T414 06 417~ 1
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XA, HEOCHGEI T 424 205 416 MK, H
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IR T 4.24 205 416 METY). FEARHA
M [ B 82 AL & (Exposure) X 75 i % B 4% (Blue
light) | 2VRIET 2 0%, HFLESE (Blue light :
WRGIRT & BgHE) 12 X 2 PmBIE D2 L 1L, B
WLiE o Fi3E (Exposure © Sham ICS ALiE & ICS AL
) ICEoTREDZLEVH)ZLTHL., HFLIHS
2 & BRIl & BT O R Tt % &, Sham
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Fig. 3 Effects of blue light pulses on thermal pain thresholds in the hot plate test
Pooled data from 18 control mice (upper panels) and 20 bigenic mice (lower panels) before
(A) and after (A) sham ICS (left panels) and before (O) and after (@) ICS (right
panels). Values are means * standard error of the mean.

ICSHTHTAIMLT L (Sham ICS ALEEFE [T
415 %5 414 ~MKF, Sham ICS MLiEBEFE % T 4.18
M5 417 METF), ICSHTIIZILL 2h 72 (ICS
ILEBRER CT424 DT ¥, ICSALE R FE % T 416
EEIN

UbE#%FE®H5E, Control # & Bigenic # o
FEIZB W, ICSMLEIZ T von Frey test TOIKIH

488

B AME T L7z, Control # CH LIS X 2 Hi
O T/ S WO T 2 2D 7228, Bigenic #
TIEHOOLIRAIC L 2EFEBMEOZLIZRD %
o7z
2. Hot plate test (Fig. 3)
“ICELE D BT OGS, Control #ETlX ER)RE,
RHEAERHOWIT NI AR TE Loz —H,
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Table 1 P values in three-way ANOVA for Figs. 2 and 3

Control mice

Bigenic mice

von Frey test

Hot plate test

von Frey test  Hot plate test

Time 0.578
Exposure 0.269
Blue light 0.238
Time X Exposure < 0.001*
Time X Blue light 0.697
Exposure X Blue light 0.019*
Time X Exposure X Blue light 0.864

0.108 0.186 0552
0.496 0.048* 0.651
0.298 0.136 <0.001*
0475 0.011* 0.339
0.499 0.144 0.513
0.307 0.044 0.171
0.738 0.496 0.846

*P <005

Bigenic #£ Tid [FH OGS (Blue light) ] 26 &
THho72 (Table 1, P<0.001). HE%ZHAEHIZ
BOLLhol, T EiE, BELE (Expo-
sure : Sham ICS L& & ICS ML) EHE (Time :
WAL T & MR BALE L) I 5T, Fotig
(Blue light) @57 & 445 Tl Hot plate test
TOXRFBHRMEAR LB & 2RBT 5. Figure 3
DTFBDOEADISAKI S, BEFRLE & b
579, Bigenic #TIXHFEOLIRST (Blue light) TX
FRMEDS LR L 722 L b 5.

z £

AWFFETIE, CEEFNTFEZH T, FHOLR
BT~ ZADKEMBICH S 5-HT Mk 2 fi L,
Z DORIFEAHSEREH 2 F52o 22 &9 %, von Frey test
& Hot plate test @ 2 D DATENFAF P X 29K
BRAE D ZALCREAM L 72, ICS MLEIC X 2 S e
EFNVEAMER L, Sham ICSALEIZ X A~ AHEL
HBHE L7z & 24, ICSALE X von Frey test (2
X BEEHMEEZERT S/, Lo, L, Bigenic B iC
HOCEGCHl¥ %~ LT3, von Frey test IZX 5
PIHBME DO EAL RO e h o 72. —7, Hot plate
test THIHEIME % 5Fli9°% &, Sham ICS LI X
HERBME O L L ICS AL 12 X 2 0 E D%
IBICHERE I o7 L L, BEWLE (ICS
WLiE %, Sham ICS ALiE ) & WEH] (WLiEwi2e, AL
B2 2B 53, Bigenic # T3 H &GRS
(Blue light) TH&mBMEN LA L. Ihnz Tl
WA E, ICSHLE X, von Frey test |2 X 5 9%
fE# KT 87245, Hot plate test & & % &5 Bl
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EALSE L h Tz, —, HEOCIEIC X % K
WA 5-HT i o fil#1%, Hot plate test 12 X 53K
B %2 F A X8 7255, von Frey test 12 & %%
MEZ LS hah oz, Lizd o> T, K
5-HT #i#tix, Hot plate test T BB & 1285
WRNRZ I L 724, ICSALEIC X 5 [HSMH) 5k
P OIFBEIT | O FF~ORERE 72 B 51378
BENRhoz.

i ARNTBOTR & < BEAOR SR, SOk
i, LSRR 32120 o, T s ol
WL CMAMERE KR A 0 BHERCR DR EZ 2R 20
WL, ZHEBIGHEMEIESELY. ZOE)
BB Z (2D ), FMEATR=Z2—a
LZEEND. R)E—FVZHEBEITIENS CH
MERE R DR E a3, BEMURSL, 2o, Akl
BMOWTNH BT 52 LS, Bl
FECCHMEEZAL TR —a yMrES N
HLEEZOLNTWS, —J, HMOIBTERRIZEIC
A0 MR RDOREZRRIERAMEN, ZOMHMELY
MLTCZR=z—a I NmEINLEEZ LT
59 X512, TRENOMRRMEIC BV TH W
PR BT 2 IR RE R TS F 8%
BFATHEIET S EDMESNTVDEY, Kif
JEIZBWT, FHEOBISHC X 5 KEERAEE O 5-HT
FEN DR A Hot plate test T EAIHMEAIH 1254
WRAIRERE L2200, KO 5-HT Mt
X, CHMEZRHTA2AZERIRT 52 EAURIEE
b, —7J, von Frey test DFHEED S, KEEHF%
O 5-HT #ifdiE, A o il % R 5 2 98 A TR 1Y
WIS LWz EAVRIEBE S L7,
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ICS = 7 ZITARER & 1L 5 MHMER e & 7 VBN C
X, B BEICBWTCSHT & VT FLFY >~
HOWAHHRE S, TSRO T
W2 X BRELBBASEN S TwBY, P S I1X ICS
WL B THRAEMIFEE T VY7 A2 FR L,
Paw pressure test & Paw flick test 2 Fi W T,
MR & BB T 2 BB LS 2 & 2
HBLTWBY, FEEA ML AAMINCEICE
WC 5-HT DA BARE & 5-HT 1435 [l dz T % £ 9
5HT fifE O M I EXAE LS 2wy #HED H
A2 L L ad s, AEF%EToICS MLE X
von Frey test |2 X Z2&MBMEZ KT 27245, Hot

plate test TOEFRME 2 ZIL SR o7 —H,
TGS X von Frey test (2 X A& fiE 2 251k

SELhol. T ENS, AWFFETIE, ICSAL
BEIZRWREZETSE2b00, KEHREO
5-HT it DB 2 TAT I IHR O BEREAL T 12
EBHHDOTIERWERBEINT.

VEAK & OBFFERE I & OFEL, BRI 2 O
EISGENT 290 Lz, TS, Bl
X3 B ME % Paw pressure test Talffi L, 2k
B R % 9 B %2 Paw flick test TaFAli L T
WA IIARIZE B L, Hot plate test 1% ZH] #C
xf LT fig 70 IR RB 1L 852 < <, Paw flick test
EZELIT—% %1?%0) i;‘?ﬁ LwEEhnahd, K
T 78 C L& 2800 B R 9 2 998 B il o FF A 12 Hot
plate test # H\7z. ICSALIE 12 X % B~ DK
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OPTOGENETIC ANALYSIS OF THE DESCENDING PAIN INHIBITORY SYSTEM
VIA 5-HT NEURONS IN THE NUCLEUS RAPHE MAGNUS

Manabu MITSUHASHI»?, Mitsuko KANAMARUY, Kenji TANAKA?,
Akira YOSHIKAWAY, Katsunori INAGAKI®, Tadashi HISAMITSUY,
Masataka SUNAGAWAY and Masahiko IZUMIZAKIY

U Department of Physiology, Showa University School of Medicine
2 Department of Neuropsychiatry, Keio University School of Medicine

¥ Department of Orthopedic Surgery, Showa University School of Medicine

Abstract —— The descending serotonergic pathways originate from the nucleus raphe magnus
(NRM) in the rostroventromedial medulla. These pathways mediate pronociceptive action in addition to
antinociceptive action. Pain controlled by manipulating serotonin (5-hydroxytryptamine, 5-HT) neurons
has not yet been evaluated in free-moving animals. In the present study, we used optogenetics to exam-
ine how the excitation of intrinsic 5-HT neurons in the NRM affects pain thresholds in free-moving mice
exposed to intermittent cold stress (ICS group). The mice (Tph2-tTA:tetO-ChR2[C128S]-EYFP) were
anesthetized, and an optical fiber was implanted just above the NRM. After a recovery period of three
to five days, the mice in the ICS group were housed at 4C for three nights, and exposed to room tem-
peratures alternating between 24C and 4C every 30 minutes for two days, to induce neurodegeneration.
Pain was evaluated before and after blue light illumination to optogenetically stimulate 5-HT neurons in
the NRM. The von Frey and hot plate tests were performed as mechanical- and thermal-pain tests, re-
spectively. Blue light illumination increased the pain thresholds of mice in the sham ICS and ICS groups
in the hot plate test, but did not affect their pain thresholds in the von Frey test. These findings suggest
that 5-HT neurons in the NRM mediating the descending pain inhibitory system increased the thermal-
nociceptive threshold.

Key words: optogenetics, nucleus raphe magnus, serotonin, pain, descending pain inhibitory system
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