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Figure 1 A cross-species approach to study pain: challenges and opportunities
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BRI, BAE RN N R BRI SR 2 T s B, T e B
PR, X ERAEAE NSRS B AT, 55— 71, &
i A SV WE U A B AT A T IR A AT TR 2 AR,
ML A R, ShATE FEAUAT BT B P )
FELRAN A JE, A T DX 20 4R 10 R 2 o T o R A
TARYFRISEZHR], R R X AEA R PR 2
Ak,

B TIANRZRAL, TF R R T SR AR P
WA T A SEWE LA ST SO AN R, M H
1. WA RERN RS, B PORRT AT K
HARHRE AT NRWT T, PIRIRIT 77 RIOOT R B 2%
AR LI NSNS SR N AT I ol 1 4 B 1]
AL T A5 PERIR YT I AT — A 4 T )
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I T3 IV AR AU AL (K0 i S0 7[R S AN T
BN eV i, TR R BLIE 25 AT REATAE — 5 (N 7




pEREE GRS 2021 4 HS1E 2

RIPER, B JCE— I iE st A N RS BT y7 2%
Bk, WAAERA S bt et 7Rk R
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BN, FERE R B TT SRR b, R S R AL
R EEWREE AT R E A O BT Ak —
AT — SRR T TH R 7T A i 1
N FH s Rt FE A . B, T S R
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IR IR IE MR BORIZ IR TT AR S AR 2 bRl
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R T BRI HE R (&),

2.1 AHYMHRANENER

FEGWL RN, KA A4 N5 BRI,
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rh A KBRS R S A AR S AR AT AL B A E I K I
SRR 2. K B T B P P v ) 5 4 9 R
AL A SRR Bl e B A5 AT DL 5] kA I R Y P E R
i, AT AEAEL N 2 H 40 S B B M AR R, oy
s Ae122-25]

(2) MEHHEER. B ST R, Xt
PR FEAT VIWTELE 5L 7%, v DASL R 2L Be
FEFO, MTTTAIL N S 20 205 05 1) P e i,
WAERE BN R BN/ BR_E HEAT X A B i 22 (1) 1
#EH.(chronic constriction injury, CCI). A& fHZE 4
4 L. (partial sciatic nerve ligation, pSNL). H £ 2541
(spinal nerve ligation, SNL). AR-E#IZE o Ik FEHT
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(spared nerve injury, SNI)%[ZZ%]_

() B, IR AR RT DAL SR A R
I, JEE R Z BN B2 SRR AR, Rk, AR
) AR iR R A — AR LA SRR L
S 2 R g 4 ML 3 N A 33 40K B B/ SRR 22
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SR, AR H ILI B RO, s SR
i = XA BRI KIBORAN SR Tk = Xt
ITIBESIEY) L S

22 AFEIMIFRBEARFBNZER

BT R AU LS, 7E DA R R
IS SRNE 2 R 71 e 2l D RN E CIESS - A & S8
W RE M WG LR 4% (functional magnetic resonance
imaging, fMRI). fixiH#i & (electroencephalography,
EEG). Mifii% Fd(magnetoencephalography, MEG). &g
P IT 21 /M %A% (functional near-infrared spectroscopy,
ENIRS) &5 F2 AWM N X #h 22 58 G A2 P29 HH 1 2 0L
TEAN(E2). Tk, WA D HOE T R AR AR
It PR P REL N A LA SRAS P20 R 8 1) F A . X o
T V5 RE S A FROX R G 1 N 48 VS B I B R UE AR
AR, W50 2 AR AR R 2 i HOR,
2% FiLRL R (transcranial magnetic stimulation, TMS)+
2% fi EL I H R ¥ (transcranial direct current stimulation,
tDCS). /542 it I ¥ (transcranial  alternating  cur-
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—EREEE R
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S, WSRO BRI R B 42 52 PR Ui 1) FEL B
(RRESRE), RJEESZREE M4 L. 2 si#H e
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AN AT A, BUE R %A B R (condi-
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AN BORT B oAt o7 20 22 A1 45
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IR CE A A B 45 2 AT B

AN [E) A ] () [ 22 5 S 3 T AEE NSRBI S E
e A AT R R R e e Y. ltn, AT DA
LA F B B 5 (cognitive  self-regulation) = H #E fif 9%
SRR 7 S, T 4 n B (K PR R R ). SR T, I Ak
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Figure 2 An illustration of the commonly used pain assessment strategies (e.g., self-report vs. behavior observation) and pain research techniques
(e.g., non-invasive vs. invasive) in human and animal studies. EEG: electroencephalography; MRI: magnetic resonance imaging; tDCS: transcranial
direct current stimulation; tACS: transcranial alternating current stimulation; ECoG: electrocorticography; LFP: local field potential
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TN B RIEOR T BAZ I R0T 78 (16 BEFR W] REA5E
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25 S BT BAT AR AT TN AT e VA IR T
B ZEse, B EBOn A R R AR B_E AT 1
TFC I R A IR A AE 22 5
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H AT EHAS 5 PR T 7 SORFEAL I 1 BRI 22—, AR
WF FEHE A P WA 75 PP AR, (el T 3h sk
Z 5HSUE RN A6 71, SR st R R
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Ve MR BE, PR — AL LR, B
T AR R I8 L AR AT N HEWT H I S A6 A
NEAE A 15 R AR R B — 2k, SRR
MEE, BIEXTAKME, FAORAT ARt
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I B A R AT LEPE R AT BRI, AN, A SRBTFTAIS)

183



BT AR IR T SRS LA

WOHF 55 SR AE B 1t A 0 W] DLEAT B 42 b % EL A
A

SRITT, ST R A ), AR R s ) v e
FEAEARTT TR, e b, AR Al b R R A P
il R R AR A R T LA A A T 5 1 4 b L% AR
MUBANBE )). NSRRI MR, PORBT A E O A
N, TEIEEAT R AR I A B R TCVR RO, Rt
AN FIRER] DURENZIRCY . SSE MR, i
R CAH KBTI FE R AR R I8 R, JFEE
T e Rk EET A B AL TR I RS O S
R, 5 R BB R S S 45 1 2 B LA
BT TN N T SO AE I AL Lok B — Bk, 4k
TIPE— B R _E T R R 7. BA A L
R Rl BRI BTT 5 B AR B 7 A

3 EYAILA TS BRI AR I ST

PR 2 LA B A BE 6 0 S S A A 36 21 1) 7
FEPE, MM TIEFRES). il MM S5 BRI A4
Y L ek L L R U AP SRR Ay Ly
AT LA [R o (R 2 Fe 4 SR AT 2 R B ASTE
B, TRV R AR bR A 5 IR YR T
TR — TSR R, W FC I L 0 e AR b A R AT
Ny R E. HE. HEMAERGEHAZL. ey
1R 0Z LA B R — R AR AR A
TN R L OCHRE, PR AR A 22 H A L S R A
likis> S NN St

3.1 ETMEEA PR

MR Z I A 7 v i 9 8 R B — PR R N1
LR BOR, BAR T B HEE, WP IR A R
45 1 1 48 7K T MK B (blood oxygenation level dependent,
BOLD)E 5, R RKEET X, 5% 4% 50H #iE VS
I AAEFRE O, KBS (4 f B R, T REET
PR AR B PR 2 MAR PR ATAE — SN XE, it —20
PR FNAIE.

%6, NEOFFERMB IR T R 2 R, AR
W OB 7 AD R, B0 TR I, P98 R AT
T YRR IR 7 JZ (primary - somatosensory  cortex,
S1). IR RAKIEGE B JZ (secondary somatosensory cor-
tex, S2). JiXi & (insula) AT $171 Al (anterior cingulate
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cortex, ACC)ZE X I Al 94 " (pain matrix)'*”,
& Bh £ 45 845 73 M1 (multivariate pattern analysis,
MVPA) LA 5 2 HE, AW FUE R I T Ress il
PR ARG SR, 10, Liang®s NPV B, Fossss
Il A SR X3 14 9% A 2 AT X 23 OR3P (saliency)
B PLRC O ZIR R AR R Wager 8 A9 L i
2 PEI {5 5 (neurologic pain signature, NPS) R FHill #
VY, H X 2 IR R e PRl I A 26
i190%. ZNWIWF TRl T 5 NSRBI ECh— SUNE R
R RIS AN T RE AL BRI, Shish & 180T
FUH R L N F 43 2, 1 .2 2O AR B 7Rk
A [ RRIIR A T W U s i i i35 51, 5 A
KTk Z AT, SO T IR IEIR A48 304
BTN LT RA.

FR, T A AR PR B MR bR A 5 W AEAE
—EEANE. A RIS R BRER 7 T
Al RO LA PR R TR R R A ]
W PR S A TR, AR, SR AR SRR K
RSP A 5 A AT PO R, e
R R 2 P (s S Y RO R 2 F) T
JREE. A6, BT K2 B SUG Tt Fiig H T HLEs 5 2] 5
BIRMEAE A7, HAERAEEMRE A AT
PEAR S Y s, R BRI A T
i i 2 B ) i AU 8 A TR 2 M B 20 B, X R
A AR TR bR 5 K 31 18] ) SRR AR X 55,
b5 BRI K L B R S L A R B AR AE 22 B

i IR I G PR3 5 T g T 22 TR NI AR
WA, AS0 A FR bR EAS R P Fh ] (1) — SO A& i s
e, FRR AN BN LS 5 S BRI AR 45 R
AR, RO MRE T Rk AL A8 5 o) BIE R R
WA N . A, BT RIES YRR AR
e, TEZNPITE BRAS N T R AR A 75 T I Sk 3 4% 1E
SSRRMEG, T REET AR S IIE R N
PR SR IR ME B E. AT &, WESYIR R A R E, T
IR LA P N PR AR 2 AR AR BN T (L e Ak

3.2 T AR B R R R LR AR

EEG KAHKE AR BA ZH YRR 73382, " H
PR AR Ko #4282 J0 1 5 fik J5 ¥R A2 3 B (post-synaptic
potential activity), F AARZ TR EET w4 i A 35
SRR, F R SRR N KRS T
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HEAT 25 L2 TR W2 TP e AR B SR, R
RI, PR T5 K HIGBOs H] s R A [F] ) A A 4 A 5 3]
(IPEIRBRIE, B A5 RO 2 TR AR,

ENE T, BEFEE R, BOCHIR IS K
GBOsHIEIE V43 i F ARG, W] i fish /44 i A AN 4 ]
(e iU e 2 Y RS R e R A O PR
SRR R P, AUk, BO6i% K IGBOs
AN S PO R BCRT S R, S R A v . A
RN 52 1 R PRI Bk GBOs g S 7 i ELAR
S M 2 BT B PR R RS ML IR A, FE KN AR A g
MR T, GBOsYI IR 5 il 5R w5k 1 45 282 1t 9%
o0 S VR IR AR H I B e O (o R A
O30 35 IE M R (VE W ZRidk[62]). fEsmt 7o, i i
J5 A £ ¥l (electrocorticography, ECoG){EME i #h3k171d
s, WEFEERIL, R RRIHEOE I A& N H A AF LR
GBOs, HH g% i 5 N B 7t IGBOs —
B AR 2 PR AH R B, AN GBOsHE S [F] IR %1 1]
AN PRI 1) £ 728 05 R PR (K1, LR K
({IGBOSHINT 5 7 R IGBOsH B . 2 20, jbath, #
JEJR /N B B K GBOsE i,  H 1% K GBOs5 Hf i
HAT A, SR KR R IGBOs 5 7 17
NEVIREDC. AT, BT B ATiE Z x5 NSEREh K
N9 T GBOsH EL#EXT L, Ho2 & B A B —
Bk, HEeSAEA— AL IR A Fa b 11
B RIE.

GBOsHIAIR K R W FEARIL 1 85 W Fh Bk 52 1 4
AL H. GBOs [ L i FE I R I ok F T A8
W5, TR ES & LRI RRIL. SR
AR T NEW AT BN g58, Bt P R T
GBOsHI = AE AL FI P 2 R YR. A B Rz Joa e A 2
(intracortical recordings). i % % (optogenetic)
Yo% 2H Ak (immunohistochemistry) 25 e A, 455 /N R
W FE N L AR BT 22 3R P A SR T 4878 1 S1+HGBOs
H/ANREIRAT NAAERR KR, HIX—KHRH FT
5 # e IH I (descending  serotonergic pathways)if 7/
SN H X GBOs M &R B, B RS
ECoG. Ja#fizHifi(local field potential, LFP)FI{#£
TG (spiking) S0 BIAR,  [7] SR A2 KRR 2 W Al B
By AR A 2L RO OU 48 T 9 Je 28 e 3 5O,
7R T RO K M GBOs 3 ELk 5 Il SR A X
S17% 2 th i) #1282 7T (interneurons) i HL 7.

A, BRI U A T R A B PR 2
FRRRIETE SO AL ) B ELR R BT R R R e
X2 RG R 25 G T T A AR ST A, Bh
YOIt 7t BE i S I 2 RUBEAT SEGOUL = 1T AR 45 A2, BASR
KNI TTIIBREE.  EEYIRIT T RE 5 (2 SR FU 3 T I
XA BT B B R GEEIAIR, AT
B b B 55 TSR AR VP A 2, T PR
ZITHIBUIR.

4 RBa5REYE

ES PRI SRR AN AR R AT 2 R A 1 9 7 X
FR. R, FFCA A BART BRI 7 0 2 4
15T JE B R PR AIE 7 TG R B K,  HL [ A 7 R
THUE, —J AR TR . BRI
F— AT IR BRI IR IT R, B
Foft— S5 1 PR 2 WL b S AN [R1 P b % S B 7 11
HETH, 2R L A B ORI T B
(E1). Bl JFRAREDRRT )RR
i .

e, TAANYIRRIE G 25, FER S HEA
[F) e 22 S 1A Sty T R S A0 BT 9. 4] 4, A ok Xk
FEPI 5 K I EEGHK A N AT I, R FE RN
KUK R # S E) Tt ASFICET 4 A% TPk
RS PRGN, SR, F SRR TR I, BT K R IR
A ) J97 52 oL R B AR TN ) 85 R 1 W i
WAL O, O R R A TR R AT R
(s, AR AT 2 T AR K RIENT B
Bl I 2% 520 Hz~20 kHz vs. 250 Hz~80 kHz™), EJI
KR AT LA B AR A B 1 75 5 55— J5 1, AR
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A cross-species approach to study pain: challenges and opportunities
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Both human and animal studies are essential to revealing the mechanisms of pain processing, to identifying novel pain treatments, and
to evaluating the effectiveness of pain management strategies. A cross-species approach to study pain can help us integrate data and
findings obtained at different levels, thus advancing our understanding of pain and translating preclinical research into clinical
programs. However, there are fundamental differences between species, which leads to nonnegligible discrepancies between human
and animal studies. This brings great challenges in data interpretation and result comparison and integration. One possible solution to
this problem is to discover translatable pain biomarkers across species. Gamma band oscillation (GBO) evoked by painful stimulus is
one of the potential pain biomarkers, since it has been well-validated in both human and rodent studies. Using a cross-species
approach, researchers are able to investigate the neural mechanisms and the regulating principles of GBO at different levels
(microscopic—mesoscopic—macroscopic), which would benefit the translational research. On the other hand, it is necessary to
acknowledge the differences between species and the influences of biological, psychological, and social variables when using a cross-
species approach in pain research.
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