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ABSTRACT Objective: To explore the role of melatonin in the mechanism of remifentanil-induced hyperalgesia in rats by improv-
ing the plasticity of neuronal dendritic spines. Methods: Purchase 30 SD rats (175~200 g) aged 8-10 weeks. According to the purpose of
the study, all rats were randomly divided into three groups: control group (rats undergoing incision surgery on the soles of rats, treated
with saline, n=10), model group (rats undergoing incisions on the soles of rats, sutured intravenously remifentanil, n=10), treatment group
(melatonin treatment on the basis of the model group, n=10). Shrinkage feet reflection of rats in different groups at 2h, 2 d, 3 d and 7 d
after treatment was detected by the paw withdrawal threshold and the paw withdrawal latency time. The mRNA expression of IL-1,
TNF-« and IL-18 in rats was analyzed by RT-qPCR. The protein expression of AMPA and Kalirin-7 in rats was detected by Western
blot. The heat sensitivity of rats was evaluated by a hot-plate biological instrument. The density and length of the spine of rats in different
groups were compared by observing tissue sections. The electrophysiology of a single neuron is analyzed by the camera monitor of a
low-sensitivity charge-coupled device. Results: In the 2 h, 2 d, 3 d and 7 d tests, comparing with the control group, the paw withdrawal
threshold was lower (P<0.05), the paw withdrawal latency time was shorter (P<0.05), the mRNA expression of IL-1, TNF-a, IL-1p and
the protein expression of AMPA and Kalin-7 was higher (P<0.05) in the model group. And the spine density and length and the current
amplitude was higher (P<0.05), the current interval was lower (P<0.05) in the model group. Comparing with the model group, the paw
withdrawal threshold was higher(P<0.05), the paw withdrawal latency time was longer(P<0.05), the mRNA expression of IL-1, TNF-q,
IL-1B and the protein expression of AMPA and Kalin-7 was lower (P<0.05) in the treatment group. And the spine density and length and
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the current amplitude was lower (P<0.05), the current interval was increased (P<0.05) in the model group. Conclusion: Melatonin im-

proves the plasticity of neuronal dendritic spines by inhibiting the protein expression of AMPA and Kalirin-7, thereby reducing remifen-

tanil-induced hyperalgesia in rats.

Key words: Melatonin; neuronal dendritic spines; Remifentanil; Hyperalgesia
Chinese Library Classification(CLC): R-33; Q593.2; Q576; R614 Document code: A

Article ID:1673-6273(2021)09-1633-06

YN

1]

i}

TR B R T RE SIS TR S A A R A, BHLIL
Lt e, A2 DRSS PP 23 e i 5 AN, i HLade 237 A
W2 IR 25 1S 2 25 A SR RIPE I, B o et — AR
AR R AL BT )1 225, T2 T T A BRI LA AR A
AR SRR IR, LR B e B 25 R JE T 5 DR S . -
-3- BRI -5- WL -4- S BRE N TR (AMPA) 32 {42 U AN JHSE Y
WAL (GluAT-4 ) LAY 8 1145 2 I e 2 RP. i el el FO R
T, ZH SR 5 (57 2 Hh R Ao 28 2R G0 Hh 11 2 i 5 %A 4 5 k] 4
PEAT M, LIRSS 1 1R JRE R 245 35 filh K 15 i
RS A GluAL i) AMPA SZIR[Eiz 4. fik 2Tl AES|
A S ERIRFLENE RAE UK 22 MR, 2R i ME AR
R I C A9 N S AN P, T LA s 1
FNAERFIE ik AMPA 52 RS HERF I Ml 55 A1 3 1 kD ir
Il BR PO fle GluA Ll Bk R MG s M§ Rz
M, Kalirin-7 j& Rho 5 WAL S #e ] 11 [F)
T DR ey 1 5 M P 8 ) T S R T 98P LA X B 2 i 17
NI, Kalirin-7 AR BRI ORI A0S T4 5 5 fiph
JE 2 O B AR EE AR AR AL U A i A A
Bt P, RRMERAYZ SRR S R RCT E APE RN i - T -
PERRAN IR 3547 G, AR R C ORI A A L RE T, BE T LA
YES 1 T BRI, ST LI 22 e a0 R KT
Mz AR TR IS TR T AT TBIROOGTE . SR
Tl P 2R S o T R T A L i 25 R JE S AR
BV S B A R

1 R 5T

1.1 SKEezh¥

L11 SEIE KR Ao i€ 30 2 8~10 JH iy SD
KE(175~200 g), £ 12 h FORlR / 2w T A iR g
5 HRER, A MRS, FIaIegm, KR NS — .

112 KWeH4E  ARAERIRE B AR A KRR =4, %
10 H 5t BE A R BUR R T8 O FAR , AR B K Ab 3T ) , A8
I (R BB IRHATY) O TR, [ ki v 25 K e ) 1697
20 (FERETRZH () it 1 AT HR BB IR AL I )

113 WmBARFSHBREHEER 5 %KAEEEE(350 mg/kg)
B2 U RRER , FEUA DK T B Y KB 1.3 pg/(kg - min), 254
WS 20 pg/mL, [R] B ASCUT 1T 2 28 5 2 VS 1Y) B Tk RT3 e — 1>
1 em f9h 190 0, WIS BRI i 0.5 em AbFF4G , IF 1 A2 )G
JIAY AL SEAef A IR B LA, CREFIILPR R . e Lk il
FH 4-0 2228855 B2 Ik, A R EHCEFE R LI EIRGY . FrRJr
RPN ERL KAV s B F 2 RS ROt R T

SR AR 5% [ [ 57, T AE RIS e S 9 s i 4P SR 8 B 144 T o
12 Fik

121 KERATAHMEL DU SR K BRI e A 22
PR EB Y e A, I HLE N AAEE 1 h, 3 BN L 15 - 3
T 22(BSEVF3 MG ER A, 36 BRI O o £ BB RS
L3 min MIFREE AT 3 IREEE . BN iR 48 BT =
WXL P2 71 () - R ER$ESN , MR sk R g i T, R
(YLS-6B, i EIE LA PSR 8 A PR B ITAL R . B3R
5 min J 5K BUAE 52 °C RN 45 2 R RHE],  BIWTE E)
30 s, DM BiIRE IR, 0 5T i 32 3 sl sl (9 e ], e
5K, BUR =AM

122 WRBREGST  EBEIHDE R TR PEHE M A
SR B IR L (0 1) SRS B L AW A o AR AS AT
FREAGIHT: (DA TTOL T 4 2R 5 )25 (2)m/REEG 4
HIBh 2T SE R S S, ISR
5 (3) Z D — AR AR X TG0 A 4 7 5 o A A 19 38
o () Z DR BA T 53 SAR B AEH L) 0 EE L f
FRHORERAA I FF, IS WA N A ; (5) ik EAATE
20~50 pm Z[A] . TFEER AR, X EEREH R B G TR AT
WA TC R AR BRERAE , IR TR BET Mt 2T S 2
Yo AT TR EET It e AN, FRATAEH Neu-
rolucida {4, JFXT TR A M LoT = e @I T T H A%
FEREAE 3T 50T o S A SRV T AR oI . 15,
2l 7 A T R0 200 B %) e bR A A v AN A R L P
2 B AL AL B AR IC A RERR IR R b AR R R
BHE O ZER . h T B AL 2 I AH X T4 ok i
K422 Ak, ff F Neurolucida ZR{4 47 2G#ERY Sholl 4347 . ¢
AN AR B B AN T8 SO wm (BRIEAR , B A48 N G A
B IR T A T B RN B IR T e S A A
PSRRI T L . A T B B RS AR G, WEESRYT
H BB B Z 0T, IR AT D0 AE A B A B R
FESLFR B AR . B AR E SO B 9 Q0 815 5 B A
FHr AL HAERIBEES , B SR B AR O TR 5843 32
KRR LR

123 BAEEYEE B FANKRCEBURESTE (L £L;),
FEFEShEI R ALY B ) R (350 pm) . K58 R #E 22 'C~25
CHTUEAN T B RA TR I E X 126 wm NaCl,
2 pm MgCl,.3.5 pm KCI,1.25 wm NaH,PO,.26 wm NaHCO; .
2 pm CaCl, 1 10 wm d- #ZHHA . FE K2 R A 3
TESRE WG OB 7R A S BB (BXSIW L H AR
CLT) b, TR & A T TR S 1 A i 2 3IRBO
HoL PR B TR A% 1Y 4% 3k (710 M; DVC, 26 ) | A4 Ha 90 10 0 2
ARG ERAPIZETT, IR FL AR R4k 25 (PIPS ;HEK A, 5% ) 11y



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.9 MAY.2021

- 1635 -

SEEP N RE R AR B BRI e fok b b FH T S MBS i S, AR T
PR 1~2 m, BRI BH Sy 3~5 mQ) o Kol oL AR 7276 40 it P VT
(pH 7.3), #E(2R)- &3k -5- BEMEIR (40 uM), T 7(2 pM),
MKEEZ (0.5 WM)FIBURERR (5 uM)IFEFE T, 4085 i AMPA
ZARA T AR ST PR S LR . ] Clampfit 9.0 (Axon
Instruments , 32 [ ) 53 #7112 S5
1.2.4 RT-qPCR SR R EF & RNA(1 pg) 9 HIE cDNA
B AR . ] PrimeScript RT 357 & il & cDNA, fdi ]
SYBR Premix Ex Taq Il 7 TP800 #4 1F ¥ {X VI T L Bf R 4
(Takara-Bio, AR 5t , H 4% )t ,PCR & [ (¥ B A& Tl 25 L, 2x
SYBR Premix Ex Taq I (12.5 pL), EMmFIR 519 10 pM,
AMTN 3} 50 ng cDNA,GAPDH Jy 10 ng cDNA. | %414 [%:
cDNA DIAMYFTA IR PCR BRI, JEH% /3% 0.2 mL
PCR B, PIEHRAISMIRAE 95 C R 108,795 CFH Ss
[ 40 ANMEFF, 75 60 'C T Jy 30 s (1 40 AMEFF . PCR Ji5 (s
HZRIESE T B R S0, B8 T 2L B AT F GAPDH [
Fiko
125 BEEREME  Zadi@ S 07ETG a5, BREE T X s se
fti % SR AT . BRI Fe bR LA-LS HRE 1 B el R bl oA
R R RERTE Si ) D4 JSTST 6 32 T 3 T % hVA HFof 22 T AL
PImifk (Abcam, BE[F ), BL2HY), HUE 1IEWAIE R BE
o PR 2 28 1 T B 7 6 (56 11 36 B A W RE TR 9 i ) ok
BBy o A 3 T TR TR E R R s W
FESHFE 10 %SDS-PAGE BRI 14355, F R 2R RR LT A 20 1,
FE X HT AMPA Fit Kalirin-7, 53R i ALY EMB I AY
ZhiEE . FIETRA A KOtk (Thermo Scientific, 3¢ [ ) ffifi

ZES R P Ak, i F Gene Tools Match %% {4 ( Syngene,
e ) bt PR T T A R R (B- WILBh A DR E
SrEG BRI DIRYT TR I B A TR P28 O 5 0 B AR PR A L
SN =
1.3 it

L SPSS 23.0 X B #4730, TR xx s R Ll
F A5, THECRORER T (%) 3R, T BERHE T 2 K,
P<0.05 HEAGIT¥E L.

2 R

2.1 WEERERRMN/NERHRE

T A AR ARG U AN ] 2 A B 2 b7 d KR A T 45 [
BE, 7655 2h.2d.3d F1 7 d Ayl H 4780 2 5 kot R A 1) 1)
(AL (P<0.05) , VA Y7 4L AR A 4 A (B v (P<0.05), T T,
1,

Control group

Model group

-

T T T 1

2h 2d 3d 7d
B 1 s et - 4 S ES

Fig.1 Hyperalgesia-paw retraction threshold detection

Treatment group
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Table 1 Hyperalgesia-paw retraction threshold detection (g)

Groups 2h 3d 7d
Control group 18.73% 2.64 19.35+ 2.80 18.66 2.75 19.04+ 2.79
Model group 11.34+ 1.04* 6.33% 0.51* 8.29+ 1.11* 12.47+ 1.25%

Treatment group 15.39+ 1.43**

11.26x 1.05%

14.17+ 1.66* 18.23+ 2.01**

F 12.302 11.719 10.036 13.251
P 0.015 0.026 0.033 0.028
Note: * compared to the control group, P<0.05; “‘compared to the model group, P<0.05.
22 MERRESARNAFBET M AR PO , AR ZE E00) IR ZEL AR 452 B R 1) 4 4 (P<0.05 )

i 5 AR A A SR R AR R Y 2 h 2 d 3 d F 7 d

7R 7R B b 45 B I ] 42 4 (P<0.05), L3 2.
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Table 2 Hyperalgesia-Heat Hyperalgesia Test (s)

Groups 2h 3d 7d
Control group 16.39+ 3.47 15.93+ 3.22 16.04+ 3.11 15.82+ 3.17
Model group 9.25+ 1.30* 437+ 0.64* 7.34+ 0.95* 11.25+ 1.44*

Treatment group 12.46x 1.82%*" 9.83+ 1.22% 12.46+ 2.85*% 13.84+ 2.88*"
F 13.047 12.116 10.472 9.353
P 0.018 0.025 0.036 0.027
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Fig.2 Image analysis of dendritic spines
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Table 3 Changes in dendritic spines

Treatment group

Groups Spinal density (10 wm per cut) Length of spine (m)
Control group 2.63+ 0.37 0.43+ 0.05
Model group 12.45+ 2.18* 1.38+ 0.16*

Treatment group 8.37% 1.04** 0.84% 0.11*
F 12.339 12.116
P 0.024 0.025
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Table 4 Spinal cord electrophysiological test

R (P<0.05), HL I A1 71 (P<0.05),

Groups Current amplitude Current intervals(x 10?)
Control group 18.26% 2.44 5.73+ 1.28
Model group 74.41% 8.33* 1.24+ 0.35%*
Treatment group 36.51% 4.71% 4.13% 1.02**
F 11.201 9.573
P 0.035 0.024
2.5 #EFMHREREFHIRIE s
3 i
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Table 5 mRNA analysis of pro-inflammatory factors

Groups IL-1 TNF-a IL-18
Control group 1.094+ 0.12 0.94+ 0.08 1.11£ 0.14
Model group 1.87+ 0.24* 2.02+ 0.54* 1.88+ 0.16*

Treatment group 1.26% 0.17* 1.14+ 0.13** 1.16x 0.13**
F 11.201 9.573 12.839
P 0.035 0.024 0.004

% 6 EQENESHT
Table 6 Western blot analysis
Groups AMPA Kalirin-7

Control group 1.094+ 0.12 0.94+ 0.08
Model group 1.87+ 0.24* 2.02+ 0.54*
Treatment group 1.26x 0.17* 1.14% 0.13**

F 11.201 9.573

P 0.035 0.024
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