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T K R Ay P A 238 R[5 - FER(S - HT) P # R (SP) ] Rt 35 AR (42 B LA R & (ACTH) B 85 (Cor) (B2 B] B (ALD) ], X
M T [C R & & (CRP) F B R B F - a(TNF - o) & 28 HA-F 6(IL - 6) | & RAL 5 gk 35 47 [ A =8 (MDA) (A8 AL 4 AL B
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Analgesic and Neuroprotective Effects of Oxycodone on Senile Spinal Surgery Model Rats
HUANG Teng, MAO Dongyu,SU Hai, DING Zhenlin, LIU Laixin, REN XiaopingA
(Wuxi Traditional Chinese Medicine Hospital ,Wuxi, Jiangsu 214000, China)

Abstract: Objective To investigate the analgesic and neuroprotective effects of oxycodone on senile spinal surgery model rats and
its mechanism of action. Methods Surgical resection was used to replicate the senile spinal surgery rat model. 40 successfully
modeled rats were randomly divided into the model group (equal volume of normal saline),low — ,medium - ,and high — dose
oxycodone groups (0.05,0.10,0.15 mg / kg) ,sufentanil group (1.5 pg / kg),with eight rats in each group. Another eight rats
receiving the same anesthesia, disinfection,and incision treatment were used as the sham — operated group (equal volume of normal
saline). The corresponding drugs or normal saline were injected via the tail vein once daily for 14 d. The analgesic effect was
evaluated using spontaneous pain behavior score;the sedative effect was evaluated using Ramsay sedation score; mechanical pain
threshold and thermal pain threshold were used to assess the sensitization of mechanical and thermal pain;heart rate variability

(HRV) was measured by frequency domain method; enzyme — linked immunosorbent assay (ELISA) was used to determine the
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serum levels of neurotransmitters [5 — hydroxytryptamine (5 — HT) , substance P (SP) ], stress indicators [adrenocorticotropic

hormone (ACTH) , cortisol (Cor) , aldosterone (ALD)],inﬂammatory factors [C - reactive protein (CRP) , tumor necrosis factor — «
(TNF - «),interleukin 6 (IL — 6) ], and oxidative stress indicators [malondialdehyde (MDA) , superoxide dismutase (SOD) ,
catalase (CAT) ]; Western blot method was used to determine the protein expression levels of B — cell lymphoma — 2 (Bel - 2),
protein kinase R — like endoplasmic reticulum kinase (PERK),and eukaryotic translation initiation factor 2a (elF2a) in spinal
dorsal horn tissue and spinal tissue. Results Compared with the model group,the spontaneous pain behavior scores at 2,6,12,
24,and 48 h after the last administration in the sufentanil group and the medium - and high — dose oxycodone groups were
significantly decreased, while Ramsay sedation scores, mechanical pain thresholds, and thermal pain thresholds were significantly
increased (P < 0.05);the HRV values were significantly increased (P < 0.05) ;serum levels of 5 — HT,SP,ACTH, Cor, ALD,
CRP,TNF - o,IL - 6,and MDA were significantly decreased, while serum levels of SOD and CAT were significantly increased
(P < 0.05) ;the protein expression levels of PERK and elF2a in spinal dorsal horn tissue and spinal tissue were significantly
decreased, and Bcl — 2 protein expression level was significantly increased (P < 0.05). Conclusion Oxycodone can exert

analgesic effects and protect neurological function on senile rats after spinal surgery by regulating the PERK / elF2a signaling

pathway.

Key words:oxycodone;senile;rat; spinal surgery model;analgesia;neurological function
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®1 BEARBRMEEBITHEN LR (X +5,5,n=8)
Tab.1 Comparison of spontaneous pain behavior scores of rats in each group (X + s,point,n = 8)
E: ] 2h 6 h 12 h 24 h 48 h
BF R 0.82+1.34 0.79+1.13 0.84+1.56 0.98+1.92 0.76 £ 1.37
HEA 48 7.34+1.27 7.05+1.45" 6.84 +1.42° 6.62+1.31" 6.31 +1.447
A 5K Rl 3.94+1.47* 3.32+1.19* 3.19+ 1. 14* 2.44 +1.26* 2.18 £ 1.47*
#H R A E 4 7.29+1.91 6.91+1.71 6.69 +1.06 6.37+1.07 6.14+1.01
HET P H EH 4.81«1.21* 4.60+1.01* 4.31+1.04* 3.73 +1.25* 3.17+£1.19*
AEEZH AN FH 1.91 + 1. 12* 1.54 +1.22* 1.46 1. 18" 1.16 + 1.01* 1.09 + 1.33*
F1a 28. 897 32.796 33.293 27.731 27. 664
P1a <0.001 <0.001 <0.001 <0.001 <0.001

EHEFARMLE,P < 0.05; 5HEA LI P < 0.05.K2EK10F .
Note: Compared with those in the sham — operated group,”P < 0.05;compared with those in the model group,*P < 0.05 (for Tab.1 — 10).
R2 RAARRamsay EHLLE (X +5,9>,n=8)

Tab.2 Comparison of Ramsay scores of rats in each group (X # s,point,n = 8)

28 7] 2h 6h 12h 24 h 48 h
BFRa 3.32+1.07 3.18+1.12 3.72+1.13 3.28+1.32 3.52+1.16
BRI 2R 1.04+1.14 0.95+1.35 0.84 +1.23 0.72+1.24" 0.51+1.14
(G 1.51+1.13" 2.01 +1.02% 2.03+1.16" 2.18+1.41% 2.87 +1.36"
#2% BAARA F 20 1.19+1.41 1.01 +1.32 0.90+1.13 0.77+1.21 0.54+1.12
BERP A FH 1.31+£1.21* 1.70 £ 1. 61* 1.73 + 1. 09" 1.91+1.27* 1.97 £ 1. 11*
AEWGATH 2.91+1.61" 2.94 +1.43* 2.96 + 1.26* 3.06+ 1. 18" 3.29+1.21*
F1i 4.697 4.062 7.626 5. 869 10. 233
P& 0. 002 0. 004 < 0. 001 <0.001 <0.001

*®3 BERBHHERRELR(X£5,5,n=8)

Tab.

group (X * s,s,n = 8)

3 Comparison of mechanical pain thresholds of rats in each

a8 2h 6h 12h 14h 48h
R4 2%6.45:0.96 26474263 26.67:2.33  26.43:2.80  26.10£3.32
#Ea 17.38£0.55 1443300 1214306 1091264 8.3423.20°
Bikra 18.12:0.35 1853456 19.51£234  20.15£3.12° 21563058
AERKAEA 17454438 14276390 12.22:0.50  10.62:0.21  8.53£3.25
AERTASA  1701£3.09 18572260 19.09:117 1091215  20.34£3.5¢
AERBARA 190423405 20.13£4.29 2155£3.49° 22.3:2.61° 2732120
P 11,030 12,343 46.204 57.019 57.287
Pia <0.001 <0.001 <0.001 <0.001 <0.001

®4 BERBRHBEAELE(X 25,5,n=8)

Tab.4 Comparison of thermal pain thresholds of rats in each

group (X * s,s,n = 8)

A 2h 6h 12h 4h 8h
fFRA 11.3:2.43 1118152 1794146 17202103 17.52¢1.18
A 6.58:1.01°  S.46£0.87 467064 454:0.63 410205
LE Sz 0.7+ 104 1098155 1L42£0.96 13.35:1.04° 1520+ 1.41°
AERKASA  6.61:110  653:117  481:L12  469:1.09  427£1.03
AERTHEA  T03:105 8.93+183  0.07:1.08 10.42:0.66° 12.44+0.89°
AEMEATA TUe1SY SET£LOI 0.31:0.86 10.26£0.90° 13.21+0.68°
P 59.803 T2 174,008 23,497 256. 865
PE <0.001 <0.001 <0.001 <0.001 <0.001

AR RIS 10 1 B PR B (B4 R R AR (P < 0. 05) 5 1545
RULH LR, G725 RIE A KR v i i) i 4R BBk

®5 SHEKXBHRVELE(X +s,ms,n=8)

Tab.5 Comparison of HRV values of rats in each group (X = s,

sk A AT s 1 A AR B d 3 R (P < 0..05) ¢ ms,n = 8)

TERLF 34, 25 HRY 28.5) HRY

2.3 BFEHENEEKT BF K 21.25+0.89 | ZEBTAFM 13,58 +2.54°
S8 T AR L R A, AR 20 A B HRY (3 I A 11.06+2. 14 |ZX@MHAFL  19.12+0.35

(P <0.05); SHAIZ LI, §F 75 KE 4 K2 F i REESCE 15.16+0.24 | F A& 63.903

H A BHRV EE B 2T (P <0.05) L3S, AEWKAZA 11.19£1.09 |PIA <0.001

2.4 HEHEFRAKFE
555F B A, AR 4 R RRUMLTE 5 — HT .SP /K1y

BEFE(P<0.05); SHEAY] L, 6755 KJe 4l ¥z
MR PR R R A R BUMYE 5 — HT . SP /K -3 i FAIG
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R6 BAARMIREFEAFELLE (X +s,nmol/L,n=8)

Tab.6 Comparison of neurotransmitter levels of rats in each

group (X + s,nmol / L,n = 8)

®8 SHARKMEEFKFELE(X+s,n=8)

Tab.8 Comparison of inflammatory factor levels of rats in each

group (X + s,n = 8)

28 %) 5-HT Sp ikl TNF-a(ng/L)  IL-6(ng/L)  CRP(mg/L)
BF R 99. 45 + 31. 58 23.45 +4.56 BFAm 8.54+2.69 6.78+3.54  6.98+4.13
KA 280 196. 98 + 68. 87" 41.67 +7.99" A A 44.13+2.41"  45.12+3.12° 34.59+6.45
Ak R 132.39 + 45. 21" 30.56 + 2. 14* AR A 18.42+2.69*  15.35+8.47" 17.25+3.69"
HEIKF T 195. 36 + 25. 64 40.56 + 4. 58 HETIF ZA 43.12 +2. 81" 43.25+3.69" 33.25+4.58
228 A R 174. 58 + 45, 30* 35 2544, 19° BERPAETL  24.56+2.78° 28.25+6.54" 20.28 +6.98"
BERE AT 104. 24 + 41. 68 25.25 + 4. 24" BREMBAFE  15.19£5.69°  11.18+4.23"  12.56+2.58'
Pl 7 712 19.391 i 105. 034 77.839 51.167
Pl <0.001 <0.001 Pl <0.001 <0.001 <0.001

KT SRARMBRMIEIRLE (X +5,n=8)
Tab.7 Comparison of stress response indicator levels of rats in

each group (X = s,n = 8)

®9 SEAXRENEHIEIRLLR (X £5,n =8)
Tab.9 Comparison of oxidative stress indicator levels of rats in

each group (X = s,n = 8)

8.5 ACTH(ng/L) Cor(pg /L) ALD(ng/L)
BFAR4A 22.25+3.14  195.21+23.69  90.87 +5.42
AR 46.58 +3.58"  294.58+22.58" 279.54 +6.54'
A KR 31.25+4.58"  231.33£21.36" 105.58 +7.69"
REBKATH  45.25+2.58  293.12x21.36  276.58 + 6. 54
AEWPAHFH  35.58£2.58"  251.23+21.03" 147.45+6.91"
REWZATM  25.15£3.15"  204.58 +37.14"  98.69 + 4. 58
A 73.277 22.989 1 634. 865
PiE <0.001 <0.001 <0.001

ik MDA(nmol /L)  SOD(KU/L)  CAT(KU/L)
BF R4 2.03+0.33  67.51+3.58  68.15+2.39
AR 30.28+3.14°  11.23+2.54°  14.59+3.21
AR R4 3.01£0.99"  50.66+6.69" 44.08 + 5. 69"
REWKATH  29.56+4.14  11.98+2.34  15.02+2.34
REMTAEFH  11.25+2.10°  26.87+5.17°  24.69+4.51"
BERZHANTH 5.20+0.85"  40.38+7.27"  35.30+5. 18
A 247. 083 160. 458 198. 802
P& <0.001 <0.001 <0.001

(P<0.05) .36,
2.5 R RIEFRKF

SR F AR g, BRI 4] K BRI ACTH , Cor J%
ALD /K V-3 B3 Th i (P < 0. 05) ; SHORI4H AL, 47 5%
KJE 4l Je 3225 T v v 7] 4 K BRI ACTH ., Cor J¢
ALD 7K g R (P < 0. 05) TEILE 7,
2.6 RMEETFKFE

ST AR A, BERVZ KBRS TNF - o IL - 6
K CRP 7K -3 B2 FH 5 (P < 0. 05) ; SRR Lk, &F
SRR A K ¥ 2 T v v AR 2R B TNE — oy
IL - 6 J2 CRP /K P 3  ZFEAR (P < 0. 05) . IE L3R 8,
2.7 S|WNHIEFRKF

S8 FARYL R, AL K UMY MDA 7K 2%
F+ 15, SOD (CAT ZKF- 34 i 2 B AR (P < 0. 05) 5 S RI4H
LbAs , #7295 R Je 20 K25 i v e 0] e 4 K UL MDA
IK - 34 5 AR (P < 0.05), SOD , CAT /K -5 i % 7t
m(P<0.05) PRI 9.
2.8 EEARIEKFE

SIRFARA i, KRB A AP BB
FALHZ Bel - 2 85 R BRI 2 AR (P < 0.05),
PERK . elF20 £ [ R IA K P H  E TH R (P < 0.05) 3 5
BRI ZH LA, G725 K2 20 AR 2 i b s 79 e 4K U

4

FELL 20 T 86T F 240 Bel - 2 88 [ 3636 /K F 1 B 2 7t
(P <0.05),PERK ., elF2a 35 [ ik 7K -1 1 E F#AIG
(P <0.05) WK 1FIZE 10,
3 iTig

AR AR R FE A, A DG FARERAEE 44 B4
DA R A i BRI G B b 22 F 6, TR SRRl
P51 A G P AR M R, M B e e T . L
ARG G0 A A7 23 He 3l TR, 5 B0 R R
UL PE A, B 225 an g R K e W H TR R B
i, AR 2 g R0 K P o o) S5 I A DS A
SR W AT O B, X R 25 W ) 2 A MR RO
Ol B BT H RIS 2R AR P A S R R
PRIt 3 Ak = RO T 56 R T R X i I — 11
BT 5 X2 A s 3R, WA o] e o R LA 2 BURR |
FPETHEUR R WO R N T AR SR v, R T
Hh e )R A K TR A R A B R R AT Ay
Ramsay ¥4 HUAHCP: I8 B8 AN A B I TR AU 4,
553k (18 ] (38 28 . R W 25 %6 B A F RS 1 &
AP K BB B O 2, RE SR i e BBUfk  HRV J
B[ E R TIRE, 5 2 BB AH OGO 200 RIS, 5
FH SRR ALK R ARV KETH R, R % 2Rk
O E B FEp 2R TIRE B 2 245 9 T S0 b 2R3 SRR
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Bei-2 | (D o SIS Seas sme SRR Bel-2 . G ——

PERK e D — D S — PERK s QD e D S

AF2a e SR e QS SN — IF2e - s @D e a—
GAPDH A A S S S GAPDH D D TN A T T

5&&&‘% @(\}}% )&ﬁé %\%& Xg& Ké& \&ﬁ‘% @\\;‘% )é,éié 4—>\%}® K Vg K O
¥ & & @& v U S
& ¥ A
A B
A BB B, AREH AR
1 BRI E
A. Spinal tissue  B. Spinal dorsal horn tissue
Fig. 1 Gel electrophogram
F10 SHEXREARKKFLE(X+5,n=8)
Tab. 10 Comparison of protein expression levels of rats in each group (X % s,n = 8)
s H AR LR HHEE AR
Bel =2 PERK elF2a Bel =2 PERK elF2a

BF R 3.33+0. 14 0.33+0.15 0.35+0.06 3.25+0.25 0.58 +0.03 0.47+0.04
BEA 20 0.40 +0. 04" 3.85+0.09 4.03+0.07 0.89 +0. 14 3.58 +0. 04" 3.96 + 0. 04"
AR R4 2.58 +0.29* 1.69 + 0. 47" 1.89 + 0. 46" 2.25+0.19* 1.58 +0. 14* 1. 47 0. 05*
A FIKF T4 0.43+0.19 3.89+£0.04 4.01+0.07 0.91 +0. 39 3.47+0.19 3.85+0.08
A4 EP A FA 1.38+0.01% 2.66+0.11* 2.87 +0. 08" 1.59 + 0. 35* 1.98 + 0. 04* 1.69 + 0. 08"
B H N FA 2.82+0.23" 1.01 +0.07* 1.09 £ 0. 09* 2.98 +0. 39" 0.95 + 0. 09" 0.99 + 0. 08"
FAia 394.615 389. 349 466. 746 91. 100 1123.968 4229.892
P1E <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

5 — HT.SP #E 98 w6 % 34 vh A DR R VE 2V O R 3, 46
i ¥ 2 TR A AT FRAIR 5 — HT SP R, el /b F AR
s AR K e e N 0 e e 2 A T SN B e EDN
ARG 5 — HT SP/KF-IE TR, 2 B Hn] i 1
PRI, 28 Fff YR o ] JHE IR A5 3 IR 5% % B, A SEFER
A AR 1ML %5 ACTH , Cor ALD 7K ¥, ol 48 107 38 52 107 LA 2%
il YR o A 9 b, RS IR L AR a2 R BRI T
ACTH . Cor ALD 7K P-4 {1k TR AU 241 , 2 W1 5% 2% il v 3
T 0 T S 7 R AT 7 9 R K ke B A AR S o
AR S5 IR P LA R 3, 4306 K 1 9 R I R 4 1k R
TR ARBEFE B, w5 2 2K UL T CRP
TNF - o IL - 6 KF- B TR A A, 2 B Btk 25 i
RN RN, EARAR G VIR - FAR N SR R A S
YA 22 50 -y, ANl 51 & AL R R 1, 3R R
Ji I R B E B B A S AR ST R RS R P L
7 £ 41 K BRI MDA 7K F-FEAR, SOD  CAT K- Tt &
A L8 25 U A R RN

PERK J2 P4 J5i 90 1o 38 11 T 224 I, R B E E A i A
W AR T, G LSS FTBER AL elF2a, #5211 25 (S B,

SR LTI TR0 WU TG K B, # | PERK /
elF 20 {5538 [ 3k B Y0 WA ] 9 PR SO , R A R I 9%
S, R A ) L S ot e i i 405 A i 28 R AP R FH o AR B
T BRI | R 4L IR T PERK el F2a 25 155
IKIKAE FHE T Bel = 2 85 I 3RIAKE #8225 1 v] 38
1 PERK / elF2a {5538 B8 25 AE TR 5 24E K
B )P 28 DI 8 S AR AR M SN, R AR i i

g5 L iR 2% A AT 3 o 1] PERK / elF2a (55
G2 A A TR S AR R B &, JF R4 Hop 2
UIRE o J5 B 506 i — DR R 22 T 5 A AR 245 10
156G I FH B , 5 A 245 90 %) 22 EAE AL, DL R A
AN ) BCR S (SAE Pl P00 55 ) T A B R 95 IF
it — 25 B IE 72 75 i 2 75 38 1 PERK / elF2a {5 7 38 i
RAERURAE R, BB 12 08 B AR R TP AR BIL I DL
R AIE 5 G far e AR 2 2% i R 100 0 FH Ay | R D Can i ea
(e E DI
S 3k
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