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Effect of intrathecal injection of dexmedetomidine on protein kinase C expression of
spinal dorsal horn neurons in a rat model of chronic neuralgia

Deng Hai-hong, Ma Song-mei, Xiao Xiao-shan (Department of Anesthesiology, Second People’s Hospital
of Guangdong Province, Guangzhou 510317, Guangdong Province, China)

Abstract

BACKGROUND: Dexmedetomidine is an efficient, highly selective alpha-2 adrenergic receptor agonist, with
sedative, analgesia and anti-anxiety effects, it has little impact on the respiration.

OBJECTIVE: To observe the analgesic effect induced by intrathecal injection of dexmedetomidine in rat model of
spared nerve injury.

METHODS: A total of 60 male Sprague-Dawley rats were randomly divided into three groups (n=12): normal
control group, dexmedetomidine group and saline group. Except for the normal control group, spared nerve injury
model was established in the rats of dexmedetomidine group and saline group. Dexmedetomidine group was
treated with intrathecal injection of dexmedetomidine 3 pg/kg every day within 14 days after injury. Saline group
was given equal volume of saline for 14 days. The thermal withdrawal latency and mechanical withdrawal
threshold were measured respectively before injury, after injury, before injection, and 2, 7, 14 days after
intrathecal injection. Four rats were sacrificed in each group at day 2, 7 and 14 after injection, and the lumbar
segments (L4) of the spinal cord were removed. Real-time RT-PCR and western blot analysis were used to
determine the expression of protein kinase C mRNA and protein in the spinal dorsal horn neurons.
Hematoxylin-eosin staining was performed to detect the morphology of the spinal dorsal horn neurons and
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immunohistochemistry staining was carried out to assess the expression level and distribution of protein kinase C.
RESULTS AND CONCLUSION: The thermal withdrawal latency and mechanical withdrawal threshold in
dexmedetomidine group and saline group were significantly decreased compared with normal control group before or
after injection (P < 0.05). However, both the thermal withdrawal latency and mechanical withdrawal threshold in
dexmedetomidine group after intrathecal injection were significantly higher than those in saline group (P < 0.05). The
protein kinase C expression in spinal dorsal horn neurons was significantly decreased in dexmedetomidine group
compared with saline, and reached to the most lowest levels as normal control group on 14 days after injection.
Moreover, the apoptosis of spinal dorsal horn neurons in dexmedetomidine group was lighter than that in saline group,
and was similar to the morphology of neurons in normal control group on 14 days after injection. Intrathecal injection of
dexmedetomidine could attenuate the hyperalgesia induced by spared nerve injury, which might be associated with the
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inhibition of protein kinase C expression in spinal dorsal horn.
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Strand Synthesis SystemiAFfll &k T & ¥ 5 licDNA, B
5 HISYBR Green AT SN %¢)65E #PCR.

EHHEC 1 Z1E5/1#/751%: sense, 5-CTC CCA
TTC CTT CTC CAT CC-3’; anti-sense, 5- CAT CACCTT
CCC AAAACT GC-3'; # FRILFEGAPDHIE AR HE,
SWIF4 4 sense, 5-AAACCC ATC ACCATC TTC C-3';
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anti-sense, 5-GAC TCC ACGACA TAC TCAGC-3',

Western blot: U8 & 8 58 A8 BE 4 R 1R HR 1B
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B PR NP IRIGG), EEIFE20 ming F 1 —HLE
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BANKEEY, LEERREMAGE, AP e T
I A HIPBSACE —¥L,
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Western bloth il #% 4 & HEEEC & I Rk KT

Gt SRHISPSS 13. 045t kT 4007, T
PR xtsRR, A BRI T 2001, Nt
R E St KK, P <0.05Z% 0 BErEE Y.
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SRR oK, SIEF S RAMEL, AR KYEAEREC
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Table 1 The thermal withdrawal latency and mechanical withdrawal threshold in three groups at each time point (x£s)
Eisa 451 A(n=20) HERI(n=20)  HE
2 d(n=16) 7 d(n=12) 14 d(n=8)

HORIBAE R R SR IA(s) neopitel 27.7¢2.1 28.5+1.8 28.3+1.1 28.0+0.7 29.1+1.4

A AR KA 27.2+¢1.0 13.021.2° 14.5+1.0° 13.6+2.1° 11.6+1.4°

FEL e 26.9+1.6 12.0+2.2° 19.6£3.1%° 20.2+1.2% 19.9+1.6
UM B 2 I SR B (g) IEH X R 2 14.3£0.7 14.5£1.8 14.4£1.6 14.8+1.1 15.2+1.0

AR R K2 14.1£0.8 4.0+1.7° 4.6+1.0° 4.541.2° 4.2+1.3°

PEES R k| 14.7+1.1 4.041.4° 7.541.3% 8.2+0.7% 9.6+1.0%

o EFEAKAIE, 4REREAES G &S AR AL SRR, DU B E RSB S  B k. SEHMMALLE, P <0.05: SEELK
W, P <0.05.
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Figure 1 Distribution of spinal dorsal horn neurons in rats (hematoxylin-eosin staining)
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PCR #&: A 5 & 854 R & B 388 C B9 mRNA #8335
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Figure 2 Protein kinase C mRNA expression levels in spinal cord

of rats as detected by fluorescent quantitative PCR

Pl Bl A SR FEIK E 45 25 R B3 0 2 1 588 C mRNA Rk ki
PRI 5E#XRALE, °P <0.05, 54 M HKALE, P <0.05.
NC: IEH XTI, NS: AH k4, DO: HEIEKELHZFRIHA,
D2: HEFEKELD G 2d 4, D7: HEFEKEH LS 7d 4, D14:
HRIKEL S 14 d 4L
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Figure 3 Protein kinase C protein expression levels in spinal cord
of rats as detected by western blot analysis
BliE: SEEEE C K/NE M 86 000, B4 HEFLIRE 45 2R B 1
IR B C mRNA FIAFFEEREAK. NC: IEFXHM, NS: 4l
K4, DO: HRIEHKELZFIMHA, D2: AERFLKELZASE 2d
M, D7: HEAKRELLAE7dH, D14: HEILKTELL)E 14d
4.
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Figure 4 Protein kinase C expression levels in spinal dorsal horn neurons (immunohistochemistry staining)

Bl ARIENRE AL TS R MG C RIAAIRMTE, BIALS 2 REMIEN, HIRIKLBHEIK, 214 d RKEBEIEPIME. DO: HZEH

#, D2: H#fF2d4, D7: HA4ST7d4A, D14: HZjE14d 4.

BB Ik SRR, 214 dHLFEACE BT EH R4,
C T A /K4 (P < 0.05), LE2.

2.5 Western blot# | & 20 & & # B4 C & & KA K
Western blotZ 7R, 1E# %41 & AEREC & A R IA R,
BAEFER KA RIZH BT & (P < 0.05), 44252 djah =4t
Wk 8 41 B IR C R IA G T NI, BEA L 29B) M AL,
FFEFEOR B AL W CRIERRE N, 614 diIAEf
6, SEFSRALREMNY, 7, 14 dFS5AEFEKAMEL
27 BEMEE (P <0.05), WLES3.

2.6 REMLAFEEEOPHCEE KA EHENT
HEZE B A ih o B IMIEC B 1 308 B Ik sl 55 PH A
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REUREN, HRIEBHIE, 214 dRIEBEE I (B4).

3 1Fi¢ Discussion
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HISEHEP, SR Al e A S TR B R IRAL Y, 51
BRI ATEREA AL, i BT LA A YRR 2 S 30 1) Uk
o ASIGEEREIR, KEAIETEIERG24 hy BB
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A& FH 0 22 B SR 25 A5 PRV . 2
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RHEER: BA HA AR AT RN,

FAAE: BOMIE C-Z GREOMBBETHRRLE T HEAY,
FAEFERIRE T RAZRMY, #BEHETRRERTY, BEER
A FELEA0 B, & G MBE C ABUE RIBRBUIER, & 208 DAG
WA, BT SR Cat R ey, & BRUTIEIR T Ca? ik L byt
%. % DAG AR T BILeT, ORI &G is C s
BRI, KB Ca®TehE R T HE.
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FAE, NABRHEAT, XTAHA.

4 BENHE References

(11 25,07, 8 a0 20 3 M PO A R[], o [ e B %
#%7,2007,13,(4):244-246.

[2]  Wilson M. Overcoming the challenges of neuropathic pain.
Nursing standard. 2002;16(33):47-53.

[3]  Trujillo KA, Akil H.Inhibition of morphine tolerance and
dependence by the NMDA receptor antagonist MK-801.
Science.1991;251(4989):85-87.

[4]  ZWeHE, 2T, R E, 5 T A48 /R S bk - T 1B PKer,

pcREB,c-Fosflic-Jungzix _Lif[J]. F E 2 H 24504, 2007,23(4):

480-484.

[5] Coull JA,Boudreau D,Bachand K,et al.Trans-synaptic shift in
anion gradient in spinal lamina | neurons as a mechanism of
neuropathic pain.Nature.2003;424(6591):938-942.

[6] Yashpal K,Pitcher GM,Parent A,et al. Noxious thermal and
chemical stimulation induce increases in[3H]-phorbol
12.13-dibutyrate binding in spinal cord dorsal horn as well as
persistent pain and hyperalgesia, which is reduced by
inhibition of protein kinase C. J Neurosci.1995;15(5 pt 1):
3263-3272.

4688

[7]

[8]

9]

[10]

(1]

2]

[13]

[14]

(18]

[16]

7]

(18]

(9]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

Palecek J, Paleckova V, Willis WD. The effect of phorbol
esters on spinal cord amino acid concentrations and
responsiveness of rats to mechanical and thermal stimuli.
Pain.1999;80(3):597-605.

Malmberg AB, Chen C, Tonegawa S, et al. Preserved active
pain and reduced neuropathic pain in mice lacking PKC.
Science.1997;278(5336):279-283.

AR, B 7T, A8, 5 R 2 FERRIE P T A K R
MBS f1 PKCIZRIA A3 [J] 1L 4R B2 24,3013,53(20):39-42.
Grewal A.Dexmedetomidine:new avenues.J Anaesthesiol
Clin Pharmacol.2011;27(3):297-302.

Bhana N, Coa KL, McClellan KJ. Dexmedetomidine. Drugs.
2000;59(2):263-270.

MR Fe, B 1A AR5, 55 A R FEIRIE IR R N BT R[] 2R
B=2#£,2012,33(2):290-292.

TRELER, 2 I B 5 B, 55 A 1 G SRR e )/ BB 42 1k
IR S ]. AP RE BRI 22 24 5,2011,31(12): 1458-1460.

FEGAR, B 20, B A 7,55 3 P 1 O [R50V SR R BRIE X BR
RO BT 35285 AT A 22 B [J]. R AR AR 24 2k, 2011,31(6):
710-713.

Opazo P, Labrecque S, Tigaret CM, et al.CaMKII triggers the
diffusional trapping of surface AMPARSs through
phosphorylation of stargazin. Neuron.2010;67(2):239-252.
Se/Ivien, BB BRI . = O B 22 99 3 Mk P AR A 1 % D
R LR [J]. U PR BRI 22 94 75,2005, 211 (5):338-340.

Yaksh TL, Rudy TA.Chronic catheterization of the spinal
subarachnoid space.Physiol Behav.1976;17(6):1031-1103.
Bennett GJ, Xie YK. A peripheral mononeuropathy in rat that
produces disorders of pain sensation like those seen in man.
Pain.1988;33(1):87-107.

v B AR 1R, 55 B N T S0 SR FERKE AL B R 25 L A0
LAY IR R TR R[] I PRIBRIFE 2 2%, 2012,28(9): 916-918.
Scholz J,Broom DC,Youn DH,et al.Blocking caspase activity
prevents transsynaptic neuronal apoptosis and the loss of
inhibition in lamina 1l of the dorsal horn after peripheral nerve
injury. J Neurosci. 2005;25(32):7317-7323 .

Mellor H, Parker PJ.The extended protein kinase C
superfamily. Biochem J.1998;332(Pt 2):281-292.

Saito N, Kikkawa U, Nishizuka Y, et al. Distribution of protein
kinase C-like immunoreactive neurons in rat brain. J Neurosci.
1988;8(2):369-382.

Monyer H, Sprengel R, Schoepfer R,et al.Heteromeric NMDA
receptors: molecular and functional distinction of subtypes.
Science.1992;256(5060):1217-1221.

Liu H, Wang H, Sheng M, et al.Evidence for presynaptic
N-methyl-D-aspartate autoreceptors in the spinal cord dorsal
horn.Proc Natl Acad Sci U S A.1994;91(18):8383-8387.
ESUA 05, A5 I, 55 0 P 2 PO R0 0 22593 36 X
BRAFBETT fANMDAR. CGRPZIAHIMm[J]. H H AL A%,
2009,15(2):95-99.

B2l PR R R EUR X A B85 A 2270 A B B IIECTE RO
AN E M E SRR ] LS 2£,2011,33(17): 2568-2572.
Belleville JP, Ward DS, Bloor BC,et al. Effects of intravenous
dexmedetomidine in humans. I. Sedation, ventilation, and
metabolic rate.Anesthesiology 1992;77(6):1125-1133.
Sallinen J, Haapalinna A, Viitamaa T,et al. Adrenergic
alpha2C-receptors modulate the acoustic startle reflex,
prepulse inhibition, and aggression in mice. J Neurosci. 1998;
18(8):3035-3042.

P.O. Box 10002, Shenyang 110180 www.CRTER.org



