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i OE. (A FE - SEEAKEEEANE T (CaMK ) EHEY A C- A& F R0 {1 K i BmE
(LTRSS MERFHRER. [Fik] ASLHERESRERASTABRENSTHARIMNER C- FEAR
B, BERNELEHEESYE A C- SEBERBMN LIPELTP B2NE, A 2B EHMETERFA T CaMK
TBY HE £ 44 30 #1070 KN-93, SR 2E C- FEFERAAA 4L, [ZR] 50 pmol /L ) KN-93 REWMERE M C- 4

~ BRBMMIBE, BTRZLAKSHYMA LTP B (n=6). KN-93 BB MR HH B8 Y A LTP, &£ LIP

¥ERJ5 30 min, 50 pmol /L #Y KN-93 Xf LTP By R #IRIX T M (n =4), T 100 pwmol /L #J KN-93 £ HZ5 )5, LTP
BEHHER, TIhWMEENEKFE(n=6);ELTP HRE | h AL T 100 pmol /L i) KN-93, 7 HIzh# A 5
1 LTP B i) ; 1B A AL BE 49 KN-93, 7 LTP B5/5 3 h, FEEB L B B 189 LTP(n =5), H i KN-93 ¥
BEE 200 pmol /L L REEM B HBEE M LTP, [25i8)] CaMK I 2 55 WA C FABRMA LIP WAS ALY
HE+%,{8 KN-93 XJ8e 3 LTP R HI1EA,
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KN-93 Blocked the Induction and Early-phase Maintenance of
LTP of C-Fiber-Evoked Field Potentials in Spinal Dorsal Horn
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Abstract ; [Objective]To investigate the role of calcium / calmodulin-dependent protein kinase

- I (CaMK II) in the induction and maintenance of spinal long-term potentiation (LTP). [Methods]
The C-fiber evoked field potentials were recorded at the superficial layers of spinal dorsal horn at the
lumbar enlargement. LTP of C-fiber evoked field potentials was induced by delivering tetanic stimula-
tion to the sciatic nerve of Sprague-Dawley rats. KN-93, a selective and membrane-permeant CaMK
Il inhibitor was applied directly to the spinal cord at the recording segments before and after LTP induc-
tion. [Results] KN-93 (50 pwmol /L) completely blocked LTP induction in all 6 rats tested. KN-93
reversed spinal LTP in a time-dependent manner. 30 min after LTP induction, KN-93 (100 pmol /L)
depressed LTP in 6 rats. KN-93(100 wmol/L), when applied 60 min after LTP induction, depressed
LTP in 5 of 7 rats tested. The same concentration of KN-93, applied at 3 h after LTP induction, did
not affect LTP in 5 rats. [Conclusion] Activation of CaMK Il may be crucial for the induction and the
early-phase but not for the late-phase maintenance of LTP of C-fiber evoked field potentials in spinal
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dorsal horn.
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HHEMA C- 048 kAt 2R
(long-term potentiation, LTP) ZEHHRIEA C- G4 5
HHE A IRE W ETH— s R e
Rpfe BB RMBMRA Y, BRMEARGEF
MR C- HERZHHERGAIETHETA C-
SHEFHRBMAE LTP ), B, BHEM C- 4
AN LTP 1R ¥] BE 5 rh AU LA 1), 798
AP AREEEEEN, €45 M1k, MED LTP
MBREAI, 65 - S HEQKBEEED HE
(calcium-calmodulin-dependent protein kinase II ,
CaMK I 7€ LTP # i S Pl X R 1E A ), SR E AW
FIE# LTP 7T 8% CaMK 1T 3% ik 57 e BEL T, B Rig X
CaMK Il #Z iE R TR LTP A RE M AEES
W, Hi, CaMK I 7E% S 15 #8 LTP 4E::h iy
YERMAERE . HEH CaMK I EHHEfH C 4
BABA LTP KEFMERTHIEM, RAIELA
CaMK I #936 £ 14 3 I ) KN-93, 7E LTP ¥ A7 .
&, BEERTERT AR BRRE, WHE KN-93 Xt
LTP BB

1 M#EEF®

1.1 SRIMBAES

TH K A SD HEfE KRR (250 ~ 280 g)51 H %
HAN 4B E 1A% 7.0 mmol/L H = F TR
(DMSO) LI FR4H (n=8) ;% 2 404 KN-93 fn&
HRMA (n=6);% 3 4% KN-92 jn3& & 5 A
(n=6);% 4 HRERBI KN-93 4l (n=25);%F
SHENEEREMKN-92 H(n=6)3hH(1.4 g
/ kg) B TR ST RREE , 1T 8 AL S 0 S B Bk A
BTN~ (T~ L) fTHRVIRA, RELH
FERY K o i B 22 M A B 4 22, (38 R BUAR 1L 45 e AR
RBLEHZ RATIERNERTERN 2BY
MEANY A WIME S T 3 AT e MR
Zh Bk M & 10. 67 ~ 13. 33 kPa(80 ~ 100 mmHg), F§
AR RARGHEKRALBAERFTE 37.0~37.5 C,
.2 & %

EREBHNEBRERER IS ML F KN-93
(Sigma)5 KN-92(Sigma) . KN-93 =X KN-92 ¥ ## T
/8~ B TR (dimethylsulfoxide, DMSO, Sigma)
Ja , HEH R 1| mmol/L MR, BIETE B
FWHAATBE® (arificial cerebral spinal fluid,
ACSF) ¥ KN-93 4 5 # B B 50 pmol/L. 100
pmol /L F1 200 pmol /L # TAEW ; s FIRTER KN-92
By f& FE WA ACSF #4100 wmol /L B9 TAEWK o
TAEW H 8 DMSO A M EAMT 7. 0 mmol /L,
1.3 HAEEICRMME R

BREH A C- A RF R BAL DR 2 3 Ek
[1,2)0rR . 42 p R (BBFE 0.5 ~ 1 MQ)#AT
Mgshicwk, HIREEEFHMEERRT 100 ~ 500
pmo FHEL /#5688 (DT2821-F-16SE) B4 10 kHz &
FEAL B BAE R, bL C- S4B R A i iE BEAE
B, BHFBE0~20V,0.5 ms,]1 min? ) B4
BEHRANMLEMEEREMETABRN, RAMNK
(40 V,0.5 ms,100 Hz, f¥4E 1 s, [B]f% 10 5,4 {X) i
FC- A F RN LTP, LB MM R S3E
HBHEALTEANEES 11 cm,

1.4 it

FrEBEUC- AEFRBIIBEN 2+ R
N, YREERDBEERERAHNREST  B%,
KK o =0.05,

2 % R

2.1 KN-93 [HEF C- F4iFLZEL LTP BiES

ERBEEALRESIFE C-F4EE LB
Ja,185% 30 min fEAT B, ZEABHA LHMERE
RIBL, AT 855 C- 4% LTP,30 min J§ C- HFEFER
AR AR (178.0£10.2) % (n=21),3H
FFoE 4 ~8 h, WAL LRXBA, A ES LTP 28
BZEMA 7.0 mmol/L # DMSO, M H 3t C- 4
HFREANEN, HSREH, DMSO H AR C-
FEFRBN(FHRER),

FE 6 R, ic% 30 min X RS, FEICRY
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BAE#ERE A KN-93(50 pmol /L), ¥£ /H 30 min,
HX C-AAFERAUBELTHIEM (105.4 +
10.8)% (n=6), BEJG7EA B #2 1 M 5% 2
B,ARC- AAEFE LB LTP HELME], BEH
BiE1h#C- RAIEMEN (107.0+9.8)% (n =6,
P> 0.05, B la), JHERR KN-93 i #1588 LTP £
B ARSI AR E #WEH CaMK
XA AT REME, RATWEE T KN-93 K3EIEHE Y
KN-92 (50 pmol/L) X4 #E LTP ¥ S M M, &
5% H RIBAT 30 min 245 KN-92 X488 LTP %S
AEEM(n=6,P <0.05, B 1b),
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Fig. 1 Effects of KN-93 or KN-92 on the induction of
spinal LTP

The mean response of C-fiber evoked field potentials prior to
tetanic stimulation serves as control. The amplitudes are expressed as
percentage of control. Each data represents the mean amplitudes of five
consecutively-recorded C-fiber evoked field potentials. Summary data,
expressed as mean + SEM, are plotted versus time. The downward arrow
indicates the time point in which KN-93 (Fig. 1a) or KN-92 (Fig. 1b)
is applied and the upward indicates the time point when tetanic stimu-
lation (0. 5-ms duration, 50 V, 100 Hz, given in 4 trains of 1-s du-

ration at 10-s interval) to the scialic nerve is delivered

2.2 KN-93HEkTmiEEeE C- FEFLRBA
LTP
EF W LTP 30 min &7, iIEXFTEREREREMA
KN-93(50 pwmol /L) Xt LTP LBA B8R, C- K 5%t
MM (220.3+19.3)%, i KN-93¥ERiSh Gk
(243.5£22.0)%(P > 0.05, n=4), BB AHE
7 KN-93(100 pwmol /L) U 2 F M &) LTP, Z5¥11E A
90 min J§ C- R IEMEHE (176.7+13.4)% BEE

(146.4+11.8)% (P <0.01, n=6), 3 C- F4
BREBAZEE T REEXEAE (B 2d) 22, F i
W B KN-92 it 4 48 LTP 09 45 4% 3 B A 0 % 46
o LTP 30 min 44 F KN-92 ATAYIE(E N (193.5 =
14.2)% , 7£ KN-92 Fiz§/g 4 h, HIBERAEEH
WA (n=6,P> 0.05 & 2e),

vL\f\/v‘ 30 min
C
W 180 min
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Fig.2  Effects of KN-93 or KN-92, applied at 30
min after tetani, on the maintenance of spinal LTP
a, b and c: the original recordings taken al 15 min before tetani,
30 min and 180 min after tetani, respectively. The amplitude of C-fiber
evoked field potential, indicated by vertical dashed line, is determined

automatically by parameter extraction. d; KN-93;e.: KN-92

BREBLTP1Lh /G, CRTBEHEETMA
KN-93(100 wmol/L), Z¥ 2 Rzh#) LTP Xk LA R
A4k, BA S5 Rahly LTP BB E4H, 25k
90 min J§ C- A FERABAIREHR (181.6=
13.7)% F&R%E (148.4+13.7)% (P <0.05, n=
5), FEJE C- I I B8 & 8 Kk & B % Bk T 3 4 3%
5 4h(BE3),

BEFHLIP3h G, EFXVTERAEHBREMA
KN-93(100 pmol /L) XtHEHA LTP AU LA Z M
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Fig. 3  Effects of KN-93, applied at 1 h after tetani, on

the maintenance of spinal LTP
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Fig. 4  Effects of KN-93, applied at 3 h after tetani, on
the late-phase maintenance of spinal LTP
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CaMK I B#&IuRp/EEH K (PSD) HH
IREAR,AEBDNEHRPSEFE., YHHBRA
Ca* WEABGE, 55 /B RETEIE CaMK I, 351k
B CaMKIl Al R4 B BB M. BMEAHA
Ca’* MWK E IEH /KT, CaMKII {5RES 15 A Hb (%
FFEHRES. BEPREREY, #/H CaMK I 4
W7 B A Bk CaMK IT 2R 0] 58 2 1 il ¥ % LTP
HER; MHRMEHAETNSF CaMK T S H M
EYES /SRR REHSREAERE'S, L CaMK
ISR EETEMPLAERTEERR.CLH
Brox kB, WAk B F KN-93 0 40 H 3 &
(capsaicin) ¥ & M HIXBURILE A B3R 45 R ok
—# B~, KN-93 fE e LK S8 A C- 44
FEABA LTP MBS, U CaMK I 15 #3875

LTP HES P RIEEEEM, BiRIK CaMK T ]
W iR R R R AR S, I A R SR
AMPA ZA%H , 5% AMPA Z 1k S5,

CEFTHRAY, H#REBILIP G,
CaMKI EHBEAR, FU4HFZES 1h, X—3
ST ETERETAWETS, CaMKI BIA KR
—MigiZsrF, e 585 LTP WRE, HER
fih 5 # 2T N A F CaMK IT 4904 51 35 7R e 30 41 18
5 LTP M4+, SR, FHMEMA LTPERE
30 min ¥ 60 min 5 F KN-93 7] B E W LTP B
ik, BT KN-93 BEABBH BT Ca® - K CaMK I &
M, R A BBBRAE CaMKI MIFAHMEESSE
BE LTP Rk, B4 AL, CaMKI &S5
MW LTP MAEBR KW S L, BB IR
CaMK I X¥ LTP M{ERT, — M EBEBEEKMGTMA
i WL, CaMK I 7E LTP B85 1 h AR GRIFH
X EFBECEX EEERRAMNE RN ERK
B ] o1, T ERAT Y T B S IR, B AR
Fi C- 41 445 2 3 #8619 T 5% H R T LA KB E] o
PH5E CaMK IT 30 I M 7EBR A LTP A 1E . A X4
RER,EESFE LTP /5 3 h B4 T KN-93, % LTP
HIAEFE TR e, Bl LTP M4EF Al sE AT T
BHY LTP, CaMKII RE Xt LTP By 4k +% & 8 X 8 1E
o KELRER, Bl LTP WARTEFNEOR
B A, RV BRI AR, RATRATIIBISE
ORI, iERTERERERES FTEA SR H
7 1T A B A OB LR T R R e A s e B LTP
HIZE+E

HHHFA CHALFERBA LTP R 65 4K
LA XY, B LTP Al S5 EuRg, A
Z5RRY], CaMK I 9 3 ) F R X RERH T C- 4 41
AW AL LTP B 5S , T E AT BRI R 1 230 651 5 2
LTP, B nfaf 3 ) 25 B4 5 46 % A A0 B2 3 LTP M
&P ROREERRE, EEFTH - HIR,

BEXH:

[11 Liu X G, Sandkithler J. Characterization of long-term
potentiation of C-fiber-evoked potentials in spinal dorsal
horn of adult rat: essential role of NK1 and NK2 receptors
[1]. J Neurophysiol, 1997, 78 (4): 1973.

(2] Liu X G, Sandkuhler J. Longterm potentiation of
C-fiber-evoked potentials in the rat spinal dorsal horn is

prevented by spinal N-methyl- D-aspartic acid receptor
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BEEM. BEBEARNBHLER, BLTHER
R, FRABHHECERMT YT, A/HE—F
B3

MARARFIH, 2% hPCCs BRLHFE
HHEENRBEZ— S5 ~T7 A, BEHRBEA
¥, 9 & ,hPGCs Fr it b BH , ML 6
BEREEABRHARBAFTHREECE, RHARE
PIRVEBNEE, FHIREERAR (&
hPGCs RIAE T IR ) o oL, A FitrAnt, EEEE
BERETIRSPLSEARRELRAETHIsFEY
Ik, Bk, BIFE BEREZER. REMEE,FR
RS, E3h AERNF.
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