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Effects of Electroacupucture on NMDA Receptor-dependent Spinal ERK
MAPK Expression in CFA-induced Pain Model

Ha Neui Kim, Yu Ri Kim, Ji Yeon Jang, Yung Hyun Choi', Yong Tae Lee?, Byung Tae Choix

Division of Meridian and Structural Medicine, School of Korean Medicine, Pusan National University,
1: Department of Biochemistry, 2: Department of Physiology, College of Oriental Medicine, Dongeui University

The present study aims to investigate a possible mechanism of electroacupuncture (EA) in the spinal dorsal horn
that may underlie N-methyl-D-aspartate (NMDA) receptor-associated extracellular signal-regulated kinase (ERK)
mitogen-activated protein kinase (MAPK) signaling pathways. The hot plate latency of the ipsilateral hindpaw of
EA-treated rats was significantly decreased compared with complete Freund’s adjuvant (CFA)-injected ones. The
expressions of NR1 and NR2B subuint mRNA of NMDA receptor in the whole L4-5 segments are decreased by CFA
treatment, but NR2B subunit was significantly recovered by EA treatment. When we detected the expression of ERK,
there were no significant difference between normal and CFA-treated rats with EA or NMDA receptor antagonist MK801.
But phosphorylated ERK expressions were markedly induced by CFA, but these inductions were significantly modulated
by EA treatment. Although hosphorylation of ERK was also arrested by MK801, these inductions of CFA-injected rats
was markedly inhibited only by co-treatment with EA and MKB801. Phosphorylated cAMP response element-binding
protein (CREB), ERK-related transcriptional factor, showed a significant increase in CFA-treated rats and this increase
was slightly inhibited by EA and MK801 treatments. But immunoreaction for phosphorylated CREB were significantly
increased by CFA treatment in the superficial laminae of the dorsal horn and these inductions were significantly arrested
by co-treatment of EA and MK801. Consequently, the hyperalgesia induced by CFA are associated NMDA receptor and
EA and MK801 may showed anti-hyperalgesia via same mechanism for inhibition of ERK and CREB phosphorylation in
the dorsal horn.

Key words : NMDA receptor, ERK, MK801, CREB
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™, S F&A % ERK 4371 A= =2lo] BRisy
o] ofel tig A7} Tt AW, FFRE glo] 4
HZh 843 amino acid ¥HE X3¢ N-methyl-D-aspartate
(NMDA) % NK-1 F8A9 A4S I3 central
sensitizationo| 4 ERKE&42 F23 7|5& 3}‘11, 3] Ca™'9
AZY fge B2k NAHE 7taie 9Fe =0, 24
3l®l ERK+ W E ©]F3}Y ribosomal S6 kinase (RSK)S}
mitogen- 2 stress-activated protein kinase (MSK)E %3l Elk-1,
cAMP response element-binding protein (CREB) & HA}1A&
gA3}ste] thefdt NMDA 484 /ERK MAPK 9J&#21 3
A PS5 AA7 A o B

weba 2 Ao A A3 AFI- g AAYE 17 9
U302 complete Freund’s adjuvant (CFA)F% $5 29 S ©]
%g].cq o:l_z_/\% 5_1_4,]_ ;q;dx].:Loﬂ ,]5]- NMDA _/,: ;q],] A7
AZW Ca¥ Qe of718 71540 ¥ signaling pathway
% ERK MAPKS ¥3Het d@o] atsl/grlies 53 1 &
e UEle AE AHE1A o 54 oE NMDA
A NR1, NR2B subunite] t3 mRNA ¥3&, NMDA & Z‘]]
antagonist MK801& ©]-§-3t ERK ¥ CREBEA #4 52 53
NMDA 48 /ERK MAPK 2]|&3 F32} dtao] Ao 24

¢ hsAe el 2RE T 9.

A

Al
e
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L

8 ¥ 7173 Sprague-DawleyZl BFE FHIO|(F)2
FE FYste 270 AfolHez AP B =32
T AMESIA T HAF ASHES 98 calibrated vaporizer
(Midmark VIP 3000, Orchad Park, OH, USA)E o] -85}
isoflurane (Choongwae, Seoul, Korea).Z m}3 3t & 100 ul<]
CFA (Sigma, St. Louis, MO, USA)E 2 2% Wl 1)3}ol| T4}
¢ CFAT, 3¢ %9 saline 845 FA BT, A4S
< 7He A3, CFA A 3 A3 A58 & CFA+RRT 19
I CFA FAF ¥ A7 MK801& Aol H2d CFA+AZ
+MK801T- 0.2 Uro] 7t % 5vte] & ARtk AP
didta FEAE &2993Y $U9& we & A et
A8 3}t

2. AAA=F

Isoflurane . 2 v} ZE 3l A A=2 0.25
needled AF3sle 31 F AAZTE, 29428 =
2] (ST36) 9} 451 (SP6)E o] §3ted Y% Pl ANIE(2 Hy)
o} ¥& FZ(0.1 mA)Y AM7IZ 20 #3F electrical stimulator
(Pulsemaster ~Multi-channel ~ Stimulator SYS-A300, Word

Precision Instruments Inc., Berlin, Germany)& ©]-&-3}o ] 23}

At

3. NMDA & antagonist MK801 %] 2]

Az AEFIo| ) NMDA &9 9
A3t isoflurane w3t R T 9 F
o
o

AN 145 HFw Afo] 5 Tl AFuehd 0 tube
S 3 em A% st ol Ao 2ol o]2rE
stgich ¥EE B39 F & 51550 PE-10 tubeS 1YL

o FE F A YA FosiH 39 RYAFE T A
s TETS Ay AREslth. MK801 (Dizocilpine
hydrogen maleate, Sigma)- 5 ugs Ei 2 Aol o F9)3}
Fow oFEo s 2R FY SR vital stainingS
T3l skt

4. Thermal hyperalgesia 7%
AR FFAIAE planatar test (Ugo-Basile 37370,

Comerio, Italy)E ©]8-3}4 thermal withdrawal latencyE &
Pty oz =AY WS AN 279 £48 A
at7] $ste] 15% o2 AFstA e 335 A8t B

& olgstath

5. Real time PCRE ©]&3% NMDA 4-&3A subunit mRNA 4]

145 A4 BAS HAFH5Y TRIzolE o]§3te] ZZ oA
total RNAE FZ&3}921, real-time quantitative PCR< ABI
Prism 7900 sequence detection system (Applied Biosystems,
Foster City, CA, USA)9] SYBR green receptor dyeE ©]-&3}4q
A AEF AT PCR primers?] nucleotide sequences®] forward (F)
9} reverse (R)= NR1 F: CAAGTGGGCATCTACAATGG, R:
ATCACTCATTGTGGGCTTGA, NR2B F:
ATGGCGGATAAGGATGAGTC, R:
CGAAGCTGTTCTCGATGGTA, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) F: GTCTCCTGTGACTTCAACAG, R:
AGTTGT CATTGAGAGCAATGCE AH-319ith

6. Western blot

AAAS 5 CFAFAL 7919 22 9_3% L4-5 HFEd 9
3te] HEPES bufferZ A& g 5 lysis buffer (25
mM Tris, pH 7.5, 250 mM NaCl, 1% NP-40, 5 mM EDTA, 5
mM DTT, 1 mg/ml leupeptin, Protease Inhibitor Cocktail, 10
mM NaF, 1 mM PMSF and 1 mM Na;VOy)Z £33l &35}
I 94 Bt 23 A3 F FY FE0 ug)S 8%-12%
SDS-PAGEE  o|&3 7|953tx ©o|& polyvinylidene
difluoride membrane©. 2 o] AA|# t}. o] A& ERK (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), anti-phospho-ERK
(Cell  Signaling Danvers, MA, USA),
anti-phospho-CREB (Cell Signaling Technology) &<} 9§ Al
75 anti-rabbitlt}
anti-mouseE  7}3}¢] chemiluminescence detection system
(Pierce, Rockford, IL, USA)S. 2 #HAA|A &¢lstgit), W guk-S
9] A=+ Multi Gauge Version 3.0 (Fujifilm, Tokyo, Japan)<
©] 8314 densitometric analysisE 14|35} T}

UEEEEE

Technology,
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7. H9z A8 B

T 145 245 AA3 4% paraformaldehyde 317 4 o
4T 12417F 13 39t} 30% sucrosedl] 48A417F = & tissue-tek
compound®l] Zu3te] 30 ym FZAEHE AALH freefloating
methodS &3 WzZsstxor A4S gt #24AL
03% hydrogen peroxidasee] 1587t A29X AHsta
phosphate buffered saline (PBS, pH 74)°.2 A#H3 £ 3%
normal goat serum¥} 0.3% triton X-1002] PBSell 30% 7+ A&
A At en FAE 4T 2427 WA AT PBSE A3
3tz 2z} 3?1 biotinylated anti-rabbit IgG 52 mouse IgGE
AoA 30 WREAIHS PBSEZ  AH
avidin-biotin-peroxidase complex kitell 2204 60&7t 4H-$-
7131, DAB substrate kit® Ao 587+ WA #A
AAAv Aol A Hpujzs AFWEDH, 3 1 2 1),
(NP, 23 I 2 V), 43 (NECK, =3 V & M)e& Yol
Visus Image Analysis software (Foresthill Products, Foresthill,
CA, USA)E ©]|-&3}4 integrated optical density (IOD)E 53
sttt

do rlo > o

f!

8. SAIAE

EAAYE Hod RFUAZ FAEGoH  SigmaPlot
version 11.0 (Systat Software, San Jose, CA, USA)C. 2
Student’s t-testZ 25 AAMSIAT Pgre] 0.057 9+ o &
AR Fosttta AdetaAn

4 3

1. CFAFE 535EdoA Adax

CFAFE =299 isofluraneZ w}#HE 31 2 Hz,
0.1 mA®] A5S 2083t 7keta AR A5 308 F, vk A}
23] ARl F plantar testE &34 thermal threshold&
Aotk ABTe AATH LT wH o FeH T
el S48kt Aol Hls) CFAS A=d dzaodx &
A 3e A Ngns Byow ol A49E& Wy 3d B
A&EA a8y A CFAC 98 fxd €93 uis
HaARon 53 AF 2974 5E A ATHFig. 1).

D

2. NMDA 87 subunite] ™3 mRNA Z& 4

A3 39 A 145 H5E-d 9] NMDA 84 NR1Z} NR2B
subunit mRNA®&E-S ABI Prism 7900 sequence detection
systems ©]-83}o] real-time quantitative PCRZ A H it}
CFAX E el 93] NR13} NR2B subunit mRNA 25 7H4319 S
U #@Aet agen, A3 o3 dde] 352 NR1
AA A gt om NR2BRe] #A g 3 E-& HYATH(Fig. 2).

3. CFA % E==2ddx ERK od % NMDA &4
antagonist MK801 % &
A, WAL, CFAT ¥ CFA+AITOE o] FH¢

L4-59] ERKE @S 49 B 23 7 $31o] dA Wk 42

2] ggkom NMDAS47 antagonist MK801& FAHS ol

M= AR TS Bl FoHFig 3). 2y 148 ERK

of MAe TS Auud Fged vlE CFATAA @A

T/ Bl Fom CFA+HZTAA dA3 st

& Lotr7] fste] AFHad FA F
A Ql

=
ta] 2 A7 CFAY] 93] ERK

0

= =
WHo] thh Fshy AR ghekew thut CFAC o3 F
7 BEe AP MKS01S B A2ld W AA S Akl
t}(Fig. 4)
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Fig. 1. Analgesic effects of EA in CFA-injected rats. Each point
indicates the mean+SEM (n=5). EA treatment induced significant inhibition of
CFA-induced hyperalgesia from day 2 post-injection. ## P<0.01 and ### P<0.001
compared to the normal rats. * P<0.05 compared to the CFA-injected rats.
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Fig. 2. Effects of EA stimulation on expression of NR1 and NR2B
mRNA in the L4-5 segment of the spinal cord (n=5). A significant
increase of NR2B mRNA compared to CFA-injected rats was evident. * P<0.05.
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Fig. 3. Western blot and its densitometric analysis for ERK in the
ipsilateral dorsal portion of the L4-5 segment of the spinal cord. The
panel represents a typical result from three independent experiments. There were
no significant changes by EA alone (A) and EA and MK801 co-treatment (B).
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Fig. 4. Western blot and its densitometric analysis for ERK
phosphorylation in the ipsilateral dorsal portion of the L4-5 segment
of the spinal cord. The panel represents a typical result from three
independent experiments. ERK phosphorylation was significantly increased in
CFA-injected rats compared to normal ones and these inductions was inhibited
by EA stimulation (A). CFA-induced ERK phosphorylation was also inhibited by
EA and MK801 co-treatment (B). ~ P<0.05, * P<0.01.

4. CFAFE 5355249 Q14t3}3 CREB &d 3} NMDA 484
antagonist MK801 %3 3F

CFAA 2] 93] Z7}8 ERKZA S AALIAQl CREBE &
3 FIHoR S5 gl Wi Bodls Aoz ¢
Z glo] CREBZA o thate] zAletgtt™. ¢14+318 CREBE
4ol sl CFATOIAM #A3) Srhstglen, CFAY 93
FE 91433 CREBS Mo o3 tha #Aasigon dA
2 gtk MK801S A2 P& wl CFAol & <l4tss
CREB & T #A #grt A& FdthFig. 5).
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Fig. 5. Western blot and its densitometric analysis for CREB
phosphorylation in the ipsilateral dorsal portion of the L4-5 segment
of the spinal cord. The panel represents a typical result from three
independent experiments. Phosphorylated CREB was significantly increased in
CFA-injected rats compared to normal ones and these inductions was
significantly inhibited by EA stimulation (A). CFA-induced marked ERK
phosphorylation was not observed in MK801 treated rats. ~ P<0.05.
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Fig. 6. Immunohistochemical analysis for CREB phosphorylation in
the dorsal horn of the L4-5 segment (n=5). Data are expressed as the
mean=SEM. The mean IOD of the dorsal horn in EA and MK801 co-treated rats
showed a significant decrease compared to CFA-injected rats. ~ P<0.05 and ~
P<0.01. Bar=200 um. A, normal; B, CFA; C, CFA+EA+MK801.
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A st om ARAA e o3 ﬂy‘o] HAoU NR1S &
A3t ¥om NR2B7F dA g 355 E{th(Fig. 2).
=0 Eﬂr% ionotropic glutamate receptor?] mRNAZ >
ki BAE wet FolatA Tdste AR EE A
T #HE FEAZ e dold AHE Hol F
£ 4d3eA NMDA 849 NR1% NR2B
subunit Z+4A+ CFAFA} 3 39 5] A3 EA] o]= CFAJ] <93
NMDA &4 #ad Fo] ;& dFoz Ko An, A3
93k NR2B3| E-2 3 152-&o] & A#4= Bo Xt} o
A CFAfHE 53l NMDA &7} st A3 s =
4 7bsds AAbeta A
=] 9] jonotropic glutamate receptore &5 7|9 gl &
oq3te= AP 2, A4 E nociceptiondll %043}04 A
3t signaling pathwayE X33t Atsty £EE F3 FA|
7o A7t BARD. 53 BErdd] glo] H4 )
2 ol d AAMEY glutamateR Bl AHo|F MNAAE
9] ionotropic glutamate receptor®4S X33t  central
sensitization®l] T3y E3] Z< D2 NMDA &
A7k Yol Fad Vs gk AZW ZE &

3 A ZATHAGS B8 @73 == A7])F e 4l

\_. a=

£3] glutamate =& 2}t A] H<FU Q14+3HE ERKS) 7+
£ 2o E ¥ ol 95482 TEA amino acid®H] ol 2
2 o]m g NMDA &4 ¢ ERK MAPKS £0. 8 3lE A5
Ao E}"hﬂ 5% A8 s A7A3EH £xrt D 754
of At metA B dAx AR TEZe] BAZ e
=2 NMDA &A1 9 ERK9}] #uAS Golry] 95t A
HA=ol 9] sk ERK9} 14+818 ERKEHE S western bloto 2 4+

ERK'Z A& CFA, %j%l ﬂ il

o

7t en 01?4% 7k AR 1 o8 BA3] FastAh 1
&) antagonist?] MK801& A 239 < w CFA
o 9% ¢l Mzz}tﬂ ERK'#8 2 A 3stx] ehgtor W33} MK8o1
< A AY 39S W AT FAE BRATHFg. 3, 4). ol
CFAd 93 ERKZA S 3 3 MK8019 oJ8) 42t =4 7}
39 AR MK801LS FAE ARE 58 o8 @7 Al&sa
ot Y& 535 vepd 7hsAdel ok

4385 ERKE Y& o]53le] RSKS MSKE %3
Elk-1, CREB 5 HARIAE &A13}5le] ERKOEY FHAS &
A7), Q144818 CREBo] tha) ZAMsH 23} CFA] o3 3
A8 Frbstdom Mo o3 tha FAsht AAA = ¥k
o} MK801S #8 31913 wl CFA°l 23 214518 CREB &7}
T #FHA FYchFig. 5). 1Y B2 33 H o2 CREBE
Aol tis] AR AZA M CFAdl &) Z7lstH o]
o] dA3 rasthe e A% NMDA
MK801& &7 A2 4ol th(Fig. 6).
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