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Characterization of Electroacupuncture Effects
on the Responses of Rat Dorsal Horn Neurons
to Noxious Stimulation

Shin Hong-kee', Park Dong-suk, Lee Seo-eun and Kim Jin-hyuk

*Department of Physiology, College of Medicine, Han-Yang University
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College of Oriental Medicine, Kyung-Hee University

This experiment was designed to investigate the effects of electroacupuncture (EA) on chronic pains
and factors that affected EA effects.

The responses of wide dynamic range (WDR) cells to electrical stimulation of Ad & C afferent
fibers were used as an index of pain in rats with chronic pains induced by intraplantar injection of
complete Freund's adjuvant or peripheral nerve injury. In rats with chronic pains, low (2Hz) and high
(100Hz) frequency EA stimulation applied to zusanli caused the inhibition of WDR cell responses in
about 60% of rats and the inhibitory actions were dependent on the stimulus strength, EA stimulation
also induced an excitation of WDR cell responses in 23.9% of rats and no effect in 15.8% of rats.
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neurogenic pain.

However, it seemed that in normal rats compared to the rat with chronic pains, the incidence of which
EA stimulation caused the excitation or no effect was high. Reversible spinalization almost completely
blocked EA-induced inhibitory or excitatory effects. EA stimulation more frequently induced the ex-
citation of WDR cell responses in lightly anesthetized (0.6%) rats and the enhanced responses of WDR
cells were inhibited by EA stimulation in the rat anesthetized with 1.5% enflurane.

These experimental findings suggest that in rats with chronic pain, EA stimulation inhibited WDR cell
responses to slow A& and C fiber stimulation and EA-induced inhibitory action was under the control
of descending inhibitory system and degree of anesthesia.
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Table 1. Different Kinds of Electroacupuncture Effects on the Wide Dynamic Range (WDR) Cell Responses

to Afferent Nerve Stimulation.

Changes in WDR cell responses

Exp. group Total NO.(%)
Inhibition Excitation No effect
Normal 10(35.7%) 6(21.4%) 12(42.9%) 28(100%)
Inflammation 27(62.8%) 11(25.6%) 5(11.6%) 43(100%)
Nerve injury 26(57.8%) 10(22.2%) 9(20.0%) 45(100%)
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Figure 1. Typical recordings of changes in the wide dynamic range (WDR) cell responses to an electrical
stimulation of afferent nerve after electroacupuncture (EA) stimulation applied to Zusanli point contralateral
to the hind leg with inflammation or nerve injury for 30 minutes. [n all the following figures except figures
2 and 6, bin time was 4 msec, and arrows indicate the time when train stimuli were applied to the afferent
nerves. No. of AP is the number of action potentials induced by an electrical stimulation of afferent nerves.
Stimulus parameters were 2 Hz, 3 mA and 1 msec. A1 and B1 are the control responses of CFA—induced
inflammation and nerve injury groups, respectively. In both A2 and B2, WDR cell responses and after—dis—
charges to slow A& —and C—fiber stimulation were inhibited by EA stimulation.
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Figure 2. Effects of electroacupuncture {EA) stimulation with low frequency—high intensity or high fre—
quency—low intensity on the wide dynamic range (WDR) cell responses. Changes in EA effects were ob—
served in CFA—induced inflammation group (A and B) and in nerve injury group (C and D). EA stimulation
was applied to Zusanli for 30 minutes and stimulus durations of 1 msec and 0.5 msec were used in low or
high frequency stimulation, respectively.
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Figure 3. Spinalization almost completely blocked electroacupuncture(EA)—induced inhibition of wide
dynamic range (WDR) cell responses to afferent nerve stimulation. A is the contro! responses of WDR cells
before EA stimulation. In B, WDR cell responses were inhibited by EA stimulation and EA—induced in—
hibition was almost completely blocked after the spinalization with 2% lidocaine applied onto spinal cord
(C). After wash—out of lidocaine, the inhibitory effect of electroacupuncture was recovered (D).

EEAE 3. A JAATL AT g8 e dAae) s)A)e

A8 (Fig 3).
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- O @9 #94. p<0.01
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Figure 4. Excitatory effects of electroacupuncture (EA) were blocked by the spinalization. A is the control
responses of WDR cells to afferent nerve stimulation before EA stimulation. in 8, WDR cell responses
were greatly enhanced after EA stimulation and EA-induced excitalory effects were almost completely pre—

vented after spinalization with 2% lidocaine(C).

B8 4, 334 AAAZ FaZel A& F7hd WDRA XN v &7 (Fig 4).
@ FAZo} s Z7be WDRAMERHE 1 173.6+10.1 %
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Figure 5. Electroacupuncture (EA) effects were varied with the concentration of anesthetic gas. A is the
control responses of WOR cells to afferent nerve stimulation before EA stimulation. EA stimulation enhanced
the WDR cell responses to noxious stimuli in the rat anesthetized with 0.6% enflurane (B) whereas WDR cell
responses were inhibited after EA stimulation when the concentration of anesthetic gas were increased to
1.5%(C).

BEA8 5. viE it AAF AT vixs 4% (Fig 5).
@ 0.6 % enflurane v} 3tolA F7e WDRM ¥4HE : 1855%16.4 %
@ 2 % enflurane v} 3o J2g WDRAIXHHE 67.9+4.3%
- @, @79 F94. p<0.01
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Figure 6. Inhibitory effects of intravenously administered morphine were paralleled with the effectiveness
of electroacupuncture (EA} stimulation. Open and hatched bars show the effect of morphine on the re—
sponses of wide dynamic range cells in which EA stimulation was effective or not, respectively.
Morphine—induced inhibitions were naltrexone—reversible (cross—hatched bar). *: p<0.05, *+: p<0.01, sig—
nificant difference between groups in which EA stimulation was effective or not. ++: indicates p<0.01
compared with morphine—induced (4mg/Kg) inhibition.
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WAXI2 6. Responder® Non-responderdA BEAME2IQ Bl (Fig 6).

BHY

0.5mg Img 2mg 3mg 4mg/Kg
Responder 87.2+127 74.5+13.8 53.6+11.1 41.2£10.0 31.1£10.0
Non-responder 92.6+£3.3 88.0+3.2 79.1£5.3 72947 73.4£6.4
‘a4 x x x p<0.05 p<0.01
mg, 1mg, 2mg, 3mg ¥ 4mg/ke¥ © A€ WDRAIX CFASY H&leatt H4A7e] &4 3 4
o use 39 A 19 6o REvie T FFol 28 39 Hield 308 AHAIE
t}. WDRAIES] 8o ulxE 279 dAEsE  AgE Fele As L CABERY A= d8 #
AEWL Q= AAET &3t A AAGA o 2E HFFEAAEY BEo] AFH R AR

2 Ago)gl ot A4 (0.5mg 22 Ingke) o] &2
Aol Fog ztol7t o, FoEFo] Tt
F52(3~4mg/ke) FAZEFHIL e HAY WDR
AZukgo] o F23HA (p<0.05 2 0.01) HAS
Atk 2He) Fojof 2j3te] AAld W2 0.5me/ks
429 naltrexone® AWUE Foidtd A v
Solgez 3 5dt(p<0.01).

v, 2 %

a3 ATY GrEd APME FAA2
et W32 522 AE
/\}.‘g_s}(}i o D_.}l),Z),Q).]G),lS)

3 3
TxoM A2 FANEE nPFFE ALtE 3

oM d+e A
2 Ay 9 gugdz $ANEE Agst
WDRAZE ulFallz=s faase] 25 w33t
o 43R5 Wt 5 559 AEE A B
A= Fgo] Yo, 1 5(1997)01% AHEE 7]
AR o] vlate] B Aol AHEE A7 2
2o A=o AE WL Y 7)7HE oS FgsA 2
A & 9lornz UdA% =7]8] WDRAMERNEE&
A% 5 9 FHol AUtk

o AAzpFo] By F OEZAAE SHs] HoR
HE5A] 4 ¢ F Atk AFAEHAE AY
3t A¥elA tail flick latency?} A& 23
80~100%°14 @A+ dhde] AAaHE o 30
o 2t z&grhs A7Ae) wgw” Y =
AdJME FEFAA L vhgo] ARAF o)
ok 4053 A= I dAEN} FEEHUL
U w2438 ¢ £ ok AFAFY £
A71A2 9 BE, WNE 9 7k BgEge] o
A4 Aog AU olv] & g 7)-7
T FAAN BE zA2AEe} 7|7Holee wh )
A, & ZEst A8FE 710E AR AF0
2 FETS ¢ £ A =3 wTs S
£ 7}%¥ 2 (summation)©] gA dojyEz 1¥l
ZAFA e AFREI Rt FEAF] 2
F ook 8 Adelq aWE(100H) A=Al &
2 71zH0.5msec) T AZE(0.1m4, 0.5mA) A=,
ARE (2H) AFAelE 2 713 1msec) & I E
(1o, 3uA) 9 HAHATE AYs 2up, H-F4A
¥ Falaantge]l fAR AER AAHUSES
A2718 BE L ASEY AEE A2 b
dtrhe ol dx€rch

B Ador] AMEF AHIEE 2~5Hz9] AR
29l oF 100Hz8 THEAFOE iy, 53]
AHEE AR T g 2 o7t Aok ANE
AFA 1~2V B 1nan|wre] okt AEE A5t
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A #oF AAEINst fudoks wusP O
A&7t 8, 20~30mA(2msec) & 40~50Ve] o
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B aNE-AZE 22 ANE-33Ee A3
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o Foiof st Ay AT AYF] 9t
T ou- 9 6787 A Foo & o
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AggA xah7] gie] AFaIs} SisgE R0
2 geix QoMY JeEz H4E gumor
Hdste] 458 (spinal animal) & ©EYW A2
a237h 24903 Y0 mE Asea "z}
T AW} fEEHE AT ofyd, og Jlx] A¥z
Aol met Fanyt gk = Q7] gio H4s
Ao Hashs WHE o) &3d T AA
A S dAA AL ulwEr)rt AE #nl
ohvgt ¥4dd F Aasrt yeidA oty @
A FER} S AAA 8 AHoz mg
Ov &L d@rle oddn 449g. 18y
2 APM= WDRAMIZEY 4H8-8 7|28t H48
ARG S%o] 2% lidocained 1587 ALd %
AHBDEA 7tHH 02 )5 aldsts
€% o]g3to] WDRHEY $aja3urgo] A=t
Foll g3 dAE delolM 475 atdstd A
FaFE 2459, lidocained AHT £ 0%
o] &= AHY AA A7} ThA] vEPGE ol
3tozA AAANFEF7) s A A s o)
Mecks g 848 798 + Ak

dutdog g2 A¥dME FxZaH} Qe
Ao daAaTt AFFHAL B F U¥) 2 2
dojM Fa:ptb glAeH, 2 ddrd 537 YA
=AE B AES 92 odd BAE S0%FEe
Agdels Jant gokte Bax glon? B 4y
FAME d4F 2 NAEY N sl HHEZo] &
28 AHAF ¢ 40%edM e ARATEAT AAY
L3lel AT 8 H5-FAMEY wgo]
ZHESTE. AAAT AT B B AP 27 4
FAME 7hsdt @ v A A3 a7 ¢
#A 0.6%2 enfluraneC g 7n}3 s Aejola A

< Aot AAAZ &) H5FAH T
Bhgol F7tEle A8d7t %9k7)ol enflurane o}
FEE 1.5%% F7HAY. 0.6%9 enfluranev}



The Journal of Korean Acupuncture & Moxibustion Society Vol 19. No. 4. August. 2002.

st e F7HE A AFFAAEY wrgo] vlEF
£E 15%2 wold dAA= ds) dAd vt
oflzt AR T J&ll HFFAALY vEZo] F
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7t FAE S AALSRE & 489 A9ERH O
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