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Selective blockade by yohimbine of locus coeruleus—induced inhibition of 

nociceptive reflex but not that of C responses of spinal dorsal 

horn neurons in rats 

ZHANG Kai—Ming，ZHAO Zhi—Qi 

(Shanghai Brain Research Institute．Chinese Academy of Sciences，Shanghai 200031，China) 

ABSTRACT The effect of az—adrenoceptor 

antagonist yohimbine (Yoh ) on locus 

coeruleus (LC)一induced spinal antin0cicepti0n 

was investigated in 18 anesthetized W istar 

rats． Stimulation of LC markedly inhibited 

both nociceptive reflex of the posterior biceps 

semitendinosus (PBST ) muscle and C re— 

sponges of 16 wide—dynamk range (W DR ) 

neurons of the dorsal horn． Application of 

Yoh (0．2 ，5— 10 I)to the surface of 

spihal cord at L3一{attenuated the LC—induced 

inhibition of nociceptive reflex without affect— 

ing that of C responses of 10 W DR neurons 

that were tested in 6 rats． The results sug— 

gested that LC may exert its inhibitory action 

on the nociceptive reflex via 2 adrenoceptors 

somewhere other than the W DR neurons in 

the spina1 dorsaI horn． 

KEY W ORDS adrenergic receptors； pain 

measurement； electromyography； locus 

coeruleus； n。repinephrine； spinal cord； 

yohimbine 

Stimulation of LC selectively inhibits the 

nociceptive responses of the spinal dorsal horn 

neurons and increases the latency of tail 

flexor reflex (TFR)I2]． The 2一adrenoceptor 

antagonists．Yoh and／or idazoxan，reduced 

Received 1994 O3 l0 Accepted 1994一O6·船  

Correstmnding：Prof ZHAO Zh[一0I． 

Abbreviations： BP — blood 吣 ⋯ ； Ex G — elett～ r 

diogram }EM G— e|ecrromyogram；FR — flection ~flex L— 

Iumbar{LC= I uleHS}NPY—neuropeptide Y；PBST 

— postedor biceps semitendinosus musc|es|TFR— tail flexor 

ref|ex}WDR— wide~ymamic rangej Yoh=yohimbine． 

the n0repinephrine—induced inhibition of noci— 

ceptive responses of the dorsal horn neurons 

and attenuated the spinal antinociceDtjon to 

stimulation of LC ”． It seemed that ot，一 

adrenoceptors played an important role in LC— 

induced spinal antin0ciception “． However， 

our previous results did not support this view ， 

as“2一adrenoceptor antagonists failed to block 

LC—induced inhibition of noc iceptive responses 

of the dorsal horn neurons in cats and 

rats ”
． Therefore．the differentiaI effeCtS Of 

~tz-adrenoceptors on LC—induced inhibition of 

nociceptive reflex and the nociceptire 

responses of dorsa1 horn neurons merit fur— 

ther investigation． 

M ATERIALS AND M ETH0 DS 

Experiments were performed on 18 0 Wistar rats 

(Shanghai Animal Center，Chinese Academy of Sci- 

ences)'weighing 314士 29 g．anesthetized with ure— 

thane(1．1 g·kg ，ip)． Trachea was canulated for 

artificial respiration． The spinal toed was exposed by 

laminectom y at L⋯L and co'~ered w ith warm agar． 

The rats were fixed in a stereotaxlc frdme． BP，body 

temperature and ECG were monitored and kept at 

physiological levels． 

As a nociceptive flextion reflex (FR)，the firings 

of eleetromyography(EMG)from the PBST muscle 

were evoked by pe ripheral electric stimulation accord- 

ing to Hoffer's description 6J_ The electric stimuli(1 

— 2 ms，100 V，3 pulses，100 Hz，at 5-rain intervals) 

were transcutaneous1y applied to the ipsilatera1 hind． 

paw via a pair of stainless steel needles． A concentric 

bipolar stainless steel electrode(0．15 mm in diameter) 

was inserted into the LC at the stereotax[c coordinates 

0f P 0．5，L 1．0．H 7．5 accordingtothe atlas ofPaxi 

nos ” for the electric stimulation (5O一 150 A ⋯0 1 
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0 2 ffls．100 Hz，／or 50O一600 ms)． The stable base一 

【ine of EM G was established for at least 30 m in prior 

to the examination of the effects of LC St Lmulation and 

the application of drug． 

After the observation of FR ， the rat was para 

[yzed with gallarnine triethiodide (2 ，O．1— 0．2 ml， 

v) and art ficially ventilated． The responses of the 

dorsal horn neurons were extraeeI【u[arly recorded w kh 

a single m icropipette tilted with NaCt 4 mot-L-。． A 

0．O2 solution of Yoh (Sigm a)in saline was topica[一 

【y applied to the dorsal surface of the spinal cord at 

segments ot L a一 (5-- 10 v1) 

Statistieal analysis i The firing rate of EM G of 

single or m ultiple m uscle ullites and the responses of 

spinal WDR neurons were represented bv 土 ． Sta— 

tistical significance was eva[uated by t test． 

·RESULTS 

The EMG of PBST reflex by peripheral 

electric stimulation exhibited 2 components， 

the early one with a latency of≤ 10 ms，and a 

threshold of 9士 5 V (range 5— 20 V ， 一 7)， 

the Iate one with a latency of 125士 23 ms 

(range 80一 l 60 ms， = 12)，and a threshold 

of 19± 7 V (range 10— 32 V， 一 7)。corre— 

sponded to A—．and C—．afferent fibres evoked re—． 

sponses，respectively． Following the stimu一 

1ation of LC ，the C—afferent—volley induced FR 

was selectively inhibited to 28± 16 (range 

65．4 一 1．8 ， 一 18)of control1evelin al1 

18 rats tested． W hen LC stimuli were applied 

200 ms before the onset of the peripheral stim2 

uli， the maxima1 inhibition of FR was ob— 

tained without fluctuation of BP． 

In 9 rats after LC—induced inhibition of 

the FR was tested，responses of W DR neu— 

rons in the dorsal horn were recorded．The re— 

sponses also exhibited typically 2 components 

which represented A—and C—afferellt volley in— 

duced responses with the latency of≤ 10 ms 

and 138士 79 ms ( 一 10)，respectively．Elec— 

trie stim ulation of LC selectively inhibited the 

evoked noeiceptive responses of 16 W DR neu— 

rons to 26士 20 (range 0— 50．0 ， — l6) 

of control leve1． 

Intratheca1 injection of Yoh (O．2 ，5— 

1O pl，mean 7± 2 “1) markedly blocked the 

LC—induced inhihition of FR． The inhihition 

was altered from 27士 12 to 84± 20 

(range 4 1．6 一 1．8 and 1 2 0．3 一 

68．2 ， respectively) of control， without 

fluctuation of BP in 15 rats． A typical exam— 

ple was shown in Fig 1． The effect of Yoh 

Iasted l5— 130 min． In contrast，Yoh failed 

to reduce the inhibitory effect of LC on evoked 

nociceptive responses of 10 dorsa1 horn neu— 

rons tested in 6 rats(Fig 2)． In addition。the 

A—afterent volley induced responses of both 

FR and W DR neurons were not affected by LC 

and Yoh． 

Lc ztimulation 

Fig 1． Block~le of LC—induced inhibition of nodeep- 

tire reflex by Yah in ogle experiment． Histogram rep- 

resenting firing recorded from posterior hieeps senti— 

teadiaosus m uscle to excitation of uamyelinated  affer． 

ents by electde stimulation (1 ms，100 V，3 pulses， 

100 Hz，at S min interva1)Of the ipsllateral hiadpaw． 

Yoh(O-2％，5山)钾as applled to the dorsal re#on 

surface of the spjtml cord at k —  white and blaek 

eolanm s re present spikes of En G before and after 

Yoh，re speetively． EM G ：ele~romyogram t LC stim — 

ulatioa：electtie stimulation oflocus eoct~leus(SO pA， 

0．2ms，100 JIz，for 5帅 ms)． 

In 2 rats，the effects of Yoh on LC—in— 

duced inhibition of FR and responses of the 

dorsal horn neurons were simultaneously test— 

ed． Intrathecal injection of Yoh blocked the 
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Fig 2． LC．inducted inhibit1on of C responses (̂ 一 8) 

of a spimd W DR neuron by peripheral electric stim u— 

Iatton (2ms，1O0V ，3 pulses ．at 5mininterraI)． A· 

Control series{B，Tested series{Topical application 

of Yoh (0．2 ％ ． 10 山)to the dorsaI surface of the 

spinal cord at L一 ． Upper panels：Control respons- 

曙 l M iddle panels： Stimulat1on of LC (0．2 m s， SO 

uA，100 Hz for S00 ms)，Bottom panels：2 min after 

Lc stimulation． 

inhibitory effect of LC on FR in both rats． 

However，Yoh did not change the LCainduced 

inhibition of C responses of 5 dorsal horn neu— 

rons in the same rats (Fig 3)． 

DISCUSSIoN 

Consistent with our previous observa— 

tions ，the presefit results showed that 2一 

adrenoceptor antagonists failed to block the 

LC—induced inhibition of nociceptive responses 

of dorsal horn neurons． Interestingly，the 

present study also supported the view that a!一 

adrenoeeptors played an important role in LC— 

induced inhibition of nocicepfive FR ． In 

view of the present recordings of FR and firing 

of the dorsal horn neurons under the same 

conditions and even in the same animals． it 

was shown that there were differential effects 

of R2-adrenoceptors on LC—induced spinal 

antinocieeption． The previous results，which 

seemed to be conflicting，may be attributable 

to the activation of different neuronal path— 

Fig 3． Differential effects of Yoh on LC-induced in— 

hibition of nociceptive reflexes of PBST m uscle and C 

responses of W DR neurons by periFlhera]elec tric stim- 

relation (1 ms，l00 V，3 pulses，100 Hz·at 5 ra in in- 

terva])． Topical application of Yoh (0·2 ％ ·5— 10 

p1)significantly red uced LC—induced inhibitlon of no- 

ciceptive reflex without affecting that of C responses 

of W DR neuro ns． The whi te and black colgmns rep- 

resent EM G (H一 11)and C responses of neurons(H一 

9)，respe ctively． < 0．01 LC stimulating group 

of EM G． 

ways in LC—induced spinal antinociception． 

Norepinephrine—containing neurons pro— 

jeeted primarily to the intermediate zone，lain— 

ina X ．and the ventraI horn of the spinsl 

cord ． Sinee lamina X neurons conduct the 

spinal nociceptive signals 。。 。 and also send 

their axons to ventral horn。lt would be possi— 

ble that a pathway (LC—lamina X—ventral 

horn 1 may be involved in LC—induced inhibi— 

tion of FR Should it be the case，it would 

also be possible that Yoh reduced the LC—．in． 

duced inhibition of both the firing of lamina X 

neurons and the FR by noxious stimulation． 

Our recent study strongly supported this like— 

lihood“”． Another possible exp[anation may 

be that LC—induced inhibition of nociceptive 

reflex result from an inhibitory action on mo— 

torneurons or ventral horn interneurons． 

However．some evidences did not seem to sup— 

port this assumption r。 ． 

The kind of transmitters that mediate the 

LC-indueed inhibition of nociceptive responses 
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Of the dorsal horn neurons remains undeter— 

mined． In the light of the co—localization of 

neuropeptide Y (NPY )，serotonin or galanin 

and norepinephrine in LC neurons⋯ ’ ． 

whether coeru1ospinal】y projecting NPY一，5一 

HT一， and galanin—containing cells are con— 

tributing factors in LC—induced spinal 

antin0cicepti0n via the dorsa1 horn pathway 

merits further study． 
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而不影响其对背角神经元 C反应的抑制 

哩，垫垃 尺罗j 
(中国科学院上海脑研究所 ．上~200031，中国) 

摘要 在18只麻醉大鼠上刺激蓝斑可以抑嗣强 

电流刺激后肢引起的后二头半腱肌的屈反射和 

16个背角神经元的 c反应 ，在脊髓腰3—4节段 

表面滴注 Yoh(0．2 ，5一lO v1)明显减弱蓝 

斑对反射的抑制而不影响其对 c反应( 一10) 

的抑制． 结果提示 ， 受体参与蓝斑对伤害性 

反射的抑嗣，而蓝斑对背角神元 c反应的抑嗣 

可能由其它递质介导． 

关键词 堑圭堡童量堡；堕塑 ；肌电描记 
术；些 ；去甲肾上腺素；琶墅 宦主重 
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