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Effects of etomidate on descending activation of motoneurons in neonatal rat spinal

cord in vitro

ZHENG Chao, WANG Meng-Ya"
Cell Electrophysiology Laboratory, Wannan Medical College, Wuhu 241002, China

Abstract: Descending activation pathways in spinal cord are essential for inducing and modulating autokinesis, but whether the ef-
fects of general anesthetic agents on the descending pathways are involved in initiation of skeletal muscle relaxation or not, as well as
the underlying mechanisms on excitatory amino acid receptors still remain unclear. In order to explore the mechanisms underlying
etomidate’s effects on descending activation of spinal cord motoneurons (MNs), the conventional intracellular recording techniques in
MN:ss of spinal cord slices isolated from neonatal rats (7-14 days old) were performed to observe and analyze the actions of etomidate
on excitatory postsynaptic potential (EPSP) elicited by electrical stimulation of the ipsilateral ventrolateral funiculus (VLF), which
was named VLF-EPSP. Etomidate at 0.3, 3.0 (correspond to clinical concentration) and 30.0 umol/L were in turn perfused to MN with
steadily recorded VLF-EPSPs. At low concentration (0.3 umol/L), etomidate increased duration, area under curve and/or half-width of
VLF-EPSP and N-methyl-D-aspartate (NMDA) receptor-mediated VLF-EPSP component (all P < 0.05), as well as amplitude, arca
under curve and half-width of non-NMDA receptor-mediated VLF-EPSP component (all P < 0.05), or decreased amplitude and area
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under curve of VLF-EPSP, its NMDA receptor component, and non-NMDA receptor component (all P < 0.05). However, at 3.0 and

30.0 pmol/L, it was only observed that etomidate exerted inhibitory effects on amplitude and/or duration and/or area under curve of
VLF-EPSP (P < 0.05 or P < 0.01) with concentration- and time-dependent properties. Moreover, NMDA receptor-mediated VLF-
EPSP component was more sensitive to etomidate at > 3.0 umol/L than non-NMDA receptor-mediated VLF-EPSP component did. As

a conclusion, etomidate, at different concentrations, exerts differential effects on VLF-EPSP and glutamate receptors mediating the

synaptic transmission of descending activation of MNs in neonatal rat spinal cord in vitro.

Key words: etomidate; spinal cord; motor neurons; descending activation; excitatory postsynaptic potential; glutamate receptors

HfIZ 34128 J0 (motoneuron, MN) 3% 2 4
T2, WIS RGN SR N TE R AR
i A A2 T I % (R S i oo pR I HH R AT
] LR Gl R R ZE G ) RN E MN,
18 B e e KPR i B s 2 X n] L (Al
o B R RE ) Al CGEId T AT RS ) T
ITRIERE, AN IHEME s T M Bk, T
WO B AL s S m P R R A b B
HEEAE M R0 M R R T AR
TH kTN AT I8 K A 5OR 40 I B RS B0 S A 2
R P, EAEBERBE T, A7 IR R 2 s
S S AT 3B B P AN TG, H ] A A
OB, R BRI S, SR 2 B R B
XA F IRE Stk o KT, Jin SEGIF TR LA
B HE KT 5- FE A% (5-hydroxytryptamine, 5-HT)
e P AT LR e BV BUR AL EI AT, A5
JHRRED W, XWIRIR T AR 7V T Rext
AT B HA A F . 85 AT 4 R 25 i
P R 2 WUAAE F IBLEIBE S0, R RRZ 0 AT
ORI K PR 2 5 T WUAE R )= 2R e 2
L], WA TERTEE

AT K 15 (etomidate, ET) & — il #f bk JBR 19 771,
HATR AP W, BURAE - OIREA JCRE
AR B Z T Im K. H T, K ET
A RRAE T TR AL I FE 4 R B, B4dos ET 182
I8 1L 1 5% - 24 55 T R (y-aminobutyric acid, GABA)
RE 2R 40 101 FH 1 400 ol ok 28 00 1) % i 1k, IF B A
Na*, Ca®" FIZEIRFE K" 101, PG K, W3E 50
IR 0B, AHIX B A BE AP R T 5 M, AR
ET 6 Hi) F4F H th B 22— 3105 i MN (1 7E AL
il JCHR A P R AR [ I N- I3 -D- 7]
A % (N-methyl-D-aspartate, NMDA) i1 £ NMDA
(non-NMDA) 2 14 ] J& 15 17 7 L5 AE H 6 A7 # 18
PRI, RATC S 287 T ET X fU sk
JA R AR N R AR BIT U5 A 1) MIN X Ay P S A

AR T 04, i ET X MN TR AT 300 ) SR il % 326
AN, LURHLEIan T ? 242K LR IE .

i, ARSI R FPARED) v MN 40 i 4 3l sk he
A, FHLHIE S 2R (ventrolateral funiculus, VLF)
YER AT £ MER B0 U1, WS ET X f fill 0
i [F) 0 VLF 5 7 (1) 2% & P 5 il J5 L A7 (excitatory
postsynaptic potential, EPSP) ( {&j# VLF-EPSP) [1J{E
M, JFHEAT ARSI AT 20 Hr

1 #RFE%
1.1 LHP  7~14 H B 2k Sprague-Dawley
(SD) Kl 40 K, MEMEA, hg 5L gl
WIES A, YERTIES SCXK( 75 )2002-0018,
ET Jy 48 [% DURI By A7 BR 2 w) 77 b “ W%
A7 (0.2%, WIV) A%y, BEEDZ5ahENHIE S -
X8002522, fif {4t L1 (bicuculline). E[IP & 7 %
(picrotoxin), - [f]7* (strychnine). DNQX (6,7-dinit-
roquinoxaline-2,3-dione). APV (2-amino-5-phospho-
nopentanoic acid) A1 — F1 3£ VI (dimethyl sulfoxide,
DMSO) ¥4 Sigma 24w 7= e faf AL PO ED P
CEER . AT APV JHZE /KRR, DNQX
H] DMSO Bl J e e BEW, 35 8 UK A ¥ VR 2% H
Il FH A7 N C 59 (artificial cerebrospinal fluid,
ACSF) Fie 21| Ir da W BEREL 45 25 . ACSF [fi 7 07
24 (mmol/L): NaCl, 127;KCI1, 1.9;KH,PO,, 1.2;
CaCl,, 2.4 ; MgS0O,7H,0, 1.3 ; NaHCO,;, 26 ;
Glucose-H,0, 10,
1.2 HEIAHEE SOk, HB7~14 HEd
Bk SD KB, 1E OMES IFOKRRIE T, 0 B
N2 K a B TR U0 1 HL (Vibratome) i)
DI E - (400~500 um) 3~4 J, B (23~25
‘C) NI ACSF i & £ H . ACSF FIR & U14 (95%
O,+ 5% CO,) WAT. Ml 25 15 B 21 56 BV Fr ] 45 4
AR AR SIE 15 min LA .
13 BEEIER UL T=EETHELILE, H



ST HRATRRER BT A K B A e s i 2 o0 AT G 1R 157

AN BNl xmiE, HE TWA2
WOAH S ] 5, 73 R Ak R R P S VLF, Jf RS
AL R) ACSF LA 2~3 mL/min 3% J& 28 48 7 42 £F
SRR RET F o

B IS B IR P-97 BUKP RAFRF hr AL
(Sutter Instrument Co., USA) fr il st sk, BN 78
3 mol/L ZJRER. R FHHT A 100~140 MQ TR ,
FEARRL B3, A Gl A (MP-1, Narishige,
Japan) FI G HL AR JBOK 35 1) 1& 45 T ¢ (Buzz), XH
BE D) I A X AT MIN 28 Il sk 30 i AR 5l
i Axoclamp-2B fil ., 8% i K 2% (Axon Instruments,
USA) J K5, % DigiData 1200 £ 15 ASHL, ]
pClamp 7.0 %A (Axon) BEATRKAE L sk AMIEAF. 4l
JH PN R AL VR S B AOPL ik &, {5 5 4 DigiData 1200
WAL 1A% B0 G ARTBOR A8 5 RO U PR Rk A
H T NN N« VLF FUIEHR FE %, =
T TE s (H A HL ) 2 AR T k) i 22
S Th— N T, 20 B A LUTE e AR A [
ESRURS AR, S B 2 o U B T )
[0 VLE MUEAR, - T30% VLF R AT £ 4E AR
F1f) MN $l158 .

A B .
12 T
Control ~] 10

Etomidate (umol/L)

30.0 "\

Wash

A
0 e

100
80
g 60
>

14 B|HWERITHZE M pClamp 8.0 1 1]
Clampfit 8.1 %A} (Axon) F Origin 5.0 /4 (Microcal
Software Inc., USA) XJ 550 i s W8k AT 40 H - 1R .
B45 LL mean £ SD RN, Gevl 7 vk F BC X ¢ 4656 il
FRIZE T Z00T, LLP<0.05 W ZERA SR L.

2 R

TH 3 i A AR P [0 AR ) AR, o)
JELHLAT (resting potential, RP) 1T —60 mV H.&h{f H
{7 (action potential, AP) 3 85 113 S A 2 1F) 41 i ik
ITWAT IO %08, 5 0R B A “Aue” B
AP (1T AP) BAlERE IS BH P, B AT %€ o MN,
I F LU SE5
2.1 ET3MN VLF-EPSPEY &N

FEACSRAE I MN,  SHEBE R VLF 257 fa
¥ (0.1~0.2 ms, 0.1 Hz, 20~100 V), Ll % VLF-EPSP,
Rl sk A8 € 5, Mk B R EE R 0.34 3.0 AT 30.0
umol/L ET (3.0 pumol/L AH 4 T~ I K &£ 1¥)), W 4%
ET [OEHT o XF 12 51 556 25040 4 Hr i, &30 ET 7E 0.3
pmol/L I X§ VLF-EPSP £ XA, BRI Ay A1)
HAE FH B AT RE AL B, 3% 4 VLF-1 41 il VLF-II

O Control

0.3 umol/L ET
3.0 ymol/L ET
B 30.0 ymol/L ET

Amplitude

0 Control

0.3 pmol/L ET
3.0 pmol/L ET
B 30.0 pmol/L ET

Area under curve
(mV*ms)
<]
o

O
#

O Control
0.3 pmol/L ET
3.0 pmol/L ET

Duration
(ms)

A :

VLF

K 1. ARFEIR S0 E B P 48 76 (VLE-141) VLE-EPSP (1401544 FH

20 ms 20 +

B 30.0 pmol/L ET

Fig. 1. Inhibitory effects of etomidate (ET) on VLF-EPSPs in motoneurons (MNs) (Group VLF-I). 4: Typical recordings in an MN
with resting potential of =76 mV. Arrow head indicates VLF electrical stimulus artifact. B, C and D: Histograms (mean + SD, n = 5)

summarizing the inhibitory effects of ET at 0.3, 3.0 and 30.0 pmol/L on amplitude (B), area under curve (C) and duration (D) of VLF-

EPSP, respectively. Paired ¢ test: "P < 0.05 vs control; One-way ANOVA among concentration groups: * P < 0.05.
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Fig. 2. Diversified effects of etomidate (ET) on VLF-EPSPs in motoneurons (MNs) (Group VLF-II). 4: Representative recordings
from an MN with RP of =77 mV. Arrow head indicates VLF electrical stimulus artifact. B, C, D and £: Summarized histograms (mean +

SD, n =17, but n =35 corresponding to 30.0 pmol/L in E) presenting diversified effects of ET at 0.3, 3.0 and 30.0 pmol/L on amplitude
(B), area under curve (C), duration (D) and latency (E) of VLF-EPSP, respectively. VLF-EPSPs in 2 of 7 recorded MNs were nullified
by ET at concentration of 30.0 umol/L. Paired ¢ test: *P < 0.05 vs control.
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Fig. 3. Effects of etomidate (ET) on VLF-EPSPs in motoneurons (MNs) pretreated by bicuculline, strychnine and DNQX. A4: Typical
recordings in an MN with RP of =71 mV. Arrow head indicates VLF electrical stimulus artifact. B, C, D and E: Histograms (mean + SD,
n =135, but n =2 according with 3.0 pmol/L in E) indicating the effects of 0.3 and 3.0 pmol/L ET on amplitude (B), area under curve (C),
duration (D) and half-width (£) of NMDA receptor component of VLF-EPSP, respectively. VLF-EPSPs in 3 of 5 recorded MNs were
nullified by 3.0 pmol/L ET. Paired ¢ test: “P < 0.05, “P < 0.01 vs control; One-way ANOVA among concentration groups: *P < 0.05.
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Fig. 4. Effects of etomidate (ET) on VLF-EPSPs in motoneurons (MNs) pretreated by picrotoxin, strychnine and APV. A4: Representa-
tive recordings in an MN with RP of —64 mV. Arrow head indicates VLF electrical stimulus artifact. B, C, D and E: Summarized data
(mean + SD, n =5, but n = 3 corresponding to 300.0 pmol/L in £) showing the effects of ET at different concentrations on amplitude
(B), area under curve (C), duration (D) and half-width (E) of non-NMDA receptor component of VLF-EPSP, respectively. VLF-EPSPs
in 2 of 5 recorded MNs were nullified by ET at 300.0 umol/L. Paired ¢ test: P < 0.05 vs control; One-way ANOVA among concentra-
tion groups: *P < 0.05.



160

BYg, AN RS E 4R (P <0.05, [§4D); Xt
Horp 5> MN [ 300.0 umol/L ET # %t 15 min Ji7,
A 24> MN ¥ VLF-EPSP #5¢ &, %45 H s
B FIR T H 25 ACSF e . SFINFET 5, WA
i zEm AR (RE R ZDT P <
0.05, 4] 4D).,

3 itig

HHT, A 2¢ ET AEH B sEL R a7t 2 )5 IR
TEWES N RETS /i, HZ DL GABA g &
oo LB, BT HAEH RS HAIRER
gzY, HRMILER VP2, G5 YR, 7F
KBS A2 oc b, ET AL GABA [I1E
Wl GABA, 524k, JFRE T GABA, SZ KM IhGE,
W5k GABA 5 GABA, SZRE5 & Ja A AN, 12
7~ ET 755 #8 7K - 15 < K42 A4 nT BE 70 B8 FH 4> 5 R
b B SR RAE R K BRUE RS TS AR R
FRZTORNG S CA, HEARAI M |, Li. Zhan 55 22 53
AL E) ET X 2445 M S filfL 4 1 NMDA 52444 3
PN Ca W FERI TR T o AT K B
R A MN, 8% AN [R5 ET 56 30 3k H ol 3
45 8% [R1 0 VLF J7 5 % 1) VLF-EPSP JL 43 Y 7y sl 417
W ZE SRR s AT 2 ARHLHL 0, 45 R B IK
W ET %} VLF-EPSP % H: NMDA #1 non-NMDA %%
A 1853 AT 2 A AR B R A L, e R VR /
AR FE R ET = A3 sy, XA B 156 3%
X ET FFHE/E -HALHIA T,

LA BF T 72324 4 S VLF A i) R AT 21 4E ] fig
FETBCAY 24 TR 28 % o 1tk 28 2k R 1 B0 MIN, - AL Ui
MN (¥ S AT / B8 E v Be o A 3 B 2 IR 2 1k, U
i NMDA %7 /4 F1 non-NMDA 524, 2 51256 7t [ Wy
GABA, k. HZARZ AR non-NMDA/NMDA 37
RIS BL R, KA 1) ET 0l 2 2% 34 K VLF-EPSP
() o 0/ B R T AR, I R B/ R BT
ET W) % % 0 306 ¥ B ¥ VLE-EPSP, & 7 {16 V& B 11
ET 1] f¢ X%} VLE-EPSP [f) NMDA % {41 non-NMDA
AR B ) A E L, e R R /
VI ET W= A HEz sk EdE R . 21 ET
Xf MN VLE-EPSP {2 s HAF - HLEI, EEvfet
MN 75 #6820 A X3 2 A o0, RO A i
MN 5 . AMUAH R 2 535 40 i S B R DY Jiz
WLRITRIIZ By, T A3 30 AR ) AT S0 0 2t mf
PR AE BE G L, 3 Ik T BEAH FL T (1) A 00 0]

L ER Acta Physiologica Sinica, April 25,2012, 64(2): 155-162

2K MN R AR M, M52 MN 1Y%
B, 40 BRBE bR 52 AR DR 40 R Y Ay AN [ AR 2 A T
WOE R TR SRS, P ET A vl Gexy A AR
B E R SRR = R EA . R, fERRE IR
P FARHSE ET w] g O 0 6% 8 ph & e i35 3h
M A ZAEEH, (HAEARSEE T B W GABA, %
EAH RS2 R G, KA E ET AR fig Y 98 VLE-
EPSP, #iB 24 nl e dF A R s e, &
AGEFER A 5iAk, AT RE S R e A Ay
2% 52 /K (metabotropic glutamate receptors, mGluRs)
M2 Y, Kh mGluRs {64 i L Rk 12920, A/b
WP I T 240 mGluRs 1] DA 1 NMDA 5% {4 F1 non-
NMDA AR Zh6E, Bt ET i mGluRs (1] 421
] NMDA %7 4 Fil non-NMDA %2 {41 J& 1] B8 [ HL 1§
Z— T8 AT HRIE TR A RR 2 SRR R LA o 4
W AE N 19 2 AN I X IR 2 B BH B (acetylcholine,
ACh) [RRETEC 2200, i AE R G K Bl MIN [R5 o
L ACh n]{i£ ik MN Bl 2 e B PRk, —J7 i,
ACh W] Ge 7t ET /£ F R 808 I, JF 5 MN ) M
TIRERk RS2 AR 5 G P XA AE T s 55— 51T, ACh
ek MN [ 2 R BT, [R5 2% 4y NMDA =2 44 il
non-NMDA 4%, X sl Vit 2 IR ET 1458 VLF-
EPSP ¥ — AN o 2 T Im R EE / =k JE I ET %
NMDA =2 41 non-NMDA 5z /K[ T 4 15 #4011
R4, g AE S0 R NLH], L a4 i) 52
Fl A 2R AP 7 (RN )04, BB T Ca?t
JHIE M, B S AT 1T 20 mGluRsP? i /> 4 &
MRREIA, 1 VLF-EPSP 9859, sli@inl 5-HT 5 5-HT,,
ARG G AT A R E AL, AT NMDA 32 44
THEE &,

T3 A i iE B4R 78 NMDA %2 44 1] 43 ) NR1,
NR2A. NR2B. NR2C. NR2D. NR3A %/ %!, non-
NMDA 32 A {045 AMPA fll KA 32{k%, L AMPA
AL T 4 B A7 (GluR 1~GluR4) 21 B DU SR 44,
IR 2 A )R R R R AR (GIuR1/1, GluR2/2
50 GluR1/2. GluR2/3) 4. KA ZKEALHE GluR5-7
HMIKAL-2, M ET 012852 47 R ) 4 HY 30 B
1?2 2 BAERETE? e/ — 2.

N ET X/ 5 VLF-EPSP (143 % 1% 52 1 ¥ 41
HI/EH K E, non-NMDA 2 {4 i SR AN Ul NMDA %%
o ET RO, JsU A AT g T+ VLF-EPSP =
3 non-NMDA /A4 5 U7, non-NMDA 2 A& TE
VLF i i 55 1 73 A 405 50% B | nl g Lt NMDA



ST HRATBRER BT A K B AR e sh i 2 o0 AT G 1R

SARH L 5, A2 58 42 BB non-NMDA 2 {4 )
Dihe, W24 m ET REV IR Z T e sE . Bt4th,
W AN BE AR IR P 28 A R 52 At IV 28 45 4 4% 7 T8 1)
Ze g BASUTT3000 ET (R BURPEAN A o

AL 45 AL R ET AP 88 M AT HOE W B4 2
MRhefhfbih R 2= EH, BinfAsS T
WURAE I 77 A, ABLAE BT R %2y Pk 58 ik A% 336 4
FIRFFE R, H AT SE e R Bk v SR A i — ANy
I, A4 Finnegan %5 B35 k71 /i 3 4l 48 70 2% Ay
PEFR AL LI Z AR T, B T AR AR LA, R
A 2 Tk 8 §% 5% 14 (nicotinic acetylcholine receptor,
nAChR) th FLA5 5 Z/EH . Rekling %5 Bt &k IR
B MN XA RS i il i LB R AR, HIEE
()38 it ACh n] et 2 5 X i i f% i Ak, ET
S HE E 22 S50 1) MIN %2 5 fid A% 386 1 48 ] S
JEEREI? HAE— DR S HaE B, F g
A HEXH VLF ] 76 MN 5 & 5 fib ) s, 84
ET X 45 A T 5 A IR 5 ik [ . A2 15 A7 A8 22 e VA
o BLEALEGT? AR AT

% % %

BT ¢ A P S 2 RN A B S %
SR T R R T .

S0k

1 Han JS (5% 4). Neuroscience. 3rd ed. Beijing: Peking
University Medical Press, 2009, 705-714 (Chinese).

2 Yang J (%), Wang XW, Zhang ZY, Huang QQ, Liu T, Hu
TZ. Effects of brain stem and spinal cord by isoflurane in-
hibiting nociceptive reflex. J Sichuan Univ (Med Sci Edi)
(VO K24 2440 B 22 1) 2007; 38(2): 255-256 (Chinese,
English abstract).

3 Shen E, Ouyang S, Ma WX, Lan Q. Influence of acupunc-
ture, raphe stimulation or morphine on intercostal discharges
elicited by stimulation of motor cortex. Chin Sci Bull 1982;
27(11): 1235-1240.

4 Jin WQ, Liu PL, Zhou BH. The effect of high level intraspi-
nal injection of 5, 6-DHT on electro-acupuncture analgesia
and morphine analgesia. Chin Sci Bull 1982; 27(2): 225—
228.

5 Belelli D, Muntoni AL, Merrywest SD, Gentet LJ, Casula A,
Callachan H, Madau P, Gemmell DK, Hamilton NM, Lam-
bert JJ, Sillar KT, Peters JA. The in vitro and in vivo enanti-
oselectivity of etomidate implicates the GABA, receptor in
general anaesthesia. Neuropharmacology 2003; 45(1): 57—
71.

10

11

12

13

14

15

16

17

18

161

Sun YY (#M#%7t), Chen J, Xiong LZ, Li HL, Zeng XL. Ef-
fects of intravenous and/or intrathecal etomidate on thermal
and mechanical hyperalgesia induced by intraplantar injec-
tion of bee venom in rats. Chin J Anesthesiol (4RI~
Z&i&) 2001; 21(5): 302-305 (Chinese, English abstract) .

Li Z (%:5%), Luo C, Sun YY, Chen J. Effects of etomidate on
local synaptic transmission in substantia gelatinosa neurons
of the adult rat spinal cord. Acta Physiol Sin (ZE¥2#$))
2004; 56(3): 413-418 (Chinese, English abstract).

Hong Z (#t#1), Wang DS, Li JS. Activation of GABA,, re-
ceptor-gated chloride currents by etomidate in rat sacral dor-
sal commissural neurons. Chin J Neurosci (77 1 £ Rl 2: 2%
&) 2004; 20(4): 266269 (Chinese, English abstract).
Mascia MP, Machu TK, Harris RA. Enhancement of homo-
meric glycine receptor function by long-chain alcohols and
anaesthetics. Br J Pharmacol 1996; 119(7): 1331-1336.
Frenkel C, Weckbecker K, Wartenberg HC, Duch DS, Urban
BW. Blocking effects of the anaesthetic etomidate on human
brain sodium channels. Neurosci Lett 1998; 249(2-3): 131—
134.

Hirota K, Lambert DG. 1.V. anaesthetic agents inhibit dihy-
dropyridine binding to L-type voltage-sensitive Ca?* chan-
nels in rat cerebrocortical membranes. Br J Anaesth 1996;
77(2): 248-253.

Tan HY, Sun LN, Wang XL, Ye TH. Effect of etomidate on
voltage-dependent potassium currents in rat isolated hip-
pocampal pyramidal neurons. Chin Med J (Engl) 2010;
123(6): 702-706.

Li MX (ZEW]}2), Wang QY, Wang RR, Zeng XR. Effects of
etomidate on single calcium-activated potassium channel in
neonatal rat sensory cortex neurons. Basic Med Sci Clin (F&
fithZE 22 51K R) 1999; 19(2): 169173 (Chinese, English ab-
stract).

Zheng C (XitH), Wang MY. Etomidate (ET) produced differ-
ential effects on afferent sensory transmission to motor neu-
rons (MNs) in neonatal rat spinal cord slices. Chin Crit Care
Med (' [El & R SR PE 22) 2011; 23(10): 593-598 (Chi-
nese, English abstract).

Takahashi T. Thyrotropin-releasing hormone mimics de-
scending slow synaptic potentials in rat spinal motoneurons.
Proc R Soc Lond 1985; 225(1240): 391-398.

Wang MY. Electrical properties and synaptic responses of
neonatal rat motoneurons in transverse spinal cord slices.
Chin J Physiol Sci 1994; 10: 85-91.

Wang MY (7 #i %), Shen E. Characteristics of synaptic re-
sponses of motoneurons to ventrolateral funiculus stimula-
tion in vitro. Acta Physiol Sin (ZEPE2%3R) 1997; 49(6): 625—
631 (Chinese, English abstract).

Esener Z, Sarihasan B, Giiven H, Ustlin E. Thiopentone and



162

19

20

21

22

23

24

25

26

27

28

29

etomidate concentrations in maternal and umbilical plasma,
and in colostrums. Br J Anaesth 1992; 69(6): 586-588.
Moraga-Cid G, Yevenes GE, Schmalzing G, Peoples RW,
Aguayo LG. A Single phenylalanine residue in the main
intracellular loop of ol y-aminobutyric acid type A and
glycine receptors influences their sensitivity to propofol.
Anesthesiology 2011; 115(3): 464-473.

Lu H, Xu TL. The general anesthetic pentobarbital slows de-
sensitization and deactivation of the glycine receptor in the
rat spinal dorsal horn neurons. J Biol Chem 2002; 277(44):
41369-41378.

Zhang ZX, Li H, Dong XP, Liu J, Xu TL. Kinetics of etomi-
date actions on GABA, receptors in the rat spinal dorsal
horn neurons. Brain Res 2002; 953(1-2): 93—100.

Zhan RZ, Qi S, Wu C, Fujihara H, Taga K, Shimoji K. Intra-
venous anesthetics differentially reduce neurotransmission
damage caused by oxygen-glucose deprivation in rat hip-
pocampal slices in correlation with N-methyl-D-aspartate re-
ceptor inhibition. Crit Care Med 2001; 29(4): 808-813.
Wang MY (VEH] %f). Responses of motoneurons to ventro-
lateral funiculus stimulation in neonate rat spinal cord slices.
Acta Physiol Sin (ZEFEZHR) 1994; 46(2): 148-153 (Chi-
nese, English abstract).

Pinco M, Lev-Tov A. Synaptic transmission between ventro-
lateral funiculus axons and lumbar motoneurons in the iso-
lated spinal cord of the neonatal rat. J Neurophysiol 1994;
72(5): 2406-2419.

He SM (3{1H:1H), Zhao L, Lang B, Jiao XY, Zhao ZW, Gao
GD. Distribution of subtypes of metabotropic glutamate re-
ceptors in lumbosacral spinal cord of adult macaques. J
Fourth Mil Med Univ (5% s K24 244) 2005; 26(2):
115-118 (Chinese, English abstract).

Nistri A, Ostroumov K, Sharifullina E, Taccola G. Tuning
and playing a motor rhythm: how metabotropic glutamate
receptors orchestrate generation of motor patterns in the
mammalian central nervous system. J Physiol 2006; 572(Pt
2): 323-334.

Heidinger V, Manzerra P, Wang XQ, Strasser U, Yu SP, Choi
DW, Behrens MM. Metabotropic glutamate receptor
1-induced upregulation of NMDA receptor current: media-
tion through the Pyk2/Src-family kinase pathway in cortical
neurons. J Neurosci 2002; 22(13): 5452-5461.

Cho K, Francis JC, Hirbec H, Dev K, Brown MW, Henley
JM, Bashir ZI. Regulation of kainate receptors by protein ki-
nase C and metabotropic glutamate receptors. J Physiol
2003; 548(3): 723-730.

Sato K, Wu J, Kikuchi T, Wang Y, Watanabe I, Okumura F.

30

31

32

33

34

35

36

37

38

39

40

L ER Acta Physiologica Sinica, April 25,2012, 64(2): 155-162

Differential effects of ketamine and pentobarbitone on ace-
tylcholine release from the rat hippocampus and striatum. Br
J Anaesth 1996; 77(3): 381-384.

Kikuchi T, Wang Y, Shinbori H, Sato K, Okumura F. Effects
of ketamine and pentobarbitone on acetylcholine release
from the rat frontal cortex in vivo. Br J Anaesth 1997; 79(1):
128-130.

Barthélémy-Requin M, Bévengut M, Portalier P, Ternaux JP.
Release of glutamate by the embryonic spinal motoneurons
of rat positively regulated by acetylcholine through the nico-
tinic and muscarinic receptors. Neurochem Int 2006; 49(6):
584-592.

Moran MM, McFarland K, Melendez RI, Kalivas PW, Sea-
mans JK. Cystine/glutamate exchange regulates metabotro-
pic glutamate receptor presynaptic inhibition of excitatory
transmission and vulnerability to cocaine seeking. J Neurosci
2005; 25(27): 6389—6393.

Graeff FG, Guimaries FS, De Andrade TG, Deakin JF. Role
of 5-HT in stress, anxiety, and depression. Pharmacol Bio-
chem Behav 1996; 54(1): 129-141.

Goebel DJ, Poosch MS. NMDA receptor subunit gene ex-
pression in the rat brain: a quantitative analysis of endoge-
nous mRNA levels of NR1Com, NR2A, NR2B, NR2C,
NR2D and NR3A. Brain Res Mol Brain Res 1999; 69(2):
164-170.

Gill SS, Pulido OM. Glutamate receptors in peripheral tis-
sues: current knowledge, future research, and implications
for toxicology. Toxicol Pathol 2001; 29(2): 208-223.
Finnegan TF, Li DP, Chen SR, Pan HL. Activation of mu-
opioid receptors inhibits synaptic inputs to spinally project-
ing rostral ventromedial medulla neurons. J Pharmacol Exp
Ther 2004; 309(2): 476-483.

Perrins R, Roberts A. Cholinergic and electrical synapses
between synergistic spinal motoneurones in the Xenopus
laevis embryo. J Physiol 1995; 485(Pt 1): 135-144.
Nishimaru H, Restrepo CE, Kiehn O. Activity of Renshaw
cells during locomotor-like rhythmic activity in the isolated
spinal cord of neonatal mice. J Neurosci 2006; 26(20):
5320-5328.

Rekling JC, Funk GD, Bayliss DA, Dong XW, Feldman JL.
Synaptic control of motoneuronal excitability. Physiol Rev
2000; 80(2): 767-852.

Zhang Y (5k#t), Jiang X, Wang MY. Synaptic responses of
motoneurons evoked by contralateral ventrolateral funiculus
stimulation in neonatal rat spinal cord slices. J] Wannan Med
Univ (15 B 2 24 Bt 2241 2008; 27(5): 316-323 (Chinese,
English abstract).



