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Orexin enhances firing activities of neurons in neonatal rat sublaterodorsal

tegmental nucleus
WEN Siyi, FENG Hui, PANG Yujie, QIAO Qicheng, YANG Nian, ZHANG Jun Department of Physiology, College
of Basic Medical Sciences, Army Medical University (Third Military Medical University) , Chongqing,400038, China

[ Abstract | Objective To investigate the effect and underlying mechanism of orexin in modulating
the firing activties of sublaterodorsal tegmental nucleus (SLD) neurons and its possible role in mediating rapid
eye movement ( REM) sleep regulation. Methods  Immunostaining for vglutl, GAD 67, orexin-1/2
receptors and NeulN was performed on brain slices of male adult rats to characterize the distribution pattern of
orexin signaling machineries in the SLD. Whole-cell patch-clamp recordings were conducted to investigate the
modulatory effect of orexin on membrane potential level and sub-threshold membrane potential oscillations of
SLD neurons in brain slices from neonatal SD rats(8~14 d old) , and the contribution of these orexin-elicited
modulations to the firing activities of SLD neurons was analyzed. Results Immunostaining results showed
that the vast majority of SLD neurons were positive for vglutl and orexin-1/2 receptors. In current-clamp

configurations, orexin elicited obvious depolarization in the membrane potential (P<0.01) and increased the
delta (1~4 Hz, P<0.05) and theta (4~12 Hz, P<0.05) band power in sub-threshold membrane potential
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oscillations of SLD neurons. The locking phase of SLD neuronal spikes was pre-shifted in sub-threshold delta

oscillations ( P<0. 05) , and the stability of sub-threshold theta oscillation increased significantly in the presence

of orexin( P<0.05), resulting in enhanced firing activities of SLD neurons. Conclusion Orexin enhances the

firing activities of SLD neurons by eliciting the depolarization of the membrane potential and modulating the

sub-threshold membrane oscillations of the neurons, and thus plays a role in REM sleep regulation.
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(non-rapid eye movement, NREM ) R AR 8 [7] i 2l 47,
orexin ] DL 5 T A8 E B9 PR IR B (rapid eye
movement, REM) FEHR'™' . DL I 5256 3F 48 2 BH orexin
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Orexin-A W) B T % [E Tocris Bioscience 2\ &),
DNQX MK801 . Picrotoxin . Ji] JK % (TTX) #3€ { T 3£
Med Chem Express 2\ ), orexin-1/2 %l 32 (& — i 3k
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SR I B B0 o 0 i = 4 ST A AR A R A 22
WAREE, TIHEA F AR N TR B BB Al (3~ 5 MQ) X
0 BE4F 1 SLD $h 2 e i A7 B 82, SR G W & o0 8
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2.2 Orexin 3¢ SLD A¥ 2 /UL W 4 69 FARAL A R H]
T ¥R 5 KT 0 3 5%

TEHL I BB B BT A I sk 19 SLD #2288 iy
JEEHL A KFHE i 2] -60 mV A2 47, IF 2 AR DNQX
(50 wmol/L ), MK801 ( 100 pmol/L ). picrotoxin
(100 wmol/L) F1 TIX(1 pmol/L) . ZEHAPFT 3
2 min ¥ orexin-A ( 100 nmol/L) £ 5% 2| {1 %5} orexin A
JIEHY 7 A~ SLD #2450 B 5 lE 1 B 5 KR Ak K
(EALNEEE :7.56£1. 47 mV, n=T7,FX} ¢ kp5a, P<
0.01, [ 24 B) JFH3R T SLD 285t i 0 F 4
Ui (E12C) o BG4 R oK, orexin-A B 558 T
SLD fif1 2 70 15 AV 8 T 4% 3 O FEARRAAL B 114 Ty 38 33 285
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Pz ol A B T R 2 1Y S P F8 (R AR 2. 54+ 1. 30
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K 2E) . B, orexin 0] DLASAK RS F1b 2% 28 fioh B 35 52
M) SLD i 28 TS i) AR , o) R R, 57 7K RS 1) 41

YR feHER
2.3 Orexin T %33% SLD 4% 2 T & 4% ] F IR 5 /£
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K55, P<0. 05) 4 B 4 37 1Y 2y 2 1 25 15 58, beta ( X R
0.10+0. 06 mV?*;orexin:0. 23+0. 08 mV>,n=7,3ES: 4
55,P=0. 18) MBI Jogi it2% 22 7 (B 3D) o BRAKH
P A1, SLD B 28 JUIRAEAE o W3 1Y) 15 FEE P A5 41 3 , 191
Al low gamma(25~48 Hz) F11 high gamma (52~ 150 Hz)
BB, B R ALAE 5 A T A SR R, A orexin-
A Z 5, low gamma ( X} 8. 0. 05+0. 03 mV?; orexin:
0.06+0.02 mV*?,

25
XFEE Orexin
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T | -20 1
' 1
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1 min =
w J
= -60 a
]
1 I —-80 1
1o
1 1
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AN AN A — XM
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TG IR AL

a:P<0.01, 5 5f AL C . A m IR i AF R b 7 A BE X 32 F N orexin J& SLD AP 2 U RE & 45 ) F 3k 3% K -F

8 H AL D i AT 3T BB 5 Am N orexin 2 J5 SLD A 22 U A% B F 3k 35 48 0~25 Hz B M 69 20 R4 55 o &5, B o 5 S it 2

P85 m X orexin Z 5 £ 0.5~25 Hz 378 A SLD A0 2L B4 8] F /oy oy &

a:P<0.05, 5 s} B b i
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n="7,dESK %K ,P=0.24) I high gamma ( %} 8 .0. 02+
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0. 24) BB 55 Y P ZAE TN A orexin-A Hij J5 TG4
25 (K 3E F.G) ., DL EZEREH] orexin TR E T
SLD #1£2JCAE delta il theta F BE (1) B i 037 B 418 3 19
DI
2.4 Orexin i@ iF AT H 4 0 5 delta J7 B & 42k 3 49
R ARSI B SLD A 2708950 b 2l
FEHL AT B Pric i SLD b 28 5ot i 51
-60 mV 24, FH-e R R DNQX (50 wmol/1.) \MK801
(100 pmol/L) F picrotoxin ( 100 wmol/L) DA BH Wi fk 2%
RfifL ik . HEF 2 min Y orexin-A ( 100 nmol/L) 7£ic
SKENHYXT orexin A R 7 4> SLD #4250 EI51HE 1
Y 2 A By, IR S A Bl ot B T
ﬁi%(ﬁﬁ](ﬁi%%ﬁﬁl 31+0.53 Hz, [ 4A) . ISF[A]H
M4 R BR , FILA orexin-A J5, SLD M 28 TCIE L f37
IEEJT%%%‘?E delta FI theta #5i Bt 1) 2y 48315 %% 2 W]
o, B SE (18 4B.C) , SLD 2 ICHE delta i

B N RGE S B A g R BoR , IA orexin-
A ZJ5 ,SLD e A AE delta A50BL 1 1B F Hk 37 1Y
AL 5500 BRI A Ge it 22 5 (AT IR 0. 24 0. 025
orexin:0.20+0. 02, n =7, X} ¢ ¥4 ,P=0.15,[F 4D .E)
B 4 191 SLD #2850 % BRZH , o H A -60 mV (14
il FL A7 B 4 2 R AR B 31 - 53 mV 7245 (100 nmol/T.
orexin-A 5|2 SLD £ TC -3 ZAfb K F) ,iX 4 i
SLD # 22 JuI4 9175 5 G 31, I LA orexin 5]k
HLEY 5 i SLD #fi 2800 0 S 00 20 o R ria (57 AR HL s 221
AR, B S A 45 2R B, S 3 2H Ao BRZH SLD fi 22
TG R TG Bl 34 e A Hb BV 3] delta A1 B A5 FEL 7
T HSE S 4H SLD #Z ST R delta 45 B R
PR T3 4 B8 AH AL AR 88T %8 BRI 2 A B8 () AR
1.3620. 11,n=4;0rexin;0. 62+0. 26 ,n=5, AL EL Xt ¢ ¥
I P<0.05, [ 4F .G) , I ik4E R F B orexin {#45 SLD
P2 TTH L AT LAAH X T delta 55 B I L A7 190 T PR 55
AiA% , BT LLAE S L7 SEAR A NS 00 T 7= AR TR, A T
SLD 1 28 T0 T L Y I

1-4 Hz 4-12 Hz 15-25 Hz 25-48 Hz 52-150 Hz
Delta Theta Beta Low High
gamma gamma
A~ NN~ VWA mar AN A s o
ANAMWS AMWUMA anetims W A
05mvV | 05mvV | _ 05mV |_ 025mV|_ 0.125mV |_
02s A 02s B 01s C 0.05s E 0.025s F
107 PV 0-109 BT
g Il Orexin 0.08 - Il Orexin
= 6 = 0.06 1
£ g
t\g 4 -g 0.04 4
2 H-i 0.02
0 04
deltla theta beta low gamma  high gamma

TS 5 (3T 41 3% 9 Bt/ H

W A5 5 B T ARG Bz G

A :Fe N orexin #] /& SLD A% 2 7T, delta 3B B TR ALk 3% R 45 9% T B ;B e orexin 7] /& SLD #F 2 5T theta 3R ] T I 123k
% JRAE KT B ;C: AmN orexin AT/ SLD 4% 2 7T beta SR8 B T M WALk 3% B 46 9L T B ;D 4 %) 43+ h X orexin 47 /& SLD #p 22
delta theta #= beta JREL ] T IR VALK B 9H FE  a.P<0.05, 52 L ILEE, e N orexin B J& SLD 4% 2 7T low gamma 37 £ 5] T
BEALIR T R4 B ;F . An N orexin 7] & SLD A 22 7T high gamma 3R 5% 5] F BB ALYk % R 46 KB B ;G 45 31 4t Am A orexin
A7 /& SLD #F 2 7 low gamma #= high gamma 35 8 B F it &, 45 3k 3% 69 2 &

FEl 3 Orexin X SLD % 5E 7 47 B P fir ) T4 35 O VRS 4 D
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2.5 Orexin i i 442 SLD A 22 7T w4515 % £ theta
SRR G B Ik 5 RAS AP Z LA E

I PRI S S AT 45 R 7S, A orexin-A 5, SLD i
Z U R T %37 15 5 75 theta 451 B 51N 3% 2 FER
E(E SA B) . #E—20n9 BAHC 45 R /s , orexin-
A WIS IEIN T SLD #2850 i HL (57 7E theta 31 BE 4R 7 1)
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