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Role of reactive oxygen species in regulation of respiratory rhythm in medial area of nucleus retrofacialis

HE Guo-jun', WU Zhong-hai'* , HU De-hui', QIAN Zhi-bin' , WANG Xiao-hua® (1. Department of Physiology, Southern
Medical University, Guangzhou 510515, China; 2. No. 476 Clinical Department, General Hospital, PLA Fuzhou Military Area
Command, Fuzhou 350002)

[ABSTRACT] Objective: To explore the role of reactive oxygen species (ROS,i. e, H;O;and O, ) in regulation of respiratory
rhythm in the medial area of nucleus retrofacialis ( mNRF). Methods: Medullary slices of neonatal SD rats, including
hypoglossal nerve (XIn) and mNRF, were made according to Suzue’s method. Simultaneous recording of the Y| n respiratory
rhythmic activity (RRA) with suction electrode and the respiratory neuronal discharge were performed with whole cell patch in
the mNRF on the brainstem slice in wvitro. The effect of t-butyl hydroperoxide (tBHP) and o-lipoic acid (a-LA) on the
respiratory pacemaker neurons and respiratory rhythm in the mNRF were observed. Results: tBHP significantly decreased
respiratory cycle (RC) and increased respiratory amplitude; o-ILA significantly increased RC and decreased its amplitude.
Meanwhile, o-LA significantly prolonged the action potential of the respiratory cadmium-insensitive pacemaker neurons and
reduced its amplitude, but it had no significant effect on the cadmium-sensitive respiratory pacemaker neurons. Voltage steps and
ramps showed that o-LA inhibited both the transient and persistent sodium current of cadmium-insensitive pacemaker neurons.
Conclusion; ROS has an excitatory effect on the respiratory rhythm and the cadmium-insensitive respiratory pacemaker neurons
through modulating sodium current.
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20 H b A B 5-HToa 52 M B9 380G WT LU ROS B2 4
WL AME 5 98 5 B Cextracellular
protein kinase, ERK) Z A B, 45 H B C(protein
kinase C,PKC) il 5 . 5T % A 7 7] I Bk R A1E R,
N2 ROS 2 PKC R 4 5-H T 52 P38 i 7
AT LA 5 B AEH . Brandes 555 38 13 40 (1)
TEARWTGE K B . 5-H'T 7] LU 0 <1k & 8 iz 3l #f 48
JG (inspiratory hypoglossal motoneurons, IHMNs)
JHCHL AR 6 S 2 BN AT 5-H Toa 32 1 BH W7 7 ketan-
serin A i F M| 5-HT M4EH, KA 5-HT ##79
IHMNSs 7% 3h & i 5 5-HT.a 52 W AE FH 1. Pena
RN IRYE R 5-HToa Z R sh FI Rk 2,5-—
H 4 -4 WK B TR 6t (R-[ 2]-2. 5-dimethoxy-4-io-
doamphetamine hydrochloride, DOT) 3 fill I g i 2%,
BELIBT 5-HTon 52 1A T LU 0 W00 32 R B2 e, I IR
AL, FE A K P B B BT 5-HToa 52 14
BT A A T Na ™ Fi, 30 1) a2 25 A 28 0 Bl A H Ao B
WD R T Ca® oL IR YR AP B 4 TR Z 5
PKC i Al i i 5-HT,a 32 M B W7 0] 59 75 T A R
PN IRAPE BTG 5-HTon 52 PR T8 15 FF IR PKC 38 f% 18 5
HSA K,

H A B N M T8 56T ROS X R0 1 A | I I i
A2 e/ E T Chn A R TR % A LB T I AR Y
WEFEaE . 2 T LU R B BT S FATHED : ROS ) i
WS A OB T Na ™ LU A AL 2D p 28 o0 B 24 A e
YER . AT RS2 ad a8 59 Na ™ L & AE . ik
B B RHED  FRATEE mNRF #4717 Rk TAE,

signal-regulated

1 #MBFTE

L1 k& SEsHEE SD R (P1~3 d) i
HEARHT A5 Suzue J735 B Fe AR B UK A 6 -5 B bR
AR, 45 2Tk TR R T i T T FE JE - R =2 ) A T A
T, BRI BB LA A% B 42, B S SE A T 0 5
HoNOAEE C ~C, B s, 5C A E T2,
A R TERREL FE L, 95% O, Al 5% CO, 14 2 B
Kreb # (mmol/L:NaCl 124 ,KCI 5,CaCl, 2, MgSO,
1. 3,NaHCO; 26, # Z## 30 L 95% O, Fl 5% CO,
AT 1 h LA ED) P RT3 min PSS RBRAS IR,
B AR A U] R A N, Sk s 1) L AR 2075
7191, | HHT 700 pm ZFJG 100 pm Y1 4§ i
F (29800 pm, & FAHZM) . %Mk A 4540 %2
A8 THT AP 28 J5 A% A X 00 I R £ L2 R A e g
A — 5, K I R A Y, DL R
Kreb ¥ 4~6 ml/min fF2E#E 0 . pH {H7. 35~7. 45,

W 27~29°C,

1.2 4& A & A NaCl, KCI, CaCl,, MgSO.,
NaHCO; . glucose,CsCl, 5 b 0 £ £ (tetraethylam-
monium chloride, TEA-CI, 4 i i BH Wi 7)) . & &
Z LT MY £ BR (ethylene glycol tetra-acetate,
EGTA) .MgCl, \Na, ATP, HEPES ,MK801 (NMDA
Z AR Wi 7). CNQX (6-cyano-7-nitroquinoxaline-
2,3-dione, J¢ NMDA 5Z 14 FH Wi 7)) | strychnine (H
SR 2 R B W 7)) | ff A 4 PR B Cbicuculline-free
base, GABAASZ KB W1 71 . 4% (cadmium, Cd) 1] K
# ZE (tetrodotoxin, TTX), — B 3£ W i (dimethyl-
sulfoxide, DMSO, JI LA CNQX) 4 T 2 S id A fb
¥ (t-butyl hydroperoxide, tBHP, AL H]) | o B F R
(o-lipoic acid, a-LAL FUEA AL . BR TTX R A
AT A A= 5 B S H A G DR IR T Sigma 2
A S RUZE K R T BE R R A s S 4R
fit,

1.3 ZBME  BUBHBHH 4 (S H SUTER P-
97, Sutter Instrument) , 8 & & H (OLYMPUS) ,
TR 2% (SD Instrument) . Axopatch200B & F &
K %% (Axon Instruments) , FZG-81 %I B i [ & il
Rt (s e #2048 T  DIGITAL320 5250 %
Vi R%E R 4. (Axon Instruments) , pClamp9. 2 34
(Axon Instruments) ,

1.4 S8k

4.1 "RTEKRERFT HANSTERLZWMHE
Wesd DA R 51 R R AR S iR 2 000 %, U
W AR 1.5 kHz @40 250 Hz K402l 5 (RR-
DAY 28 FZG-81 2 EL I A B K A% B A DIG-
ITA1320 SEE B RERG . LI L R I 1f 22
JCHE A5 FR (B 1),

4.2 JERSEENETE Gl Ak g0
B SRR, I 28 T 14 K B R AR L T A i
Hl 0 E (mNRF 7E 56 f i geoh 1/2 f002/3 Jer
B 1/2 KPR L2 A T 180 DX 30 0 H R R
5 TR B E (8 1A, BB Ml
BN 2~3 MQ, B N (mmol/L) H: CsCl 110,
TEA-CI1 30,CaCl,1,EGTA 10,MgCl,2,Na, ATP 4,
HEPES 10(pH 7.2), ff5 %4 1~2 kHz R 183 .
R LA . IR BT B E mNRF 5, 5% 2w A 5
AR A B R RS TR B S L B R
8 —60 mV,# 4T voltage ramps (—80~20 mV,
90 mV/s ) Fl steps(—80~+20 mV), ZkimiFs
2 F I B AS R IS S CEF R FL R 0 pAD



+ 256 -

B EBERER 2007 4E 3 AL 28 8

Xl rmafpen bo . - Poass

‘ 5 Xlin ST
VM

h—— T [T0pA

@..

Xlin Control Cocktail
=54 mV Cell 1
30 mV
4s
-5l mV Cell 2 ®

B 1 RAEEA BN R MFRE S HE T RIE
Fig 1 Presence and isolation of respiratory pacemaker

neurons in medial of neucleus retrofacialis(mNRF)
A': Anatomical landmarks of a slice of neonatal mouse medulla and re-
cording sites for both population activity Chypoglossal nerve, X[ n)
and whole-cell patch-clamp recordings (Vy,); B: Simultaneous re-
cordings X[ n and two inspiratory neurons before (left) and after
blockade of fast synaptic transmission (“Cocktail”; right). The pace-
maker (Cell 1) bursts even when fast synaptic transmission is
blocked. The nonpacemaker neurons (Cell 2) falls silent. Vi : mem-
brane potential recording; Iy, : holding current. Voltage and time cali-

bration bars apply to all recordings

JIF A S0 SR AE AT B A Clampex 8. 2 Y
HL I L HEAT S8R T
1.5 st FaE HEUrsts Bw.ERLRH
SPSS 10. 0 et 8 #4773 . R T EC R ¢ K 3y
Z43M1 . R Origin 7.5 BAFSATIER K56 b5
K a=0.05,P<0.05 5 P<<0.01 WA EFMA L
EMHES,

2 &5 R

2.1 Rk H B A mNRF R =F R A & 4 2 7T 89 #
PE P AR 22 1 W R F A G A R I R R R 2R
R 1A) BLiE s mNRF RRA, [7] i 7E Sy 4 40 fifd JiE
Fr 8B ARAC S BN I S 2 T AR IR . I I R A el
ZLIC YRR SR 25 T R Ak U B 23 7 AR R A R T
(ectopic burst) , FATHE X B 547 & GAE I 7E mNRF
1057 B Y I W b 28 0 O AP il T kR i 2 — T (&
1A, ATHE—IE & R LML, KATSH
T T £ P 32 A B K 7 ( Cocktail) "', NMDA % A&
MK801 10 pmol/L, 3F NMDA % f& CNQX 20
pmol/L H &M Z A+ 1T 1 pmol/L .GABA  Z Ik

AL FH B 20 pmol /L LA BE 7 5 filh 1 £ % 336 [
1B) . 24 % fiih ] 4 4% 386 8% Cocketail BHLWT G . 2 25 # 22
JCAR T RO (& 1B Cell 1), i - 2 25 #h 28 o0 )
PR (1B Cell 2), 78 SZ 56 F A1 3
e SR H] 362 PR A2 oT, bl B 450 118 4>,
e B MLt 244 4>,

2.2 FRRFHZTLAGRREAS>E  FE Cocktail
TR L IEEGE D 2 U 4 200 pmol/L Cd* BE A&
BEL W T3 bR 43 R P26 L B Cd 808P A Cd Al e vk
WPIGE D P 2200 (B 2A) . XM &t il 45 T
FoA Ak (B 1A FI (S0 8 B Ak HL 0 TE B A HL R AR 6
PER BN (B 2By, Sega b, ATE I & B 118
AR A ot A Cd USSP IR 2 ph 2
JCRFE AL 4 4,05 3.39%.

celll Control ‘5‘"“; "
=33 mV Cocktail
-53mV
200 umol/L. Cd*
| 30mv
45
-53mV @
0 pA
P l 48 mV -10 pA
In =t m -64 mV
=20 pA 50 s
®

B2 BIWMETHARSE
Fig 2 Developmental heterogeneity of

pacemaker neurons in the mNRF
A: Upper and middle traces; recordings of two inspiratory pacemak-
er neurons that continued bursting in the presence of the cocktail; A
Lower traces: application of 200 pmol/L cadmium (Cd*" ) revealed
two groups of neurons:Cd-sensitive (Cell 1 ) and Cd-insensitive (Cell
2); B: Both types of pacemakers had voltage-dependent sensitivity,
which was revealed by applying descending current to a Cd-sensitive
pacemaker neuron. Voltage and time calibration bars apply to all re-

cordings

2.3 ETHAHAZRAHKE G H @ (burst {re-
quency)  7E #r £ SD KRR B K AE B8 B o A L
t-BHPX I W5 B A XA PEVE T T oo LA g 10
PEVERE (B 3A) ., #E 3 500 pmol/L tBHP B, BRI
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JE#] (respiratory cycle, RC) M (12. 67 2. 47) s Ik
BE(7.8741.21) s(n=5,t=5.546,P=0.005),
JICHE, 8 {E (peak value of discharge) M\ (345. 10 £
21.39) pVIEINE] (385. 17 +21. 39) pV(n=5;1=
6.659,P=0.003); %4 F 250 pmol/L o LA B}, RC
M(12.6742.47) s ¥EINF](28. 99+ 4. 99) s(n=5;
t=8.924,P=0.001) , i L IE(E M\ (345. 10+ 21. 39)
pV I #] (304, 61426, 34) pV(n=5;1=4. 321,
P=0.012) (&l 3B.30),

@ Control

500 pymol/L tBHP 10 min

Washout 30 min

Ot ot A N5 e st et enones e

250 ymol/L  a-LA 10 min
Washout 30 min

R R S R DS R RS TR S

300wy
5s
® ©
40 =
= =480T
3 @ 360 f
> 2
g 5 240}
B =
= [ |
.3 é 120
5 0
Control tBHP o-LA = Control  tBHP a-LA

3 tBHP,o-LA Xf PR35 £ B9 %500
Fig 3 Effects of tBHP and a-LA on respiratory rhythm
A: Recordings of the respiratory rhythm with control ( the first
trace) , 500 pmol/L tBHP after 10 min (the second trace), 250
pmol/L «-LA after 10 min (the fourth trace) , washout after 30 min
(the third and fifth traces); B and C:Histograms for respiratory cy-
cle and peak value of discharge. * P<C0. 05, * * P<C0. 01 ws control
(data not shown). Voltage and time calibration bars apply to all re-

cordings. n=3,7+s

2.4 XeRE AT AYZE LM F R

2.4.1 tBHP "% &% W& TR TEHAE SD
R R A SiE B % A mNRF, FATHE R 500 pmol/L
tBHP B}, & 8 «BHP 7] LIf Cd* " I st I i
A 2 T B AE B 9 B I (9. 395+ 1. 21) s Bk
F(7.33+11.44) s(n=4;1=9. 362, P=0.003), i
BEM(58. 6844, 96) mV BEJNE(64.5345.20) mV
(n=43;:=7.871,P=0.004) ; %} Cd*" A SO A% P 1
AL B 22 T0 R U B0 VR A 1 ] S0 R R TG B 3
Ak CE 4A), JA AN (8. 82 £ 1. 27) s 34 Jn 5

(8.73+1.27) stn=4;:=0.273,P=0.802), IF
M (60.88+4.88) mV HiMMA|(61. 41+5.74) mV
(n=4;:=0.388,P=0.724) (& 4A~4C),

@ Cell |

Control Cell 2
-54mV  Cocktail+500 umol/L. tBHP
54 mV Cocktail+Cd®" 200 umol/L

2

=54 mV Washout

i

30 :n\f'l
54 mvV L0s
® 12 m: Comrol 010 lBHP @ m: Control O tBHP
- l; 70 L
] % — 5 60
- 8 ZE 30
e 5= 40
& 6 i
= a3 30
g s e 3 20
@ 2 5 10
< 5
0 . 3 0 .
Cd- Cd- Cd- Cd-
insensitive sensitive insensitive sensitive
pacemaker  pacemaker pacemaker  pacemaker
NEUrons neurons neurons neurons

Bl 4 BHP X FFE 0% & & 4 22 5T 1F A
Fig 4 Effect of tBHP on pacemaker neurons
A:500 pmol/L tBHP reduced the burst cycle(s), increased the ac-
tion potential amplitude on Cd-insensitive pacemaker neurons (Cell
1) and had no effect on Cd-sensitive pacemaker neurons (Cell 2); B
and C: Histograms for the burst cycle(s) and the action potential am-
plitude between the two types of pacemakers. * P<C0.05,** P<C
0. 01 wvs control (data not shown). Voltage and time calibration bars

apply to all recordings. n=4,7+s

2.4.2 o LAXHFREF W E TR TEH A SD
BRI AE B i 8 mNRE, B AT 3R 250 pmol/L
LA BRI o- LA AT LU Cd* ™ AR SR e 25
P2 TCEVE R AL Y TR BN (9. 27 £ 1. 21) s 3 Jin 2
(12.6442.30) s(n=4;:=3.667,P=0.035), I{ &
(59,0545, 48) mV ¥ /b F| (46. 50 3. 06) mV
(n=4;t=7.401,P=0.005) ; Xf Cd*" A g1k F 1t
A0 28 T0 K UG 2 AR FEL AL A R B R B G
A5l (B 5A), I (8. 82 + 1. 27) s B4 i 3
(9.02+1.27) stn=4;t=0.796,P=0. 484), &
M (60. 88+4.88) mV i fin # (61. 76 £ 4. 43) mV
(n=43;1=0.91,P=0.430,F 5A~5C),
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@ Cell | Control Cell 2

MM LA

-54mV  Cocktail+500 tmol/L a-LA

F&F\-WNMJJ“ W MM

54 mV Washout

DM, LR

S4mV  Cocktail+Cd”" 200 pmol/L

m‘”\.b.,,lm

30mV
10s

® m: Control [ 0-LA © w Control 02 0-LA

16 80
) =&
= 12 £ E 60
= g
> 8 2z 40
5 4 2= 20
&8 2E

0 S

cd: it cd? cd”

sensitive
pacemaker
neurons

sensitive insensitive
pacemaker  pacemaker

neurons neurons

insensitive
pacemaker
neurons

B 5 oLAXNESHEZTIER
Fig 5 Effect of a-LA on pacemaker neurons
A:250 pmol/L o LA increased the burst cycle, reduced the action
potential amplitude on Cd-insensitive pacemaker neurons (Cell 1) and
had no effect on Cd-sensitive pacemaker neurons (Cell 2); B and C:
Histograms for the burst cycle and the action potential amplitude be-
tween the two types of pacemakers. * P<C0.05,* * P<C0. 01 wvs con-
trol (data not shown). Voltage and time calibration bars apply to all

recordings. n=4 .+

2.5 FAALA 74 RRA L Bk od Mo 4 4 Na™®
vk ® UL EIFRER WIS oo LA AT LU
R Jo] 49 A8 4, Cd™ ™l SRR P WS 2P il 22 9T 1Y 3
A R ASE 30 SE A | R DR /D T X Cd® T R M I
A 28 50 B BV FL L TR AR . FRATT I A
AT 8 5 BR AT P FFE APERY Na® A G, S THIE
B A HED , FRATTIE SR T 5 A4 Cd™ " B flsd: i i ke
A Iu (B 6A), FERI o LA X Cd*" s
WP W A2 A5 i 25 6 1 R B 1 RN PR Na ™ H 3 A9 52 i)
B AHR R T voltage steps (—80~+20 mV, Kl
6B) Ml voltage ramp(—80~+20 mV,90 mV/s, Kl
6D), I-V MIZ KW o LA AT LU 35 AP Na' H
M(F=234.908,t=0. 000, 6B) ; /£ KB FE (1 volt-
age steps(—80~—20 mV)WAT 5| HEF AP Na' H
WE 6C) . BEmMERIEIHHE T 518 Na© H i B

2% 6D B8 T H voltage ramp(—80~ 420 mV,
90 mV/s) 5l H A HE AP Na ™ B, 1111 9% AL 3 AE Y o
LA FH W (6D D, 1t w5 28 Wy a) DL#E 1
pmol/L TTX 5844l (& 6C T K 6D ED,

3 it it

AT R, 78 SD(P1~3 &) #i 4 KR
BHARSERERG R L ROS TEMF M P X g /R TR S
P Cd AR B M PF MR P B & T Na ™ LA
K, XFEHELAE  (BHP {4 R 0 8 3 5 3 4
T U A f 25 4, 8 30D Cd AR U IR Wi AP
P2 e e AL J] 0T L 1 R R 5 o LA B A
FAE T 5 Cd U A I R SR 2D bl 28 5 ) A 52 52 Wi, 30k
— WKL o LA AT LD i I P AR AP Na
FL UL IO Al EL 3T RE e TTX T BHL BT .

1988 43 & R i VY RGE T mNRF £ 75 f
PEIF W e 2 L G BEAE T, O 42t mNRF J2 MR &
AR BB 51991 4F Smith &5 H 7= A LA
W5 R ) G BT AL A o7 T S A Sk B AT ey B A0 -
HZ M HTELIRE AW, B2 5 T IR P 2
TCAF U WP IR RS AP il 28 T AR A1 X 47 (Cd® ) 1 SRR
g3 Cd* " AR BUS M AR APl T A Cd* T U R 2P
M2 IEMIZE , Cd* " HE HUBE S A0 B 28 ST MO T B I
PE R AR B L0, X Cd* JE R W, TTX figfig B
WriZ s B 3k s Cd™ " BURR M B2 25 Bl 28 SO AR T 475 L UL
REE B Cd™" BB " T A A BT R 2B i 2 5T
T BTN /B0 90 L I TR WA H R RO 1
TR S [ B 2 7 A S o R EAR RS L
WL 3 0 W e 28 i 28 o0 45 7 25 WAk A/ B0 9 Ak
CERVIR SN A SR s @ A N R S X -1
g IRATTAEIC SR B AT 118 PR D s oo,
HA Cd BUBMERE W E P i 2 ST FRIE 9 AULA 4 A
(3.39%) .15 Pena Y PTRIE R P1~5 d 4 B
2. 9V BRI,

ROS A T /N7, BB 2R L FiR
FPPEBERE . T AR R AF 98 & i 9 ROS RE o
S AR i I T AR PR A AR B R Y A B
AE-' . Ward S5 S BUTE AR BB 1.0 28 JUL AR 7
H, O, i 25 4 K 3 15 H A7, H, O, X6 S 5 45 3 1 % B
P A M KT HL i (the Ca®"-independent transient
outward K" current , Ito) X N [ (9% & K* H i
(the inwardly rectifying K© current ,1K1) JC {2 & i
AR TTX AR F I H, O, % 3h 7F s A7 (19 52
Ma % TEIK BB AR O = LA B8R & 3, H, O,
(0.1.0.5,1. 0 mmol/L) & ¥ BEACH 3G I 1+ A
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Fig 6 o-LA reduced transient and persistent sodium currents

A: Cd-insensitive pacemaker neuron was recorded under voltage-clamp condition (bottom trace) simultaneously with recording of X[ n activity. B:

I-V curve for the transient sodium current obtained before and after the application of o-ILA. The difference aflter and before administration was

subjected to One-Way ANOVA analysis(F=34. 908, t=0. 000, data not shown). C:Fast transient sodium current evoked by voltage steps

(from —80 to —20 mV) was reduced in the presence of o-ILA. Long voltage step could also evoke the persistent sodium current. D: After the

blockade of calcium (200 pmol/L Cd?") and potassium (30 pmol/L tetraethylammonium chloride) currents, the same neuron exhibited a persis-

tent sodium current in response to a voltage ramp, which was blocked after the application of «-ILA. The bottom traces in C-D showed that the

Na® currents recorded were sensitive to tetrodotoxin. n=5,7+s

B EL U 4 L T AR e H R (1 mmol /L) R 3 5% i
H, O, 38 ) 45 PR 4k F 0 L T\ Sk T R Sk T 42 S Ak 4
JE BB e 385, T A P R i R I ROS AH DG 5
i, SR P RATEA T (BHP 1N EALF , o
LA APUAEAT], «(BHP A K& 5% 3, 1 BE vk £
5 (R R AR I A BLVE DL A ROSTPY S o
LA ML A Ve 222 R 3t 8 4 IR
R B R0 L DA R GE o 2 A R A 4 0 L o5 A vl A
P FH 7 At 470 S8 Ak 790 s o 4 A K - 09 48 JbE R
MR HEAE ™ EAWESE T, «BHP il 1F 1 J 19 5
YR RO W0 B B, W S/ Cd AR UM
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