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Abstract
The experimental study found that the pre-Bétzinger complex in the mammalian brain stem is the
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key part of the generation of respiratory rhythm, which contains many dynamic behaviors. By
changing calcium activated nonspecific cation current and persistent sodium current, such as the
inspiratory neuron model, a series of special somatic-dendritic mixed bursting patterns can be
generated, that is, there are multiple types of bursting patterns in the same cycle. Dynamic me-
thods such as fast-slow decomposition and bifurcation analysis were used to explore the genera-
tion and transition mechanism of somatic-dendritic mixed bursting, and it was found that the
changes of calcium activated nonspecific cation current and persistent sodium current lead to
changes in the number and type of mixed cluster discharge, providing theoretical support for fu-
ture research on the origin of respiratory movement rhythm.
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1. 518

SRR AE YRS AT WRIZ N, iR BRI, B DRI A LRI T 5 4E R A ar (T R AR
BB, PRSP TR RS, H A AN AR — B AR S T AT ) R . 1991
TR — TR R SR SER R I, A TR LB A A ) — AR R X 3 —— BT Bk 526145 (pre-Botzinger
complex) 1] fE A& IR TGS IR ) S BERR AL [L], 10 EL AT LRSS A R Hp i 8 T — S RE R IR TBCFRLA T 9 2 o A PR
VARG E TR R T IRFIRPIR A BILE],  AAIRIXFRCRAT AT K E S 1 A

1991 4F, Butera 55 AA pre-BotC H [R5/ FIFE A #1142 TC AR M 73 7 27 1 B T-RESRAN FRIAL (| e ) 3K
2ERERI[2] [3]. Toporikova il Butera 2 H 7 —4> pre-Botzinger #1122 76 H (1) 0Ulx = B SRR (TB 1 7Y), 45
S 2% BH S TR T DL P AR AR T FR SN IR (g ) RS 5T A S5 1 FH B 1 LIRS (N o ) HORH R IC T L[4 [5]
[6]. FfiJs, Park fl Rubin Xt TB #iRYHE(T T fRifL AR, $2EH T — pre-BotC [ i = i SRR, hAsAY
A DRI AR = AR [F RE R S AL [ 7] . Rinzel 2R Ju {8 FRASAR & 5 B8R 03 2 40 M K180 71 2 0 T v
NA G SR AR 22 0 AL TS BN R P2 AR LB R 57 1 BR8] [9] [10] [11]. Dunmyre 8 N4 H TR &
T EEL R P A LR AR T AR 7 R [12] . b 4h, Wang AT Rubin 28 A GE W23 T IR A HL(MB),  Hx i fk -
P 9 F5 R (S-D Bursting) 2 5 X s A T 4024 [13]. Duan 2 AHFFT T H A4 28 T 10 7] AR 520 P A I 1)
PRI I BOR AR R, R LEET T 40 35[14] [15]. Wang %5 AWF7T T #h & pre-BotC 1 7 dr iR & i L Y 3h /)
SFHLHI[16]. BEAEDFFLIERN, LU F1 Chen % A7E A pre-Botzinger #1480+ R I T KEIRAHUER L,
o FL 7 AR R AT B 124 T SR A 2R[17] [18] 6 3K BRI T R S S FRA T S R 2R 45 22 TC VR & R H 42
TEERHD, (HmE - MREBOER R RIEFIRE, FEBRAZLTEE,

AR EFRE T T AR RSN r RS SO SR M P S T F IR EE A R, pre-Botzinger R A RRIZ TR
itk - B SFETBCR AT MLE] . 55— 885 T EA 4 pre-Botzinger & AR M AL TCRIB) 2445, 58
TRy E TS RGBSR K, RIS O AR R 1 P B T HL R ( Qo )X ML - AR TR A S R
[ SEMA AR L= AR ML 55 =800 R BB RSN B 7 F S A - B IR S R R s /R S
i Eeh et .
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2. IRBINT R

XA TR pre-Botzinger R &R 1 AL ITHER 7], IRTTIZAAL ™ A 1A - 5% 0%
JBCHL(S-D Bursting) LA L HL 285 (B0 71 5L o AR 0 B IR U

(L_\t/:(_INaP_INa_IK_IL_ICAN)/C (3-1)
%:(nw(v)—n)/rn(v) (3-2)
%:(hw(v)—h)/rh(v) (3-3)

7E LR, CRIEAS, VB, n A h 4B RSB BB TR Ly Lo 1o Iy
| 5 TR ENES T HIAT . FREANE T o0, MR, A0ES T RS O R PR B T o, b
R 4685 T L RO L T 95 O M

i = Guam (V) (1-1)(V =Vy, )
Inap = InapMP,. (V)N(V =V, )
=g, (V-V)

L =90 (V -Vi)
lean = Goan T ([Ca])(V ~Via)
mp, (v)=1/(1+ exp((V -6, )/amp))
m, (V) =Y(1+exp((V ~6,)/o,, ))
n, (v)=1/(1+ exp((V -6,)/c,))
h, (v)=1/(1+exp((v ~-6,)/o,))
7, (V)=1,/cosh[(V -6,)/(20,)]
5 (V) =17, /cosh[(V -6,)/(20,) ]
f([Cal) =3/ 1+ (ke /[Ca]) ™" )

BB T AR R R IE N
d[Ca]
T = (‘]ER,N - ‘]EROUT ) (3-4)
%zA&@rU—Amﬂl (3-5)

Fobt, [Ca] SN Ca?WKIE, Jon 2 MARMERFN MR TR, I MMM 3
TR, f, RN COVRIE MRS, [Ca] i g, B D, SERESH, FIEIT f, %A
5| R R 0 [P, BT 5 L1, o [Ca P o 3o, D 1 Jgg HIK/NFNZNILPS [1Ry]
RS DR [ 1P, | 1 AR N, BRI AT
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. pelicall T (leal,-lea]
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[Ca]
Kserea + [Ca]2

Hopr, (IR =BRRNIEE, Ly, A1 Py RN MMHRISEIEN R IGSEN, K Z[IR] IR [IR] 2k #
WAL K ORITRE[IR ] ZAEBOE RS AL o A NE BN B ARt .

RY(B-1)~B-B) ARG, HPRGEB-1)~G-3) AT RS, RAB-4)~B5)WMRTZRG. EERA
W, WRF RGN T AT RS, (HEA T REZHET RELM . R+ HHABSBEEM R EIR.

3. EAVEIRST R MR FRR A - KSTR SRR

EHE PR (NE)Z RS pre-Botzinger &4 4& AP 28 o P 15 43 Y 81 B2 (K 2K [19] [20]. 2 FHE BHRER
30 3o 2 ) T A A S B 8 T BT )R TR A — 0 2 A 5 Fl R FE B 3191 [20], 17 Dy 32 Kean
H Qo HIFEFISEMR, T LAFRATAZ AL Kopn A1 Qopy ST TT AR — 8 5T A5 0 HEL O A8 Ak F AR

3.1 keay BLXHEMH - RISER &R AR

TECAT AT E Qup =5 NS M Gopy =0.71S o ke =012 uM B, A RGEIL T W11 1 Hiosho s
- BESEIR A . P S R B OB ), 4T (1 s A P S 5 T4 FE [ Ca] i
A, BRI LUE I, [Cal BHPARE, — MR, RO AR T
S ABRERIORA, 7 BOREHC R SRh . B SR R M R [Ca) RSBk R,
DAFRAT T ST T MBS 55 K 8 Ky 0 LS — 4855 FEL O S0

(3-6)
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Figure 1. Time series of the membrane potential V with k,, =0.12 pM

B 1. ke =0.12uM BF, FRERAL V BOBTEFSY

B 1 BRI BTSRRI RS, FRATTRER I D A R > B AN B e AT T, X PR
RAGHAT AT TAVKE h DRI R, 8] S BUR AR T [Ca) RSP EME, 133 B BUS R 0
BLHIPRT R Gk THRAR R h (2 A, il 2 A1 3 s, I BURAATICE 7351 04 “fold/homoclinic” 7%
JBCHEL T T H o
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Figure 2. The fast-slow decomposition and bifurcation analysis of the first bursting in the whole system with k_,, =0.12 uM
and [Ca]=0.019 fixed
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Figure 3. The fast-slow decomposition and bifurcation analysis of the last spiking in the whole system with
Keay =0.12uM  and [Ca]=0.028 fixed

[ 3. ke =0.12pM B, EZE[Ca]=0.028, 2RGHE—ERIEKBIIRIEDI BN R S

2 FIE 3 Aoy @ AR (h V) P B, SOl FRom e E. T M =B
PRI —3, FATRIP IS — BRI RAL, H [Ca] ey 0.019. 5] 2 P 4l ik 7 — 2% S il £k,
Bl o B R RN R RAZ 2 20 D bR TR =52 BRI S i AR e AR E 0 FR R AL, R IR 3 SOR R
T SONRRE RIS e B R MANEE R ) A s i R R 20 A R (subH) 22 B, R A 2 A
—AFEE BIRRBRIA . R BRI B B KIRIBE IV > RDIRIEENV . FERITE LS F(HC) AL %
DRBRFR_EF) 8545 7y 20 (LPC) SRR BR IR _E AN Ra e s et R RE e a e TSR JT 1) h 48 2k (dh/dt = 0)

DOI: 10.12677/dsc.2023.122005 43 B 1RG5


https://doi.org/10.12677/dsc.2023.122005

kI
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Figure 4. Time series of the membrane potential V with k.,, =0.45uM
4. Keay =0.45uM B, FREBAL V BYRTIE] 51

BRATI V8 M A 8 4 0 55— B A A, [ 52 [Ca] = 0.019 , ] 5 H by RGEE W L 5 43 22 45 (subH)
AbF= A T AR BRIR E L 53 0 (LPC) . RN E sl 7 0 (BB B 26 B3, &G FVE % R 7
7% RU(subH) H i BRSNS, XA DI T I R 2 s (SubH) #4548 i B o X P A B LSS SR AR
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Figure 5. The fast-slow decomposition and bifurcation analysis of the first bursting in the whole system with Kk, =0.45 uM
and [Ca]=0.019 fixed
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H T AR 23 1 5 = BB R SR RAR TR, 721X BLEATT A B8 58 — B 38 Y . [ % [Ca] = 0.022 ,
WK 6 fiR. RAPLNELSEHEE S 7S (F)KIE R LR L3, & HWIE S E Y J 5 7 54 (subH)
HASNORE, XA FTEP 7 HC) R REE B . oA TRX Pk s R 4 B “fold/homoclinic”
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Figure 6. The fast-slow decomposition and bifurcation analysis of the second bursting in the whole system with Kk, = 0.45 uM
and [Ca]=0.022 fixed

B 6. ke =045uM B, ERE([Ca]=0022, £RGHEREMENRIES BRI DI

ETHFRATT AT T AR R Ko BT AR AR - BRI SRR R . B T IR T Koy ST R
W - B TOR A IR R . E5E, H ko =0.08 uM IR, JARES 3 IR SR Y YU T o 2 Ky IZHTIY
TN 0.096 uM B, BUARRIRTH =4 7 —4> “fold/homoclinic” ZUFFEHL, J& 3SR NG . BEE Koay 1
B, PRI A ARIZHIE 2, Hkey =045 uM B, Jpk AR ORI AR 2 AT B SR — A
% HL N “subHopf/subHopf” &Y #% i B (4 i1 “fold/homoclinic” ¥ J& ¥8), A4 o e Ath (1) 5% s v Ry
“subHopf/homoclinic” %% AL (4 B “fold/homoclinic” G 3R). B keay MOBIIN, MfA 5 — ANk
JCHL T “subHopf/homoclinic” R % HL (4 i “fold/homoclinic” ¥ J& ¥8) 48 iy “subHopf/subHopf” & #%
JRHL(Z H “fold/homoclinic” G 3R) o Keay MIBEINAS U4 RSB I A, HID T 4 RE80R )
Frart A,

3.2. gean ZlEXTRAMG - RSTR A BRI E AR

FATEE gyep =110S 5 Kepy =0.4uM , Kf geay A 0.6 NS IZHIHEINE] 1.2 nS, pre-Botzinger & &4+
PR TC R N - B RAETRHL(S-D Bursting) Bl L an i€l 8 fis . Bt 2N Lo v, A
b 00 2 45 B T B [Caa] o BRI PP Tt Rl 2k oy [Ca FBs TR0 1) P 4 2R R TSPl A A 380 4 945
BT IR [Ca) B ZHAR B B 7y, B RS 23 X BT [ Ca A 3L i 5 4o

ERGH LT Mutd - ISR A AR (U 5] 8) . MufA IR S AL “ subHopf/subHopf” BYA T H
(& h “fold/homoclinic” ¥ JG3K). B Qeuy IIIEIN, HOAARRT SRR RIRD, BHH geay =1.2 NS B,
JLAR — 8 ST A H 98 o R BT TS R S AR AT o Qg FROISE N 3 S5 A VR 5 AR TR PR KRR 82 S
(), FL AN 508 A 0 R 5 4 14 0 34
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Figure 7. Variation of the somatic-dendritic mixed bursting with k., =0.08,0.096,0.12,0.34,0.45 and 0.56 uM
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Figure 8. Variation of the somatic-dendritic mixed bursting with g_,, =0.6,0.7,0.8,0.85,0.9 and 1.2 nS
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4. FENETRRXAE - HSTR A RMENTI

WEFER I, FFEE H i I A8 A 22 5 B0 B R i 5k A0 [ 2], 32 17 5 e 44 8 7 (R PR Y Aot o S i B0
RFFEEAN I, 40 ) ) AE F A7 1 B A3t 2 MG N, [ B 4 A2 A L 3 11 /) W B2 38 Ky DL 51 A 4 i
1 B FR R B SR A N [22] o R84 R I PO R P52 18 K S S04 M Py Na vk BE S v, T 51 AR 4m e iy Ca®
TR EE 3 v DA A PR M A M 3R [21] [23]0 DAL FRATT AR A R SR AN BS 1 LT (O ap )R AE 7T pre-Botzinger &
b A - B SR VR B AR ) AR AL R

AT E geay =06 1S, Koy =0.4uM , K5 gp M 4.5 nS ZHTHEINF] 12.8 nS, pre-Botzinger & 514
HH R O AR I AR - WS & RSO AR S ] 9 P

ERGFHILT MR - RSB A EBOR U E 9)o MTBRATHE Oyae HUE 4.5 nS I, HOAARHT AR 2K
RN %t “fold/nomoclinic” ¥ J5 ¥4 1) “subHopf/subHopf” Y #% U HL ,  ff 44 b 3 A 7% s A &

“fold/homoclinic” ¥ J& ¥ 1 “subHopf/homoclinic” B! #% it H . BE & Qe M0 34I0, AR A 4 i
“fold/homoclinic” i fg ¥ 11 “subHopf/homoclinic” B #%JH HLIZ AN A2 - “fold/homoclinic” i J& 34811
“subHopf/subHopf” 7 #% it ML . B F g\, =12.8nS B, M4k 3 5 1 BT A R CHE BB N & |
“fold/homoclinic” ¥ 5 ¥1 i) “subHopf/subHopf” BRI .. 52 ATHISE 18—, Oy, FIHE I A4V &
TER TR R RR T (R 3E I0, (EAN SR 4 R G 1 R

INap=4.5
0 1.9 —
V:gg ) 88 =
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Figure 9. Variation of the somatic-dendritic mixed bursting with g,,, =4.5,5.2,6.1,7.4,9.2 and 12.8 nS
B 9. Bafk - WISEAFEMEBME g, NEXIER. 9, BESHH45,5.2,6.1,7.4,9.2 F112.8nS

5. &5i%

f£ pre-Botzinger 2 & AR, AT b Herb ) Ui B 2L 0 S R R —— PSS AR A VR R T LS
Oean M1 Keay EASFFEEEAIE T HLT Qpap » IUEEARATXT 4K - A8 SEARTL R (S-D Bursting) a5 . 4G5 R
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KE, KRG T AFERB P A - WIOREIEBOE, HIXSESHAT S PR G RBCE A T S B A
FIFIRZI o Kepy P3G NS BURAR - 36T G R ALE N, g AR “fold/homoclinic” HYfER
HL, FEA5N “subHopf/subHopf” ZU %S (4 i “fold/homoclinic” ¥ JG38) . geay FIBEIN S 20 R 4 M 1A
Wi &R 2 1 “fold/homoclinic” ¥ J5 ¥R “subHopf/subHopf” Y 5% Jil v, frt) %5 & v /b B 5528 g UG i Hi
Onap FOIHE NS BCR GEM AR 40 O S 2K 2 22 iy “Fold/homoclinic” ¥ 5 34 “subHopf/homoclinic” 74
FEIHIEANAE N2l “fold/homoclinic” 5 ¥R “subHopf/subHopf” FfE i H A& £ . X142
I AR L T AR R R AR [R], RN SRR A AR A AR - SR G AR TBOR I R 2 E AR
F&, LARERHEZHIMAEER. RIS FX ISRV FOZERN, AT HERIEE )1 1)
EPEANF= AN, FRA T — DR FUFIRIZ B (0 A 7 [ 4T R SRR, SR AR R A e A K i) i
IR, KA A L R D P A — S A A .
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