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Abstract

For mammals, respiration movement is an essential life process that plays a key role in keeping
proper body function and survival. The pre-Bétzinger complex in the ventrolateral medulla is a
central part of mammals that generates and regulates respiratory rhythm. In this paper, we use
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the fast-slow decomposition and bifurcation analysis to investigate the effects of inositol triphos-
phate concentration on dendritic mixed bursting of the two-coupled pre-Bétzinger complex neu-
rons. The research indicates that inositol triphosphate concentration significantly affects both
bursting pattern and periodic of the dendritic mixed bursting. Furthermore, we also reveal the
dynamical mechanisms underlying the generation and transition of dendritic mixed bursting.
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1. 51§

MPIE T ALk UL B G E B, BRI SR IE RS 5 AR A7 . BRALRI, A T 1 X 35
(R ELER A% 5 14 (pre-Botzinger complex) & FEIRAH IS PHZ TT RIS B4, & S IFIRCTT R IR 7 AR R A 5
YIAHZR[1] [2]0 1ZEBAL H IR E 04 F R PR IR VE AR R L, 20 Hh (14 42 0 R 3 L R 4% o) P
[3] [4] [5]o A T ARFURFMCTT = AE ML, W70 A TARAE BUE AR AN SEIe G ST | — RAVBCEAY,
FHEE A AL SN SR 2 I AR A TC R A

22 ML ¥y Hodgkin-Huxley #581 (H-H H8Y) & — MR #2870 A s A7 anfe] 7= A= F S B0 iy,
T2 FH 20 A A Bk tH AR I AT R VR IR MRS 1 B FA B R AR LRI [6] . eSS, WFSCEAIIAE H-H
FEAR SRl B4R T ORFEI % T pre-BotC IR R 4T AR AL . 1999 4, Butera 25 A4 pre-BotC 1)
ANFRE AP EE 70 70 ) L T RE SR B LU (Inap) PO BCE B[ 7] [8]. FERLEEAN |, Toporikova 11 Butera
PR T AN EA PR LR pre-BotC HUA A (TB BLARY), A5 A 1) M A4 7735 . F RR B L
(Inap) AT » T PR SR A T30 PR A T 05 s e o 1 BH S 1 FR A (1ean) [9] [10] B S » Park 1 Rubin 7£ 2013
TR T TB LAY, 57T pre-BOtC MG E AU, FReh T MR W SAEA AR - B
SRFEI = AL WL R 2R R K [11]

PAG AR B 5> B3 78 S W AR 2 B B ) 5 4 i s, b T Rt 9 b 3 O EE A A [12]
[13] [14]. fEUEIEAS F, Izhikevich M3l 772 f FEHR7R T & T IE B A AR, IR AR AT
TVAYNRIS>2E[15]. IEAESR, XHIRA R (MB) I FUZ T 5| 2 2 10 O . IR A TR 2R 7E— A
JE A P AL 22 PSR AR AR i A 30 16] . Wang AT Rubin B 5T TR A FEBCR FIF=AEMLE], IR =4
B[] RS TP A VR A TR AR L B [17]. LG 2 NAIFFE T 4N FE 5 (Ona) P L 5 () 210X pre-BotC
IREFEBCREA IR, A T & TR IR EBRE, JEER T X Boa i n 3 /1 2= H1LHI[18]. Duan
SENRFL T A XS R G pre-BotC M4 o IR A R AR SRR, R AL T TR A RS R e A R L
IENLHI[19]. BEAl, BFFEE AT TR XS PP 42 oA R 384T T it . Toporikova Al Chevalier 55 N &7 T MEff
S P A 22 TR A [20] . Wang S5 NHIFFE 17 VR e SIS Ao 28 T A R I 45 282 4 P, R Y807 P AR e B
BT AR PR A AN R O AR [ 21] . BRI R L KCNQ HLift A B T b H A= KR Pre-
Botzinger 5G4 MR AR [22]

ST BRI TS N TR A AT T R S LI (I ap) PO PN A5 P 3 R SE RIE T, HL LG SR T
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AL

— Rl R R 5] AL A S B IR A A FRAT A, R IR A AR T DL B 58 T R G AR B A
FHIRZ AWM RRRE B (DMB) [23]. BRI THRANEAFEBCL T AT 17— 2558, (HAERRGE
TEARG P RAR G RS I AP T, G, —LeRT U IR AT A A S AR B R ) A
BN 1% 0 Gu S ABTIL T S PRS2 ST RIRR I B 27, Herhif e M8 A R R L [24] [25].
UEAh, SCE[26]5EH T —Riud &3 HT Wilson AL KE RIS AR R (1 BRAS AT B 7 B HR AR UALRE, X APk
PERAEE ] TP ME A AR RIMR I IXEEHT ST R R A S 25 80 0 23R8 1 i A B

AL E BT T A 1SR IP AR S T R G R AR SR IR . 5 Nl T
AT ELERME R AR IR S 22 o s 35 = A 70 5 BRI = WRER VU IR BE[1Ps] AR A X 4 & A 48 Je IR AR
AR AR IL BN SEDURE g 18 . AP T 70 & I B XPPAUT B f4FH H .

2. IRBINE
& pre-Botzinger =& A2 oA 1) BARR A W T

%:(—INa—IK—IL—INaP—ICAN—ISYH)/Cm €
(0. (v)-n)/m () @
D (h.(v)-h)an () ®
S (-s)s. (V) -2 @

Forri, =12}, Hiwjo VARFRIEHEIE, C, fCFMIAA, n FT b 405 0m 0 TR BhEs Tamitt i 18
BhL s RIMIEAER. Ioy Lew 1os Daps loms 1o ABICTHSRENG T T, LR AR S
T MER AL FREAR . BSOS AR R B R RS AR A T N A I B AR ) S A LR
T A 5 B P LR () Rk Sl

INal = gNamoso (VI )(1_ ni )(VI _VNa)

le =0} (Vi _VK)
IL = gL(Vi _VL)
INaP = OnapMP,, (Vi )hi (Vi _VNa)
lean = Joan f ([Ca]i )hi (Vi _VNa)
Isyn—e = gsyn—esi (VI _Vsyn—e)

A T4 R R ORI 8 P S S R A SR R R R A T

m, (V) =Y/(1+exp((V, - 6,)/o,))
n, (Vi) =1/ (1+exp((V; -6,)/c,))
mp,, (V)= J/ (1+ exp((Vi =y ) /ong ))
h, (Vi) =1/(1+exp((V, - 6,)/c,))
5, (V) =1/(1+exp((V - 6,)/0,))
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T RISV W P
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Tz fi(“]ERlN _‘]EROUT) )
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S, [Ca) FRMHMLN Ca WM, HUIE th MR U NN TS it O, PSRRI 1 i 7
PO g, PRTE . | 2 B L SR WO O[PSR 5 M E, 2 [Ca) i, bikZeikkeb, il
B g, P g, BHETERIIT

3

[1p,][Ca] |,
Jew =| L, +P ' x([ca]_. —[ca] 7
'P{(Ua]m.)([c:a]iwa) ek tesl) X

[Ca];

Jeroyr = Veerca m ®)
Horpr, L F1P, 43S0 G MY R 12 18 PE AL BCR FIVBIEYE, K A1 K, 43 BIZRZR[IPS] R Ca® T i FAI[IPS]

o —(Cal|.

§$ﬁﬁmﬁgﬁﬁoﬁiﬁ¢,mqm:[%zﬁal,a%%m%ﬁﬁWEmmmmwzo

~rRQ)~@FNERG, ARQ)~@FMMAE T RS, AXE)~@)FF MR T R85, AX@) L
TGRSR Hh, WRTRGHILTRET RS, MRETREZWMR T RGMH. KRG
EARRNZHUE M.

3. 88 Pre-Botzinger EA T HRIREE SR

B AR S P PH S T AL Ioan SEAIML A5 25 1R BE AR, T = BRI AL (1P3) DU L5 A1 P 5 12
MRS, fE—EVERN, FEE =BEERVURE(1P)IREL AN, FRREF LR B T FAL loan BB, AR ES 21
IRPE R A A I, TSR TR A o Sl A AG[IP],  FT AR SR AL IR A T8 R A 30 g 22T

3.1 ZEABRANERR X REVE & R AR

BEEIP]HISE N, 4 2R G AT AR 2 A 8 TR VR AR T P I e A O AT, Al 1 (@) BT
i PV, R L A A5 5 1R L [Ca ] BEEISS 18] ¢ A2 A i 2 2 ol o J €8 SRR AN 21 €0 SR 2 R - 7 W3R W, [1P]
(RI3 N 754 2R G (T8O PR U st o P 1 () A BRI (¥ FE ST BB LIPS AR A A, s 1 A BRI 0 A
JIE (1P ] A I T /1 o

NTIRN T i AR S OB BN F1A WU, BRATTRE 73 5506 A SR8 45 P PR A A AT 30
J1% 5. fERRS pre-Botzinger H & o rh, MR EAM I, RERIOVFEMBEBR R 4]
SEANFIS , RGERIN AR A ST F: 0 TTIRIAR AR -
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Figure 1. (a) Variation of the dendritic mixed bursting with [IP3]; (b) Change of the period of limit cycle with [IP3]
1. (a) WREUR &R AL BIFE[IP]TILIE R ; (b) WRRIAEY B EARE[IP,] AL M1

3.2. WRERSBMENNNFESI

AR INR A FHORIUZD U, BATTHRAE [Cal, HO P AR A K MO S A RT3, 35
ST 50T MR AS R A B R4 2040 . Sk, ATHOAE ST [Ca, SEIOIMAHESY . 5 % K [Cal, %8
RERIOH S . W TR HCBITRT ., B [Ca] AN BRI T, 10 h UM, X T /5 3,
BUE b AL SN 0, = Oou T ([Cal ) KB IR[Ca 1 gy MR B

H[1P5] = 0.95 uM I, 4 RGHURBIR 1 2 . B G SRR GV, O T P51, 4T ok
2 VR €524 3 AR A 45 85 0 [Ca], AT | 13 A8 R by PR IR 41, 4G9 2% g, B
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Figure 2. The firing pattern of system with [IP3] = 0.95 uM
& 2. [IP3] = 0.95 uM BTRIR AR IE S

HI T AR AP BUE AR AR, B DABRAT TR 58— B AR AT 0 & 70 . BL[Ca], =0.027 , #Lh A
AR &, XN RS B 3(a) . B PR Ry RORBRES 73 70 i, supH FRoRi i 5+ Hopf 4377
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Figure 3. The dynamic analysis with [IP3] = 0.95 uM. (a) One-parameter bifurcation analysis of the first bursting in the first
part; (b) One-parameter bifurcation analysis of the bursting in the second part; (c) Two-parameter bifurcation of the trajecto-
ry inthe (9,,. h ) plane for the mixed bursting; (d) Partial enlargement of (c)

& 3. [IPg] = 0.95 uM BN N ZFE 1. (a) AIBPE— IR ESH NV OT; (b) EHNBESHIRSH; () B
BREMEBHHMEE(Y,,, h)TFANRSHSE; () NSRS EREIBHA

BEERAR R h IR, RGIVPLLRAE T S i s 0 7 R (F)BRGE R E32, 2R @ PRI AR 51 K A4
R, WAZHFEE D& S HC)R IR RS ME B, Kk, XA sy “fold/homoclinic”
239 G

xR A BRI A, BUh =0.31, EFEK 9, (EARZREIT M, W 30)FR. REH
PURAE 34 B4 oy 3 ) (PR R B30, FRBEH 9y I INANERE AR5 £ T8I S Hopf 23 % (supH)

(supH), FEZEAFaE AR HARIEZREIE K, RALHFEBIDE SAMHC)IRE L. Kk, &%
A2 “fold/homoclinic” i 5 ¥A11 “Hopf/homoclinic” A% HI .
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Figure 4. The firing pattern of system with [IP3] = 0.97 uM
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Figure 5. The dynamic analysis with [IPs] = 0.97 uM. (a) One-parameter bifurcation analysis of the bursting in the first part;
(b) One-parameter bifurcation analysis of the bursting in the second part; (c) Two-parameter bifurcation of the trajectory in
the (9,4, h ) plane for the mixed bursting; (d) Partial enlargement of (c)
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Figure 6. (a) The firing pattern of system with [IP;] = 1 uM; (b) The firing pattern of system with [IPs] = 1.3 uM; (c)
Two-parameter bifurcation analysis with [IPs] = 1 uM; (d) Partial enlargement of (c); (e) Two-parameter bifurcation analysis
with [IPs] = 1.3 uM; (f) Partial enlargement of (e)

6. (a) [IPs] = 1 pM BHAEBARTN; (b) [IPs] = 1.3 uM BTRERART; () Z[IPs] = 1 pM BRI SE AR 7475 (d) WS
HORERRKA; () H[IP] = 1.3 uM FHRSH IR SH; () WSHSRENEIHAK
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Table Al. Parameter values in the theoretical model

= AL BRERGHSHIE

S SHA S SHA S SHA
C, 21 M Une 5nS AN 0.74 uM
Via 50 mV 9« 28nS Nean 0.97
Ve -85 mV 9. 3nS f, 0.000025 pL*
A -58 mV Irer 2.3nS A 0.001 pM-S™?

Vin-e omv Fean 2.2nS K, 0.4 uM
6, —-34mV Uopn e 4ns K, 0.4 M
6, 29 mV O -5mV K, 1uM
O —40 mV o, -4 mV P, 31,000 pL-S*
6, -48 mV Omp -6 mV Ly, 037 pL-S!
0, -10 mv o, 5mV Vierea 400 aMol-S™*
7, 10 ms o, -5 mVv Kserea 0.2 uM
7, 10,000 ms o 0.185 [Ca],, 1.25 uM
7, 5ms a, 0.2ms?
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