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Abstract

Respiratory system is one of the important physiological organs of human and animal. The pre-
Botzinger complex (pre-B6tC) is located at a ventrolateral medulla of humans and other mammals,
which is considered to be the center for the generation of respiratory rhythms. Respiratory rhythm
differs between normal and pathological states, which plays an important role in studying the res-
piratory system. In this paper, we investigate the bursting and their dynamic mechanisms by
phase plane analysis, fast-slow decomposition and bifurcation analysis in coupled-neuron model
of the pre-BotC. The results indicate that the Na conductance (gn.) has an important effect on the
excitatory neural bursting patterns in the pre-Botzinger complex.
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1. 5|15

WP S B — R WA RS . 1991 4E, Smith 25 A& BUAL T N EAN HARI FLE G T (1 pre-
Botzinger & & 4 (pre-BOtC) A T A& R IR 5 43 /= AR M OB [1] o X ARG E T A O 220 [ W 5 Ao
2 J0[2]. CABFFLR BN AR TR Y) iR T3 pre-B6tC, Rekling %5 K BLIX Fih (Al 4 £ o A
FALT AL AS 1) A ERFIE[3]. BEAE, Wei S5 AR 1 SST fefie S itk K 5 NKIR (FHEMIUIK 1 52
) 1E pre-BotC I S Ml 5 & [4].

ILARHZ 70 L AR FRABE AR (0 502 M S T B SRR B2 00 H-H ALY [5] o dl it — R AR TS W 1 256,
R I 8 DA 2 R R - FEL AR )7 A T AR B A 1 AR S L R R R R RS, R T
PERFEHNRAN T, AL T TS RN B R R E S RN (RS R R AR R, R RS T IR
HEHALF= A I — RV R, RUE A& - AR BB (H-H BLAY), S22 o0 fl AR B o i) E K LFR
B, BT A IR AR B Tl A Y, Butera 25 NS T iR pre-BotC BN1E RLAL A PN B N
2R, FRREAT T RS R TT RIS IR [E 6] [7]. fEULHESH T, Toporikova Al Butera 7F 2011 £E 42 H
T pre-BotC HIXUEHUEAY(TB HE4Y), H A AT Inap FIIAATEFIKAE T Ican FIRTFAE[8]. Rubin
£ 2013 “FEfE 1 TB B[],

PRASAR B4y 85 UL K 3 220 43 T A A3 1T AR SRR 22 00 R G o AN [ 0 A 2 FL 36 ML [10]-[15]
TR N T ST AR £ T R G AR AT A R [16] [17] [18]. R4 1zhikevich /M 4R I402, #&nT
S NAFIZEAL19]. R PSS T A2 00T, BESE AW T pre-BotC WU AR AL 4 HEL T (ga) FIEH HL
(g X AT RS 2 B L AL (52 [20] . BV S5 NAIFTE T gna AT Ok WAT SN pre-BotC H MB AR,
BE— L] g A1 g X MB H R SR RN U 52 [21]

R FLEN 7 AR A [R] A A 3 R T ML, Toporikova 1 Butera /48 1 A% 5 H 1 43 2K [8]
SHI[IP R AL FL T (Qap) OB X R CFRL R AR AR K, 50 Ca®* IR¥% H. Qe TEFRIBCRIGTE R Y, N
MR 2 Ca IR, 12 Onee TELIRGTEIE PIIT, SRR, Bk, &4 4 somato-dendritic
ek MB [11].

FIRPAE 4. 2320 0 A Al 1zhikevich BIRRSF 2877 %8, BRATHEFL 1 RETBOR IR P2 A2 K LWL BE gna
AR AT R ARG AR, PR T e LR -

KLEERUT: 5, NS pre-Botzinger EARMZ T ERA, H=8 0%, FiT g
KB, R A2 5087, 40 2 23 Aig g [a] 3H (InterSpike Interval, 1SIARRE I =4 FlEE L 2l /)
SN B EEATESS . AR SCH 7 B XPPAUT #2471

2. IRBINT R

5 pre-Botzinger A& ST XU E R (TB) [6] [7] [9] [22]3#iA U R
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AV, /dt = (~1 IMN—ma—k-JL—kW4—hmuJ/Qw (1)
dh/dt=2(h, (V,)=h)/z (V ©)
dm/dt:(nw(VJ——m)/rnOA), ®)
ds, /dt =z, (1-5,)s.. (V; )-8,/ 4)

53 )12 N
d[Ca], /dt = f, (Ier,, — Jerey, ) ®)
dl, /dt = AK, (1-1,) - A[Ca] I,, (6)
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Figure 1. In-phase bursting of the system. (a) g,,=1nS; (b) g,,=2nS; (c)
Oy =3nS; (d) gy, =4nS;(8) gy, =5nS;(f) gy, =10nS;(g) g,, =20nS
1 EMEEREER. @ g,=1nS; () g,=2nS; () g, =3nS; (d)
Uy =4nS; (e) 9y, =5nS; (f) g,,=10nS; (9) g,,=20nS
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Figure 2. (a) Time series diagram of [Ca]y, hy, Jcay,,, VS tWhen g, =3nS; (b) The periodic orbit in the

dendritic subsystem when g,, =3nS
B2 (@) g, =3nSEI[Cal,, hy, Ocuy,, FIRTIEIFFIE; (b) 2 g, =3nSEIRIRT R HHIEEIH %
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Figure 3. One and two-parameter bifurcation analysis of bursting with g,, =3nS. (a) Time series of membrane poten-

tial V; (black curve); (b) Bifurcation structure of the fast subsystem for the somatic bursting; (c) Bifurcation structure of
the fast subsystem for the dendritic bursting; (d) Two-parameter bifurcation of the fast subsystem with respect to the
slow variable g, andh;

3. g, -3nSHEMASKAWSHARN. (2) BV, (BEEE)MIERFT () BEENSSHAR
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Ona =3NS B L hy 088 56 MU AR EAT 20 20 b, KRR T R G4 25 a1 3(b)Fiar. (FHrh (b)),
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Figure 4. When g,, =5nS (a) Time series of membrane potential V; (black curve); (b) Bifurcation structure of

the fast subsystem for the somatic bursting; (c) Bifurcation structure of the fast subsystem for the dendritic bursting;
(d) Two-parameter bifurcation of the fast subsystem with respect to the slow variable g, andh;

4. g, =505 Ft (a) BEEBAL Vv, (BRIMLNHEFT; () BEAENASEAAN; () WRENLS
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Figure 5. When g,, =20nS (a) Time series of membrane potential V; (black curve); (b) Bifurcation

structure of the fast subsystem for the somatic bursting; (c) Bifurcation structure of the fast subsystem for
the dendritic bursting; (d) Two-parameter bifurcation of the fast subsystem with respect to the slow varia-
ble gcay,,, andhy
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Figure 6. (a) The change of ISI sequence with gy,; (b) After taking the logarithm of ISI sequence
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B3R
AR o (R R 1) R RO S B E 0 T

X, :1+M, xe{m,,mh,n,s},
O-X

7,(V)=7/cosh[(V -6,)/20, |, xe{hn,s},

3
I T [IP:][Ca] (fcal,. ~[cal,).
([1p]+ K, )([ca], +K,)
2
JEROUT “Veeren A [Ca]i - [Ca]ER _ [Ca]m _[Ca]i ,
KSERCA + [Ca]i °
f([ca],) :1/ (1+(KCAN /[ca], )™ )
Table Al. Parameter values in the theoretical model
F AL EEPHSHIE

ZH ZHUE S SHE S SHA

C, 21 uF O varied, nS Ly, 0.37PL-S?
(= 50 mV Ok 11.2nS Pe, 31,000 PL-S*
E, -85 mV Oep 3nS K, 1.0 uM

E. ~58 mV Yionic_e 0.4nS K 0.4 uM
Egne omv Gean 0.7nS Vserea 400 aMOL-S™
0, -34mV Uopn e 9ns Eceren 0.2 uM

0, —-29 mV 9. 2.3nS A 0.001 pM *ms™*
Orp —-40 mV o, -5mvV K, 0.4 uM

o, —48 mV o, -4 mV Kean 0.74 uM
a, 0.2 msec? o -6 mV Nean 0.97

T, 5 msec o, 5mV [1P;] 1.2 uM
z/¢ 10,000 msec 6, -10mv [Ca]., 125 M

7, 10 msec O -5mvV f 0.000025 pL*

o 0.185
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