#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 19 (2024) 190501

BIERE SR E X & =M T RS
=My N FEHLIE"
RF R B A & FH W

(BUM s R A ik, Hi 310018)
(2024 4E 7 A 12 HYk#; 2024 4£ 8 A 31 HUEMEHH)

By
R

L =TT IORS A0 45 K4 RE W8 [F] B PR B 25 e, B =5 0 ma o LN FE ML, AR DF5Y 3 T Pinsky-Rinzel
PP T AR AR HE 22 2 0 28 50 3 1A BH 2E 55 0 S 0 A 28 oo R S S I B A B O k. G, A5 B T (Ca?t)
R RE 52 W A 25 356 R RS A A 2R X 2 = M R 0 A T R R O B SRR T, IR BRI BT A Ca il dE B ZE, 4
A B 3 T BH ZE 10 £ 28w 2 TR R L YR S BROT E BE 5 A% 0 S B0 2 Pinsky-Rinzel #4550 Conductance
MR ALY 55 Subunit M BIRIXT bb . 2, il 3 B S50 Hopf 43 7 #4588 Tl 18 B 26 F 19 30 01 24 3
WSE 2 W8 B (K) 19 Hopf 17 LBl A LU 20 RIZR I SC &R, MAN 8+ (Nat) WU 2t T
RE 4G B0 0 TP B s 3 0 A S R BSE R bR A I KCHIE B BH ZE AR 3E O, NatBH ZEFI A i, Ca B 2E ik |
PR FE R B REYE . 340, FEAR T BIE (5 5 000, 0 e s A A 359 7= A BEMLIE IR | Conductance A5 751 2% 21 HY 5
TR GRS BE ] . AT AE S T S -3l 1 L 2E 5 MRS A R A5 SR R I B 22 ML, T M A AE B AT PR AL

R AT A

XA Pinsky-Rinzel #1Z57T, il M, JliBFH%E, Hopf 4375 /4T

PACS: 05.10.Gg, 74.40.De, 87.16.Vy, 87.19.L—

CSTR: 32037.14.aps.73.20240967

TERRZERL 7 U, P20 R0 B 138 18 P 2E 5 1
PR R R LA R 2, B AR
PHEEICAMMIEE 1 1 SRR 254, PR it st
i, AT A 20 0 X4 A Pk A% S B, Bk —
AR I 220 RE B A 1B B8R 1), BH X 4L I
BB AR AR, R 2 MO 2 ST R B
R 1, AT S e ol 22 [ 285 B AR AR D E . Sk S g
T A AR EABE T M2 nsh ALY
WA, o PR S AL AL Fr) S

T3 T 0 [ A AR X e T R R R

DOI: 10.7498/aps.73.20240967

M) 2 289 12 AT, HARAY SE IR oY itk — AL IE 5
BT IE E BH ZEAE AER Z2T S LA rp  OC E
YEH. #5141, Narahashi A1 Moorel® i@ i< A= P SZ 546
WEBH T KRR (tetrodotoxin, TTX) #1170 Z f%
(tetraethylammonium, TEA) X} £ & ¥ (Nat) Fl
BB (K*) iBIERIBHIEMEM. 2% M X} Hodgkin-
Huxley (HH) #H£8otb5E 1 838 18 BH 2E 0 pf 22
BCHLAT AR, & B Nat 38 18 B ZE S il #h 2800
DL I Kl T ZE A 24, Zhou 2P
Ykt o e IR B -3 3 FH 28 5 T I M AR R )
HH W& BRETEZ I E AR, XI5
TEW 28 RUBE E 47 1 B 1 18 PH 28 2 5 SR e i
AT B, TR, JELSE s e | Ak v, ) DA SR

* ER ARRIERES (S 62371172) FIMTVIA AARIAIES (kS LZ22F010003) 55 B (4S8

t BIE1EE. E-mail: fan@hdu.edu.cn
© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

190501-1


http://doi.org/10.7498/aps.73.20240967
https://cstr.cn/32037.14.aps.73.20240967
mailto:fan@hdu.edu.cn
mailto:fan@hdu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 19 (2024) 190501

FLAFII G 10 S B 08 i AR R A5 (1]
I H AW 5% B0 S -8 8 BH 28 mT LIFE HH #2800
B P 25 X 285 v 14 5 AN A spike B9 AR T 5 1]
A, 2L U B P S — e R AT U
M 55 P A i 12

P28 TSI HEL A A R PR A 5 M 7R 45 R R % 1)
FHOG, KEMFFEHE R T i AR 5| 0 AL R
G N LAy BRG] 13, Ph 28 o0 PN S -l I Y [
A W 7 X I RS AR B AL A7 BT O, AR
FRAFFEFIA, P2 700 Z2 UM [l ATEATE 23R 30
AR B HA 14101 R OG22 3 B G E S 1 e
S E WA ITT B 125 T, Bl B R
SR HLAE BOAT 5 i ok o psf [ AF 5 4 08190 A gt
Faisal 4 1 2 th —Fh #if 28 50 [ 47 38 18 M 2
D T G5 M5 5l ) DISRIEM 28005
A [E A R REALPE. A SIS R B, 18 G W
SR R 5 B2 JE P 200 3l ) S B rh A4 T R
HEAEFH RO [] Bsf e, 2 o 3 R ) LR B 28 T S A AR
AR b DL BT o R PR35 2. FEAR A4y LAk,
Ly RBER 2223 SRR B 2420 SRR AT 40 Ty vk
Tz o B 28 038 G MRS A B D, SRMAEAE A
B 22 A0 TR Fox Ml Lul?ol il i 4l A 5 Fl il 2
(1] B, AR 1) T PAARE SR, 255 Fokker-Planck AL
Jr R, EIE T REHL HH fh2eoiial i b HBIA e
Z= B my [ B T T BB AL L B M. Goldwyn
S 2728 SpHTX L T HH PRk A LM | Sub-
unit M7 | Conductance Mg 5 Fll Sy JRBF R HE 4 Fh
MR PR AR AR H v By R R a AR A I 3 S B b 28 T i
WLE IR ZS, Conductance WA 5 D /R BRI 2
(22 S d /N SCRIR [29-31) SR FHBEHLM Y 7 R AR
SRRY, TR Langevin-like J5 i 2930 if
ATATARL, MR H B T RS B O e S R A T
M GETHRE B

R T B TR LR R AP 2 e AR L B T Y
TENLEE, 5IA T 938508 B2 X —3h J122 50 i TR,
Guckenheimer F1 Labouriaul33! 41Xt HH f# £ 5T
17 T EIRB 300, KEBESE h 17281k, shiE
HL R R BR TS50 [ X3k 2 e K, 510
TN TTHEA T80 T 28 0 3 AT G T, 2R
BRI T AP F S AR IR 5 Hopf 4372 Fff
I B 2 ST LIS B SR AR, Guo 45 B9 sy
T—7~H FHN F1 HR #2702 s i ic A2 B AR &
()5 BT 28 & LA 4 il S5O NS S

TAERGE SUMTIAFAE Hopf 70 28 Y251, #5320 5%
Hr TS5 A 22 I 28 . e 0 T, Xie 55 156 5
TR RO Il s E ] HH #2850 Hopf 7320
A7, DOHERR BRI BT, MiF1 4 2R B89 S5y
S HBRCER . 437 o BT RN 28 08 18 R 7S i 52 NS0
T T RATA s 20 VE AL AR A R R AR, o X il 22
PRSI WA HTRYT RIS SR AL 7R DA, s 1
FRYSAIFFEAE NG AR v ) J k.

164 M1k, T T0IE I8 P 2E 538 8 S 1
WY R B TR E TR, SR, BEE T
BREERAYIF AR NAWEL, Mool AR C 2
A5 T .2 09 & . Ward fl Rhodes!"” 454 HH
P2 TORERI S SR E5 0, TEIR A5 FiE T 2=
Zrh A, DR B LIF fh 28 oo A Jo ik A il
MBNPERLAL. AL, 223 2 oI S P 3 rh
SEEL T ISR Y R B0 ok A 142 51 &
TRFERHTZ O, Wik, st 2= Lokl
TR B30 18 BH ZE RN 75 OB R R 2, #78
H 2 B NN A mE N E XS0,
TR, JUHORH CAS3 X, RIHAGM I B 2y
K] 28 235 R T B DA Ay e 25 () S P R 1 BT A2 Y DG B
D3l 1431, [ Bp 322 IX 3 ) o 228 0 A B st B A
IR 1 Bl AR AL FEIETT S0, CA3 Xl (4 4
ik AR AR B TIR AT, DA R A ph 28
K2 rh I AE. Pinsky F1 Rinzell* - 1994 4EHEH
T PR (Pinsky-Rinzel) fiZ7c P 2 AR, iz RE
R SIR CA3 K/ 2 ML o], g
12 I TR B i SR AR 1)L o R G i A (]
iith 184911 DL K W 5 T 28 0 ke rELASE X 1) 52 g 0] 85
Z A~ J7 1. 2024 4, Zhang 55 PU A fE X E PR #f
2T ARLIT N Tk A 2 4% (SNN) DUSE AL
75 IR 2868 77, 12 48 B B i W S B2 LA
FARBERE B4 o5, 7F SN 4B 5 5 K 21 .
I, FFXEAE PR M2 TCHET TR A RIHLIEL 4T A
H % E Y. Hahn fl Durand® 7£ 2001 4R 27
SIHTRIFGE T P 28 T H AR B B e B A A ) A
{ERAEBEFIS A 70 A 7. Atherton 45 P91 3@ i SR
HZEZE R B S IRRE PR & oT i, firdke T
HESLPERRE, JF R AU 3G 1 P T 2 R 5
G325 S BN 1243 H, DT 7ZR T 485 25 1 F 58
FE, R S 22 A 552 Wi 43 2 RN R SRR AR Z ] 1Y
AHE 0G5 5y, 2tk i) PR A2 SO RUAN (P2
TR AR R Oy 2, RSB TSR CA3

190501-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 19 (2024) 190501

X REPE, 3 XA T 5320 40 B, A A5 1
FE Bl )5 BRARR 42

22 8 P2 TU RS 20 2546 B 6% (] IRl B 1) 2 ARy
Pk, B 35 ny e 5 AN TERLER, HAE IS | POk
GG S FHARRE L RS DR E A
Z B M AT B )5 03 2 W B e T RS
Lt H Y RTPIAE S 2 E M AT, 11T
ZAL T T IE MRS BRI R, OC TR 2R el aE
FEMFFED 2 2R T 8% HH M2, LA PR A
ZIUAREN ZEHEALR LG AMRE, ZIETH
LV 5 RN 5 114 A% 338 R Y, BRAE T ITORS #f Hb
BRI TT I B AL S M AL AR, AP A2
JCH M EYE. MR, Z2EMLIThRA S
B (Ca?t) YR EE 23 52 0 f 28386 SRS T I ME %8, XoF
AR B A G E A 0L IR, AR SRR T
IR PR 2R oA P31 5@ i 5| A B 38 1 FH
FEL MR IR T A Ca?+iE i FHL%E, BFEY R XT
MZ Tl J 2 R A PR B3 Hopf 4375 . WS
B 28 50 W BRI AR S R AL (coefficient of
variation, CV) Z48 b5 IIFIE , A SCIR AR T
W) 2 38 8 FHZEXT PR 28 T0 L RR PR 052 . 1
A, 18 343 A PR #1228 JC Subunit M e A5 A
F1 Conductance Mg 75 #5825 5 06 1 7] B 43 Ar
(inter-spike interval, IST) fff 7% H:mp I ¢ 1, Jf-{fi
FHAR T B A 3T 58 H2 A AP AR HL L IR 4L
AMEGE S AT T AN [ 3 1 M P S AR R 22 5 Bl 2 T
FURFPE R SE R, TR0 T 3k SEMA S S FR AR i 2 &
ZIUI AL ERE P R 22 5. X BRI T HRAT]
Xof 22 28 A 8 JUAE 38 0 FH ZE 52 e SV L 7 400 Y
PR, IO R T 38 1 M PR TR A P 28 T L AR B B
HFYEFGR, AARRPR M ARG H 205 B
Sk )y ELHE TR A A AL

2 AL Ik
2.1 BSEFBEMEERFER PR #HETTER
AL T PR A2 o i 531 g 4
HH # 2 eI ) Nat, K+l iE fH2E, It £
ZE AL ICH Ca2 B 1% 1 R T r B G B
FERISIAT Ca2t il 18 B ZEHL ], F a5 v i
FHZEM) PR PR ORIRY, DAL PR it Z8 oY
o Ca2t il 8 YA, DIRR AN E L /Y B 1l
BELZE Q] 2 M5 #ih 25 0 AT 45 LA S AE Hopf 437

BRI AYRREAT A, B (1) PrR:

dVq 1 I
Cfmis = *[Leak - INa - IKI)R - LS + ﬂa
dt P D
dVy
C11’11 = _ILeak - ICa - IK(ja - IKAHP

dt
+Isp/(1 = p) + Ipapp/ (1 — p),

Ina = gNamZO (Vé) h (Vs - VNa) * TNa,

Tkor = gxoe (Vs = Vi) - ax,

Iea = gcas” (Va — Vea) - Tca

Ixca = gk, cx(Ca) (Va — Vi),

Tk = gxawd (Va — Vi),

Isp = —Ips = gc (Va — V&),

Deak = gL (V = W1), (1)
b, v, R IR, Ve o 5 o
Con WHMIIERLE, Teea AIFIL, Ina N HUAZEBE
SN, Txy, WIER AR, Too HFFELES
HLUIE, Txe, HESITE PIEPHIE, Ik, HEWAE Y
BRI, Ins Al Isp 43501 LA =5 R 8 SR G 1
HLUIE, Tsapp 1 Inapp 73 17 HELAAC 25 FNARS 5 25 i AT
HLUIL, p A LA S 52 ) R E 3 28 TR
Hfl. FEARFSE T, p = 0.5, B PR W2 oo ik
EHAMRESEH—F. gnas IKox > ICas IKeo s TKour 5
gc Mg WEKBFSE, Wa, Vi, Vea, VL IHIE
BLBR SRR EL IR YRR R, my by ny s, g, oS
BT 0K Sl H 3t i RS AT T 15248, ¢ (Ca)
N BEL, ona, ok Ml ac, 53910 Nat, K+,
Ca iHIE AN B I8 R AL, i AR FITE 2 B R,
BRI S H B L3R 1.

# 1 PR MZITHE T SHIE

Table 1. Parameter value in PR neuron model.

28 HufE S8 B
Cin /(pF-cm?) 3 g/ (pF-cm ) 0.1
gna/(pF-em™) 30 gc/(pF-cm) 2.1
gkpR / (pF-cm2) 15 WNa/mV 60
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Table 2.  Coefficient value of PR neuron intrinsic
noise model.
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Table 3.  Value of time constant in the intrinsic noise model of PR neuron.
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Fig. 1. Action potential sequence and discharge frequency of PR neurons under different degree of ion channel obstruction, when
Isapp = 0.3 mA : (al) Sequence of action potentials induced by obstruction of Na* ion channels; (a2) variation in frequency with ob-
struction of Na* ion channels; (bl) action potential sequence of PR neurons blocked by K* ion channels; (b2) variation in fre-
quency with obstruction of K* ion channels; Action potential sequence of PR neurons under obstruction of (¢1) Ca’" ion channels;
(c2) variation in frequency with obstruction of Ca?" ion channels. In (al), (b1) and (cl), the red solid line represents the blocking

coefficient of 0.8, the green solid line represents the blocking coefficient of 0.6, and the blue solid line represents the blocking coeffi-

cient of 0.4.
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M T Ca?tif i FHZEA 2 33 PR &Itk
AR AL, RIEAE B T4 75087 & 3
W21 (8 55 3% Hopf 43725710 i, HANEM AT

L?F% AR (FRIRE), Al Fom R Gk
A&, KOl ia FHIE R 20 201 A2 3(a) s i,

117 N3 18 BH %€ (1) 43 72 AH b K3 78 58 i 5 —
[l 3(b) Fr7, H Hopf 4387 sAE ane = 0.0798 4b.
GEAFE 4, A LUEARMT KO T 2 73 B EARY
1E Hopf 4325715 1 2k = 0.6507 &b, PR £ TDZjJﬂ?
HL A7 & TECIRAS AR 1 i JEL A 2 o JE U 2 IR
FE AL SEST Hopf 4325 0B, i 5867 )5 /s
PRI 4375 05 1 F0 2 (TR1 A TR2), B @7 554051

FORWBR S5 12 (LP1 F1 LP2).

AT ARSI AT LUAS BT A 3 ) 2 A
T, 76 TR1 AL, #2850 09 2 AE s A7 H A 19 ) 10
figg (BRI o B0 SIPIRAS (R ), B A
T2 B A B, T 22 IS . 7E LP1
A, RGERRE PR AR AR AL, 75 LP2 A SR LA
Ab T 0 S SR AR A, TC W A e R, A
TR2 431 i (o DRI S LD 78 o Je S0Pk
HCIRAS. X EEZERE /R T PR MATCHEART Kt &
T A B ZEFEE T S A AR ) DG B A
Wi T IRATIN H B AT R B R T PR
Kk, o B Hopf 437 1 55 55 A IR AR 1k,
KA RS g | AXUSE 2 5304

F4 PPETFEESH A
Table 4. Nodes of bifurcation analysis of potassi-
um ion channels.
WEAK  HB TR1 LP1 LP2 TR2
o fE  0.6507 0.6745 0.7146  0.7021  0.9104
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Fig. 2. Action potential sequence and discharge frequency of PR neurons under different degree of ion channel obstruction, when
Isapp = 5mA : (al) Sequence of action potentials induced by obstruction of Na™ ion channels; (a2) variation in frequency with ob-
struction of Na* ion channels; (bl) action potential sequence of PR neurons blocked by K* ion channels; (b2) variation in fre-
quency with obstruction of K* ion channels; (c1) action potential sequence of PR neurons under obstruction of Ca?* ion channels;

(c2) variation in frequency with obstruction of Ca?" ion channels.
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[€ s HB 2/ Hopf 43 % (Hopf bifurcation) 7 £, /8 R 48 o — 1 H 8 (9 [ 2 sl 48 Ty AR Y 461 5 i, ) B 0 92 0 B 72 A — A
T B BR 2R TR /R 11 43 %, (torus bifurcation), &4t ' — AN B R IA 3E— 28 Kk A= 8 4k, I8 il — -k R 906 ; LP R
B 54325 (limit point bifurcation), L FK K ¥ 45 43 72 (fold bifurcation), 7R — & & Al — N A F& 2 W A, BEFE S 5048 1h i Rl 3
RO K RO RRTRERS, A 6RRARERE, OQRBBURE, @G RFIERIRE

Fig. 3. Bifurcation analysis of K*, Na* ion channel obstruction when Is,, = 3 mA : (a) Results of a bifurcation analysis based on K*
ion channel obstruction; (b) results of a bifurcation analysis in the sense of Na* ion channel obstruction. In the diagram, HB repres-
ents a Hopf bifurcation node, which indicates that a stable fixed point in the system becomes an unstable fixed point, while a stable
limit cycle emerges near this point; TR represents a Torus bifurcation, where a stable limit cycle in the system undergoes further
changes, leading to the formation of a quasi-periodic orbit; LP represents a limit point bifurcation, also known as a fold bifurcation,
indicating a collision and disappearance of a stable and an unstable point as the parameter changes. In the diagram, black repres-

ents stable states, red represents unstable states, green represents periodic states, and blue represents non-periodic states.
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Fig. 4. Relationship between frequency characteristics of PR neurons and input current and ion channel blocking: (al) Relationship

of frequency with Na* ion channel obstruction and input current; (a2) relationship between CV and obstruction of Nat ion chan-

nels; (bl) relationship of frequency with K* ion channel obstruction and input current; (b2) relationship between CV and obstruc-

tion of K* ion channels; (c1) relationship between frequency and Ca?* ion channel obstruction and input current; (c2) relationship

between CV and obstruction of Ca?* ion channels.
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Fig. 5. Results of two-parameter bifurcation analysis of neurons: (a) Two-parameter bifurcation analysis of PR neuron and Na't ion

channel obstruction and input current; (b) two-parameter bifurcation analysis of PR neuron and K* ion channel obstruction and in-

put current.
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Fig. 6. Changes of action potential sequence and ion channel parameters under different membrane area of neuron Subunit noise

model: (al) Area = 100, action potential at low ion channel noise level; (a2) Area = 100, change of parameters of each ion channel

at low ion channel noise level; (b1) Area = 10, action potential at medium ion channel noise level; (b2) Area = 10, change of para-

meters of each ion channel at medium ion channel noise level; (c1) Area = 1, action potential at high ion channel noise level;

(c2) Area = 1, change of parameters of each ion channel at high ion channel noise level.

40

35

30

SNR/dB

25

20

15 1 1 1
0 200

400 600 800

Area/pm?

1000

K7 PRAIZIC Subunit M AR 7E A W) B i LR 1Y
1R W Lh, B A bR S B TRD AR, 2 Al A S A MR UL, A HL U
0.25 mA
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Fig. 8. Changes of action potential sequence and ion channel parameters under different membrane area of neuron Conductance

noise model: (al) Area = 10, action potential at low ion channel noise level; (a2) Area = 10, parameters of each ion channel at low

ion channel noise level; (bl) Area = 1, action potential at medium ion channel noise level; (b2) Area = 1, parameters of each ion

channel at medium ion channel noise level; (c1) Area = 0.1, action potential at high ion channel noise level; (c2) Area = 0.1, para-

meters of each ion channel at high ion channel noise level.
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Fig. 9. SNR of the PR neuron Conductance noise model un-
der different membrane areas, the horizontal axis repres-
ents the membrane area, and the vertical axis represents

the signal-to-noise ratio, with an input current of 0.25 mA.
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Fig. 10. Raster plots of action potential sequences for PR neuron Subunits and Conductance noise model at different membrane
areas: (al) Raster plot driven by Subunit noise with Area = 100, under low noise level; (a2) raster plot driven by Subunit noise
with Area = 10, under medium noise level; (a3) raster plot driven by Subunit noise with Area = 1, under high noise level; (bl) ras-
ter plot driven by Conductance noise with Area = 100, under low noise level; (b2) raster plot driven by Conductance noise with
Area = 10, under medium noise level; (b3) raster plot driven by Conductance noise with Area = 1, under high noise level. In the
figure, the horizontal coordinate represents the time, and the vertical coordinate represents the number of experiments. In this
experiment, we carried out 50 discharges.
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Fig. 11. The ISI distribution of PR neurons under different noise models and different noise levels, the horizontal axis represents the
interval between adjacent spikes (ISI), and the vertical axis represents the probability of the ISI values falling within the corres-
ponding bins on the horizontal axis, denoted as P: (a) Subunit noise model; (b) Conductance noise model.

190501-12


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 19 (2024)

190501

%5 PR MZITMIFE BT A5

Table 5. Information entropy of PR neurons under two different noise models.
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Abstract

The fine structure of multi-compartment neurons can simultaneously capture both temporal and spatial

characteristics, offering rich responses and intrinsic mechanisms. However, current studies of the effects of

channel blockage and noise on neuronal response states are mainly limited to single-compartment neurons. This

study introduces an analytical method to explore theintrinsic mechanism of channel blockage and noise effects

on the response states of multi-compartment neurons, by using the smooth Pinsky-Rinzel two-compartment

neuron model as a case study. Potassium, sodium, and calcium ion channel blockage coefficient are separately

introduced to develop a smooth Pinsky-Rinzel neuron model with ion channel blockage. Methods such as single-

parameter bifurcation analysis, double-parameter bifurcation analysis, coefficient of variation, and frequency

characteristics analysis are utilized to examine the effects of various ion channel blockages on neuronal response
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states. Additionally, smooth Pinsky-Rinzel neuron Subunit noise model and conductance noise model are
constructed to investigate their response characteristics by using interspike interval analysis and coefficient of
variation indicators. Subthreshold stimulation is used to explore the presence of stochastic resonance
phenomena. Single-parameter bifurcation analysis of the ion channel blockage model elucidates the dynamic
processes of two torus bifurcations and limit point bifurcations in Pinsky-Rinzel neuron firing under potassium
ion blocking. Double-parameter bifurcation analysis reveals a nearly linear increase in the Hopf bifurcation node
of potassium ions with input current, whereas sodium ions exhibit a two-stage pattern of linear decline followed
by exponential rise. The analysis of average firing frequency and coefficient of variation indicates that the
moderate potassium channel blockage promotes firing, sodium channel blockage inhibits firing, and calcium
channel blockage shows the complex characteristics but mainly promotes firing. Subthreshold stimulation of the
channel noise model demonstrates the stochastic resonance phenomena in both models, accompanied by more
intense chaotic firing, highlighting the positive role of noise in neural signal transmission. The interspike interval
and coefficient of wvariation indicators show consistent variation levels for both noise models, with the
conductance model displaying greater sensitivity to membrane area and stronger encoding capabilities. This
study analyzes the general frequency characteristics of potassium and sodium ions in a multi-compartment
neuron model through ion channel blocking model, providing special insights into the unique role of calcium
ions. Further, the study explores stochastic resonance by using ion channel noise model, supporting the theory
of mnoise-enhanced signal processing and offering new perspectives and tools for future studying complex
information encoding in neural systems. By constructing an ion channel blockage model, the effects of potassium
and sodium ions on the frequency characteristics of multi-compartment neurons are analyzed and the special
influences of calcium ions are revealed. Using the ion channel noise model, the stochastic resonance is
investigated, supporting the theory that the noise enhances signal processing. This research offers a new

perspective and tool for studying the complex information encoding in neural systems.
Keywords: Pinsky-Rinzel neuron, channel noise, channel blocking, Hopf bifurcation analysis
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