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Subtypes of muscarinic acetylcholine receptors involved in the persistent activity

of layer V pyramidal neurons in the primary auditory cortex of young mice
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School of Life Sciences and Hubei Key Laboratory of Genetic Regulation and Integrative Biology, Central China Normal University,
Wuhan 430079, China

Abstract: Cholinergic receptor activation and intracellular current injection lead to the persistent activity (PA), which may be
involved in inducing neural plasticity. Our previous study showed that PA is closely related to the activation of muscarinic acetylcholine
receptors (MAChRs) in pyramidal neurons of mouse primary auditory cortex (Al). However, the subtypes of mAChRs involved in PA
remain unclear. Thus, using whole-cell patch-clamp recording and pharmacological methods, we investigated the role of different
mAChR subtypes in inducing PA in Al layer V pyramidal neurons of young mice. The results showed that activation of mAChRs with
intracellular depolarizing current induced PA in layer V pyramidal neurons. Blockade of M1, M2 or M3 subtypes prevented the PA,
whereas M4 receptor antagonists did not affect the production of PA. The results suggest that the PA may be induced through a mech-

anism involving M1, M2 and M3 muscarinic receptors, but not M4 subtype.
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activity, PA)™7, SRIAKFH BN R ) Zh AF HLAZ
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PLAE ¢ T PA BB 9 32 B4 th AR 1042 X 38U T
IBPERITE R, R WIOE 5 S 2 IR 45 6 5 IR AL FL AL
AT LA S i EHEAR A 02 A2 PA, 1% PA SZHH,
RERGUAYE, I H S5&EAZ AR B TR P71,
gy o B R R W B B AR AR AE 5 BRI AL, B
MI~M5 F RS2 4, BT HEOR PR &I LA & M5 &
B ARAE 2 X 3Rk /b T B B 2 AR Rk
B 2%, ZHFREE N MI~M4 SREEZ ARG BT 1
PA 1| Jic 5 W0 Fh B S S AR AL A DG, H AT MR I
e RIE -

VI 2 JZ (primay auditory cortex, Al) 5 W 4
FTYEME TR B VIR o< U, R A B A S P S [
ALSEHg 6 J2 1, Hdn 5 v 2 (LS) oA K2 -
FEMETTMEE - ER/MET, BASTAEE
HEThEe, [FE LS XU fEAE B H ) 2 2
AL U, BT LA LS FE T R E B b o5 G A
/N BRE Zh A BA LT 3 T s P dc i Y, r DAASHF
T FH IR B B R RN 24 28 2 J7 VR 4R 9T 4l 4F /N B
AL-LS #ERMZ G411 PA 5 M1~M4 8 0852 &
Z PR FR, Nilt— 7 IR EE L) A 0T o
ATIB LIS S .

1 MR75%

1.1 KRR A& SIS AN WO AR JE
10~29 X (postnatal 10 days to 29 days, P10-P29) [
W 7315 (R R/ B (Mus musculus, Km)( 1 5116
BRI 5iEg G ), MEREAT . RIGHZ T
PIEREME I R B B LA G /N BRI W 3k K B % B 1)
52N P10~P29™", AN B4 S 56 3o 72 3145 4 v i 9
REFACTZ 2 AtdE, I8 NIH SLiesh )4 2
i 201347 L b2 5 (40 mg/kg 14 EE ) RRIE
W, WikJEAT IR, SREEGER IR 0 °C
95% 0,-5% CO, R & (WHKIUA = THERL
H ) MR N A W] (artificial cerebrospinal fluid,
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ACSF) 1 (mmol/L): KC1 5, KH,PO, 1.2, MgSO, 1.3,
D- % %] ¥ 10, NaHCO, 26. NaCl 120, CaCl, 2.4,
pH 7.4 (NaOH V%% ), HUH N H L8 T4t F, 5
DRI B8 K BT 30 RN P 25%,  F SRIR D10 s K i A
BRI 2/30 4 Mo 2 2B T 1) R FH 502 Fi 7K R Tt
FHRBN) AL (Leica, VT1200S, 44 [ ) [RkE 5 2 L,
NG ML, TEN 0 °C IR &S M AT ACSF,
HFr g 78 . K 15° 1) 5 B 4 300 um f % Fr s
B Fr R 28 32 °C SR &S AN ACSF o, B
§¥ 45 min J57E AI-LS NIk ERHERMZ ToET I 5%

1.2 £MPERAHIER SO0 I e L
Fr, R IR EEESHILE 32 °C 4 2 Al o I
FJE e 4 [ 5, [R) B RF 252 8 I AT S ML R Y
ACSF (2~3 mL/min). SCEGICsKAT, B SE/ELL AT
AT 5 4 (BX-51WI, Olympus, Japan) 1 £ 45 (5%)
X ALBEAT L. /N BAT AT I O g R A
(medial geniculate body, MGB). #MIIIEIRAE (lateral
geniculate nucleus, LGN). o, BL & MGB I Al
Z B AR T A Y, BRI s R 1.
X AL E LG % ¥ 2 5 8% (40%), 58 i L
BRI L6 = (K 1B), F4k L5 PrfeX k. )
HY Y H P A R SO BE >, H 2 KRR
FRZE TN, AN LS X4 0P o 1) = 4k Ak bR,
$ L5 Ju 5 AL X 38, (L1-L6 2 ) [ 50%~75%",
SR YL HEATIRAE . 7E LS X 9 SRR A6
Vs 1025 I LS AR IR R ) R A e 2 T AT
L EACANE R 0.86 mm, AMEHN 1.50 mm [ H
W EIR (Sutter, USA) 38 ik 7K 7 h7 i 4% (Sutter, P-97,
USA) 37 il 1] Ji I 2R3 BLAR 20 1~2 o 3% B 40 FEL AR »
FEREH N RS BEHTA 5~10 MQ.  HIB) P VR AR e 2%
J8%53 Kk g (mmol/L) 53] 4 Na-Gluconate 8, K-Gluconate
108, KCI8, MgCl, 2, HEPES 10, EGTA 1, Na-GTP
0.35, K-ATP 4, pH 7.20~7.25 (KOH i %), &%
J& 286 mOsmol/kg ( X ZE/KVAEE ) JERLAZ 40 A e 5%
HFE 3~5 min JFHFIRIE . UK Z T 4
PA I, VWETR & 5 umol/L 45 B JIH B, (carbachol,
CCh) f¥] ACSF, ™7 20 P 62 e o7 A L AERFAE R T
B ALK, FRE S A 2 T NI FE 2 400 ms~
2's, 5EEN 100~300 pA FIH L. {EFRESFH PA
PSRN b, IR & — e R 1) M B B A4
&% P17 (pirenzepine dihydrochloride, 1 pumol/L,
H Sigma A F] ), fEAH [ AF T id 5% P M1 5 #
B 52 M Ja XA 42 0 PA ISR . SR G TR OB L
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Fig. 1. The Nissl’s staining of Km mouse brain slice showing primary auditory cortex (Al). 4: Landmarks used to locate AI. MGB:

medial geniculate body; LGN: lateral geniculate nucleus; Hip: hippocampus. The white rectangle area is the experimental record-

ing position. B: Different layers of Al. Vertical line represents the direction from the layer I to VI.

5 umol/L CCh [¥] ACSF, itk #2270 PA IR S AH L .
B Ja W TROER ACSF, e kM ToHIIRES . M2~M4
B ¥ B 52 /K 5 PR (AF-DX 116, 1 pmol/L, W H
Sigma/A7l; 4-DAMP, 1 umol/L, JHH Sigma/s#];
PD102807,0.25 umol/L, i H Tocris Bioscience 2 ] )
B 77 .

1.3 S FE LR AR U AN VR, 2
min PN & E 10 SR T 38 R B A7 A0 i e 4 T R R
JIi B 37 (resting membrane potential, RMP). H J7it £
BEA RN 500 msy 30 pA I H A FLIE, MR
I R DA C A A DEE N /S e Sy R EZSTHEIE 1PN
BHHT (Ryy) = Ry, = AU/, i AU E N HLIRHT 3 s
WP IR FEAL 59 N 30 pA ) 67 ) H it s A2 e 34
JESEL A 2 [R) PR FELANE 22 5 1 R T N A0 1) B YL 114 56
(30 pA). MEHS ] % £ (time constant, T) AVEN 1 s,
100 pA P47 [ia) HELIAT IR 1 22 70 FA M HBL A2 AR 4K 63% JiT
FH BB TB] o 4 W PA 77 AR R bR 44 D4 4 22 7 £ HAL L )
WA G 30 s W= A s i AL £ & R T 6. PA )
RPN A B LR A R 5 20 s AR TeshfE AL
P38 R TBO .+ FR 2 T v A 2 F L REAT 3 s Y
MAS 0P HL AL & B HL A7 (plateau potential)
N HL RIS RS SR A AL, R R

AL AT FERES SR G 20 s WRRE T P32 ) 22
B, AR N R 22 TS 5y I AR F A ) 45 8
PERE . #HZ TG 8 AT (threshold potential, E,,)+
W0 B {E (activation threshold, A,,,) F1# 58 & (rheo-
base) #J7EFEN 0~100 pA, Friky 10 pA HJ HLIE I
A 1~2 A AL R E AN B AL TS Ey,
A EE IO R 25 AL s S e A I S, HAE
TR TCRRAR ) Mt ¢ Ay /EFHEE TG RMP FEJ HY
PLZ I ZEAE, BTG 0= A M I 2 At 2 Al
H e A7 AR AL 2 B A2 7K, BT DA BIAE B/,
REEME IO A R BB S M AT
Fr T 38 B B S AIRRIBR EE, By DA HAE RN, AR
LT PR .

K H3AF Patchmaster, Igor 4.04 1 Sigmaplot 10.0
BT HAR B FE R, St 45 R DA mean + SD KR,
FHECRT ¢ K56 (paired t-test) #E4T B0 25 7% 2047
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A FERG LA, 5T 66.5% (72/110) f4E 2.2 53 3HIBEMTMI~MABERZ F2fAL-L5HiEHE
M2 TC A PA. X 66 MERPHZTTIMA TS MG TTER A IRFH RSN

SEARTEGUR, 0 M BTS2 44 5 X #2278 PA RS20, 73 I P M1~M4 25 S0 52 18, LR HER 22
PO IO B RO AZ R FE P 66 MEAMZ T Jui AR RN . S5 RRY, LK M1 2 Eih
49 Az oo AR B I AAL BEAT T 0 B AN SEAR, A TTH) B AL (By,) AT SR (theobase) )

F. 5 R LB M I ~M4-25 F A% Ak AL 3 AT-LSARARAD 22 70 o, A B2 45 M 6 B o
Table 1. Effects of blocking M1-M4 muscarinic receptor subtypes on electrophysiological properties of the pyramidal neurons in AI-L5

Blocking receptor RMP (mV) R;,(MQ) T (ms) E, (mV) Ay, (mV) Rheobase (pA)
Ml Before —-60.0 3.6 186.9 +£53.6 12.4+4.0 —40.6 +3.0 194 +4.1 36.9+£23.2
After —59.7+4.6 179.3 £45.5 124422 -39.1+£29"  20.5+49 523+352
M2 Before —-58.4+3.1 178.2 +38.4 13.5+4.1 -39.0+4.1 19.4+4.8 35.0£29.5
After —582+3.6 1922 +44.6 145+34 —38.2+4.6 20.1+54 40.0£29.1°
M3 Before -553+3.7 214.8 +69.8 149+ 4.7 —393+2.6 16.0 + 4.6 23.1+12.5
After —-55.0+4.5 196.2 + 64.3 145+3.4 -373+28" 177459  454+31.0"
M4 Before -57.2+3.1 191.0 £35.5 13.9+2.9 -38.7+4.6 184+52 34.0+16.5
After —56.7+3.8 198.2 +48.5 148+22 -373+4.6° 194+54 37.0+18.8

RMP, resting membrane potential; R,,, input resistance; T, time constant; E,,, threshold potential; A,,, activation threshold. Mean +

in>

SD. M1, n=13; M2, n = 14; M3, n = 12; M4, n = 10. Paired r-test, P <0.05, "P <0.01 vs Before.
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Fig. 2. The effects of M1 muscarinic receptor blockade on the persistent activity (PA) in layer V pyramidal neurons. 4: PA induced by
ACSF containing CCh and depolarizing current injection (200 pA, 2 s) was blocked by M1 muscarinic receptor antagonist (pirenzepine,
1 umol/L) in the same condition. B, C: PA frequency and plateau potential were significantly reduced by pirenzepine respectively (mean +
SD, n = 16, paired t-test, P <0.001).
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Fig. 3. The effects of M2 muscarinic receptor blockade on the persistent activity (PA) in layer V pyramidal neurons. 4: ACSF containing

CCh and depolarizing current injection (200 pA, 2 s) induced PA. Both PA frequency (B) and plateau potential (C) were significantly

reduced after M2 muscarinic receptor antagonist (AF-DX 116, 1 pmol/L) was applied in the same conditions (mean + SD, n = 17,

paired r-test, P <0.05, P <0.001).
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Fig. 4. The effects of M3 muscarinic receptor blockade on the persistent activity (PA) in layer V pyramidal neurons. 4: PA induced by

ACSF containing CCh and depolarizing current injection (200 pA, 2 s) was blocked by M3 muscarinic receptor antagonist (4-DAMP,

1 pmol/L) in the same conditions. B, C: PA frequency and plateau potential were significantly reduced by 4-DAMP respectively (mean +

SD, n =19, paired t-test, P <0.001).
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Fig. 5. Blockade of M4 muscarinic receptor did not prevent persistent activity (PA) in layer V pyramidal neurons. 4: ACSF containing

CCh and depolarizing current injection (200 pA, 2 s) induced PA. PA frequency (B) and plateau potential (C) did not change after M4

muscarinic receptor antagonist (PD102807, 0.25 umol/L) was applied in the same conditions (n = 14).
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