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LRI S A ML . £ 8 8 i CSTBL/6) /1N S S L A b, FH B 20 300 7 S PCR B5OR % 58 PVT M2 e R . i
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Abstract: This study explored the effects of propofol on the activity of glutamatergic neurons in the
paraventricular thalamus (PVT) and the underlying mechanisms at the molecular level using whole-cell patch-
clamp techniques. Acute brain slices containing the PVT were obtained from 8 weeks old C57BL/6J mice. The
electrophysiological characteristics of PVT neurons were recorded in current-clamp mode, then single-cell
sequencing was used to identify neuronal types. The firing frequencies before, during, and after propofol or
intralipid application were recorded as F,, F; and F,;; and the membrane potentials were recorded as MP, and MP,,.

Picrotoxin (PTX) was used to block inhibitory gamma-aminobutyric acid type A (GABA,) receptors during the
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application of propofol at 10 pmol-L". Then, GABA, receptor-mediated spontaneous and miniature inhibitory
postsynaptic currents (sIPSCs and mIPSCs) were recorded, and the effects of 10 pmol-L" propofol were
investigated. The animal experiments were approved by the Medical Animal Administrative Committee of
Shanghai Medical College Fudan University. The results showed that there were no significant differences in F,,
F,and F,, during intralipid and 2 pmol-L" propofol application. With propofol at 5, 10 and 20 pumol-L", F,
decreased significantly when compared with F,, and F,, increased significantly as compared with F, (P < 0.01).
The inhibition degree of the three concentration groups was significantly different (P < 0.01). In addition, with
propofol at 20 umol-L™', MP, hyperpolarized significantly (P < 0.01). In the presence of PTX, 10 pmol-L"' propofol
could not suppress the firing frequency of PVT glutamatergic neurons. Propofol at 10 umol-L"' prolonged the decay
time of sIPSCs (P < 0.01) and mIPSCs (P < 0.05), and increased the amplitude (P < 0.01) of mIPSCs of PVT
glutamatergic neurons. Together, these results indicate that propofol can inhibit the activity of PVT glutamatergic
neurons in a concentration-dependent and reversible manner, and the effect is likely to be mediated by postsynaptic
GABA, receptors.
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W BRI SE (S =) AT NS T G N E
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4 C57BL/6) /I B T bt 7 3 7R 40 1 S 5
HMUERAT . FrAZEFE T H/ME 12 h (7 AM
FFAT, 7 PM SR 4T, Ot B8 % =100 lux). 1H 3 (22 +
0.5 °C)HWE (60% = 2%) A H H & /K R H K250 06
sh4) H 0 1 578 X %8 B (individual ventilated cage,
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PR A TR A B U R i S PVT M4 Tt
H AR SRR R A RN B R WAL . A R N TR
H T EHEEHEL T IER PVT A i B & U
il] P 2% firh J5 HL IR (spontaneous and miniature inhibitory
postsynaptic currents, sIPSCs and mIPSCs) Al 4k Ji 14
y-% % T . (gamma-aminobutyric acid, GABA) 3| i
1 %5 5K 14 #0fi1) B (tonic inhibitory currents). F& 1
Yl v /2 |1 213 mmol L™ & ## . 2.5 mmol-L" KCI.
125 mmol'L" NaH,PO,. 26 mmol-L" NaHCO,.
10 mmol-L"' % %] §% .3 mmol-L" MgSO, 1 0.1 mmol-L"
CaCl,#H f; ACSF & H1 110 mmol-L"' NaCl.2.5 mmol-L"
KCI. 1.25 mmol-L" NaH,PO,. 26 mmol-L" NaHCO,.
25 mmol-L" % %j #% . 1 mmol-L"' MgSO, #1 2 mmol-L"
CaCl, ZH Bt . X P92 v EH R 2l K I i B B 18 TR
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0.3 mmol-L" & = FREN . 4 mmol-L"' BT = W ER %
10 mmol-L" 4-%8 £, B R e 2, s R 446 168 40 7K V6 170 o
X R H 1 mol-L! KOH W % pH N 7.2~7.3 K&iE
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NBQX [6-nitro-7-ulphamoylbenzo(f) -quinoxaline-2, 3-
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P L) SR K i AS N 32 °CHL FVE & 480K ACSF R
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AR, £ 5550 T3 PVT X i (Bl 1C), AR5 1E
40 55 F FHORE RIFHK PVT & T iTidx. M
A S 5 S 5 OK 88 (Axon Multiclamp 700B, 5%
Molecular Devices 2 5]) SREE, 281 W J5 HH BB 45 2%
(Axon 1440A Digidata, Molecular Devices /A &) #4t y
A5 5, SR 5 B pClampex 10.3 B 4id sk, 78 LI
R IC R PVT #h4 Jo Ha AE SRR, A6 e BTS2
K 2 R R R AE 70 mV IS R A S HLR . SEER I R
BRI LB R I E (15~20) MQ, £  Bli i 20% ]
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Figure 1 Location and morphology of paraventricular thalamus

(PVT) neurons. A, B: Position of the PVT in coronal (A) and
sagittal (B) sections of mouse brain stereotactic map. The red area
represents the PVT; 3V represents the third ventricular; C:
Differential interference contrast (DIC) image of a representative
location of the PVT in a brain slice. The area within the
rectangular box enclosed by the red dotted line represents the
PVT; D: DIC image of a typical PVT neuron with a visible patch
pipette. The red dotted lines show the pipette (left red arrow), and

the blue circle shows the clamped PVT neuron (right red arrow)

B YA B ¥ %% 3R PCR (reverse transcription PCR,
RT-PCR) N 7 B PVT #1025, FFid s PVT
PG AR BARE IS, PR B R B0 1 mL VRS
e A PR B, AR S R B B PCR (£ H
Axygen A ) H1 . R #5490 Jifl RT-PCR 77 v Aol 2%
W4 &R 5 18 B2 M1 2 (vesicular glutamate transporter
2, VGLUT2) ) & & . K H SuperScript III one-step
RT-PCR 71l & (12574-018, 32 [H ThermoFisher 2 ).
VGLUT2 % PKURE 7 4% 51 71 7 51 (IE 7] : 5'-TGTTCTG-
GCTTCTGGTGTCTTACGAGAG-3"; J% [f]: 5'-TTCCC-
GACAGCGTGCCAACA-3") N3 il ¥ it & i [ TR
ML (Bl A RA A RNFEF: 55 °C
30 min, 94 °C 2 min; 35 {X{EFF, 94 °C 15's, 55 °C 30 s,
68 °C 50 s; 68 °C 5 min. PCR ™4 (600 bp) ] 1.5% B
JUE R g Jie P WK S R o FE 4N R RT-PCR (¥ T A3 i 72
B R B S RNA ¥5 e FI B A

KB FIEFRAOIREN O T HEBR A A v 75—l
[0 FL%F PVT #H48 6 H 52, AHH 50 R A 5 f i R FE 40

Table1 The passive parameters of patch-clamp recorded PV T neurons. x + 5. Prop: Propofol; PTX: Picrotoxin; sSIPSC: Spontaneous inhibitory

postsynaptic current; mIPSC: Miniature inhibitory postsynaptic current; Ra: Access resistance; Cl: Leakage current; Cm: Membrane

capacitance; Rm: Membrane resistance

Figure 2D Figure 3 Figure 4 Figure 5
Group Intralipid 2mol-L"'Prop  Smol-L'Prop 10 mol-L"'Prop 20 mol-L" Prop PTX+Prop sIPSCs mIPSCs
(n=13) (n=13) (n=11) (n=13) (n=10) (n=8) (n=12) (n=10)
Cm/pF 51.8+15.1 52.5+12.9 53.1+14.9 51.8+18.9 52.1+18.9 50.8 +12.2 51.8+13.4 51.4+14.1
Rm/MQ 557 +396 545 £ 222 660 £ 279 585+ 316 489 + 170 603 + 281 515+ 184 495 +218
Ra/MQ 16.1 2.3 17.2+2.3 17.6 £2.2 159+2.8 17.5+1.9 16.4+£3.0 16.5+2.5 174+22
Cl/pA -9.2+3.7 -9.8+4.6 -9.2+4.0 -94+32 -10.0+3.4 -10.6£4.2 -104+34 -11.2+2.8
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(1120 wmol- L A JH My S5 AR R i 107 FLAE X R4 . 7
HLL A il e & o B A (R & T A R
BN HAL R TSR R A R R O, an R AE B R
HA 0 20 70 U 45 T 25 A A L IR 3 DA 4 5 FL s R R
B R R 22 70 B Ak I BB K P 3 min (FE£R) J&,
JiE 17 L B8 1% TR 9 Ty 48 ACSF H B i B bR iR FE (2.5
10.20 umol-L™") J&5, & J145 25 25t LA 2 mL-min™ 3 &
VEVRZE BRI, FF4E 5 mine BUZA 25T 1 min 525 1
1 min A% 24 J5 6 min [f] PVT ## £8 561 44 JC B A0 R A
NEEZIHT (F) 4255 (F,) MkE (F,) Mfebs; IF
HUZR 2451 12 s MU 2570 12 s P RS e A2 P B (B AR s 24
BT (MPy) F145 %) )5 (MP,) HIFEHR

N1 W GABA, 5244, 7E ACSF H I 100 pumol-L™
PTX, £ PVT #1£8 Je i L A2 2 52 J5 (£ 8 min), F A
10 pmol- L™ P A E I 5 min, SR 5 Vel ATy . HX4A
PTX § 1 min, 45 P38 AT 1 min, 15 A A5 87 1 min A1
1% M 5 6 min [ PVT #4128 76 - 35 JiC H A 26 43 Sl A
N Al (F)s 45 PTX JE (For)s 0N T VA B J5
(Forxpeop) THUEIE VARG (Fpryowe) HIFE R, I BURH B
Boo12 s JBE AL O 29 {H MP« MPys MP s
MP, 1 ywaen VE S B 5

T ORI B R ) 5 ik 5 H U (spontaneous
inhibitory postsynaptic currents, sIPSCs), 20 pmol-L"
NBQX #1125 umol-L" D-APS5 ] TP M A5 B &R a-
O3-S 4 B % R (a -amino-3-
hydroxy-5-methyl-4-isoxazole-propionic acid, AMPA)
1 N- B JE -D- R %4 & R (N-methyl-D-aspartic acid,
NMDA) 5Z 44 o T A I Ak /0N 00 ok P 5% fosh S5 fl E
(miniature inhibitory postsynaptic currents, mIPSCs), F&
7 NBQX M1 D-AP5, 1 mmol-L™" TTX i& F T~ BH i i &
IR T IEIE . 7R B R AT 2 iE sk PVT M4
JG Y SIPSCs Fl mIPSCs. 24105 5 min J5 10 pmol L
PV E ACSF HEV 5 min. # AIHEY 25 24530 2 min Y
[ T 100 4> sSIPSCs Al mIPSC 554 5 3l 37l sIPSCs
A mIPSC (Base 2H); 1M 15 25 BT 1 min P /9 #7 100 4>
sIPSCs Ml mIPSCs 452 X A I 45 24 J5 sIPSCs Al
mIPSCs (Prop 41). sIPSCs 14 [ N\ 3% b e A FL IR K
130 pA, mIPSC S B AR E 9 HLIA K - 20 pA.

T R ke ME A A FRLUAL, 20 pmol- L NBQX
25 umol-L" D-AP5 i F FH W7 2% 5 1 73 & IR AMPA Al
NMDA 3z #&, 7£ H 8 B X T £ 2k id 5% 5 min /5
100 pmol-L" GABA [ifi ACSF ¥ it 4 min, 2 2 ¥t Bt
20 min Ji5, 10 pmol L™ P4y M3 ¥ Vit 4 min, 575 W 78
T () [ B 45 F 100 pmol- L' GABA ¥ i 4 min, R J5
{5 1LV GABA, FEORFF N IR My #E U 4 min. KRR IE

GABA 5| /& P [v) FELE PR 5 AR FH AR S5 e A 400 1) R 97 1)
Vi

FitFAIE A AR T £ bR E (v +
) Bon, LW HAARE R/ DBWLRE RS
GPower 3.1 #&X 1 4> #7118 | . R H GraphPad # {4
(Prism 8.0, 3 [H) AT G170 b . A Eodls ££ 73 B il
HEAT Shapiro-Wilk £ 5, 36 F /& 75 IE & 5 A o« 47 B8
AR, R S8R5, 5 0R A HE S 50
5o Wi HOIBCR B SR T A 56 =58 UL |
KH B E T Z 0 (ANOVA). P<0.05 K RZERE
Guit e X

ZHR
1 BB PVT & S ER REHH 42 TR AR S &

EREEEE N PVT & ok 2 AR 4 10~20 um
KNI T (B 1D). 7E R A, 2 A
500 ms/—-40 pA WA H LG, PVT JLT- BTG & 8
50 HAE B E B (low threshold spike, LTS) $F4E, 24
R AL R AL B2 -45 mV 245 I PVT #i & o0 2 8K 5K
PRI (B 2A). FEASEEGH, A BLAH B I PVT 1 £4
TG 7 42%, IEH B ATZE G ] 2~6 Hz; 58% & A F: il
JRCHRL, B VRN 5~25 pA Fe MR AY HL A I A s H AT
RYEFFLE 3~4 Hzo 401 RT-PCR &5 JLUE B, PVT 4
203K VGLUT2, R WX e ph 22 o # & 1 A IR e
#2427t (K2B).

WLEZ W7 FL A1 2.5.10.20 pmol-L™ A VA XF PVT
B R BR RE AR 28 0 R AT 2 AN LA R . 45 SRR B
Jig D7 7L PVT 43 2 B2 e 4 28 70 T30 H A0 20 38 A 5% T
(F=0.4132,P>0.05). 2 pmol-L" A A (L PVT
B R L RE A & 0 IR R [ B SR TR S B
(P=0.407 0, n=13)o 1M 5.10.20 pmol-L™' A JF 43 {1
PVT B2 M A T ORI N F, (3.7 £ 1.6.3.4 1.1,
4.1 +0.8 Hz) FF& F,(2.3£2.0.1.3+1.2.0.4 % 1.0 Hz);
BRI Ve S PVT AR T 2 F,, (3.1 £ 1.9,
2.8+0.8.2.9 £ 1.7 Hz) (&1 2C.D). £S5 umol-L" A A
A, F,5F, M, ZRARERIT¥EX (P=
0.006 8, n =11, Fixf ckide); 3¢ HF, 5 F AL, Z R
BEGEE L (P =0.001 4); 7£ 10 pmol-L™ 75 ¥ B}
A, F 5 F ML, ZRE BESH 2 L (P<0.000 1,
n=13); HF HF, 5F M, ZREZESRITHE XL
(P =0.000 4); 7£ 20 pmol-L" RyAM 40, F, 5 F AH LE,
ERAREGITHE L (P=0.0020,n=10); FHF,
5F M, ZRAEES T E X (P=0.0020) (K
2D). 5.10.20 pmol-L" Y 4LX PVT B & MR RetH &
TG B0 2 PR A 1) A2 B 43 0l o2 40.4% + 39.7%-65.0%
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+28.9%.88.8% + 28.1%, 3 LL I HF B E L it £ R
(F =0.005 9, FEF % #k AL 50), Hod 55 20 pmol-L™
W HAH LA 22 S 2 % (P =0.004 9) (K
2E). X LS5 SR BH, DI e T 0 b A ) AR b 4
il PVT 4 Z IR A f 22 JO T A A2

IV 2.5.10.20 pmol-L' 4L i & PVT #1228 7T
S B LT EE FEL AL AE MP (—41.3 £ 2.7 mV), 1M 7E 75 11
VEE A J FE AT 43 i MP, (413 £ 2.1.-41.7 £ 3.2,
-41.0+2.7.-50.3 £ 4.7 mV). 5 MP, AL, Hep A7
20 pmol-L" VA A & & Fiih 2% 2 7% (P < 0.000 1,
JEmCx ¢ k5, B 2F).
2 PTX:HPFR 10 pmol- L' FH;AERXS PVT A RERREHE
TUR SRR AN HIE A

N TR A R ] PVT 25 20 BR e #2201
(0943 T WL, A SRk FH i PR AR PER L S5 3k P82 ) 7T 9 Ty
10 pmol-L's &5 5L & 8L, M 100 umol-L"' PTX J5 PVT
BABAEAIE T BORAZ N F,, (3.3 + 1.1 Hz) FHim
F F,y (4.7 + 1.1 Hz), BEHEALMP,  (-42.4+ 1.8 mV)
FFEMP,, (-39.7+2.9mV); FEIMARIA 10 pmol-L™
J5 B B FE N Fry g, (47 £ 1.5 Hz), i ALK
MP,1x oy (—39.2 + 2.9 mV); PTX 4k S8 475 25 V8 It 11 e it
AT & TR AT R A F o (429 £ 1.4 Hz), BEEAL N
MP, e (=393 £ 3.0 mV) (B 3A)e Foys Foryipops
Forxowan 255 Fy AR, #A B E G2 ER P <
0.05, n =8, FLAT 42 56); T Forgs Forxopmop s Forxowasn — &

A c

Intralipid
-56 mV-
> LTS 2 pmol-L"' Prop
J g 140 pA
L ——
100 ms
B 5 pmol-L"' Prop
Marker VGLUT2
Lt
700 bp 10 pmol-L"! Prop
500 bp
% 20 pmol-L"' Prop
2
1 min

Figure 2

es]

MG it 22 5% (F=0.224 0, P=0.779 6) (K 3B).
MP,  «MPyy oo sMPy v 70 5 MP AR EE, 7 825
Gl g2 R (P <0.01), 1 MP, «MP o SMPL
ZHML, EGiER (F=3.133, P=0.095 8) (K
3C). XLt R, il i PTX BB GABA, 52 4 1l 31
B 10 pmol-L™ 75 VA Xt PVT 25 & R fit 4 £ 70 il L A0
AN E T, $27% 10 pmol- L™ P4 YA 1y = 23 5 5 0
GABA, 52T 10 1 5 fb A 8 2 FE 40k VE FH o
3 AIAE 10 pmol- L& 0 sIPSCs TR 8]

T PRI 10 pmol-L' A VH T X GABA, 52 KA &
(1 400 1) 2 R fink A% 328 1 52 MR, AR SIS I NBQX A
D-APS5 HE it FH B % fir 1 SR % 368, 7E PVT R & R #H 42
JG e sIPSCs (Bl 4AB). fENIN GABA, Z 453t
7 PTX 100 pumol-L™" J&, sIPSCs #% 5¢ 4= BHLWr (K 4A), %
B 1% sIPSCs & E t GABA, AN 5. &R LKA A
Myes 24T J5, sIPSCs HIIREAE (P=0.7395,n =12, i
XF 4556 (K 4C.D); sSIPSCs [RAIR M (2.4 £ 2.0 Hz) P&
K% 2.0+ 1.5Hz), ZRAG ¥ E XL (P=0.0156,
n =12, Fe X+ B Ak 46) (B 4E); sIPSCs 1) 3 Jal i 1] M
(13.4+£33ms) EKE (178 +32ms), EFHEFS
R L (P=0.001 6, n =12, BcXF ¢ K 56) (B 4CF).
DA b g5 B IR, 10 pmol- L™ P4 JA By AT e 30 i B 8 1E H
T M5 GABA 2R RAFMHIVE -
4 TAIAER 10 pmol- L' 1N mIPSCs & AT B FIiE

N Y BE— B R B 10 pmol-L™ P IH B X 5% fik J5

w)

8 [ Base @ Intralipid @ Prop  E@ Wash
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) ' 2
i GO g \ /A
\A 3 g7 | .
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=]
Ex >
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Prop inhibited the firing rates of glutamatergic neurons in the PVT. A: Representative voltage responses (black lines) to

hyperpolarizing and depolarizing current injections (grey lines) of a PVT neuron. The blue arrow indicates the low threshold spike (LTS)

after a hyperpolarization step; B: Representative single-cell RT-PCR results confirming vesicular glutamate transporter 2 (VGLUT2)

phenotype of the PVT neuron; C: Sample traces of PVT neuronal firing properties recorded before, during, and after bath application of

intralipid or Prop at 2, 5, 10, and 20 umol-L™'; D: Firing rates of PVT neurons before (Base), during (Intralipid or Prop) and after (Wash)
bath application of intralipid (z = 13) or Prop at 2 umol-L™" (n = 13), 5 umol-L" (n = 11), 10 pmol-L" (n = 13), and 20 pmol-L™" (n = 10). X £
s, paired 7 test or Wilcoxon test. “P<0.01,""P<0.001 vs Base; ““P<0.01, *22P<0.001 vs Prop; E: Inhibition degree of the firing rate of

PVT neurons after bath application of Prop. X+ s. P < 0.01 assessed by Dunn's multiple comparisons test; F: Membrane potential (MP) of

PVT neurons before (Base) and during bath application of Prop. ¥ = s, unpaired ¢ test. P < 0.001
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Figure 3 PTX blocked the inhibitory effect of 10 umol-L" Prop
on PVT neurons. A: Time course of the firing rate of a PVT neuron
during the application of 100 umol-L™" PTX and 10 pmol-L"' Prop.
Representative traces show the spontaneous firing of the PVT
neuron at baseline (a, Base), in the presence of PTX (b, PTX), in
the presence of PTX and Prop (¢, PTX+Prop), and during washout
(d, PTX+Wash); B, C: Prop at 10 umol-L" had no effect on the
firing rate (B) and MP (C) in the presence of 100 umol-L" PTX.
n=28Xx%s. P<005"P<0.0l vs Base (paired ¢ test). ns: Not
significant, comparison among PTX, PTX+Prop, and PTX+Wash,
assessed by one-way ANOVA followed by Turkey's post hoc test
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Figure 4 Effects of 10 umol-L" Prop on the amplitude,

frequency and decay time of sIPSCs. A: Representative
postsynaptic currents recorded in a PVT neuron (left), sIPSCs
were recorded in the presence of NBQX and D-AP5 (middle), and
sIPSCs were completely blocked by PTX (right); B: Representative
sIPSCs recorded in a PVT neuron before (grey lines) and during
(black lines) application of Prop at 10 umol-L"'; C: Averaged
sIPSCs recorded in a PVT neuron before (grey) and during (black)
Prop application (100 traces averaged); D-F: Prop at 10 umol-L”
deceased the frequency (E), and prolonged the decay time (F), but
not changed the amplitude (D) of sIPSCs recorded in PVT
neurons. n = 12, x £ 5. "P < 0.05, P < 0.01 vs Base (paired # test
matched-pairs NBQX:
6-Nitro-7-ulphamoylbenzo(f)-quinoxaline-2,3-dione; D-APS: D(-)-

2-Amino-5-phosphonovaleric acid

or Wilcoxon signed-rank  test).
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Figure 5 Effects of 10 pmol-L"' Prop on the amplitude,

frequency and decay time of mIPSCs. A: Representative mIPSCs
recorded in a PVT neuron before (grey line) and during (black
line) application of Prop at 10 pmol-L'; B: Averaged (top) and
normalized (bottom) mIPSCs recorded in a PVT neuron before
(grey) and during (black) Prop application (100 traces averaged);
C-E: Prop at 10 umol-L" increased the amplitude (C), deceased
the frequency (D), and prolonged the decay time (E) of mIPSCs
recorded in PVT neurons. n = 10, x £ 5. "P < 0.05, P < 0.01
(paired ¢ test or Wilcoxon matched-pairs signed-rank test)
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Figure 6 Effects of 10 umol-L" Prop on tonic inhibitory

currents. A, B: Representative tonic inhibitory currents induced by
100 pumol-L" GABA recorded in a PVT neuron before (A) and
during (B) application of Prop at 10 umol-L"; C: The amplitude of
tonic inhibitory currents recorded in PVT neurons. n = 5, x + s.
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