o B A 2 B 24 3 2023 45 3 45 234555 381 Chin J Contemp Neurol Neurosurg, March 2023, Vol. 23, No. 3 . 179 -
- WU A2 AH S5 -
R TR 5 0 ] S S O A AR 2T
P[] A 258 00 1Y 22 S 1 R Wi

B BF AR A EZHME FRW EZHF O KEAE HOR

(FWE] BHAY  BRUT DR X0 G 3 HE A bl 28 0 A b [ 4 26 00 o AR SR 2 R PR S8 I . 0 3K
HEHE 2016 4F 6-12 H 78 15 4 B2 BL K 2% 5 i = 5t Ty e i 2 SRR T TR D) Bk 1 Jm kb Tk 24 8 9 0 A 2 B2 I
SOk 20 ZUAR A L 1340 (13 451, 28 N Il 5 Y B 3 0 R 3t 3 2 B s U DR R 2 20 °C L, Bl S B i X R TR
530 CH-ZEFF 10 min(F 10 min H bR AR 5 °C) 5 07 M5 A B F A 10 57 T RE 28 1 ok st o Ak 1R ofi 22 0
(18 AN ) A A M 2858 (6 ) i BB HL A 28 fil 0% sh A Sl AR s LAk . Z5R (1) i B W A7 248 e
20 CHF, PP A 22 o0 #0207 52 R AR A (R ) TR DA B ) — i B R A 22 ORI B S
PR (P >0.05) 5 (2) 5 fil i ) < B % Ik B2 R AR, v 8] Bl 28 70 2% 7 M 2 il 5 L U (EPSC) 9 1 5 /)
(F=5.332,P=0.034) ; H. 7 fh#f 2 5C EPSC(F = 8.811, P = 0.000) 141 il 1 2 fish J5 H1 i (IPSC; F = 9.843,
P =0.000) % 5 \EPSC (0] fg@ i 6] (F = 7.065, P =0.001) \EPSC(F =6.281,P =0.002) fll IPSC(F = 8.266,
P =0.000) W T R HE AL 43 L 25 S 306 Ge 2 5 S0 (3) B4 F AL < Ik 8 8 A ) 79 o ot 22 5T 8 A Fi o7 1]
B BRI R L I R BR AR T 20 BB S T 22 S TE SR T R S (H P > 0.05) 5 (R AR E R 4ot sl
A HL 7 351 % (F = 4.801, P =0.008) i iiF (F =3.680, P =0.015) .2 S50 [A] (F = 28.951, P = 0.000) bR fL E
SHEFEESEIFE L Fi% YIRE R E 20 CHE, 4 4 o0 i Hb 8] 4 28 0 /8 Az B1TE 309k B 5 4
i, X A ] 22 90 2 A 0 3l EPSC g g 0 400 VR S iR, 4 s DR AR I X i )l 2 o v I S A B A 1
A PR AT RE 2 L T B A & AR kR 2 PR LT 2 — .

[REim] i, (R, AL, HER4if; hdhseon; dBAMHERE

Differential effects of rapid hypothermia on pyramidal neurons and interneurons in
epileptogenic tissue of epileptic patients

REN Guo-ping', YU Tao’, XING Yue’, CHENG Li-peng’, WANG Jiao-yang’, YAN Xiao-ming’,

WANG Qun"®, ZHANG Guo-jun’, YANG Xiao-feng’

'Department of Epilepsy, Center of Neurology, Beijing Tiantan Hospital, Capital Medical University; China
National Clinical Research Center for Neurological Diseases, Beijing 100070, China

’Department of Functional Neurosurgery, Xuanwu Hospital, Capital Medical University, Beijing 100053, China
‘Guangzhou Laboratory, Guangzhou 510006, Guangdong, China

‘Department of Intensive Care Unit, Beijing Hospital of Integrated Traditional Chinese and Western Medicine,
Beijing 100038, China

’Beijing Institude for Brain Disorders, Beijing 100069, China

*Department of Functional Neurosurgery, National Center for Children's Health, Beijing Children's Hospital,
Capital Medical University, Beijing 100045, China

doi: 10.3969/j.issn.1672-6731.2023.03.006

&I H < R SR W2 R B TR AT T R (I H S5 :2022YFC2503800) ; [F 5 3 AR B L 4 ¢
BhEE (5 H 445 :81801280) 5 1 4B TLAE & JEBHIE& 5L (351 H 4 %5 : 2016-1-2011)

{3 BT - 100070 17 4B 25 R K 27 B Im A6 50 K 3 1 B bl 2605 2 PO B B 0 5200 28 28 G0 2 9 I IR % 2 F 55 v o0 (4T
[, FHE) 5100069 It 5T = KB AF 55 BE (E 8 ) 5100053 Jb 5T, B 6 B2 RF k2 2 i 2 5 O R o 22 A0 B G V6 T30 %
B) ;510006 T M 52562 OB, TR, 4 /M) 5 100038 6 5 v PG 12 25 4 15 e 5 4E 2 4 FHCRE TG ) 5100045 7 #5 2< A}
K B I A 5 L P2 e L s T g w2 o R IR R

AT F T 5 38 V4 % AR SCA [ 4 BTk

HIAEE /ML, Email : xiaofengyang@yahoo.com



180 - o [ AR 2 4 75 2023 4F 3 1 45 23 4 3 1)

Chin J Contemp Neurol Neurosurg, March 2023, Vol. 23, No. 3

REN Guo-ping and YU Tao contributed equally to the article
Corresponding author: YANG Xiao-feng (Email: xiaofengyang@yahoo.com)
[ Abstract]

electrophysiological characteristics of pyramidal neurons and interneurons in epileptic patients. Methods

Objective  To explore the different effects of rapid hypothermia on the

A total of 13 brain tissue samples were selected from patients with focal drug - resistant epilepsy who
underwent epileptogenic lesion resection in Department of Functional Neurosurgery, Xuanwu Hospital,
Capital Medical University from June to December 2016. Using perfusion method, the brain tissue slice
temperature was quickly reduced to 20 °C in a step manner, then rewarmed to 30 °C, and maintained at
30 °C for 10 min (the target temperature was changed by 5 C every 10 min). Patch clamping technique was
used to record the resting membrane potential, synaptic activity and action potential of pyramidal neurons
(n = 18) and interneurons (n = 6) in epileptic cerebral cortex. Results 1) Resting membrane potential:
when the temperature dropped to 20 °C, the resting membrane potential of the two kinds of neurons showed
slight depolarization, but there was no statistical significance in the changes of resting membrane potential
at different temperatures and the changes of resting membrane potential of the two kinds of neurons at the
same temperature (P > 0.05, for all). 2) Synaptic activity: after cooling, the amplitude of excitatory
postsynaptic current (EPSC) of interneuron was smaller (F =5.332, P =0.034). The normalized percentages
of EPSC (F=8.811, P=0.000) and inhibitory postsynaptic current (IPSC; F =9.843, P =0.000) amplitude,
EPSC event interval (F =7.065, P =0.001), EPSC (F = 6.281, P =0.002) and IPSC (F = 8.266, P = 0.000)
peak area were statistically significant. 3) Action potential: there were no significant differences in the
effects of temperature change on the normalized percentages of the threshold, frequency, amplitude and half-
width time of the action potential of the two kinds of neurons (P > 0.05, for all). However, the differences of
normalized percentages of action potential frequency (F =4.801, P =0.008), amplitude (¥ =3.680, P=0.015)
and half-width time (F = 28.951, P = 0.000) of neuronal action potentials at different temperatures were
statistically significant. Conclusions When the temperature was reduced to 20 °C, the electrophysiological
activities of the two kinds of neurons were significantly inhibited. The inhibition of EPSC amplitude of
synaptic activity in interneurons was stronger than that in pyramidal neurons. Inhibition of interneuron
activity may be one of the reasons for hypothermia prevention and termination of epilepsy.
[Key words] Epilepsy; Hypothermia, induced; Pyramidal  cells; Interneurons;

Electrophysiological phenomena
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FEALE (3 mmol) | 2 HEER 2 (130 mmol) , S L4
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Table 1. Comparison of resting membrane potential of
pyramidal  neurons and interneurons at  different
temperatures (x +s, mV)

21 5 %ﬁ 30 C 25 C 20 C
HEPR #2060 18
izt 6
415 Cs
HEPR R 200 18
szt 6

-73.29+10.59 -71.48+ 9.02 -68.71+ 5.85
-72.41+ 5.00 -73.52+ 3.67 -69.74+ 5.96

225 C HiIR30°C 30 °C 10 min

-68.48+10.21 -69.79+10.64 -67.28+12.02
-70.23+ 736 -71.46+ 7.64 -72.25+ 5.92

T2 ANIFIRBE R HE Al 22 0 v 8] b 28 o0 S R AL
Ao A 0 T B4 28 BT

Table 2. ANOVA of repeated measurement design of
resting membrane potential of pyramidal neurons and
interneurons at different temperatures

5 53R SS df MS Fii Py
VOBLIS S 61.482 1.000 61.482 0.142 0.711
) 2 At ] 194.570  3.222 60395 1.632 0.189

Kb < ] 72,026 3.222 22357 0.604  0.626

2 [A] 1R 22 7383.239  17.000 434.308
2R 2 2026.291 54.768  36.998
BAER 9737.608 79.212 615.540

HE 1A 3 25 98 EPSC (1 = 28.561, P = 0.000) 1 IPSC (1 =
45.907, P =0.000) Ji I \EPSC (7 =39.236, P =0.000)
FIIPSC (1= 62.820, P = 0.000) I [fi B A% 1L 73 43 Lt
B, 11 EPSC 3 14 18] B B 1) b v AL B 40 b ZE K (2=
-246.174,P=0.014) ; Z i % 25 CH, IPSC W 1i FA bR
WAL o A 2 TR (1=29.156,P=0.011) , &
30 CHE, |3 45 W 4R b 8 — 1k 52 2 AR I A K7 (3
P>0.05,%5~7) 4R £ L 30 CJ5 10 min. 4
T FE M\ 30 CRE % 20 CH, P[] Bt 28 8 EPSC % i A
WEAL T 43 FE B AR (1= 20.475,P =0.002) , B £ 30 C
AP E EMRIRAT K (P>0.05,%5~7) s =
R 30 CJ5 10 min, 7R 5 B A8 4k X P Fh ol 42 90
52 fil 3% 2 ¥ 2 W2 52, A 30 CRE & 20 CHY
ZICR ARG SR I - ER S E R E 25 C,
PR AR 3R X R ] 28 00 EPSC A 4 FH 5 T HE A
2T,

XoF i A4 it 28 o0 R0 b (] Bk 28 T A R BE R B A
P [ A0 3R D5 IR L2 9 B [R) A o A 43 B L
Lo T RTINS i R DO B U 2D IE =8 R K (SR VA (=R
(5 0 22 5 TCGE T 24 78 (35 P> 0.05) 5 (HAS [R) 3L S5
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R3S IR RE T A o 2 TR v ] o 222 T 58 i 3 2 B9 LU AR (R 25, %)

Table 3. Comparison of synaptic activity indexes of pyramidal neurons and interneurons at different temperatures (x s, %)
2 51 HH) 30 C 25C 20 C HiR25C K30 C 30 °C 10 min
EPSC ¥ i
CIREN EASTH 18 100.00 +0.00 9326+ 19.37 6470+ 1829 8599+ 2497 104.48+34.42  92.82+ 29.60
R ST 6 100.00 = 0.00 69.11% 13.12  48.63+ 1273  63.12+ 20.66  67.79+10.53  68.98+ 8.76
IPSC J%
CIREN AT 18 100.00 = 0.00 83.11+ 24.41 3721+ 13.44 67.88+ 23.58  82.75+33.87 76.42+ 30.16
r ] f 28 T 6 100.00 = 0.00 79.83+ 22.67 4516+ 925 7201+ 2191 77.28+26.78  73.39+ 33.30
EPSC & F [1] [ i [i1]
HER 20 18 100.00£0.00  108.41+ 77.73 346.17+227.64 132.81+128.09  97.02+83.53 110.98+104.12
v ] i 28 0 6 100.00+0.00  368.48+523.79 353.86+188.09 178.61+ 77.56 142.38+83.72 107.48+ 60.14
IPSC S 1] % B 1]
e EASTH 18 100.00 +0.00  172.23+123.75 451.15+415.35 122.79+ 46.18 103.13+70.03 126.73+ 74.70
r ] p 28 T 6 100.00£0.00  216.11+ 4535 208.82+ 28.85 13295+ 12.88 9510+ 9.33 114.07+ 42.07
EPSC i i 1
HEAR 200 18 100.00 = 0.00 9442+ 2830 60.76+ 21.00 8539+ 32.67 105.53+41.60 92.56+ 35.72
v ] #2870 6 100.00 = 0.00 7840+ 1047  56.85+ 1234 7401+ 1893  73.66+ 9.18  76.61+ 10.21
IPSC I i A1
AN EASTH 18 100.00 + 0.00 8391+ 30.10 37.18+ 1332  70.84+ 2492  80.60+36.48  77.24+ 30.83
v i) #2800 6 100.00 + 0.00 86.43+ 30.26  48.57+ 9.12  79.33% 29.67 82.11+29.54  80.82+ 34.50

EPSC, excitatory postsynaptic current, DL 5 fik ) EEL I 5 IPSC, inhibitory postsynaptic current, S 28 il 5 HL 3 . The same for Table 4, 5

R4 RIRD BT HER P28 TR R 2 0T 58 filE 2 R DU R T R O 25 A B

Table 4. ANOVA of repeated measurement design of synaptic activity indexes of pyramidal neurons and interneurons at

different temperatures

75 5 R SS df MS FE  PIH || Z5RIE SS df MS F{i Pfi

EPSC 1 i IPSC =5 [i1] [ Ff (1]
Jib 2R 2 8044.638 1.000  8044.638 5.332 0.034| AbFRHZE 17980.694 1.000 17980.694 0.360 0.557
0 Lt i ] 12808.506 2.581  4962.094 8.811 0.000 | i Al 394773.047 1.219 323884.026 3.171 0.085
Ak B < S0 A B ] 2312.136  2.581 895.736 1.590 0.210| AL x Wl ikAfH]  132667.343 1.219 108844.394 1.066 0.331
Y] 1R 22 25647.160 17.000  1508.656 2 [] % 22 748216.665 15.000 49881.111
HNDRE 24714200 43.882 563.202 HNDRE 1867339.768 18.283 102 134.890

IPSC % W EPSC I i £
A H N 2 0.034  1.000 0.034 0.000 0.996| Ab¥RHZE 3297.401 1.000  3297.401 1.256 0.278
ks [] 18382.055 5.000 3676.411 9.843 0.000( I &kH (] 11907.051 2.683  4438.118 6.281 0.002
Jab B < 0[] 321.942  5.000 64.388 0.172 0.972  AbIE x il 5 B (] 1982.853 2.683 739.069 1.046 0.385
2 [) % 22 21855.107 15.000  1457.007 2 [A] % 22 44624.086 17.000  2624.946
HNRE 28012.230 75.000 373.496 HNRE 32228.462 45.609 706.619

EPSC 5 4[] [ i 7] IPSC W 1 F14
Jub 2R 2 66483.577 1.000 66483.577 1.394 0.254( AbHIHZE 308.748  1.000 308.748 0.206 0.656
£ B[] 605 665.838  2.672 226675.973 7.065 0.001| Wik [H] 17648.761 5.000  3529.752 8.266 0.000
Ah PR xR ] 160449.992 2,672 60049.875 1.872 0.154 | b #T x Il & i ] 241.470 5.000 48.294 0.113 0.989
2 [A) % 22 811034.832 17.000 47707.931 2 [A) % 22 22446.588 15.000  1496.439
LM% 1457309.508 45.423 32083.023 IR % 32024.965 75.000 427.000
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RS ORIFIRE T HfE A R 22 TR ] M 22T EPSC A IPSC
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Table 5. Pairwise comparison of normalized percentages
of EPSC and IPSC amplitude of pyramidal neurons and

interneurons at different temperatures

T HE A 250 LR EUEEST
2 PiE f P{E
EPSC
30%C: 25 C -6.740  1.000 -30.894  0.272
30°C: 20 C 28.561  0.000 20.475  0.002
30C: Zi25C 7.273  1.000 5.990  1.000
30°C: ZiH30C -11.222  1.000 1.317  1.000
30°C:30°C 10 min ~ 0.437  1.000 0.130  1.000
IPSC
30C:25C -16.886  0.337 -20.174  1.000
30°C: 20 C 45.907  0.000 34.664  1.000
30°C: HZi25<C 15237 0.987 7.819  0.067
30 °C: Z 30 C 0.360  1.000 2.545  1.000
30C:30°C 10 min  6.690  1.000 6.439  1.000

R 6 AN [A)IELE T HE PR Bl 22 50 A0 o ) 22 58 EPSC 247 i)
W s i s o 2 B A LA

Table 6. Pairwise comparison of normalized percentages
of EPSC event interval time of pyramidal neurons and
interneurons at different temperatures

e L HEfA M 4T

i P1E
30°C:25%C -8.414 1.000
30 °C: 20 °C -246.174 0.014
30°C: HZifi25<¢C -32.807 1.000
30°C: Zif30C 2.976 1.000
30 °C : 30 °C 10 min -10.980 1.000
T A ER IR EZPT A

218 PAA
30°C:25%C -268.483 1.000
30°C:20%C -253.860 1.000
30°C: Zif25C -78.610 1.000
30°C: Hifi30C -42.379 1.000
30 °C : 30 C 10 min -7.480 1.000

RTANFHEE T HEA 2800 A E] 4 28 50 EPSC AT IPSC
WA T AR VAR 7T 0 L Y P P LG

Table 7. Pairwise comparison of normalized percentages
of EPSC and IPSC peak area of pyramidal neurons and

interneurons at different temperatures

HEfR R 2200 ] f 2 e
HNHPI L
A PH {8 PfH
EPSC
30°C:25C 5578 1.000 21.604  0.387
30°C:20C 39.236  0.000 43.153  0.090
30C: ik 25 C 14.605  1.000 25.991  1.000
30C: Zil30°C  -5529 1000 26343 0.158

30 °C: 30 C 10 min 7.442 1.000 23.394 0.293
IPSC

30C:25%C 16.087 1.000 13.664 1.000

30°C:20C 62.820 0.000 51.429 0.155

30°C: Hi25C 29.156 0.011 20.672 1.000

30 C: B30 19.397 0.498 17.893 1.000

30 °C:30°C 10 min  22.758 0.242 19.179 1.000

EPSC, excitatory postsynaptic current, 2% %7 1 %€ fi J5 HL 3t 5 [PSC,
inhibitory postsynaptic current, §iJl il 4 5& fifltJ5 L JiE

T2 IC R LA AT R (F =4.801, P =0.008) I I
(F =3.680, P =0.015) .} 5& i [A] (F = 28.951, P =
0.000) bR EAL E 43 [ 22 S RA e it 5 L (5 8,9).
26 JE N 30 CRE 2 25 CH, R #2200 3l 78 L 7
Y 58 B ] bR ME AL H 4 b RE K (2= - 94.510, P =
0.010) ; F 2 20 CHY , 3 2 hr 1L B 20 HEFEAR (¢ =
83.299, P =0.000) , - it B ] 45 1 £k F 43 Lb 4k 22 4
K (1=-231.738,P =0.000) ; & iff & 25 CH}, sh{EH

L33 bR A A 53 e AT) H7 ZE B IR (¢ = 53.564, P =
0.017) ; B i % 30 CH}, [k 4 Tids br Pk B 2 KR
A KF (¥ P>0.05) , IF 45 2 5 i 30 *CJ5 10 min
(£ 10) . 2 FEE M 30 CR& 2 20 CHE, HH] #2850
BIAE A A AR fE AL A 3 L RE AR (0= 89.178, P =
0.011) ; & ik & 25 CHY, 3l 7F B A 98 B[] A 1 £
HA WK (1=-131.180,P=0.002) ; & 30 CH}, I
A I8 bR B B AT AT K P (3 P> 0.05) , 4t
FEEE R 30 CJF 10 min(F£ 10) . = B IR B AR 16 %)
WA i 28 50 B VR H A 24 7] 7 A B 252, M 30 CRE
25 CHF 2 o0 sh A v A FF AR W I o, OF — L RR 4k
3 30 °C, {H PR AR I X5 79 bt 28 50 30 A F AV 19 5 i)
Tz

5] it

AR BIF 5% 38 5 1 S PR A I A R v R A 22 T
R0 ) el 428 0 S SIS R 7 L % Ml T 3 R B 1 R S Y
AR AL, HR 2R R AR TR X A b ol 2 00 R A 2 R Y
RO 45 R, Y R AL 2L R D
20 CHF, P Fh i 248 50 EPSC I 1 R A%, #E K # 48o0
EPSC 3 1 [a] b i 6] %E 4\ EPSC I i £ TPSC I i Al
e T ARLU /L, LA B T Rl 8 TG B A R A A R BRI
HE R B 28 T 21 i I [ B 2 s R AL IR X R o s
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R8N [A)IR B HE AR 2 ST A ) 2 ST SR HL AL Y B (R £ )
Table 8. Comparison of action potential indexes of pyramidal neurons and interneurons at different temperatures (x +s)
25 HOH ) 30°C 25C 20 C Sl 25 C S 30 C 30 °C 10 min
B (mV)
RN AT 18 -42.81+4.15 -44.06+ 5.26 -44.48+ 6.73 -41.14+ 16.20 -43.74 £19.33 -40.71 £16.67
CRLECESW 6 -43.42+536  -3552+14.01  -2644+ 1334  -30.10+ 18.89  -31.77+20.72  -33.87+20.55
AR (%)
iR EASTH 18 100.00 + 0.00 67.23 +47.57 16.70 = 10.10 46.44+ 53.26 44.53+73.20 60.57 +92.47
v ] #2870 6 100.00 + 0.00 44.52 +34.56 10.82+ 12.51 41.85+ 31.08 81.98 +41.37 85.97+49.01
P (%)
HER 4T 18 100.00 + 0.00 108.37 £27.42 127.81+ 65.33 92.02+ 63.48 69.48 +65.37 53.57 +55.89
CRLCECEZSW 6 100.00£0.00  75.49+19.10 7137+ 2037  50.65+ 19.14 53.30+17.37 56.84 £24.16
2 FE I 1] (% )
iR AT 18 100.00 + 0.00 194.51 + 88.38 331.74 +108.84 176.69 + 100.95 101.47 £97.66 92.61 +74.46
v ] f 28 0 6 100.00 +0.00 217.83 +28.91 41831+ 91.53 231.18+ 9.61 125.59 +£20.08 114.78 £ 19.85
RO AN DR T S A 28 T A ] Bl 28 ST S AR H 7 i A I A R 1 O 25 0 A

Table 9. ANOVA of repeated measurement design of action potential indexes of pyramidal neurons and interneurons at
different temperatures
T3 SS df MS FfE P || ZBREKE Ss df MS Fi§ P
{5 i
UEENE S 1662396 1.000 1662396 3.629  0.073 JIEH # 10998.489  1.000  10998.489  1.523 0.233
0045 B i) 536.447  2.066 259.660  0.829  0.448 0055 B i) 25118.340  3.254 7718.035  3.680 0.015
Jb 3 < ) 45t A 612.575  2.066 296.509  0.946  0.400 Ab 3 ) ik B ] 9003911  3.254  2766.604 1319 0276
][] 15 22 8246.225  18.000 458.124 1[5 2% 129949.512  18.000  7219.417
AN 11651.622  37.187 313.323 HNIRE 122857.045  58.581 2097.217
e - 5 B i)
LI F 469.458  1.000 469.458  0.081  0.779 PR S 23671208  1.000 23671208  1.640 0.217
Tt i ] 53470499  2.503 21362470 4.801  0.008 i 5 ] 714901446  3.276  218225.523 28.951  0.000
AhER xR 7910.895 2503 3160.551  0.710  0.527 b3 x 0 0[] 14990450  3.276 4575874 0.607 0.627
o [ 5 2% 103698.966  18.000  5761.054 ] 1 2% 259741.237  18.000  14430.069
AR 200474.493  45.054  4449.629 R 444477488  58.968 7537.662

R0 ASTRIIR LT A b 28 50 0 v ) B 2 0 S AR LA Y P LR

Table 10. Pairwise comparison of action potential indexes of pyramidal neurons and interneurons at different temperatures
ATl UIES W L I 1] PR—— UIES i ~F LI [l]
i PfE i P i Pl i P i PR i Pl
e 2870 SRR b
30C:25C 32.770  0.221 -8.369 1.000 -94.510 0.010) 30%C:25%C 55482 0.304 24510 1.000 -117.828 0.058
30C:20C 83.299 0.000 -27.810 1.000  -231.738 0.000 [ 30°C:20C 89.178 0.011  28.632 1.000  -318.317 0.091
30C: ZiR25C  53.564 0.017 7.983 1.000 -76.694 0.124 || 30°C:&E25°C  58.149 0.499 49353 0212  -131.180 0.002
30C: BiE30C 55473 0.126 30.521 1.000 -1.468 1.000 || 30 °C: &30 <C 18.024 1.000  46.702 0.189 -25.589 1.000
30C:30°C 10 min 39.429 1.000 46.430 0.070 7.393 1.000 [ 30°C:30°C 10min 14.032 1.000  43.162 0.562 -14.777 1.000

2601 AR HRE BN A7 e B R B0 s & iR R
PR, I IR 6T T 8] 28 58 EPSC % IR Y 4 i 7R 5
THEVR 1 2850, S DU AR R T o (] 4 28 00 B AR
BETE S VR R TE SR . A B SE  E  EOR

TR R B2 RO ek 2 2R 00 7 b B R DR SR it X e

ZIuih 3l
5 1E il
CIPSRER:S

=24
)i

G

FNFN

Wi S AT )R R P S, b T B0 kL 2 21
A IR A TR] Y R A B A, T LA
b L R AR il o O P o 22 T Y
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ABE TR 25 R WK Y IR R 2 20 CHE 4 1A ph
28 0 R e (] A 28 0 0 5L TR R 67 38 S R R i A
05 KB LI C W .22 55 . Nomura 25 4l
WL H] RIS, Y B A 25 CR% & 15 CH, R
S8 RN E R R BRI 2H 200 o RE R 1 R R AR
A H TR AR B IR R LA M- 65.5 mV T
F-54.0 mV . JIE M 1.85 ms P75 £ 6.55 ms, 0 7]
Al 55 IR 5 A - 2 Bh ek b UL A R T A
(TREK-2 fl TRAAK) i & UM A 6 o

Shen Fil Schwartzkroin "7 1F % F % it T 41 4117
TR EE BN 37 CREZE 20 °C, & BTE 27 ~ 30 CZ [a] Af
BRAT e KB 5 il ¥ AL P L AR T 27 SCH 5 fih Hi A3 38
W A TG TR AR A I, B2 7R AR R X 3 A D R LA
SUMIE < 24 38 B 24 ok 30 CI, 37 v o7 0k 1 42 3 T
e, Bl A R R A R, FLUR IR IR B = AR, A
5% 25 9 o, 24 T B e 45 20 CHs, A 1R il 00
H ] #2856 EPSC I I B AR, #E 4 0 28 50 EPSC 551
(i) g Bsf ] 4 4 EPSC 0 T FR L TPSC I8 M i e T R ik
BRI RT DA ) e 28 0 5% Ak T Bl L R IG p
TC% M, Ay BRI R A B A AR B ML AR
YA 5 T L B B 25 20 CCF, 1 Rh R 2 T s
VL1 23 W AT, A A b 22 I 2l A FL A 2 T B T 1) b S
Ko, EG A T B A2 . X 5 Volgushev 45 " 1Y
5% 45 AL &8 4 — B0, VR R UKL HE 1R 1 28 e
SV HL A B B R T RS N, B IR AE 12 ~ 20 CZ (A
KRB R, WIHRARES UL W RA K5
— AR S E AR T B R T R RE AR U R
R AT, S s 0 A v A7 382 WS R I8 T 2 Pl AR
B ES T WP 5 5 IR IR S R AR M A T
FEL AR M8 R I ) AR K R B Bk ek
Al T A TR A O 5 R B ) 2 A
61 DA R 7 AR S A AT R [ 2B T Y A
A RRECY

S R o 22 o I v ) 28 o0 0 RO Y AR R R
HAT R PR o % 4-520 56 ik we FIK 8647 & 1)
il A RS TR (g WL 8 2R WY, v [ 28 SC AE R AR ] Fl
5 B 3G, 76 & AR 0 00 5 46 Sy K< i AR 25 i Ak BHL T
DA I e A IE A A ft 22 0 1) R e e o TR B e SR
T E CA T DX A Bl 8 0 I B 43 1 J2 o 8] 4 48 08
15 2l WSO & AR AS [R] B B 2% g e 5 S 01 410 141
8 fil A FEL S HO AR AT DA 2 B AR N R B B B HE IR
T 28 TC T Bl 32 R 0 4 20 4 AR A5 B 1] o
TEIIR KA F A B B, HE R i 28 50 e 8] 4 28 5¢ (W)

B 35 B 244 f g 0, B 1) T 2% AT 5 AR AU & 1R
2 S o = N RS TVR ) I I I TR el T
2570 ) B R Sk 4 A ME S TG 3 P Avoli 45
Xt PO B85 S (mTLE ) A BURSE AL (14 BfF 9 fk s, 34 o
V] it 28 7 FRL 3% Sh 1G5 B T X A B 28 0T 1 ) 2B
A0 ) B | A A A el 8 0 2 4 7 A R B Ak T o
28 filt J& FLAL, I BRI O 7 A A e R TS 2 (LVE) 5500
S A R T 8 25 5 AR B 28 T Bl % 0 o A R
HEPE U 55 L% A M TR 2 e, 0 s 7 B 2B
(HYP) W0 R AE R IR A0, 78 LVF & AR 2 16 A%
2, o i) 28 T B 1 5 e AR AR e 2 T T R
LA 18] 1 28 96 T B0 (9 B R AR 7 5 TN S
—

A0 4] PR A 28 T Bl g A A AT T O &
VECA B F 2 k500 & AR AT I B H2E R
AR BTN B 22 A B R b e A b R A R
U SE Y o ZE U R AT, NS R p A KR
BH 11 e i) ot 228 00 458 Z0 98T 3 B0 T 22 DT
P I 0 (L Bl B SR 0 R S AR
XoF 4~ I 0 7 i 1Y) PR IR B O /) BRUAE AR i) U
SRR IR, 6T /N AR B K 2R PR R
e R 2T T AR S E R MR 28 R AR O
HJ2 D W 99 B (200 ~ 500 Hz) S £ 19 LVF & fE i
IR L FE HYP R AR G A, o 8] bft 28 58
RN UEZSWIY IR (PSRN P4
E A o e ol 6| B EZSTve (3 e (O R AR
P EEEH. WWREER BN y-2 TR
(GABA)BE# 28 J0 1) [F] 45 1k % 4 1T 5 | e 40 38 1 K 2
B, FLHL I AT AR ) 4 % A R
GABA, K GABA Z 1k, 5 040 M 4 S5 7 e
R, DTG A 140 - G0 - L 2 Rk 2(KCC2) HE 4
TR B 0 AT O A VR A A R
A, T BE 5 B 4 A B T S R R Y DA R
B B 0 i SRS T U B 1 R A 2 BIE Bl T R AR 4k
(1K G RN R R o S (1 G (R A S SO o
AR 1 228 0 S5 T R 98 A R e ) A 2 A o
Aol A A i 28 00 22 I 1Y) % A 3 g T — 2 i, A
[[IE -3 AR EZSTv | A5 i HER: = W ¢y
RAFE WY B, v E] b 28 T [ A R 3 A RO &R TR
2R A VERIAVE T o Ellender 28 P2 78 IE F K BN
AN U S A E0) 138 R AR A e
7] 25 16 6 Bl d5c i, 2 415 3 kL TR 22 58 45 1 GABA
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