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TEENZ B > TV 25 RERREZ ORN) 12 1T 5t b =2 (5-HT) &AL D 2% < 2% GABA
EEA LTS, IO IR MREEDENGTET 2BEHROCTOKE - #iRizae<H L
272> TRV, & 2 C 2 OAFAAR R OB RERRNT &, F8iE, IEINZBITH A ML ADE
B2 kEt L7-. DRN 1203 5-HT A F&EE3% TPH2 mRNA & GABA A FiEE3E GAD67 mRNA D HfF= = —n
VINFAET D Z & & single—cell RT-PCR {EIC X o TGN L7, 5-HT/GAD67T == —1 T
WLIFIRFIS 2 DO MR EYE 2558 L Tl 59, ITEhEN. OIEME2Y 5-HT BAlEAfMia L v /h &
<, REHEEGERWEEEZE L TWD Z EREMO A b L AT Z 0 HFFMIOFREZES
LT EERABNILEE.
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We characterized 5-HTergic neurons that also contained GAD67 compared to neurons
containing only b5-HT through electrophysiological, molecular biological and
neuroanatomical methods. We confirmed tryptophan hydroxylase 2 (TPH2) mRNA and GAD67 mRNA
co—expression in the DRN via in situ hybridization and single—cell RT-PCR methods. We
also demonstrated that GABA is not released into the synaptic cleft of these neurons
In the electrophysiological experiment, we found that the action potential amplitude
membrane resistance and firing frequency of both TPH2 and GAD67 mRNA-positive neurons
were all significantly lower than in neurons that were positive for TPH2 mRNA only. An
early postnatal stress disturbed the development of TPH2 and GAD67 mRNA-positive neurons.
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1. WFEBAE S WD 5

Za— B UNIEDOTRTTIERWND, e
DUl E ORISR EYE R R T A& il
Bt Db OnRMENTND. TDEL TWb
@5 classical R IEEYME (s v
i, GABA, ACh, noradrenalin, dopamine,
serotonin 72 &F) ¢t =a—uXI7F K, BE

HF-72 & OvhigIRE R 2 A L, W 5.

b O EE (co-transmission) VAT
LERTSH=2—a AT, 8o
classical 72fHRAREEYE DS TR AR CTHAF
ThH=a—ar (FV¥I U/ GABA) D3
BERNTWD., L LAans, McEng
EEED negative/positive feedback T AT
LE L TOMBNEE STV DN, Z0%
PR R OAREIBEREIZ O W TIIART
b5, Falt, FTerbtr b= (5-HT) & GABA
IZOWT, ZROBRHGFETHHAAES.
AR R ICAFAET D 5-HT PRSP Z D
2N THERREZ ) &M D EdfR EChnE
THERED D, IZIEMEN IR E OHIEE & $
HLTWD., ERMREE L CIEREEAIICE
T 2 IS RE O H g 2R VB RS KL OVHED & B A
MR RS DIEEBIMERE ST Z2H > TV 5.
DX D IR D D B KO FAOE
A 7R EZ (dorsal raphe nucleus:
DRN) IZBIFA - GHA=a—nrDiTs i
ENN GABA ZHAF LTV D Z & sl
FIZE SN LTS,

L, BEHETOERD vesicle DIFLE
ITHERTE T\, 2862, ku h=v
VEEDPEARRRR> GABA fEENAERIFE & D K 91T
<AEEME>S L WO AP ED =2 —a D
phenotype ZFRHL TWW=. EHEOWEDIE
BEAITH) == — 2BV T, EREEEN
FIET D EDIREN D, classical 7ffRAS
EMENFD=a—u @ phenotype & &z
LbhT&/=. L,»L, ZhET, B%n
classical 72fHRAREEYE DS TAFRIE AR THAF
THZ2—aYBNFETLHZENREN, £
TR &2 B 2 T- M RE D AT REE 2 ER S H C
WA, 72, TH IR GABA FfF = o —
B EOWER TIHEEKRFMEICZD ==
— 1 @ phenotype NZAL L 9 5, A[HR)
REEATHAREMEDVRIBE SN TWA. B
DG EYE XM O DIZFALEL TS
DN ? % ZTARMETIE, WEREIZIEET D
GABAergic phenotype #8925 5-HT == —n
NEREHT, TORE - REFHE L
BERERIEENC DWW TIESET 5. 5-HT & GABA
DOHEF=a—nr 3, FIRLZIEOIERBFIC
LbIE<SBEFRT L EEZOND. ThbD,

GABA 1F @) # #f & R I /FH T 5
benzodiazepine ¥d, 5-HTIA ZREIZ/ER T
% tandospirone XTI b ARLZFEEICHZ
LEND. TNHDZ END, GABA BEIW
5-HT OFSRERY BN HEE SN D . £72, H
HEITINETA R AL 5-HT EBhMEMRE
RDOIESNDEELZRELTET. ARV XA
E I ENEE & o B M A R E O MR O
5-HT (i o2k & LTI Z TV 5D, 372
bbb, AL RZEY, EEEOD=2—1
BENEC DD THSD. Ziik 5-HT Ric e
EFE 5T, GABA FROZAL N EENEE O I
FETDHZ LRSS,

2. WFFEEOEB

FEENCIEL B - T D T Ik #4% (DRN)
BT 5w b= G0 & F Lo
%<8 GABA 25 AL TWS. Zhb i
MR EEMEN L GFTIHIERSEZDR
B HEEIZ AL AL MR S TR, F 2
T, T OILIFHBAII OMREMAT &, FEiE,
MFEHNCBIT D A ML 2AORBERF LT

3. WD L
(1)Fluorescent in situ hybridization
(FISH){£IZ X % mRNA F& BT

Atk 3-4 Bl OEME Wistar 7 v M &
pentbalbital (60 mg/kg, i.p.) CTERMM:L,
Wreric Koo i &8, BN, BN KT
T A ATHGESE, 80°CTRIEL. 17
L7 o, JEE 20 um OWFEGI T 2 ERLL,
300 ng/mL @ fluoroscein ¥ 7= 1% digoxigenin
THEFE U 7= glutamic acid decarboxylase 67
(GAD67) 3 L ¥ tryptophane hydoxylase 2
(TPH2) cDNA (Zx}3 % antisense riboprobe
ZINZ, RN mRNA Eng T F A4 XX+
7=, MBI — B B 12 peroxidase —
conjugated HL fluorescein HL K B L O
FITC-TSA plus amplification Hifk%, 2 B
[ H |Z peroxidase—conjugated $T DIG HLiAFE
J X Cy5-TSA plus amplification kit &M
VN2, Peroxidase DFRAFENEIL 0.6 %H,0,(Z
30 47 incubation 9% Z & THLY fRu =,
FISH O ¥pE 1T sense probe & FAWVCTHEFR L
7=

(2) S AR AL P Ao Mg

Atk 3-4 WEROHEME Wistar 7 v b %,
pentbalbital (60 mg/kg, i.p.) CEMME:L,
4% paraformaldehyde &A& 0. IM U »BEfEE



R CHEOED LR, HEICHN L 72, H
D HLU72f% 30% sucrose &4 0. 1M U g
R B T L-80°C Tl S, JEX 30 1
m OBFEE R 2R Uz, Bk L7283,
10% v Nfi{E T blocking L7271, 1 IRPUK &
LT, E/LEv ML 5-HT transporter (HTT)
ik, BEL Y FH vesicular inhibitory
amino acid transporter (VIAAT) Hifk% 24
RS S8, A RAFEALEY b Cy3—
conjugated HUE, Fmidue HLELE Y b
Alexa 488—con jugated Fifk %z 2 Hifk L LT
AW L, HESL—VV—BEMEEIc LD
T HO BB AT 21T o 72

(3) BRI N 72 & N4y 1-EW 00 i HT
A 3-4 B oM Wistar rat %
diethylether W NSRRI L, SABHH Y X T
TS WiEE L7, BNEEICEEZE 2 FIBE L, M)
DIEREE & B L MEIR A AR A A TR Y
SULT, KEB L% 0, 5%C0, DIRA
HAT/NT Y 7 LT cutting solution (in
mM: 215 Sucrose, 2.5 KC1, 4 MgCl,, 4 MgSO,,
1 CaCl,, 26 NaHCO,, 1.6 NaH,P0O,, 20 glucose)
TEW L5, BES 300um ORI
ATA AEEM LTz, fERR LT A T4 AT,
ARA FTEIUL L, cutting solution & AT
B #EUE (aCSF; in mM: 125 NaCl, 2.5 KC1,
2 CaCl, 1 MgSO, 1.25 NaH,PO,, 26 NaHCO,,
20 glucose, pH 7.4) % 1:1|ZIRA L7ZiIK
12, 37°CC 30 43 incubation. L7=. 30 43
%, cutting solution & aCSF % 1:9 IZIR&
L 7RIz 37°CC 1 R incubation L7-.
Incubation %, whole—cell patch clamp 1%
ZZHWT, R = 2 — 0 v OEEN &
HE L, BRAEPRFIREZ T Lo, B
WA L 72 RRdR AL 376 MQ O EMRERHTD
b DA MWz, ETEMPIKOMMITIRD b
O &AL~ (in mM: 6 KCI, 130
KD—gluconate, 10 NaCl, 10 HEPES, 0.5 EGTA,
0. 16 CaCl,, 2MgCl,, 4Na—ATP, 0.4 Na—GTP, pH
7.3). Whole—cell recording |ZpXEh1%, M5HE
7 %-70 mV IZ[EE L, current—clamp mode
IZZ8 W L C capacitance compensation 1 X
" bridge balance D%, MIBUIRENL &
P Lz, MR & aCSF & ORI liquid
junction potential % 10mV THo7=. EX
AESRRERERE, VT AEBERNERREICL,
fldk— =z —uOMREZBEI L. Z O
IR & EN D mRNA 2L LT, H—
M ) reverse transcription polymerase
chain reaction (RT-PCR) %47V, TPH2,
GADB7 33 J2 N VIAAT 0 mRNA F& BT 217 - 7=
PCR = hr—/L & LT, neuron specific
enolase (NSE) ™ mRNA ZH\ 7=, Z OfEH %
H e, Pk — L F [l =2 — 1 |
L [5-HT/GAD67 —=—um | IZH¥ELTC, 5
ONT-BRAEBENT — X & I

Briz=.

(4) ShFE A b L A Efir

BN T 5-HT #ERN5E2RT 5 3 BRI
HWEa v EAML, hEMA ML AET
NEVERLL, ERD L [AIRR OG0 A 20 SRR
BiTo 7.

4. WFIEE SR

5-HT A hkl35 Td 5 TPH2 & GABA A FilEE
TH D GADET DFEFLEILD mRNA DI BLEAT
%4T->7-. TPH2 mRNA L DRN @ lateral wing,
dorsal parts, ventral parts (ZFR< FEHLL
TBY, F-FET#HE (median raphe
nucleus: MRN), #RMRA&Z (B9 parts) 123
LTV /=, GAD67 mRNA |Z DRN @ midline,
dorsal parts I XN ventral parts (2133
HLTEBOT, lateral wing BL N, #itz
Sz X< FEB LT 7=, TPH2 mRNA B L O°
GAD67 mRNA [XHfREZ D JEDICHBL L TRV,
HIEICHFEAEL TS, —F5, TPH2 mRNA &
GAD67 mRNA (Z[F]— D 1 > ORI AELE L T U
72, %V DRN @ lateral wing IZi%, TPH2
mRNA & GAD67 mRNA D H:fF= = —nm L NE(E
TAHZENERINT.

F7- Z OWAIE, single—cell RT-PCR {EIC
KoThHEINL. L= —m v
WX D EEIXFE N TPH2 Gt = =
—1 M 55.3% (21/38 cells), TPH2 LK
GAD67 TS = = — 1 > A 21.1% (8/28
cells) TH-o7=. MMz T, 5-HT/GAD6T = = —
0L, MRAREWE GABA O 7 AR
~OEREC VB VIAAT O mRNA 23R &
2o 7=, £72, DRN 725 @ 5-HTergic neuron
DOEGHHETH D, PIRTEARTEF, % PRI
B8 LN DRN N T 5-HTnegic neuron f&K
T, HTT & VIAAT O # o8 7 838
SR T-.

BR AR CIE, 5-HT/GAD6T = = — 1
v, 5T =a2—ue OFAEFRITBWT,

action potential (AP) amplitude , AP
duration, afterhyperpolarization, resting
membrane potential % W E L 7= . AP
amplitude OFUEIXE I E 4, 5-HT/GADET =
a—Bay: 73.21+3.45 0V, 5Hl ==a—u
>t 84.51+2.13 mV TH Y, 5-HT/GADET =
22— @ AP amplitude XA EIZ/DIVME
%k L7= (Student’ s t-test, F1,27=0.22,
P<0.05). oD /RT A —HX —|ZITEITRD 5
Nenoi=. X 5HIZ, current & BEEAYIC
injection L7=H® membrane resistance ¥
L OV firing frequency % | & L 7= .

5-HT/GAD67 —=a—wm >, 5-H —=a—nm>
DOFRPUEIZZE N E N, 9.86E1.32 MQ,

16.101.99MQ TH Y, 5-HT/GAD6T = = —
a2 DOEKRFES A BRI WEZ R L7



(two—way ANOVA, F 1,27= 42.21, P<0.05).
FrrENEFNDO=a—1v O firing
frequency X, W DHRE D injection
current (IZBWTH, 5-HT/GADE7T == —11
N 5-HT ==2—8m ki LT, AEICEN
fEZ R L7- (two—way ANOVA, F 1, 27 = 24. 33,
P<0. 05).
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