DHEER 2022, Vol. 54, No. 6, 604612
Acta Psychologica Sinica

© 2022 H[EL B2
https://doi.org/10.3724/SP.J.1041.2022.00604

5-#% 5 B B F SR BE 1 58 AN S B IR EER A

97 >’

I IBTE R FH TR E B OB R, K 410018) C b EIRF £ BE O BEAFFT T O BRAE B S 90802, dEaT 100101)
CriERBREB RS OISR, L5 100049)

3o
==

i

L Z Y LR 22 3 R e ) M BAR A, 2 b L IR RS A% IR, AR AR 1) e A e o A
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N2 FED BRI AR K Tl o AT e e e . TS A B, MENESE DR i /N BRE RUS B
S JH AL e e B, TP AR R/ Bl e MR SRR A S SRR, BRI BREE S DA 558 (LR T et 5

N IOFE R R MR 5 R &
KEEIR  EMLRE, SR 0N, OEBRALLEE-2, W R s gt
2FES B84S

1 55

o7 SRR XA B A A . AT R AT 43 B
THER R, BERE TS K MLAAR i R8s 1 A AT Rz 18
PG SR P o 2 I R B ) 5 B ek R, S
MRS RAZRE ST, IRB00 N R B, 25T
N R G Fa A (McEwen, 2017), SRR 4 f£r2k
Ik BE SO, A R B0 S N D A

S5 IAH A P B i (American Psychiatric Association,

2013).

Mg FEE PR 785 457 B A T 1 K P S B A3 g BB | S 1Y
ik RN PR N 22—, RS S IC AL Y A [
10 . PGB I 28 R OR S5 O B IR A 80
(Bryant et al., 2008, 2017; Gelkopf et al., 2019), =
G BRI SR 1 iR B2 R 3 B 52 381 400 45 286 B AR i B 1Y) 52
Wi, 2% ) 0 T G TR A R R | S ™ R Y e g T
SEAR (Agarwal et al., 2020), (HE WA LN, &=
M FESE R A E HAth PTSD MR, 7EAS [R5 257 2
1] A5 S 5 i (Boal et al., 2017), [k |52 A 5 e
MRS Z B Z My REE W RTY, s EHE
FIRE RS . 5-F A (5-hydroxytryptamine, 5-HT)
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ARG, NI ER RGN E 24K R S (Stam,
2007), Horp 5-HT X481 e i WA IR A 8 B4R ]
(Young, 2013), 5-HT Jj&—Fl B A p 2838 0T, XK
MYEZ, S0 S-HT 20 M A 2247 F i+ 4%
¥, AR 20 224 L SORH O 4 AT A X8, LS A1
Vi B8R . WS FITTAI (McQuade & Sharp,
2002). S5-HT RS 5RATHENG . 38R (Monti,
2011), B2 5901 W %5 | A e i L T (Linthorst
& Reul, 2008; Wankhar et al., 2020), 7EH 55 i85
JET, 5-HT 78 RUAT I BT LAVS /D AT AN 22
& (Sherin & Nemeroff, 2011), ™5 %117 7 5 ] £
T3 S-HT RGN B R0E, RS F305-HT
[ #E (Kaehler et al., 2000), HEERA L . 5%
#OEBNAE DR EER M (Young, 2013), Y
AT 5-HT 5@ mMefit e R Murss R, 1EHLH]
AN

FEF Sl AR AR B 453 o7 s R HEA T A, i
HORHPIEREOTE, RO BN O, an
RELECRBIRFRER . (TCHE M)A # M4, i
A BRSO ARG A RO R, AR aE .
i . KR N %% (Stam, 2007; Torok et al., 2019), H
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HI& A WF 5T R et L ik 2h A5 78 v o 350 8 R0 0] v
R PRESTR  F) 5 E FARR SS ) (] P 520 e e R ) EL
FIAFE L MR S50 TG S, A PR M
I AR 2 R ROME, VR IR R, B, FRsk
AR R B THAE o AR iz 3 (startle reflex)j&
AT AP A5 R PRI B A B AR S S, SR A
[T NS R EY ST i e o A = S e
AT AR, RS TR R A 2
M S TENEFL I I AR A, ROV R B AR X AR
FE, AT A B Y S e A, Iy
DRI ER R, R A2 S e e e R R )RS % R
fE#r(Lang et al., 1990), & H T Al ARAFFE Rl R
AT

ABIFFE K S-HT 2675 I 3 A i) 45 25 1o e
PR S B R S AR T, 3T SE 5 = e A a7 i A
155 I IO 18 A S ) A 8 (Dong & Li, 2014), i i il
oI S S B S R i KT, SR A 2R ¥R Ak
fiff (tryptophan hydroxylase, Tph)3k K i Je /)N fL % 2%
AN[E] 5-HT 7K1 47 5 18 Y v e B A 52 . Tph
N ORI 5RO/ R AL, b
Tphl 1 Tph2 BRI, P2 RGP DL Tph2
g F (Walther et al., 2003). Tph2 %E[K 5¢ 4 il
(Tph2-/-) 9 /N BRI N 5-HT & B 2> 29 95%
(Gutknecht et al., 2012; Liu et al., 2011), k5 KT,
RO 22 . 24 BRI (Tph2+/-)/NERIG N 5-HT &%,
I/ 2 20%~25% (Liu et al., 2011), %A B & A0 fik
BRI, PHth, ABF5R AR Tph2 JE Ak
ANER, 5 B AR AN BRUORE L, R 4 B 3 (R
5 2 IO TR0 AR A L LR A 45 A O RS fL o 17 3
PRI O 3, %8 5-HT FEARXT A 45 0 5 | e 1
TR AR AR R AR, (RIS S I e
E5,

2SRRI

21 Iz

S0 SR FH R AR RN BRI Tph2 JE B i 4 &
RI(Tph2+/—)/NR AL 136 H, Ho Al 7 A= R /N L 26
HMEPERF A RN 35 K, B Tph2+/—/NEL 40
H, MidE Tph2+/~/hEl 35 B, A RI/NRCE
C57/BL6J HI/N L, Tph2+/—/) B it 1% 35 5 7] Ky
C57/BL6J, WAL KA gmshyyr .ol A, W AR
R 23~26 g, 10 AW, WA JSTEH ERME B0 3
R LR G T EE . DMREAE 21 X,
PEAT LR S, SR AR A S R Y 43 G i) 5%, B

2~5 Ho SEERPTE G RN T(8:00 2 20:00), #RE
21~24 °C, JRJE 40%~60% . L5  [al A5 sh 9 F i
HEEMYOK, DTS — kR, ER R TT
AR, SCEE U /INEREEA TN, SEELAEHRAE, B
WS arph, BR—IR, BEEIAT 7 K, S S
I N AR TR SRR ERT A (L s Ak
), IF B ERE RO IR TR I 51 4
¥iid st .
22 LBEXRRESHA

T /0N BRU7E 38 I S 56 N D3 44 — S8 I i AT W
B R BB, AR — IR, R B — ik
VR sl 3 o 3 P 35 A i 2 19 17, B A
HEATGETE . AR S AR SR L AR, T
A/NRIEAT A BENLT- 4, AR s fe Wi R s
FESZ AR DAL B, 53 50 S O A (B 2H) . R
A S U (RO ) o i H o B (R ) o
Horr, P A= RUME A H 8 L, Kilkdl 9 H, il
H 9 H; Tph2+/-MeR R4 13 H, K 13 A,
Mgl 14 2, B4R AU R 12 H, KA 12
H, Mgl 11 2 Tph2+/—E R dldl 12 2, K
M2 H, i 11 o BT/ RTERE 2 K
Jof YR 37 B0 R B O B B Yy, SEPRA A B o
BT 08 R BN P S ey - RREVERT AR 9 L,
Pk Tph2+/-#1 10 H, MEPEEFAERL 8 H, Mtk Tph2+/-
A6 Ho FENIUGE AR 2L, XA s ikt 2
UMW v s S, 3 B s 1 K. 2 K.
10 K (18 K, 5 ERAN[R) 0L #0175 & 0 T S At MR IS S5
JEAR bR
23 EREBETEFZE

MR i 40 2L DNA, R LIP3
1 51 ¥ 317 R A W 5% =X 2 N (polymerase chain
reaction, PCR)P 14 . 5'-GGGCATCTCAGGACGT-
AGTAG; 5'-GGGCCTGCCGATAGTAA CAC; 5'-
GCAGCCAGTAGACGTCTCTTAC; 2 )5 AR 4 &t I
FL DK AR 25 R T 7 /) B R PRI AR
24 REFE

TR (P i 2 ) /N B, % A% 2 AR AR 3% R) A9 52
g, fESEFREMPU/ N & 10 735,
EE B

T Tl 7% 58 B R )/ B, WO A T A
AT FFRLZSAl(2 m x 1 m x 1 m), SEHA G 7655
MW, A A T B /N T 20 om DUIST BIRE/N BR
R 382 0] POz B PO E B, ORE G T R o K T i
PRI 3 o BB 4/ N Bz B I L T, RAIA
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Ja SEMA BRI (PRI 2.2)0 5 20505 B /N,
[l 3] ] F5 1]

LS FL o I S (R e ) N B B H A
(30 cm x 30 cm x 27 cm, KM LR K RA FRA
A]), 3 SRR EEERZ — R R, MR
1.5 mA, FpgesFb, sz sk, kg 60~120s,
e —wH e, ARG TIER 1 a8, ZJE
Ml 57 & HL AR R 5%l TE I -
2.5 Wy 5E AR Bz gt

W5 S5 R Jiz S5 38 323 Wy 9 158 S 9 &2 Gt (San Diego
Instruments 2~ 7)) 7 . ARFR G HCH /N, L
Ad Be /N B EE &L S S AR S AR, R
LN ISR 65 dB MRS R IR4E
W dEARER S M 8E, 457 90 dB. 100 dB.
110 dB, F§2E 50 ms (1 1M 3003845 10 Uk, J3n
JEBEDL, HIBLERE 10~50 s BEDL. it/ B E &
JE R B o 3 B A IR, 10 s/ IN BRUFE 7S B O B i
200 ms A H 4505 1000 ms (9 FE S48k, REER
SRR 1000 R A5 R, B /INE, el #) E SR 7,
FH 5%iP9H 1 T sh P [ € & .
26 Zitoh

fdi I R 1.70 F1 RStudio 1.3.959 #4474k Hi 4b
B, BT Z28UNEAE 90 dB MR T A H I
AR R R N, B 90 dB A T IR S
SN AGET 3 A, MR T 100 dB A1 110 dB
5 R Bt S S R SR % e e AR e /) BRLP
e R S S B A R A T = R TR A 7 25 i (3
D] 61 < 7 38 A A8 ) g i i), 3000 s i) Ay A I
), JFdEAT 5 5 4G 50 A fil B0 3% 7 43 #r (34 R
TukeyHSD K 1F), DA p<0.05 Jy25 5% W #FHhnifl, If
ARV HE 1 95% ELAE IX ] .

3 4%

31 &R EREBX/NNRWRIRERIF R HELKTE

B 2 i

I ORI XT BT AT B AT T W B R S S A
PR LR R (R A R B Tph2-+/—)Xf W 5 5t
ST BE RS20 . ZH R J7 22 3 A A5 R o, PR &
N B (F(1, 119) = 18.6, p< 0.001, n* = 0.135, &
1), HEVE 4 0 T S S R AE 3 R T MEYE S,
95% CI = [36.5, 99.5], DA FHONA B.E, PER
IR R BAE AN B3 . ARG SE LR 25 2R,
EARTEE S . AR SEP RL /N BREA TEfl 40 2, S
A2 AN [R) A 0 7 0

300 ok

mEigazeii]
W Tph2 +/—
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piides PR
B PR PR /N BT B R R 2 S e L A 2 i)
o IRZEL NIRIEIR(SEM). & ALB1%L: T4/, n=26;
P Tph2 +/—, n = 37; MEMETFAERL n = 31; #ifk Tph2 +/—, n =
29, Mtk /N BRURIR R T SRR AE 0 2 = T /N BR, *#* p < 0.001,
[ — 1 AN ) 3 1 764 /) B 22 T S i 43 SR 4k A1 T8 2 31

3.2 Tph2 EFE X5/ B A # 5 I 55 TR AE B St

B 2 i

FE P50 R S5z I 3 4 1B X N [R) 35 PR B /N BREE A 7
AR, T T R BRI . R
7 8 R TG AR A, JEE 1R 2 K, 10K, 18 K
JE AT 4 R SRR SR . DA ) S
DA, I ST R PR R R 2 () AR i, 43 i)
AN T 590 /0 B AT S MR A AT T T 2540 T o

SESLN RN, I R S /N BT S R
IREAR BEEW(FQ, 57) = 7.17, p = 0.002, n* =
0.09, Kl 2), 75K FRF8 WO o S 35 3 81
TSR R BT CREH 5 HI4H, p = 0.001, 95%
CI=[22.6,109.0]; Hiidl 54, p<0.001, 95%
CI = [53.0, 136.0]); FEF A FR0A B &, FEHE A
R M EER B E, F(Q2, 57) = 3.20, p =
0.048, 1> = 0.043, FF—2F Ay & BN AT o, 22
7 H s I R B PE Tph2 +/—7IN BURH 428 ) 4B Fl K
TN CEH Wi BT i i B v (P o 4 S AR
2, p < 0.001, 95% CI = [63.5, 192.0]; 745K
M, p=0.022, 95% CI = [6.76, 145.0]), ijAS[A] 5
A 32 %) S A AR R /0 BRI 52 S S TG 25
(p > 0.05), AS[w] &t i) [A] 450 i 5 35 A8 1k,
F(3.37, 192.34) = 20.4, p< 0.001, n* = 0.18 (& 2).
X IO YRR 1) 87 BB A3 BT ks, FERGIUS 1R 2
K10 K, i EEME Tph2 +/—/N B 15T 5225 iR
E¥ 85 THRGHNE 1K, p = 0.031, 95%
CI = [13.0, 312]; W5 2 K, p < 0.001, 95% CI =
[84.4, 325]; NiJ5 10 K, p=0.002, 95% CI = [68.3,
311]), RFELHMENE Tph2 +/—/INBL 5 45 i 20 76 & A s
() 0 0 b 35 22 5, BPARBU/NER, ANTERIE 1 R,
R T V2 B S U e 3 e TR 4 (p = 0.025,
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500 Fethi 50 K s H
S SRS <R S LB
= 400 —Tph2 +— = 400 —Tph2 +/- =400 f ——Tph2 +/-
& 300 ; & 300 ; & 300 I
& 200 %""’%\\\\\\;\\\\\%’,,,,—i & 200 & 200 —1
£ 100 = 100 £ 100
555,' 1 1 1 1 1 1 jik’ 0 1 1 1 1 1 J :1?'—{’ 0 1 1 1 1 1 J

H 1R 2R 10K 18K L 1R 2K 10K 18K He 1K 2K 10K 18K

P2 /N UL IS ST S T i AR S 5 i B2 Ak
T RELONPREDR(SEM) . 5 FIEC: B AR RIEHIA, n=8, K4, n=9, Bididl, n=9; Tph2 +/—4&H|2H, n= 13, K4, n=10
H, Wi, n=14, EIPpricfim i BOBUS 10 K, AN 1] 36 R B ity e /)N Bl ) frg AR B2 2 B 28 57, * p < 0.05,

95% CI = [22.6, 374]), 1EH & W} [A] 23 K EdH Fd 7
ZH/INER IR RS IR 4 S A e 3 25 7 X
PRI 52 i ) B8 S 800 A4 R, TERLIUE A 10
K, 2R 9 HEYE Tph2 +/—/IN BUSTR B S 8
BEETEEA(p = 0.010, 95% CI = [42.4, 283]),
At S 5] 05 4% A 3 4 22 ) A [] 35 PR AR /) BB I
FIE R 2 (p> 0.05). kg R, Tph2+/—/
FRZE L o O BUR 7R A T HRESE 10 KL AR i Bt
T B R R R 3 RS A e I S R R
T B 52 W 2% BLAE D 3E BOR, AR ZI 52 .
3.3  Tph2 EE x /N B R3S I 52 TR AR & 5

oAt

AN TR F e /N BUFE R S HE B 1) AR s
S TR, /N BU7E Sk i o R R YA
AH S A TR S AR Ak, AN R SE R A8 ] g 22 5%, (2
7 TR B R DRI R R s ] = 2 R A A Y
ZHAEM, F(6.16, 166.39) = 2.62, p = 0.018, n? =
0.027 (& 3). #E— 251 &SR0 AT SR, ZED B
JG 10 K, 332 KECN I BEYE Tph2 +/—/NERUEIR
B R A W = TR AE AL (p = 0.021, 95% CI =
[20.5, 207]); FCABATE] AL, 25 NS A9 AS ] 3 A
RUNRZ M TC 225 . Labgs Ui, stk
EES N e S AR € SRR A SR (VAT O =
RBA H BB 8 4 PR R 5 i B AR A, RN 3K
J& 10 K Tph2 +/—/INEAB5EIR S /Mg E T4 .

4 THE

ABFFE R 5-HT X8 05 B 07 K 14 e e T )
SO, T ah K ORI JES R o P 40 R T B
DLW 58 500N Sz S A Sy e 7K SF- 2 UL A8 bR, R EE T
5-HT 5 il Tph2 3 A ik e /) Bl 5 5 A 8/ (R AE 1
3 LR 5 1 v e P S R AL o 4 SRR B,
T B A R 0N B 0 A0 O B )
MR ER I, RS EETIRA, 18RO AN I,
£ Tph2 KPR Hi /N BRI 05 U AU W] 1Y
alEr iR, JF R 10 KL L, BA—E
TR 02 1k e M e, AR T i PR 5 AR 1) 5 B AR
W /DN B DS S A J3E P Sl AR T e /N R, P A
/N BRAE B 5 7 8IS B AT 22 B ARTTR S A AP 35
3, Mk Tph2 JE BRI /N FTE K HOR 38 N U A
R A 53 A e - TSR B

Xof /N B T S 22 UK W i BT S i N
ZER AR, Tph2+/—/IN B 55 B A2 50 /)N A e 1 R 2k
KB A B 22 5, HRTEN S 290 N
Tph2-+/—/IN R M BE K - FF 2240 T AL RS . X —25
LR, Tph2 JEH SR FEEURKF 5-HT "] g
Z 5 Q0 B m e R A B PR, B S-HT AT
AE B A e o L S R A A . A E SR o,
Tph2 T ARER /N B Ak 22 PRISORE L . SREF I K
TRV A5 2 P U B O v Y B B (Brivio

4 4] 4
500 e o BpLE T 500 R o AR 500 il i
E 400 ——Tph2 +/— 2, 400 :—Tph2 +/— \>3_/ 400 ——Tph2 +/—
£ 300 £ 300 )\i/k\‘\i & 300 i
& 200 % : I “‘*%—-~_.§ & 200 } N T & 200 }
i ! X
& 100 = 100 £ 100
:LPAI' 1 1 1 1 1 J :l'PA-,' 1 1 1 1 1 1 :IE_-:‘ O 1 1 1 1 1 ]
e 1K 2R 10K 18K e 1R 2K 10Kk 18K e 1R 2Kk 10k 18K

P3N BUEE AT s T 5 15T B S i (A8 1
T IR 22 LA PRIELR (SEM) o 45 L0155 B A= BRI R 20, n =12, KR, n=8, Wdid, n=11; Tph2 +/-ME ML, n=12, K&, n=
6, MlitH, n=11, FEHFRICiEm RECREE NG 10 K, AN 2L g /) BT A9 450TR S 50 W 8 25 572, * p < 0,05,
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etal.,, 2018; Lieb et al., 2019; Russo et al., 2019;
Sachs et al., 2015; Weidner et al., 2019), [H]Ef4
WE5E K B Tph2 JE AR FE /N BRU7E 22 B B AT S il i
o 5 A R I 3 25 5 (Mosienko et al., 2014;
Savelieva et al., 2008; Strekalova et al., 2021), Z5&
AWFFE T Tph2+/—/N BUTE RN 74 H B i 7K -5
i FIFRBLR, FeATHEI Tph2 JPd i b o | Y
5-HT AR/K 3222 5 580 U5 AH X 2218 ik 52 it
TR, H N 5 0] A5 5583 I TR 5 | R 1 RIS 2 6
Tph2 S AR7E H S8R0 5-HT Mook, iz
RGN 5-HT A it B b i 8 2 m, AHOCHY
B2 5E 5-HT & MR AR K (Abela
et al., 2020; Gutknecht et al., 2012; Jacobsen et al.,
2012; Liu et al., 2011), b st & EH AXT 5-HT
PR TTCHAT IR IR B, WO Th 88 %Y 5-HT
Moo g i A AT Y 5, 451 ek 28Tk
BEL BT T 9% 57 44 D) B 4FC £2 2 (da Silva Soares et al.,
2019), H AR i 25 38 2 P SE A B IR A A B
F) 750 5 A 5-HT BE5F (Abela et al., 2020; Bernabe
et al., 2020; Sengupta & Holmes, 2019), | if%E H47
7N, R 5-HT RHC in BA Hysmfa k. 2YRS
LR N B ROCR o HE, TEFRATIBESE D, Zead 5k
PR e 5 19 7N B Tph2 — BLAL FARKSE, X 5-HT &5¢
K HTR e b 28 450 1Y DI BE AR 25 e S A A RO,
PRI A5 21 A [) 7 O a8t A% B2 B S 0 v e T
5-HT RGEMAT AR, XF Tph2 &Pk Fa 34 1) iF
FEEB, S-HT RSB S-HT 4 fif o BE [ I
(Mosienko et al., 2014), 5-HT1A Z/KIhREFIF AR
A% (Gutknecht et al., 2012; Jacobsen et al., 2012),
PRI, Tph2 K& PRl it 77 | 7S 1) i 7 380 F R 68 e g Tl T
REAXYE 5-HT SMFERA L, 45 5-HT & 5i-32
TR 2R G2 1 B AR S R A K

ARUFFRAE AR, Metk: Tph2 BEPH Bk fa /) BU7E
SHR 7 TP Y BASR 282 P T B 1 e M R S o X6 o7 3
JE MRS 5 PTSD  HABAEIR K& Jr (i 92 & 3N,
T ML A T At R 1) & A ™ EE P2 B (Coronas
et al., 2011; Greene et al., 2020; Shaikh al arab et al.,
2012), 7oy MR AT GEJE OK 3l PTSD Jig i & Ji 1) G 5 [
E. B—5m, AWk Tph2 I H A S iR
Z M5 PTSD FIHMAREE HUSE R A S | I0yr CRA
F(Cao et al., 2014; Tao et al., 2018; Xu et al., 2016),
FETAMTEEER, AT Tph2 K& P Bk T iE i
ok IR P 7 RS 1 e G R ZS 1S I PTSD sl Ails

SE AR AR, Rl R R AR U R X 5-HT
ARG T AT BEFEAIC PTSD By &A%, HErk#etE
5-F% (00 Ji 7 H5 I il 1] (selective serotonin re-uptake
inhibitors, SSRIs)J&I477 PTSD B E & IR 25, R
BIRARIUN 20%~30%, 155K F T HAL 2RI 25
(Akiki & Abdallah, 2018; Thakur et al., 2021), H
XF SSRIs T 2145 5 491 95 B9 il + o3 A BR
(Sijbrandij et al., 2015), B4ji) i fi] SSRIs BETH [
i PTSD 1 % A= AR Bl ™ B 2 AT 28 5 22 i PRHIE
o FRATAE RSN, TENBUE $0H W] SSRs,
Hha] RS 5-HT, n] GE 2% ik PR 45 38 ol 18 v X
MZERGE 5-HT A2 1A e AR S

BT R ] T R B 58 A IS L o T b
PEHOT 5 KRS R M S N . S5 R R B, R
I SR T B A LR Tph2+4+/—7 )N B 5 IR 52 55 52 g
WA A 22, S 4 2 00 22 5 RU7E BLUS
24 /NS BN GEI W KT, AR Y S L
ERHEYE Tph2+/—/IN BRI SRR S Ak T4 7K F- o
A 07 98 5 R S 2 i 3 W A AR R L Y i
PTSD FEAT N AYIRA, ¥RESEZFh PTSD 47
Hy, H 5L at (A #8 4 — > H (Cohen et al., 2011;
Cohen & Zohar, 2004; Smith et al., 2019; To6rok et al.,
2019), PIRN R ETT 20OM F, RO O ZH0RE O 2
T 98, T R o L P B AR A 3 05 T PR AR
T2 B [ A 2 A B IR T, 5 R A S A
{E—28 2% 5 (Gross & Canteras, 2012), XI5 b i
J5 PR SRR A S AR X A /b, Forh Cohen 5255
FEWER IR, KEECRBRERE 10 /-8haet
SRS —A H i BT s BT (H,
S RLAFTE I 0 AR 22 5, TEREME R B, 4500 e
SR TR Z) b 40%, i K R H A
&, HA%) 16% (Koresh et al., 2016), WA WAL
B, TN L I AT X BT 5 S R (B A B
12 521 (Smith et al., 2019; Zoladz et al., 2019), H &
A FEARARIR S5 A3 (Gonzales et al., 2008), 3117
AOBIFFE R, /)N BT I J 40 LR 3 T B R )
MRS BT, T Tph2 e DAl e i e /) BT H 5 12
WUE B TR 10 KA RN B IS . X Fh
WA RE S i T AT SRR /N BUEA T 0 L
AL, AR 22 57 /NT Cohen 5256 %8 2R Y 35F HAT
KRB, JF H Tph2 J A G451 5 200 5-HT Z2 58 i
L U N2 W S 24 ]

ASBIFTERS LE T R R BF 2R AT Tph2-+/—/)y
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Ji AR SR 00 DY B B 0 R R R U e e RS 609

RZE I3 0L S5 A B S S S i, & SMEE /DN BRUER)
PR SR B LKA T AR /N, HLAE SR N U5
WA IR ARk, ATERN S 10 R KB
P MEE Tph2+/—/NERUA IR T 355 At s gt 7t
MG, XG5 RUL], N R R S S PR
22 T W X NI SO iR R e S
LIl I W AFAE S 5 (Hubbard et al., 2011; Verona
& Kilmer, 2007), {HJ2 XM R BT SO 58
TR, WEE S W 0 BT S S i BE AT M (Voulo &
Parsons, 2017), FATAYZE I /NIRRT L EE
% o WEPESY RIS SO A AT 5 R R A
XK, A BEIE R, NS U] R 0 HETE 30 P 15 s
S FF b TH(Zoladz et al., 2019), FoATT A 45 58 & B,
O /DN BRUFE IO 305 T At B /DN B e B A
WR RStk BTG, X RIAES DI S 4 06 i
PR BN 35 ) R BLAR L (Voulo & Parsons, 2017,
2019). 552 |, otk PTSD SN2 T P (Kessler
et al., 1995; Kilpatrick et al., 2013), 5 HEIRAH MY
o P J A AR LY 5 PR T ™ i (Kobayashi & Mellman,
2012), oI 22 S XH R B 4 52 e S AL ) AT fig
AN FHA PTSD AEAR, H AT 8 oA AT UE o
ABIFFE L5 S o MEPE Tph2 358 PR i 6 /) BRUZE R s
WS 10 RAH LGB A= BN A P B iR B2 T,
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Abstract

Severe stress is one of the major external triggers of emotion-related mental disorders such as
post-traumatic stress disorder (PTSD). Stress-induced sustained hyperarousal state is not only a core symptom
but also a contributor to other symptoms such as sleep disturbance and negative mood. Serotonin, or
5-hydroxytryptamine (5-HT), is a monoamine neurotransmitter that regulates emotional response. In addition,
the 5-HT system is the target for pharmacological treatment such as selective-serotonin re-uptake inhibitors
(SSRIs) for major depressive disorder, PTSD, and other emotional disorders. However, it remains unknown
whether serotonin is involved in the hyperarousal state caused by severe stress, as well as the mechanism by
which genetic polymorphism in serotonin regulation contributes to the vulnerability of stress-related psychiatric
disorders. Tryptophan-hydroxylase-2 (Tph2) is a serotonin synthesizing enzyme that converts tryptophan to
S-hydroxytryptophan in the brain. A genetic deficiency in the expression of Tph2 may lead to a lower level of
serotonin in the brain. The present study focused on the role of serotonin in the development of stress-induced
hyperarousal, investigating the behavioral effect of Tph2 gene-deficiency after severe stress in a mice model.

Mice lacking Tph2 (Tph2—/-) in the brain have a vitally low level of serotonin and a bad health condition,
so we used heterozygous Tph2-deficient mice (Tph2+/—) which have been shown to have a mild low level of
serotonin in the brain. We measured the auditory startle reflex as an indicator of arousal level at different time
points after predator-exposure stress or footshock stress in both male and female Tph2+/— and wild-type mice.
The predator-exposure stress was to exposure a mouse to a cat for 5 minutes with a trained experimenter
protecting the mouse from direct attack from the cat. The footshock stress was to exposure a mouse to a series of
footshock (1.5 mA x 5s x 5, inter-shock interval 60 ~ 120 s) in a shock chamber. Then we measured the auditory
startle reflex at 1-, 2-, 10-, and 18-day post-stress. For each startle test session, a total of 30 white noise stimuli
were presented to the mice in a sound-isolated chamber (90 dB, 100 dB, 110 dB, ten stimuli for each level).

The results showed that the Tph2+/— male mice had a higher level of startle than the non-stressed group at 1,
2, and 10 days after footshock stress, indicating a sustained hyperarousal. However, wild-type male mice only
had an increased startle response on the day after the footshock stress. For mice with predator exposure stress,
both Tph2+/— male mice and wild-type male mice showed an increased startle response on the first day after the
predator stress, but then returned to the same level as the non-stressed mice. We also observed a sex difference
in mice’s startle response that the female mice had a lower level of startle amplitude than that of male mice at
baseline test before stress. In addition, female mice with different genotypes showed minor differences in their
startle response at different time points after both types of stress.

The results of the study indicate that the Tph2 genotype interacts with stress types in the regulation of
long-term hyperarousal after severe stress events. Our results also provide preclinical evidence that individuals
with Tph2 gene deficiency may be more vulnerable to stress-induced hyperarousal and highlight the potential of
targeting the serotonin system for post-traumatic intervention.

Key words hyperarousal, 5-hydroxytryptamine, tryptophan-hydroxylase-2, auditory startle reflex



