NL=2JrD520% - BEDOIY X I7ER
W43 TR L —3 a FIVEFRE

PSSP NEE S Sy S e

ot BA



H X

W58 1
DI\ =2

SdmDED 4
T A 4

FHLITE ANb=7 YU KO RZRIEIY A7 OFEERA & B THIZRO

P D DIDIRER e 7
F1ET kS ce .7
F2H NL=7 VU AERRKICBITS. BETHREORE WS DD

Foi HH <. 11
FIHT NL=7 VLSOO o RN -+ 15

FAT PUO OEMLRIEG & B LTe SV =2 U A RES O B R B

HREHY 27 C e 17
F 5T BE L/ - . .19
F2®  HORET LT v O A Z R 1 — LR - . .20
HLE S )
B2 ARMLARKIET T v hOITEIE X OVEE BDNF ~0 5
- 23
%5 3 resilient 7 > b3 X Ususceptible 7 > ~ DRMPNAE)

a7y A « ¢ 031



N

an

WA VBRI BIT B RN DL E)
FEHT HE

5568 /N

- 34

+ 39

+ 43

FHI3E A=V URKETT v FOTEIR LOMAREY 7 7 7 A L

~DEE

BLHE FES

W2 N =2V UNRIFTT Y NOITEI~D L

B3H NLr=2 U 5Ty OMNREY T 0T 7 AL
FAET NL=Z U EMERORET Yy hOMTP AL =S ) RE
H5HEI B

BeHI /NME

FAT NL=7 ) L SREERMIEEO B REEFREI L A I
INOHEES LD Do - HERDO U A7 HEHIN
1 S
928 AMEEMBIEE D BB RERER S A IS

53 HT BE LM

=aF REIERET VT v O A Z R a1 — LEYT
=

281 =aFUBEERTT VT v O

il

%5

1

® B
=

&

- 44
- 44
- 46

. 48

+ 52
+ 52

- 54

+ 55
+ 55
« 57

* 60

- 61
61
* 63

3HI =aF UBHERET VT v ML ONBEEREEET VT v b



D A X R a— LR Y

FAH —aFUBREEEETT LTy B L OUREEERIEET LT v b

D A N ) 25 -+ - 70

FSHI B .73
FOHET /NME - 76

A i s e e TT
HTEE .. .82
TR H &% - - +83

EERDER Ca

BL1E FEROFE .. .84
ERE S Ok 81
53 EROE .. .93
HaE HROH $97
H5% FROH © - 100

51 F 3CHR C 102



=h
2=}

RN SCIAEH U728 ZE I DWW LA FICic# 1 2,

5-HT, 5-hydroxytryptamine

ADs, Antidepressants

ANOVA, Analysis of variance

ATP, Adenosine triphosphate

BCA, Bicinchoninic acid

BDNF, Brain derived neurotrophic factor

Cl, Confidence interval

CMS, Chronic mild stress

CoA, Coenzyme A

Con, Control

COPD, Chronic obstructive pulmonary disease
CPMG, Carr-Purcell-Meioom-Gill

cum, Cumulative

DSS-d6, Sodium-3-(trimethylsilyl)-1-propane-1,1,2,2,3,3-d 6-sulfonate
EDTA, Ethylenediaminetetraacetic acid
FAERS, FDA adverse event reporting system
FDA, Food and Drug Administration

FID, Free induction decay

GABA, y-aminobutyric acid

GAD, Glutamate decarboxylase



GC/MS, Gas chromatography/mass spectrometry
H3PO4, Phospholic acid

HCIO4, Perchloric acid

HPLC, High performance liquid chromatography
HR-MAS, High resolution-magic angle spinning
ICH, International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use

IROR, Integrated reporting odds ratio

LOD, Limit of detection

LOQ, Limit of quantification

MDD, Major depressive disorder

MedDRA/J, Medical Dictionary for Regulatory Activities/Japan
MRNA, Messenger ribonucleic acid

MW, Molecular weight

n.s., Not significant

NAA, N-Acetylaspartate

NaH2PO4, Sodium dihydrogen phosphate

Nic, Nicotine

NMR, Nuclear magnetic resonance

PC, Phosphocholine

PCA, Principal component analysis

PLS-DA, Partial least square-discriminant analysis
PMSF, Phenylmethylsulfonyl fluoride

PS, Propensity score



PT, Preferred term

Res, Resilient

RIPA, Radioimmunoprecipitation assay
ROR, Reporting odds ratio

r'TR, Reverse translational research

Sal, Saline

SD, Standard deviation

SDS, Sodium dodecyl sulfate

SEM, Standard error of the mean

SMQ, Standardised MedDRA Queries
SNRI, Serotonin-norepinephrine reuptake inhibitors
SRE, Suicide-related event

SSRI, Selective serotonin reuptake inhibitors
Str, Stress

Sus, Susceptible

TrkB, Tropomyosin-related kinase B

VAR, Varenicline

VIP, Variable importance in projection

WHO, World health organization
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12, BRBMEFRIEEL 27 MERODH, EOBLRE CzeekV ZFIH L7zt >
T —HAATC LV BRETT A2 & & L2(BE 2 fi), 7o, IRASCEICRERH SN
TWDE DI, N =7 U AN KBRS B BERRIEE Y X7 & BT
DIETEER & 72 018D DO 3Hi), £ LT, Nb=2 U AEAPEF L HL 5 S
SEAE FERI O BB EGRE Y X7 245 2 LT, NL=27 U SfERE
BlOARRBERFZY A7 N ENEEEWrERET S Z & & L (G 4 i),
LR3I OOHEMEEKT H7-ODFIAEZ LLTIC@EEIC/R L= (Figure 1), £
. CzeekV b AL =7 U AEAES]I L OHL O SFEERFEFI 2 & 7 o m—
FL7, WIS, #vrm— K LUEfZ Ml L - TR L, MhlZ L IZH
% B S 5 E 1] (case) & FEHR EEES (control) (2431 ) 7=, case & control D 5t
iz D 2, A 272X D, case #EL control BED Lxf 1~ TF o 7 EHE
i Lz, ~ T 7 SHITIERE VT, BaBoHRBEERERSR Y 27 OFFHf
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Phase 1: data collection
and cleaning

Step 1: Collection of all cases treated with varenicline or antidepressants from all cases in CzeekV

}

| Step 2: Exclusion of cases using 2 or more antidepressants ‘

|

‘ Step 3: Extraction of cases with no missing values ‘

Phase 2: stratification by gender

and division with or without SRE

Phase 3: to match
background factor
between 2 groups

Phase 4: to integrate
gender-stratified data

male

Step 4-male:
male

Step 4:
Stratification by
gender

female

Step 4-female:
female

Were SRE Were SRE
? ?
Yes reported? No Yes reported? No
SRE reported Control group SRE reported Control group
group (SRE+) (SRE-) group (SRE+) (SRE-)

Step 5-male: matching of the 2 groups
after the PS estimation

Step 5-female: matching of the 2 groups

after the PS estimation ‘

Step 6: Integration of stratified data
employing the Mantel-Haenszel method

Phase 5: the risk
assessment of SRE by
concomitant drug using
ROR*

Figure 1. Flowchart for Reporting Odds Ratio calculations

Step 7-male: Evaluation of
increases in the risk of SRE by
concomitant antidepressants or

varenicline using ROR"

Table 1-male, Table 3-male

Step 7-integration: Evaluation of
increases in the risk of SRE by
concomitant antidepressants or

varenicline using iROR"™
Table 2, Table 4

Step 7-female: Evaluation of
increases in the risk of SRE by
concomitant antidepressants or

varcnicline using ROR”
Table |-female, Table 3-female

SRE, suicide-related event; PS, propensity score; ROR, reporting odds ratio; iROR,
integrated reporting odds ratio.
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AREITIE, NL=2 U UAERIEFICBW T ST et ) 2o 5 6|
EDOFL D SEDUM DI b BRBEEFRIEEY X7 2K T D02V Tild
T L7,

Table 1 {Zi%, NL =7V RO S8t 5 SO B 2B
LFBY R 7 BB LN Uiz, BYETIE, S =2 U UAER TS 0050
5 AP L7254 (All antidepressants in Table 1), 4 72bbH, ASL=271
T 9 DR DFIE L 7235 FEBEBERIREBLY A 713 2.02 f5E< 72 o
2o PLOOEOFHRNCAD &, IAXVFE LU OO CITHABIEERRERY
27 B HE<(ROR=733), 7 MU 7FF U ooiaxtF Ot Tldk
b HAABHFEREH Y 27 BME»-72(ROR = 1.05), ZiEicBWCid, Nb=
7 U ALHFINT 9 OFRNBIIE L7 5E. BB ERREEL Y X 713 2.09 56 <
oty PO OFOMFEBERNC R THL L, BELFRME, IAFFECDOHFHT

THRBEFRSREH Y 27 BNELS(ROR=6.62), 7I RN TF VU077
LRI D BRBIEEREHLY X7 ME o T (ENE I, ROR=
0.50,0.00), 7=72L. A X7 7 I VOPFMIEFIIIFEFIZDETH D720, IEMER
U A7 FHIETE TR, £z, AT CRZEEROMEN L 720, A
E 7K HE(0 = 0.05)IZ Bonferroni fi1IEZ T T 5, D72, 5 _FOET (A
YR AELRLT LK RoTED, WTHoPL o D3ITHB VT ROR OfFHIA R
PEITRO bR o T,
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Table 1. Influence of concomitantly administered antidepressants on the risk of
suicide-related event in varenicline-treated cases

Table 1-male.

Number of varenicline-treated cases

with antidepressant ~ without antidepressant

SRE + SRE - SRE + SRE - ROR ROR 95%CI P value
All antidepressants 58 30 601 629 202 1.28-319 0.002*
Mirtazapine 7 1 601 629 733 0.90-59.73 0.063
Citalopram 12 2 601 629 6.28 1.40-28.18 0.016
Bupropion 9 4 601 629 235 0.72-7.69 0.157
Duloxetine 6 3 601 629 209 0.52-841 0.299
Fluoxetine 5 3 601 629 174 0.42-7.33 0.450
Venlafaxine 5 3 601 629 174 0.42-7.33 0.450
Sertraline 9 6 601 629 157 056-4.44  0.395
Amitriptyline 2 2 601 629 105 0.15-745 0.961
Paroxetine 3 3 601 629 105 0.21-521  0.952

SRE, suicide-related event; ROR, reporting odds ratio; Cl, confidence interval.
* significantly different after Bonferroni’s correction for multiple comparisons.

Significance level (Bonferroni’s correction) = 0.05 / 10 = 0.005.
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Table 1-female.

Number of varenicline treated cases

with antidepressant

without antidepressant

SRE + SRE - SRE + SRE - ROR ROR 95%ClI P value
All antidepressants 163 86 746 823 209 158-2.76 <0.001*
Mirtazapine 6 1 746 823 6.62 0.80-55.11 0.080
Sertraline 19 6 746 823 349 1.39-8.79 0.008
Duloxetine 21 7 746 823 331 140-7.83 0.006
Bupropion 15 6 746 823 276 1.06-7.15 0.037
Fluoxetine 27 14 746 823 213  1.11-4.09 0.023
Venlafaxine 25 13 746 823 212 1.08-4.18 0.030
Trazodone 6 4 746 823 165 0.47-5.89 0.439
Citalopram 12 13 746 823 1.02 046-2.25 0.961
Amitriptyline 5 11 746 823 050 0.17-145 0.201
Paroxetine 21 0 746 823 Inf 5.71 - Inf -
Nortriptyline 3 0 746 823 Inf 0.45 - Inf -
Amoxapine 1 0 746 823 Inf 0.03 -Inf -
Clomipramine 1 0 746 823 Inf 0.03 -Inf -
Trimipramine 1 0 746 823 Inf 0.03 -Inf -
Lofepramine 1 0 746 823 Inf 0.03 -Inf -
Imipramine 0 1 746 823 0.00 0.00 - Inf -

Inf, infinite; SRE, suicide-related event; ROR, reporting odds ratio; CI, confidence

interval. * significantly different after Bonferroni’s correction for multiple comparisons.

Significance level (Bonferroni’s correction) = 0.05 / 10 = 0.005.
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Table 2 121X, ROR DO MA i (Breslow-Day test) D 5 & . Mantel-Haenszel
test (2 X W BHH SN 7-# A ROR (iIROR) % 71~ L7, Breslow-Day test OfER., H1
[#1C ROR OXJEMENTRD R T ) DT 2 T T hDHhTh -7
(y*-value = 5.01, P = 0.025), EHLIFDHLH 23D ROR 1L, B CTHE MM
b b= 72 8, Mantel-Haenszel test % IV T ROR Z##t4 L, iROR ZH L
s

NL=7 U AT D DI MBIIE L7254 (All antidepressants in Table 2).,
FAXBIE SRR Y 2 713 2.07 5@ < e o7z, HUO OB BV T,
PEp e T Ha L Rk, IAZ PO RS BRBEEFROREER Y 2
7 & ®7-(IROR = 6.98), —J7. iIROR NEHAIRETH - 7= 8 FEHDHL H HED
FCHE—, IROR 23 1LO Riiii CH TP DRIFIT I RV 7 F Vo ThHo7
(iROR = 0.59),

Table 2. Uniformity test of ROR and calculation of iROR in varenicline-treated cases

Breslow-Day Test Mantel-Haenszel Test
(uniformity test) (integration of sex)
y?-value df P value iROR iROR95%CI P value

All antidepressants 0.015 1.00 0.904 2.07 1.63-2.63 < 0.001*
Mirtazapine 0.004 1.00 0.947 6.98 1.57 - 30.99 0.007
Duloxetine 0.304 1.00 0.581 2.94 1.41-6.10 0.004*
Bupropion 0.042 1.00 0.838 2.59 1.24-5.45 0.015
Sertraline 1.296 1.00 0.255 2.52 1.26 - 5.02 0.009
Fluoxetine 0.061 1.00 0.805 2.06 1.14-3.73 0.022
Venlafaxine 0.059 1.00 0.809 2.05 1.11-3.78 0.028
Trazodone 0.194 1.00 0.660 1.39 0.51-3.76 0.518
Amitriptyline 0.427 1.00 0.513 0.59 0.23-1.50 0.360
Citalopram 5.010 1.00 0.025% # # -

df, degree of freedom; ROR, reporting odds ratio; iROR, integrated reporting odds ratio; ClI,
confidence interval. 2 non-uniformity. # Value could not be calculated due to the non-uniformity of

ROR. * significantly different after Bonferroni’s correction for multiple comparisons.
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E3HE NL=7 U Lo ofROEE L ORLE M

AETIE, Nv=27 U ORMIEICRBIATHDL L IC, Av=27T
FEMEREE LTA LTV ORMIEREOELEZED 203 H 22OV Tilld
Lok R E R LTz,

Table 3 (Z1E, #H1D DFIC L >THDWEIRIR L TV DIER 2L =7 U A
FUEE & DER L CORUVEFNC T, AN =2 U UPFRRRC ST & E 2R
FROY AP EFRT D0, T7bb, NL=2 U COFHNEIE SRR
BTHD ORI ESELINEREFFET 20T D U R 7 5Fh O
s Lz, BPED 9 SOFRIGHRIER TIX, fEH L TW 255 SFEOMHIZ L 5
TN =7 VoI E Y BRBESREIY A7 N LR T72bb,
ERRBELE LTH L TWD ) DFEOIEIENRE®D & L7 (Table 3-male), 4D 9
OIFIRFIEGNZ BN T, HLO SEOFIHIZ L B3, N =7V COfFHIC &
% 9 DN OHEHENFE O B 117~ (Table 3-female),

Table 4 |Z1%, ROR D¥JEM:4% & (Breslow-Day test) D & & . Mantel-Haenszel
test ICXVEHSINTZIROR Z R LTz, I EUVBLIOTandtF
. Bl QIEHFIED 0 THHHEE D H > 727, Breslow-Day test % 5 T
T IROR DRI TEAahove, THLSOHL D HDHIZEI L Tid, ROR D
BEHERFRO b, IROR ZHHARETH o7, H D ROR fter Lo R, Hi
I OO DL LT, NL=7 VD rOffAIck Y, EIEBRLELTHLT
WD D DIRDHENTRD bl
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Table 3. Influence of concomitantly administered varenicline on the risk of suicide-

related event in antidepressant-treated cases

Table 3-male.

Number of antidepressant treated cases

with varenicline

without varenicline

SRE+ SRE- SRE+ SRE- ROR ROR 95%ClI P value
All antidepressants 56 9 1574 1621 6.37 3.14-1290 <0.001*
Bupropion 8 1 178 185 831 1.03-67.16 0.047
Venlafaxine 5 1 282 286 5.07 0.59-43.68 0.140
Sertraline 8 2 372 378 4.06 0.86-19.27 0.078
Fluoxetine 10 3 236 243 343 0.93-12.62 0.064
Trazodone 1 1 19 19 1.00 0.01-8252 1.000
Mirtazapine 8 0 49 57 Inf 1.86 — Inf -
Duloxetine 6 0 184 190 Inf 1.19 — Inf -
Amitriptyline 1 0 80 81 Inf 0.03 — Inf -
Table 3-female.
Number of antidepressant treated cases
with varenicline  without varenicline
SRE+ SRE- SRE + SRE - ROR  ROR 95%ClI P value
All antidepressants 174 21 2884 3037 8.23 5.53-13.76 <0.001*
Sertraline 24 1 456 479 25.21 3.40-187.13 0.002*
Fluoxetine 32 4 364 392 8.62 3.02 - 24.60 <0.001*
Venlafaxine 28 4 483 507 7.35 2.56 - 21.10 <0.001*
Trazodone 6 1 52 57 6.58 0.77 - 56.47 0.086
Amitriptyline 5 1 86 90 5.23 0.60 - 45.71 0.135
Bupropion 15 5 216 226 3.14 1.12-8.79 0.029
Duloxetine 23 0 383 406 Inf 6.03 — Inf -
Mirtazapine 6 0 60 66 Inf 1.23 - Inf -

Inf, infinite; SRE, suicide-related event; ROR, reporting odds ratio; CI, confidence

interval. * significantly different after Bonferroni’s correction for multiple comparisons.

16



Table 4. Uniformity test of ROR and calculation of iROR in antidepressant-treated
cases

Breslow-Day Test Mantel-Haenszel Test
(uniformity test) (integration of sex)
y?-value df P value iROR iIROR95%CI P value

All antidepressants  0.520 1.00 0471 8.02 5.47 -11.76 <0.001*
Sertraline 2.397 1.00 0.122 10.97 3.21-37.51 <0.001*
Venlafaxine 0.093 1.00 0.761 6.88 2.67-17.74 <0.001*
Fluoxetine 1.210 1.00 0.271 6.34 2.80 - 14.35 <0.001*
Bupropion 0.708 1.00 0.400 4.02 1.60-10.12 0.002*
Trazodone 1.204 1.00 0.273 3.71 0.67 - 20.61 0.172
Amitriptyline 0.189 1.00 0.664 6.29
Mirtazapine # # #
Duloxetine # # #

df, degree of freedom; ROR, reporting odds ratio; iROR, integrated reporting odds ratio; ClI,
confidence interval. @ non-uniformity. # Calculations were not possible because no case was reported.

* significantly different after Bonferroni’s correction for multiple comparisons.

FAT PO OFMAES & LN =7 U
(e FEGI D B &P FRIEH Y A 7

Figure 2A I21%, B2 EHB LI OEIHFICBWWTHEH SN, NL=27U v EH
9 DFE(All antidepressants) Z }f H L 725EfI @ IROR Z/x L1z, N =271 [
JEBI(ADs - / VAR HIEB) D AR B FRDOFEHY X7 L H1 5 D HAd HAE S
(VAR -/ ADs + JEB) O BAZBESERSORRY 27 13421.00 THDH, Ll
72H 5. ADs -/ VAR +HiER] & VAR -/ ADs + JEFIIHEB O N2 572,
WHEBID U A 7 (ZIEFEIER T & 22N (AE O I3 EEER, A OERIT IO
JRIEHE), %5 3 8 CHEH &7z All antidepressants @ iROR [£8.02 TH Y, 52

D IROR (=207) LV L@V, bbbl d 2FA~D AL =27 U OfFH
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(B 3E)IL. NL=27 Vr~DP I >ROMFHE 28 L bEWY 27 ZRT
MDE D Thole, LU b, WEOHEREY RS XU SR EILR—Th
5T EMB. ZNLOOFHESN O HRBEEFRER Y 27 ZFAFTHLLEX
bhd, £ T, ZNULHHEGNXFRI—RERAN Y7 7 Snic SARGE
L. MWEFID IROR % 1.00 (2K 5 Z & T, ADs-/ VAR HEF| & VAR -/
ADs + fEf® iROR % Lk L7=,

Figure 2B (Z1%, N =27 U > &5 DFOW 7 2 fFH L TWTAESI O B # B
BRI HL Y A7 % 1.00 |[ZFEHE(L L 725 ADs- / VARHER] & VAR- / ADs+IE
Bl IROR ZZE s Lic, OFHEGIO U 2 7 % 1.00 (IZEMELT 5 Z LI X
D, NL=2 U UAERREGIOY A7 1%, B SFMERERO Y AT L L,
41% (0.48/0.12=4) m< 5 Lnbhroi,

A B
Unadjusted Adjusted
ROR ROR

502 1.00 1.00
P 0 _ | L
_ v
s/
P 7
s/ 0.48
s/
201 ,7
J 1.00 1.00 0.12

ADs+ / VAR+ ADs- / VAR+ VAR+ | ADs+ VAR- | ADs+ ADs+ / VAR+ ADs- / VAR+ VAR+ / ADs+

VAR- | ADs+

Figure 2. Unadjusted iROR (A) and adjusted iROR (B) of varenicline and

antidepressants determined by matching in each study

ROR, reporting odds ratio; ADs, antidepressants; VAR, varenicline.
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HHHET B LG

N =7 U UAERTIZ S DIRBRIE L, 50080 DENIEH Sh 2858,
FLOOEEZHMLRWIEE LT, BRMEFZEI) A7 NEED 2 &N
R STz, L LR G, HU9 DA T LI eha. IAVFFEro
DERAR R VA7 BEmW—07T, 7I MV TF IV OB ED U A7 BMEHM
72, Coupland 5i%, $19 DDA L D HEEZE O N — REIZT7T I RV
TV OHEBIMRNZ EERE L TE Y [38] AT TIE I E R 55
ENELNT, LIRS T AL =27 U U ARICRILT 2 9 2 LT
ENDHH) SHEITFHEZ L ICAZRY AV BERRY . T N TF Y COPEFHN
RO RETHDHZENRBS N,

N =2 U AEIER & 5O SFEMEREF OB RITENENRR D, £DT
O, WHOHREEFERIEI Y R 7 A EELK T 5 2 LI TE R o7, Ll
BIRS, Nb=2 U et SEONAEG O B BIEFZ B X7 &1L
LCHMETHZ LI N =2 U A AEFITIE, BT 5 D3EE AR & b
WL, VAR AEEWZ ERH LN ol 5 OWBHITK L, Lo 2¥%
A LEEHEG L LRNGE L TIE A LEFRBEEY A7 3R &S
TS, LLaeans, 90WBEETIE, 2P 2EEMEHLTWTYH,
fEHE I, BV AZIFARBICEN L5 TVWDH[39], Lzin- T,
ARIFHTRERD D BUO DA L7z 5 SWEF(RFEH i LA BICHRY
AT W@V L L AL =7 U A T S HI2Y R 70 A fEmW Tz,
N =7 Y AERPO S ORPCHBRDOREIUCIIFRFIEEZET H 2 LAVRRS
Nico LALZRD G, RFEREROHLTIZ, N =2 U AEHER O B 7% B
FDOY A7 FEREZH LT HZ LILTE TR,
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B2E HORETNT v O A Z R o — ARNT

3
H
b2
=
T

D IR DFEBFHN 3MEANITEL TV D Z LA World Health Organization (2 &
DARRSN TSI, 2 2dmiE, RIR, REORA, IR LPFHDOERT O &
970, BRATERZ R L, 110 DIREECMPEEORTE (“anhedonia™)iX, 9 DD H
BIEIR & U TAZEARHT BTV 5[40], JLIRMECRE R R, BRSO X o 72
stressful life events ~DBRFEN 9 DIFD IV AT 77 7 X —D 1 OThHD & INT
WAH41), Lo L7 5. stressful life event Z %8k L 7= N 9-_TH¥ 5 DJF & RIE
TOOIT TR, AP VRIZHEIGT D2 ETODWRNFHIELRNDABND, A
FLURIZIREE L CTH  ZUS EFRTEIST 572D DOHE )T resilience & R S 41[42].
resilience Z &5 L TV D AT A b L AITXI3 D REENIXIAL (active coping) % 72
E I TW5H[43],

REBET NV EANERT D Z L1T, RED A T =X L0, FiFEOMFER T IR
TOMAE/LOICEHETHD, IDHETNVT Y FOPTH X LR
%7 /L(chronic mild stress model, CMS €7 /L) 7 v M, MG Y M, Rii%
BPE FRIZEEPERN BN & STV [44] 18 M) 72 2 - L A DA LRI, anhedonia
EHIEEITZENMBNTWD[45], LLARN S, CMSET /L7 v h DERK
CERBOER 2 L E LT 52T TR BIEEMENZ & bS5 TV 5 [46].
CMS E7 LV OFHMENMERWVEH T, BHEAIZA FLRAZAMEINTTT v b
T2Y anhedonia 2 29 2D TIERWZDTHD EEZXHNDH[47], EBIEMIZA

h U A ZE ST H anhedonia % 2 X720 7 » M resilient 7 » K. anhedonia
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52957 M susceptible 7 v M EFRS AL, ZAUH DT v i stress resilience
DOHFZEIZFIH STV 5[48,49], 7 v RS A K L AZx%F LT low-response T %
2> high-response T 200 %, ZOITENCKBLE D720, HL O DEDOBHEIFIT
FRBRIC L VIl STV D [50], LEDZ &b, 9 RET LT v R E1E
R DBRICIE, llx DT > b OITEZ ATREZR RV fii 2 5 MDD 5,

W ODDOBFFEIC KAUR, MR IXELIRCRE AR RE 72 1) T2 < | Ryl & B
HLTWS &SN TWD[51-53], & HIT, M ORIECHEREIZ A b L A~DEZ
PERENZ ERWES TS [54,55], @MEAZR A b L ADARTIE, B
VT, neurons survival X synaptic plasticity (Z[E54> % brain-derived neurotrophic factor
(BDNF) &8 S5 Z EME BTV 5H[56], £7-. BDNF OHEE NS 2359
ONEM 2T 2 L RR[57], W< D DHL D DHDENIRIZ BDNF BN ETH D Z &
bl STV 5[58], EAERINTIE TIX, 85 O BDNF RN (LG DOHLH >
EHO~v—H—L LTSN TS [59,60],

A 2R — M &, BRI TG 2 ORI S 2 L b
L ERD T ) DMEROEATRER TS 52 & TH D, A X R0 — LT DOXf
G &7 DML, M Th D720, W CH A A3 5 [18], Figure
BITR LI DT, AZ AR v —LfFTIE, 7 DT 0T A — LT L0 b
THICALE LTV D Z & D FBA (phenotype) & B L <297\ 4 — AfifHT CTdH
%o 2 CHERIL, ANEE A IHRERAICEHII R EE T 5 | High Resolution-Magic
Angle Spinning (HR-MAS) *H NMR spectroscopy % F 7= A & 78 v — AT % 51
L. 20OWtRIRED 7 v MK ORE#H T 0 7 7 A VAT 52 L & LT
[61,62].

bRz Enn, %2 ETiL, anhedonia OFHEFERE TH 5 sucrose preference

IZEESWT, CMS £5 V7 » k% resilient 7 » b & susceptible 7~ MZ4%EL
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(56 2 8h), MBSO A Z R — AT 2 FZE+ 52 LIk, ZhbeT7y bo
MNRE 7" 7 7 7 A L OEW(E 3 Hi). I8 LT resilient & susceptible % [X 3]
AR NA A~ — 1 —(5 4 Hi)IZOWTHHAT S Z & T, stress susceptibility (&

% U stress resilience) 23N A 2 7R 1 — AT M S 30D BT L T2,

env1ronments
substrates
metabolites @

genomics proteomics

metabolomics

Figure 3. The position of metabolomics in -omics
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H2H APNLARKITTT v FOITEIB LW
1 BDNF ~0 %8

AT, BRI A NV RAARIZE D CMS BT VT v FOER, B8LOY
sucrose preference (2353 /- resilient 7+ I~ & susceptible 7 > F DEEHI, S 512
. 2B Ty FOWFIZIIT 5 BDNF OZE)IE L CRisl L7z,

A2 RV AAMETIO T v FOHIZIX, HTehb A NV AAMBEDO X D R1TEE
A7 M ZIX, sucrose preference 23 FZERBHAARTH HEEITARWN T » RV |
ZDEI7%T v MIA ML AARIIH L TR D VAR A% R A[REER &
HZ EMNBH[63]. £, A B L A AW ATOEE S (pre-experiment) T, A F L XA &2 H
fird4 % 7 » b (stress group) & Efif L7237 » k(control group) DI TEN 2345 L < 72 5
X 91z, Bw 72178 (sucrose preference < 80.0%) %k L7277 v b & FEBRN SR L
Too BRANESNAR2No72F » BiE. stressgroup Tl 21 PEH 18 PT. control group C
(X 18 ILH 14 [EThoTo, A MLV AZAMINIZT v bD D DOWERIREEIZ 72 >
T2 ERERR I 5 72 91Z, sucrose preference test (2%, body weight DHIE R LY
HRATEN AR ZE % 774l C = % open field test (crossing, rearing, defecation, and
grooming) % 5&fifi L 7= (42 6 TH H, P 88 &#),

Pre-experiment & 4 B D A & L 2 A% OFTENFEAN O R 4 Figure 4 127 L
72, Two-tailed student’s t-test & 3Zfifi L 725 5.  Pre-experiment CiX, 6 DD
TH A4~ TIZB VT, control group & stress group [ CTH B Z2EWITRD ST,
2 BEOATENDNE L2 & 2 a8 C & 7= (Figure 4A-4F),

TP R LA body weight <° sucrose preference (25228 % 5. 2 T2 &R~

%7212, two-way repeated measures ANOVA z 550 L7, ZDRER. 12X h L
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A [F120) = 3668.5, P < 0.01]%° A ~ L A A faf Hif#][Fa,120) = 634.08, P < 0.01] 3 A &
IZ body weight |22 % 5.2 TWAH Z R bho72, IHTIE, BEA LR E
A N LA AR & ORNCHEHFIIRR BAER A8 572 [Faizo) = 303.64, P <
0.01]. Sucrose preference {Z DWW T H[AEIFRIZ, 18 kL A [Fai0) = 12.446, P <
0.01]%° A b L 2 Af M [Fuio = 7.171, P < 0.01] A EICHEEZ 5.2 TH V|
FK RN R H R BAER D358 5 V72 [Fa120) = 6.013, P <0.01], Body weight /%
A kv AAMBRIGE % (Day 7)) b A BEICED LT\ b oIz%t L(P < 0.01; Figure
4B). 9 DIFDHEESEIR TdH 5 anhedonia DFEHE & STV 5 sucrose preference
X, A MV RAARERBLTHD 4 % Day 29)ICAEIZIET L7=(P < 0.05;
Figure 4A),

Locomotor activity DFEHECTd % crossing (H F1TE)) & rearing (4f-77:0) 1312 M 2
N ZADAMIZE Y AREICHED Lo (EZE 4 P <0.01, P <0.05; Day 30 in Figure
4C, D), NZDFEIETH % defecation (% A % 7= L (P = 0.064; Figure 4E), 1~
ZDYHH 1 OOFETH D grooming [ZOWTIXABERMNZED L (P <
0.01; Figure 4F), LA EDZ Lt BRI A NV AERIZEY, CMS ET VT

v FOMER ST,

24



>

Sucrose Preference (%)

counts

100

B [o2] (o]
o o o

N
o

o B N W A~ O o N

*
N > > v W4
FUAR P M A
i **
1 I
T
Con Str Con Str
pre-experiment Day 30
] T
Con Str Con Str
pre-experiment Day 30

gram

counts

seconds

370 -
350 -
330 -
310 -
290 -
270 1

250

**
**

**
**

35 1
30 1
25 1
20 -
15

v v
o g

70
60 -
50
40 -
30 -
20 -
10

Con

pre-experiment

Str Con Str

Day 30

**

Con

pre-experiment

]
Con Str

Day 30

Str

Figure 4. Influence of stress load on rats’ behaviors and actions

Following two-way repeated measures ANOVA on sucrose preference (A) and body
weight (B), the two-tailed student’s t-test was performed for each time point. Regarding
crossing (C), rearing (D), defecation (E), and grooming (F), the two-tailed student’s t-test
was performed for the pre-experiment period and Day 30. All data are presented as mean
+ SEM. *: P < 0.05, **: P <0.01. Con: Control Group (n = 14); Str: Stressed Group (n =

18).



Pre-experiment 7> & 1 JA[H 3 X IZHIE L 7= sucrose preference 4547 % Figure 5
W L7,

White circle T/r S 4172, control group @457 ~ k@ sucrose preference 1%, —f
DTy MZEWTIIRD BB N b DD, KESTDT v MIBWTIX 4
MICEVIZEAEE L oTz, 7 L—8 LUTRDOINEIT/RI N stress
group (. pre-experiment MDKF A TliL, 80.0%2>5 100.0% DI04 LT iz, L
LR, AL RAARITIGE U T, stress group D7 M, #RIEFAYIC sucrose
preference 23ME 9% 7 » K (blackcircle) &, =<K T L7227 » h(gray circle)iZ
BT oy i,

ABFFE I, BESRO SCHRIZHEV[49]. stress group (n = 18, gray and black circle,
Figure5)®™> 7~ ~® 5 5 Day29 (Z331F % sucrose preference 73 65.0% 4w T & -
727 v b % susceptible group (n = 8, black circle){Z, %% Y & stress group 7 v~ ~ @D
9 5. sucrose preference MZ2{LAY 10% A CTdh > 727 »~ k% resilientgroup (n=9,
gray circle)iZZ3¥E L 7=, 728, stressgroup D 1 LD 7 ~ k(black box)ix. pre-
experiment (Z331) % sucrose preference 1% 89.7% CT& ¥ . Day 29 OFf i Tld 74.0%
T& - 7= (Figure 5; excluded), = ™ » hi&, sucrose preference DZ2AL 7% 15.7% T
HoloZ &, BIW, Day 29 (28T % sucrose preference 7% 65.0%LL - Toh > 7-
Z M5, resilientgroup 12 % susceptiblegroup IZH B X2V, FDD, ZDT

> MILABED FEER) S ERA LT,
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Figure 5. Timeline changes in the sucrose preference of individual rats

The white circle indicates Control rats, and either grey or black circles indicate rats in the
Stressed Group. The grey and black circles represent resilient rats and susceptible rats,
respectively. One rat in the Stressed Group whose sucrose preference was 74.0% on Day
29 was excluded from the experiments.

Stress group % resilient group & susceptible group (273 1F 7244, control, resilient,
susceptible group @ 3 £ T DOATENRHI ORGSR D Helg % Figure 6 12773,

Two-way repeated measures ANOVA % body weight (ZDOWTEi L7z & 2 A
(Figure 6A). body weight &iﬁi‘lﬂaﬁg[ﬁzm =1737.33,P<0.01] & 2 b L A A fw
[M[F@112) = 62291, P < 0.01]0 B A EICZITTEBY ., 2 b 2 BEXIM THEH
FHIAZ HAEADFRD 57z [Feaz) = 141.68, P < 0.01],

One-way ANOVA % i L 7= #5255, Pre-experiment (235 T, control, resilient,
susceptible group @ 3 #£® crossing [F,2s = 0.12, P = 0.89], rearing [F(2,28) = 0.50, P =
0.61], defecation [F(228) = 0.42, P = 0.66], grooming [F(2s = 0.56, P = 0.58]i%, W7
NOEHIZBWT HAEREWVITIRD 7)o 7= (Figure 6A-6E), L7>L 720
5. 4EMD A b L AARHFE T #., crossing [Fe.2s) = 16.16, P < 0.01], rearing [F.2s)
= 4.21, P < 0.05], grooming [F.2s = 12.09, P < 0.01]i% 3 BEE TAHEICE 2> T
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c,— i C.rearing IZBH L Tl 3BT AR 72 ZIT58D BV hr o 72 [F28 = 1.39,
P=027].

WIZ, 4B DA LA AW T O crossing, rearing, defecation, grooming (2
DT, Tukey-Kramer method % F\W /- S E bl 2 5EhE L 7=, £ D5, resilient
group & susceptible group @ crossing 1%, control group & bb#E LA EIZED LT2(%
FUZ 4L, test statistic = 4.67, P < 0.01 and test statistic = 4.77, P < 0.01 in Figure 6B),
Rearing (2B L CiZ, susceptible group IZ control group & kbl LA EIZHD LT
(test statistic = 2.85, P < 0.05 in Figure 6C), Defecation (% 3 #E[H] CTH B /2 E W IR
W BV 7 (Figure 6D), Resilient group & susceptible group @ grooming %
control group & bbi LA EIZHEIN L 7= (F4LE 41, test statistic = 4.32, P < 0.01 and
test statistic = 3.81, P <0.01 in Figure 6E),
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Figure 6. Changes in behaviors related to sensitivity to stress

White circles represent the Control Group, grey circles represent the Resilient Group, and
black circles represent the Susceptible Group. Following two-way repeated measures
ANOVA on body weight (A), a multiple comparison was conducted for each time point
using Tukey-Kramer method. Regarding crossing (B), rearing (C), defecation (D), and
grooming (E), one-way ANOVA was performed for the pre-experiment period and Day
30, followed by a multiple comparison using Tukey-Kramer method. All data are
presented as mean = SEM. *: P < 0.05 compared to the Control Group, **: P < 0.01
compared to the Control Group. Con: Control Group (n = 14); Res: Resilient Group (n =
9); Sus: Susceptible Group (n = 8).
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A REDOWESS mature BDNF &% Figure 7 {27~ L7z, Control group & stress group
DRI AEAEH  mature BDNF &I%E 4% 41, 4507.6 + 123.0 pg/mg protein (mean +
SEM) & 4722.9 +124.0 pg/mg protein TH V| 2 B CTHERZITE O Lo
72 [tee) =-1.22, P =0.23; Figure7A], stress group % resilientgroup & susceptible group
257 1F . one-way ANOVA % FEfii L TH A ERZEITFR D 617, Tukey-Kramer
method % V- ZE A2 i LT 3 HER CHABEZREWVIIRI T Zeho T
(control = 4507.6 + 123.0 pg/mg protein, resilient = 4725.6 + 200.8 pg/mg protein,

susceptible = 4719.9 + 151.4 pg/mg protein; Figure 7B),
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Figure 7. Comparison of the amount of mature BDNF in the hippocampal tissue

Two-tailed student’s t-test was conducted to compare two groups (A). For comparison
among 3 groups (B), one-way ANOVA was performed followed by a multiple
comparison using Tukey-Kramer method. All data are presented as mean £ SEM. Con:
Control Group (n = 14); Str: Stressed Group (n = 18); Res: Resilient Group (n = 9); Sus:
Susceptible Group (n = 8); BDNF: brain-derived neurotrophic factor.
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55 360 resilient 7 v ~ 35 O susceptible 7 >~ @
NI 7' 0 7 7 A L

Figure 8 {214, control group & stress group DA 7' 1 7 7 A /L & validity
plot (permutation plot)Z7~x L7z, NMR A7 kLD 34 MESMEIZKE L partial
least square discriminant analysis (PLS-DA)% 3 L 7= & Z A, control group (white
circle) & stress group (black circle) D IMNAREHH 7' 1 7 7 A VI ATRE Td > T,
L L2236, 2 FEIIHAMEICHBITE 201 T3, — o7y ho7r 7y
AL, b O —FHORDT 17 7 A Wi Ty = (Figure 8A), control group &
stress group @ PLS-DA &5 /L D& & Pl 4 %9 R2Y cum value & Q? cum
value IXZ 4 E4, 0.679 & 0401 THo7o, —FLDAY U F /L OFE(R?Y cum =
0.679, Q% cum = 0.401) & ki L, Al 9~ T o R?Y value (blue, & 1ME)k LW
Q? value (green, THIME)ZIKA> - 7= (Figure 8B) [64]. 7=, control group &
stress group @ PLS-DA ET /VOZEMHEIZERNZ E3bholz, LnLens,
PLS-DA &7 /LD THIMEIFK D> 72 [65],

Control group & susceptible group DM 7" = — 7 A /L & permutation plot
% Figure 9A & 9B (=N E 4 L7z, Figure 9A X v | control group & susceptible
group ORI 7 1 7 7 A TR EBIRIEE TH - 72, & HIZ, R%Y cum
I% 0.866. Q? cum (X 0.659 T&H ¥ (Figure 9B). control group & stress group @
PLS-DA 7 /L L0 b @EMELE TRIMEIXE -T2,

XIZ. Control group & resilient group @M 7" 1 7 7 A /L & permutation
plot % Figure9C & 9D (22 ZE 7~ L7z, Figure 9C X ¥ | control group & resilient

group DI 7' 1 7 7 A WVITHfEICHICE T, — o7y ko777
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AT, B I —FHD group D7 1T 7 A )UITHIFL TV, Permutation plot (Figure
9D) X VW . R%Ycum E 0.577.Q%*cum (% 0.243 T& v . control group & stress group
@ R%Y cum B LR Q*cum [XZE N E4L, 0.679 & 0.401 TH -7 Z & H>5 control

group & resilient group @ PLS-DA &7 /LD &M & TRV Z & 23boo
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Figure 8. Influence of stress loading on brain metabolite profiles

(A) Partial least squares discriminant analysis score plot: White circles represent the
Control Group and black circles represent the Stressed Group. (B) Permutation plot with
100 iterations: Green circles represent fitness (R2Y cum = 0.679) and blue boxes represent
predictability (Q? cum = 0.401).
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Figure 9. Changes in brain metabolite profiles in relation to sensitivity to stress

(A) Partial least squares discriminant analysis (PLS-DA) score plot: The white circles
represent the Control Group and the black circles represent the Susceptible Group. (B)
Corresponding permutation plot with 100 iterations: Green circles represent fitness (R2Y
cum = 0.866) and blue boxes represent predictability (Q? cum = 0.659). (C) PLS-DA score
plot: White circles represent the Control Group and the grey circles represent the Resilient
Group. (D) Corresponding permutation plot with 100 iterations: The green circles
represent fitness (R2Y cum = 0.577) and the blue boxes represent predictability (Q% cum
=0.243).
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o 4 F AR I 1 2 B M D 2 )

AREITIE, BIEMICZ P L 2ZAR SN T v MERIZRIT 28 MAAGHY
DOEEE | resilient 7~ F 35 L O susceptible 7 v b & X B R[GE/2 /N A A~ — T —
& 72 DA DWW TR LTz,

7w MERD NMR A7 MAhb | 12 FEOMANRBS ZEH0 HTLH 2 L
PNF[REC & o 7= (Figure 10), AHiTIE, IV ¥ ToH 7z 122 BEOHM D 5 b,
two-tailed student’s t-test |2 & ¥ B Hi Z417= Pvalue 73<0.05 T V| 2>, variable
importance in projection (VIP) A =17 @ 95%(E#EH X [H(Cl) FRREA> 1.0 TH o7z
RN & S A A~ — T — DIEdf 7y 1 & A7 L72[66].,

Table 5 {213, stressgroup (23T 2 IMPNIRE DZE) 4 | control group (259 %
FEXHE & L CT/R L7z, Stress group THEICHII L TWRE@IE. N-7&F 1
TANRTEUME P<00)E 72 UE (P=004)D2FETHY . AEICH
DL T, v-7 2/ BSER(GABA; P <0.01) & FEfE (P<0.01), 7 AT
FUE P<00)D3FETH-T-, ZNHSEEORBEMD S H, VIP A7
P 95%CI FIRMEA>1.0 T - 7o AEHIIN-T B F /LT Z37 F iR GABA,
FEfR, 7 ART X UBETH o7, Lo o T, AR TIX, 20 4 FHONHY
23, control group & stress group Z HIBI T D31 A~ — I — R & LT
S,

Figure 11 (2%, control, resilient, susceptible @ 3 B[] To ., 12 FHEA D AN
MOEB 2R LT, FMANAREIZ OV T one-way ANOVA % 320 L 7= 5. N-
TYFNT ARG X U EE[Fos = 46.80, P < 0.01]. 7 %85 ¥ L EE[Fea = 32.11,
P <0.01]. GABA[F(230)=12.84, P < 0.01]. /L4 I L ik[F(230) = 3.96, P < 0.05].
HERE[F(2.30) = 16.63, P < 0.01] D 5 FEFE O NG CTH BN FRD B ivlz, I,
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TS 5 FEFEOHMIC OV T, Tukey-Kramer method % FHV 7= % & Lhii & S
Lz, ZORRN-TEF AT ARG RO HNA S L ADOARIZE D HINL
7272 T/ < | resilient group & susceptible group il CHEIZE R > T (T
TORHERIZOWT, P <0.01), £ 4 FEOFHMITE L TIL, resilient

group & susceptible group [ CHEGH A BEMEILRD B e o 7,
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DSS-d,

Creatine
NAA
Choline
GABA Acetate Lactate
PC
AN
Mvo-inositol
Glutamine
Glutamate
Aspartate ] GABA Alanine
GABA
3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

Figure 10. Representative example of raw HR-MAS 1H NMR CPMG spectra (-0.05 — 4.00 ppm) from rat hippocampal tissue.
CPMG, Carr-Purcell-Meiboom-Gill; NAA, N-acetylaspartate, GABA, y-aminobutyric acid; PC, phosphocholine.
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Table 5. Relative changes in each brain metabolite

Chemical Shift

Changed @

Metabolite (ppm) (fold difference?) P value VIP score VIP score 95%ClI
N-acetylaspartate 2.01, 2.49, 2.68 1 (1.26) <0.01 9.01 7.74-10.27
cABA 190,229,301 L(078% <00l 7,64 5091018
“Phosphocholine  3.21,3.58,416 (L.04) o or 581 0581221
CAcetate 191 L8 <001 a0 253 6.7
Aspartate 268,280,389 (085 <00l 250 169331
lactate 132,410 (Lo1) o 13 - 370 6.42
Glutamine 214,243,377 (0.96) oo 084 - 030197
Myodinosiol 327,352,361 (L02) 03 067 - 029162
Alanine 147,377 (0.93)  om 0% - 0,94 166
Glutamate - 204,212,233 10 004 025 - 0,04 054
Choline - 319,351,405 (102 069 022 - 0,06 0.49
Creatine 303,392 Loo) 0% 005 - 065076

3 Arrows represent an increase or decrease of the metabolite compared to the control group. ® Fold differences were calculated by ratios of
the mean of the integral value of each bucket and are shown in parentheses. GABA, y-aminobutyric acid; VIP, variable importance in

projection; CI, confidence interval.
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Figure 11. Relative changes in brain metabolites in relation to sensitivity to stress
One-way ANOVA was performed for each brain metabolite followed by a multiple comparison using Tukey-Kramer method. All data
represents mean £ SEM. *: P < 0.05, **: P < 0.01. Con, control group (n = 14); Res, resilient group (n = 9); Sus, susceptible group (n = 8).
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KD DR E(MDD) Tld, FEER & LT, PO EK (anhedonia) 2y,
DIER E LT, FAREREORBASHMIEE O T 235D biv5[44], ABT5E
TiE, 4 BEOZX b L AARFICE D | KEDOHED . anhedonia, locomotor activity
DD REDOHMBRBD HND D DRETNT v FEAERT L2 LN TE,
LU o FER ST 5 DIRET VT v FOF X TH anhedonia # 295 0
17 CiE72 <. anhedonia % 23 2 fif {&(susceptible) & & & 720 ME R (resilient) 23 R AE
L T\ 7z, Susceptible 7 > MIRJEDIHRTIZT T <, crossing < rearing @ X
9 72 locomotor activity DAL DN G F2 D H ATz, Resilient 7 > Mk
T crossing OF E 727840 rearing ORUME, N ZOHMARBD Hivle, L
72 73> T, locomotor activity | resilience D HETIE /2 < A N L A~DEZED
~—H—ThdHLEZXLND,

Mature BDNF (MW: 14 kDa)iZ. neurotrophin family (ZJ& 9" 2 Mk K 1 CTH
V. HiBRATH 5 pro-BDNF (MW: 32 kDa)?D N KD A THEAR SN D
[67]. Mature BDNF % tropomyosin-related kinase B (TrkB) Z&KICHEE T 5 Z &
G, neuron survival X°> synaptic plasticity # 28 {t. =+t 5[56,68,69], MDD ™ £ T
TS OZEMHEARD LN TEY . WEOZENICIX BDNF 33532 2 &3
ENTWAH[70,71], L L7235, MDD B DS o BDNF 1 Z43 L & b4
LT TIERWZ ENRBINTEY[72]. —E LT —XiFESE6 T,
~ 7 AR T v k@ BDNF &fs 113, 72 < &b 8 Fii%H D 5 noncoding exons (exon
1-8) & . 1 FE protein coding 3> exon 7 LA S5 [73], leraci HiX, 9 OFRAT
B 2R3~ U A OWER; Tk, BDNF <° total BDNF mRNA DR BT IT 2 ki 72 <

8 FEFE D splice variants @ 9 %, BDNF-7 mMRNA O ARG EIZHAD Lz Z & & H
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WL TWD[74], L7ehi> T, AWHETIER Sz CMS £7 V7 » FOWRE T
I3 BDNF O E 72080 M358 b e v~ 7275, BDNF O splice variants 13281k L
TWDA[REMED B 5,

& HIEEMDILD DR EFFONE S k. 5 DT T VEI & F TR
T DB ATERHME OR R Z T TR MBEIZR TS BDNF OLE) & aHlHELE &
LTS RIS H[75-77], LArL7an b BRI A B L A AR LY {E
FRSITZ D DIFET VT v FOWRETIX, 479 LH BDNF 23 501F Tl
RN & bIRE STV A[78], AWFFE TIERRITEVERZ 22 5 DRET
Ty N EVER L7223, MEBIZH 1T 5 mature BDNF D Z21KIZ, stress group Tl
72 B LT susceptible group (2B W T HaH b Lo 7-, 37215 stress group
(%, V55 mature BDNF =IZIEH THDIZH0 00 6T, 5 DRERITEZ 2L
TWDZ &I D, LIE-> T, AFERR EBEHROCIRE Y . 5 OWET VT
v N OESE TD BDNF OZEENZOWTIE, BIRMIIE L Ftk, —B LT —2 58
BHNTWRWd, WEBIZHIT 5 BDNF OEE N5, 5 DREZFHET 2 =
&L BLO, H2IEEMDOTL D DR AT S Z LIFFLRTITHE LV,

9 OIRET VT v b (stress group) DIMNARE 7 1 7 7 A LIk, control group
i U B2 5 TREMEDS R S L7228, BRSBTS 2 LIXTE R o T,
EFE. PLS-DA E7 VDA MERL TN, BEHROITHER & i L, +53 TIEZR0e
- 72(R?Y cum = 0.679, Q% cum = 0.401) [79,80], LML 5, 9 O/ET /LT v
FDSH, ANV RIZH L, XV EZMED SV (anhedonia #2345, £7213
susceptible) 7 > FNEFEZHWHE, b7y ORI T2 7 7 4 L
(XEREIZHIBIRTRE CH 0 | E A THIME XM B L 7= (R?Y cum = 0.866, Q2 cum =
0.659), —F4 ., A ML RIZx L., K VEZMHEDEK (anhedonia 4 &2 S 720y, E7-

% resilient) 7 v FEETEMWESGS. £00b Ty FOMAREY 72 7 7 A v
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% control group & HIBI95 Z &%, stress group & control group & B35 Z &
kb, RETRDZ Enbhro72(RYY cum = 0.577, Q% cum = 0.243), resilient
group & control group ORI 7' v 7 7 A VAT 5 Z L REETH - 72
Z &, BLU. susceptible group & control group % BAAEIZHIBIT 2 2 & A ATEE
ol Z LT ATERMIORE R L —E LT, L7adio T, N A & 48 1 — Mgty
(X, “9 2”& D?DOHIBIMAIHETH 5 7211 T/ < | stress susceptibility & Al
A[RE T & D AIREME DS RIR S T2,

AW TR S LIZ 9 DIRET VT v F OGN TIZ, N-7BF LT A
INTRUBRE TV I BN L. GABA, FEfR, 7 AT X UmITEA LT
W, ZO S5 FEEORFHDO OB, FNE I UERERGE 4 FEOME N
A A~ —I— MR Th - T,

N-7 B F T AT T RIT, 12 BEONRHHMOP T, KBRS SEHL
(control group & Ebif: L. 1.26 fi5H#400), VIPscore bix b KE Moo= Z &b, “9
D7 L ST ORI B EERREHIY TH L Z LAVRIRE N, N-T 2T
T ARG XN D OIRETNT y NOWE THEMNT 25 2 S FBECHE S
TW5[81], N-TETF LT ANRT XU RII=a—a N TEEEICFELTEY
[82]. T ANRT X UEEN-THFT N T AT 2T =Bk, TARTX R L
T2 F N CoOAMNBLERKIND[83], £7-. 7 EF /L CoA ITHEEE & Mil%E A )

BEAHKISND, N-TBEFAT ZNT X URRITHREEO~——& LTHH
SNTRY . N-TEFAT AN X ROEINT= 2 —v VKO E5A-Z Kk
9%[84,85], L7=hio> T, AWFETIX, TANTF UM N-7TEFNLET AT
=T —EOHETHDLT ANRT X UM LA AEICEY L, AFHTHD N-
TRYFNT ARG RUBPAEITHINL TN Z &b 5 DIRBOMESE Tl

TANRTEUBN-TEFNVRET AT 27 —EBOIEMENE L 2> TEY, HE
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KRN DTS LS N L TN D 2 & AVRIR STz, B 5 S EE OMREE D
BRUTID 2 73[86] . M DAFFEE FEITHK) 30%HEMNT 5 Z EAMmE SN TWD
[87], & H1Zi%. Resilient group DAL D N-7 B F /LT 2T F gl
control group & susceptible group DHE] TH 72 Z L H | N-TEF LT ANT
X 21, control, resilient, susceptible 3 % & BT & 534 A~ —h — {5
R ThH s Z LB RBINT,

GABA [Z7NWVH I VT INAF LT —B(GADNZ LY J V% I VRN A
B b, MWEHIZHWV T, GABA EE)E M 5 1X neurogenesis < neuronal
differentiation (2B 5925 Z & B HE I TV 5[88,89], CMS ET /L7 v kDifg
BTIE 7 NE I BRI L BRI TH 5 GABA 38D L TW e Z &b,
GAD DiEME3#H] = 41[90]. neurogenesis <° neuronal differentiation 2325k L T\
HA[REMEN B D, AT, resilient group 5 L O susceptible group i3, control group
L. GABA DI TR bz A . GABA DHIBMATH 2 7 V2 I Uk
I% susceptible group THOH EFH L CW/=Z L7225, anhedonia & % L7 IRAE T
£V 50 < GAD DIFPEAIIH] S 41T\ D ATREMEAVRIZ S U7,

LEDZ Lot ARBFZECTIER & HL7- depression model animals i #Hi#k <
X, 2 OWBETRDOLNTWD L9 e, MRS neurogenesis, neuronal
differentiation DZEALANEE Z > TV D AIREVED R S A7z, £ 7o, AR 2 v
ToBAN A 2 AR — LA, <D D7 LI D D DHRINTE 57217 TR < | stress
susceptibility |56 TEX D AHREMENH D, S BITIE, AUFZRICE W T, N-T &
FNT ART XML, 12 FEORBY O F T, control, resilient, susceptible @ 3

DO OIREZ GG T & S Me— DY TH 5 ATRENED R S L7z,
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F6H /G

7w MIx L BRI P LA ZAMT 52 EI2X D BRIR TR b DIE
WIZBEBIL72ATE3 2R T O DIRET VT v b AT 52 &R TET, Ll
WL, ARNVRAZAMINTTTXTOT v MBI DROFEIERTH D
anhedonia % &9 % 1F Tlx72 <. anhedonia %2 L<"9°\> susceptible 727 v K
&L D OIRERIREE Tl 2V resilient 727 » RNEIEL TWDH 2 & B T 72,
Resilient 727 » K&, anhedonia Z 2 LIZ<WZ &ZHX., rearing O X 9 72
locomotor activity D B 72l 58S H v o 7,

Stress group & control group DR 7 v 7 7 A ViE, BEsRCHRiE ST
WA X9 7, BREZHBNETE o7, LU G, stressgroup DT~ kD
2B, A ML RTHR L TEZMEOE Y susceptible 72T ks DA CTHEEMAT L 7=
%4, susceptible group & control group [ZBAREIZHIBIRIEECH -T2, T 72 b,
resilient 727 v FOIMANREY 7 0 7 7 A )L1F, “9 D7 LI D DO PRITALE
LTk, 5ok L EFRBOH R ZNEIC L TWD Z Linbhrole, DT
D MAREY 7 0 7 7 A, “9 7LD DTDHIBITE T TR, stress
susceptibility &5l T & 5 WREMED & D,

Stress group DHER Tld, MRREEDO~— I —THDH N-TEF LT AT F
ML, TOREETHD T ANRT X UBRED L TWeZ &inb | 7T AN
XU N-TEFN T AT =27 —BIEMENRTTE, 15X O neurogenesis <°
neuronal differentiation (ZBd7> % GABA {EEI AR D GAD OVEMEME T L TV %
AIRBMEDS R S 7o, IIA T, AFICBWTT A S 12 O
WD 5B, N-T'F VT A7 F W13 control, resilient, susceptible @™ 3 ->®

RAEZ XBIFREIRANA T~ —I—TH D Z LR INT,
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WIE NL=J VB KIETTy hOTEIBIY
BRI T 0 7 7 A N ~DEE

B
H
b2
=
T

BB D 1 > THH AL =7 V(T By 7 AOE, =aF fE%E
FIRA L= aF o RIERES T 7 o 4 o (Zyban®) & Ehle U, ESE R RN S
W EDRHHITWD Z ENB[7,27]. ZELZHEMET 272D OEERFEY TH
Do

LINLZ2 6, Nb=2 1 b 50RO EDES B & OBEN
b= 2 L, 2009 4F. FDA 133 =2 U > o label 125 FAT OECH 5
Pl 72245 (boxed warning) 3850 L72[8], AHICBWTH, THEEKRMA L LTH
LTV O FFMIRBE DAL ZE D 223D 5| &R SCEOEEMIC LB
SNTWD, BIZIX, FAERS ® HARGEMRHE T AT LT % CzeekV (version 3.1.19)
WZENE, Av=27 U COEHIC L 5 HESIER LOBHBITAIHIY 271348
FEYOHRTE LN TH D, iz, FHLEICBWTH, NL=27 U 3@E0 AR
HHEREBY) 27 24T D2 EPNRBINTe, — T, T ¥ MG A f
RELIEAZT TV RAE, NL=7 U &0 b LA L OR#E L
WERERRDITTRBV[28]. LA L= Y OFIZI RO U A7 & FiF5
EWVWOHELH D[], EFLoZ D, 2016412 H, FDA IV =271 O
label @ boxed warning 75, EFLOEEEZHIFRL7Z[91], L Lens, NLb=
7 U AMERFEOBERBEEFEZRY X7 25 5 BRIZ O W I HaicifidEsn T

1/\73?1/\0
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FEITH 2 ZEIZHB W T, HR-MAS *H NMR spectroscopy % FU N2 M A 2 7R &
— LENTIE D D LD DEXBIFEETH D Z &, IO stress susceptibility %
RMATRETH D Z L 2R L, €I T, HIETIE, H1EITEBWTEWEK!
A7 G LTWEALV=7 D AZER L, Nv=2 ) a2 REGSN7ET v A,
5 OWFATEN A T H0(F 2 ), BLON W7 v NORAREYM T 27 7 AL
RO OIFETINT v MIERIT 5228 3 8i). £ LT, PGS 2L =2
VUREZERT HZ LT REDE IHICKIT DMANNEY T 7 7 7 A Vi3,
NL=7J COERIZEMREHOLIHC L > TRENTZEDTHD Z L &l

U= 4 ),
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ARETIE, Nv=27 Vv afEIhicT v bOTEIN 5 DWtRREEZ 255
MEFARDIZDIZ, FEFF24TEDT v MERIZR LT 45D 7 NV—T125 D KT
TZ(@HE n=6) NL=27 U @M L ABHEM)S AR L7V VAR(-) / non-
stress group (control group); &M A L A DR E AT D VAR(-) / stress group
(stress group); /S =27 U > DA ZAMT S VAR(+) / non-stress group; /N L =7
Uy @A NV ADW 2 AT 5 VAR(+) / stress group, VAR(+) / non-stress
group i@ L7-H AL, N =27 U U BEN S ONHEITEI 2753 3 5 alReMER
HOEMWERRDTDTHD, £7-. VAR(+)/stressgroup # &% € L7 EH X, N1
=7 VU ORMLEICEHEINTND L 1T, EMEEEL LTHLTWL LD
REBDOEL MDD TH D,

Figure 12 (2%, N =27 U U ZE@BMEIIZAR ST T v NOITEIOZ{LZ 7R
L7-, L4 4 8% two-way ANOVA (2T 728 2 A, 6 DOFHMEEB XV
NHEANVADHRDOEEEZ T HZ ERbhoT=(Figure 12 D& 77 7 D4 %
ZHR): weight gain F1,20) = 331.38, P < 0.01; sucrose preference F20) = 15.18, P < 0.01;
crossing F1,200=12.11, P <0.01; rearing F1,20) = 7.69, P < 0.05; defecation F(1,20) = 38.68,
P < 0.01; grooming F(20 = 11.57, P < 0.01. B2 L =27 U O 51X, 7 v
N OATENZ B A RIS 2oz, MA T, N =27 J & A F L ZADHEEHFH
RHAEH (“stress*VAR” in Figure 12) 80 HiLZe o 7c Z &b, NL=27 1
INA N U ASDRESEZMEZ &6 D ATREMEITR W, 37 b | N L =2 U 3R
BRI 2 AREEMEVZ &SRR S T,
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A stress <0.01 B stress <0.01 C stress <0.01
1.2 - 70 -
VAR n.s. n.s. n.s.
€ 151 S 14 . 60 1
) stress*VAR  n.s. = stress*VAR  n.s. 50 4 stress*VAR  n.s.
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Figure 12. The effect of chronic varenicline administration on behavioural testing.

Weight gain (A), sucrose preference (B), crossing (C), rearing (D), defecation (E), and grooming (F). All data represents mean = SEM.
Comparison of all four groups was performed by two-way ANOVA. Stress*VVAR indicates statistical interaction. VAR, varenicline; n.s.,
not significant.
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H3HI NL=7 U &E5T v FOMANHEY

a7 A

ARHiTiX. control group, stressgroup, VAR(+)/non-stress group, VAR(+)/stress
group D4 4 DN 7' 1 7 7 A V242 Z L TidZe, B4R E
DEIBRT R T 7 A NERTNERRDZEEHMELTNDTD, 5 2 D
FEMT 1L T % PLS-DA Tid7a < ZEBE TR 0 & b Fik & L 72[92,93],

% BEBE TR Ay 0T DG R A Figure 13 1278 L7, £9°. 4 237 ZAH(NMR A2
7 B IVORTE) & T2 RS T ORGSR, 75 Cas L7z control group & 7R T/
L 7= stress group % 51 C & 727> 7= (Figure 13A), KIZ. 237 2D F )25 NMR
AT R L@ 4.00 — 10.00 ppm (ZAEY T 5 142 BHABRAN L, 5D D 95 2T
RSy 3 HT A FERE IEME L 7= (Figure 13B), L72> L7223 6, 95 24t VT EHsy
SIHT LT, 43I control group & stress group DB TE 2o 7=, 95 288K
AW ER T O£~ 1~ b (loading plot, Figure 13E)7° &, (BRI 25
B DR Z W T o 5 FLEE(1.30, 1.34 ppm) & FEEZ(1.90 ppm), & HIZ, WAKRR
R e UCEf L7z =F L —F/1(1.18, 3.54 ppm)DEF 5 D DZEE & R4 L.
720 0 90 ZBHCTH O FE A 0T A I L 7= (Figure 13C), Z D & 912, BREDOFr
Mz 27200, BEZES A CEMRD T2 ERiT 2 2 & 2L BMEEK
ST E V9,

90 B TR T 2 LIZRE SR, JR T/ L7z stress group O MNAREY) 7' 1 7
7 A W%, F T/ L7z control group & BRI 23 AT E T & - 7= (Figure 13C),
Thbb, KEIZBWTY, “9 078D D& plT5Z LN TE T,

5k C7x L7z VAR(+) / non-stress group I, control group {2V IMNARE) 7 v
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TANER LT, SBITIE, N =2 U B R L XD A AR S
VAR(+) / stress group (5)IZ. A F L AZAMINTWNDITH 0 5T, stress
group TlE72 <, control group (ZIT WA 7' 0 7 7 A V&R LT,

L L7256, Figure 13C ORI 7 a0 7 7 A Ve KL< BT & N L
=7 U ORGOHEH: VAR(+) / non-stress group (%) & VAR(+) / stress group
(%%); #E: control group (7) & stress group (FR)] TN TNWAE LB R XD, &
DBGNRALNAFRRE LT, NL=27 Y v OERBMANHY 2 LA S5z
AIREME, B RN WMHRICEREICAN V=2 U U F D EL, N =27 Y v
BN T 07 7 A B Z 52 TOWDHARENED 2 OREZ b D, Al D%
HTHIVUX, AR 7 2 7 7 A VOEENZFITE 5, L)L, BEDOHE
T AL=2V FHo7a F U NMR A7 RMUVICHBL L, R
B LTWRNIHEP2DLT, A= VU THora btk Fary
ANDPPINT LESTCA RN DD, LIZn->T . Av=2U vakbIni
7w hORHF ANV =7 U REN NMR AT M2 LI 7 e 7 7 A L

(B B BORETH LMD UENH D,
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Figure 13. The effect of varenicline on brain metabolic profile using multi-step principal component analysis.

Metabolic profiles of all 237 variables (A), selected 95 variables (B), and selected 90 variables (C) and corresponding loading plot (D-F).
Control group (blue), depression group (red), VAR(+) / non-stress group (green), and VAR(+) / stress group (yellow).
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FHAF Nv=7 ) EERARET v bO

RS L =7 ) B

AIEICHBV T, NMR A7 MARIMFICERTF S 23 =2 U v op o7 n
MoDREAEZITHZ EIZXD . HMRREI T v 7 7 A VA T R 2 TE A
IZTETWARWATREMEIVRIB S T, 2 2 TAREI T, N A # R o — AfETIC
L7277y FERIULT Y hORTAL=2 Y ViEEL, @mEEk7 o~ 75
7 4 —(HPLC)% IV CE & L 7=,

Table 6 (Zi1%, &7 v FOWHFH AL =7 UV AREZ R LD, A X KRB —AfFNT
ICHWHNZT v OMHF AL =7 Y VR, T TO T v MZBWT, il
FRSL(LOD = 0.113 pg/ g brain), & & FFR(LOQ = 0.273ug/ g brain) & T - 7=,

Table 6. Measurement of brain varenicline concentration.

Identification VAR concentration
Group .
number (Hg/g brain)
v001 0.019
v004 0.017
v005 -0.014
VAR (+) / non-stress group
v006 0.028
v009 0.017
v010 0.025
v002 0.015
v003 -0.014
v007 0.010
VAR (+) / stress group
v008 0.021
v01l 0.022
v012 0.022

VAR, varenicline.
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Figure 14. Number of suicide-related event reports per week in case undergoing
smoking cessation treatment.

Week -4 to Week -1 represents cases that reported suicide related event before starting
smoking cessation treatment and Week 1 and over represents cases that reported suicide
related event after starting smoking cessation treatment with varenicline (A), bupropion
(B), and nicotine replacement therapy (C).
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Figure 15. Results of the behavioural testing during the nicotine dosing period and 12 h after nicotine withdrawal Body weight
(A) and food intake (B) during the nicotine dosing period. Crossing (C), rearing (D), and grooming time (E) 12 h after nicotine
withdrawal. Open columns represent the Sal_12 group and Closed columns represent the Nic_12 group. Comparison of two groups was
performed by two-tailed Student’s t-test. *: P < 0.05, **: P < 0.01. Mean = SEM.
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Figure 16. Results of the behavioural testing during the nicotine dosing period and 18 h after nicotine withdrawal Body weight
(A) and food intake (B) during the nicotine dosing period. Crossing (C), rearing (D), and grooming time (E) 18 h after nicotine
withdrawal. Open columns represent the Sal_18 group and Closed columns represent the Nic_18 group. Comparison of two groups was
performed by two-tailed Student’s t-test. **: P < 0.01. Mean £ SEM.
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Figure 17. PLS-DA score plot (A) and statistical validation (B) of the nicotine

withdrawal symptom and control groups

The brain metabolic profile (A) for each rat (n = 6/group) and permutation plot (B)
obtained by partial least square discriminant analysis (PLS-DA) that were performed to
the integral value of each bucket of the hippocampal tissue nuclear magnetic resonance
spectra (0.20-10.00 ppm). In the metabolic profile, the nicotine withdrawal symptom
group (Nic_12 group) is shown by the closed circles, while the control group (Sal_12
group) is shown by the open circles. R%Y cum = 0.930, Q2 cum = 0.735.

68



BEIEGERIEET VT v FOWE NMR A7 ~L% PLS-DA 2T T2 fti
% Figure 18 |Z/8 L7z, 1BIEMD B [AI11E L 72 IRRETdH % Nic_18 group OIK¥INAR
@7 a7 7 A VL, Sal_18 group & BIMEIZ IR AT HE T db o 7= (Figure 18A), £ 7.
Nic_18 group & Sal_18 group @ PLS-DA &5 /L D&M & Pl 2 24 R?Y cum
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Figure 18. PLS-DA score plot (A) and statistical validation (B) of the group that

recovered from nicotine withdrawal symptoms and the control group

The brain metabolic profile (A) for each rat (n = 6/group) and permutation plot (B)
obtained by partial least square discriminant analysis (PLS-DA) that were performed to
the integral value of each bucket of the hippocampal tissue nuclear magnetic resonance
spectra (0.20-10.00 ppm). In the metabolic profile, the nicotine withdrawal symptom
group (Nic_18 group) is shown by the closed squares, while the control group (Sal_18
group) is shown by the open squares. R?Y cum = 0.781, Q% cum = 0.033.
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AT o T SREERETETLT v M B L USEE
SEMEEEET LT o~ N ORI ZED)

Table 7 {Z1%, Sal_12group & k& L7z, Nic_12 group O MdPNARE ) O FEXHRY
EBahzRm Lz, 7 v MEEDO NMR A7 huink | 12 FEOMANNEY &2 7
YA UTLHIENARETH Y TV A Sz 122 FHEONE D 5 B two-tailed
student’s t-test |2 X ¥ F [ & 4172 Pvalue #3<0.05 TH Y . 232, VIP 2 27 D 95%
Cl FRRAEAY> 1.0 TH > TN & A A~ — T —DfEfiE & 72 LTz
[66].

Nic_12 group ® 7 » FEETIiX, Sal_12group &bt L, N-7EF /LT AR
FUMRP < 0.01)° /L% 2 URP < 0.05)3FEICHINLTEBY, 7TARTX
iz (P<0.05). GABA(P<0.01), 7 L 7F (P<O.05)NAREICHD LWz, A
HIZEB LT 5 BHORH D 5 B VIP 227 D 95%Cl FERIEA>1.0 T
b T HNIEHIEL. N-7BEF LT AT X U, GABA, 7 L7 5@ 3 FHfH
THV., ZOIFBEOMANREY & A F~— T — DM & 72 LTz,

Table 8 {2/, Sal_18group & kb L 7=, Nic_18 group D45 A NAREH ) D FH XY
Z#) 7z~ L7z, Nic_18 group @ 7 » M Tld, Sal_18 group & LLik LA EIZE
LT AR RS 59, VIP 227 ® 95%CI FERIEA>1.0 Th 5 1R#1
Wb TE R o7,
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Table 7. Changes in metabolites in the hippocampus 12 h after nicotine withdrawal

Metabolite Cher(r;)i;?rI‘)Shift (foldcglﬁ‘?gf:n&::e b) P value VIP score VIP score 95%ClI
N-acetylaspartate 2.01, 2.49, 2.68 1(1.32) <0.01 8.52 6.71-10.33
GABA 1.90,2.29,301 L85 <001 655 521 7.90
“Phosphocholine 321,358,416 0%) 009 118 1.79 - 6.58
Creatine 303,392 L(08) o004 3o 1.83 - 6.05
lactate 132,410 0% 031 200 - 1,03 -5.04
Myo-inositol 327,352,361 to3) 023 198 - 054 4.49
Choline 319,351,405 09%) 016 193 0.41-3.46
Glutamate 204,212,233  1(109 003 0% 0.24 - 155
Aspartate 2.68,2.80,3.89 L% o002 083 032134
Glutamine 214,243,377 093 052 070 008133
Alanine 147,377 099 o074 043 - 014 -1.00
CAcetate 191 ©0%) 03 017 002033

3 Arrows represent an increase or decrease of the metabolite compared to the control group. ® Fold differences were calculated by ratios of
the mean of the integral value of each bucket and are shown in parentheses. GABA, y-aminobutyric acid; VIP, variable importance in
projection; CI, confidence interval.
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Table 8. Changes in metabolites in the hippocampus 18 h after nicotine withdrawal

Metabolite Cher(r;)i;?rI‘)Shift (foldcglﬁ‘?gf:n&::e b) P value VIP score VIP score 95%CI
Lactate 1.32,4.10 (1.05) 0.22 5.94 -0.76 — 12.64
CCholine 319,351,405 (0.90) o005 5.71 0111132
Creatine 303,392 (1.00) 099 385 050 - 7.20
Myo-inositol 327,352,361 (0.97) 033 35 036 6.63
GABA 190,229,301 (0.96) 032 302 - 248852
Neacetylaspartate 201,249,268 (1.06) o4 204 - 109 6.97
Phosphocholine 321,358,416 (0.99) Y 194 - 125514
Alanine 147,377 (0.96) 050 119 - 165404
Glutamate 204,212,233 (1.04) o4 071 - 088229
Glutamine 214,243,377 (0.98) - o0s2 060 008113
Aspartate 268,280,389 (0.99) o 018 - 037073
Acetate 147,377 (0.97) - o571 017 - 002036

3 An increase or decrease of the metabolite compared to the control group. ° Fold differences were calculated by ratios of the mean of the
integral value of each bucket and are shown in parentheses. GABA, y-aminobutyric acid; VIP, variable importance in projection; Cl,
confidence interval.
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TRREDIANIEH 7 1 7 7 A L D AR 70 RRE & 1 X 5L 7 D ATREME DS R S 47
D3, CHBIE T L ORERH PRI Y, &0 DT, THIEMENZ EbhoTe, L
7D T, N A X AR e — AR IE, =23 F BHEIER D B [E1E U7 R & 5
WREDHBIET NV ~DOEETEIXRLF Th o722, BRRE O FHIPE TR D TR
ZEBIRMEE T,

—aF VBEERKED T v NERE TIE, N-TEF AT AT I UL
GABA. 7 L7 F O 3FHDREMNABIZEH L TEBY, 2»D, VIP 237
bRENSTZ, LIER-T, Thh 3 FEONRBM N =2 F L IRISEGIREE &
EFIRBOHPNIRELS FETLIREW THL ZENHABMNE IR oT,

N-T2FNT AT XML, =aF BIERIKEE & /EIRIEOHBINI
bHETHREMTHL Z P30, ZOHIBMETH 27 AT F UBRITA
B L CWe, 2070, =aF L BERIRRECIX, BEMRN O N-7
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BFNT ARG RO, BIO, TART U BOBD NG, T ANRTF
YEN-TEFNVET AT 2T —=BOEERELRoTND Z LRI END,
D OWIRRED T » MEROIMNIEY 7 v 7 7 A VOHHNZR L EFETLH0H
N-TEFNANT ANTE R THY, N-TEFALTARTX U@L, =aF iR
FIEGRRED T~ NERE L AR, BN L CEBY | ZORBRIETHDHT AT F
feh . MREECHE L T LT e, Lo T, 5 ofikiE. BL O, =
TV IREIEBIRRETIX, N-T | F AT AT XU EAHm L Tl Tns =
ERHLC ST TR, TANRTEUVIR N-TE®F LR TV AT =T —
BIEMER LB L TESRo TV D0 s LR,

GABA (I==F i IEIRAE & EFE IR OHRNICRE S FET L34 4~
— N —ERE O 1 S TH Y | =2 F VIRKERIRIEOWEE TiX, GABA X
BEIZHD L, ZORBMETHH 7 VZ I VBITAERICHEML T\, 2o b
D, =aF U AREGEIRIEOUER TlX, GAD iGN E < 725 TV 5 "I EEMED
%, GABA &, ==aF VBHJEFREDH I HE T DL BER~—I—Th
DAREMEN D DT TR B 2 EIIBWT, 9 oREOHBIIC L FET D
HER~Y——ThHIEBHLNER->TEHY, MIKAETHE L TR LT
W, AT, GABA 721F T2 <\ TDORIBMETH 5 7 V2 X b mRRrE T4k

WLTEBHL TN Z &, GAD TGS MRREE THal L TR LT % ArkE
MR 2,

b9 1 OONA F~v—h—FEMHR#HTHL 7 LT F Uik, =¥ —
WCEET 5 2 EBHE STV HIEN[112]. AR 24 % /el b §5
SN TVWH[113], == F U IBHGEBRIREDWRSE TlX, 7 L7 F 3 Eid LT
W22 b WSRO = L —REHIAT B D BE AV U T L ATREME
PRI STz, LOLARAR S, NMR A7 M, 7 LT F ool UMbk
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Tho7 LT F ) e, VrmotaikTcdh s ATP 27 A o TE o
Tefedh, TRF—HEFEREML THD 00, HP L TWLI0E TIEIARHATH L,
Fo I LT F U DMBREEIERIL, 2 LT F U VIR THRBEO LN TN DD,
VT F U CBOMMHIEB SR TE TWRWEDR T, =25 iR3E
BERBEDOWER Tl MRRAMRE SN TV D E TIEARHATH 2,
FRROZENG, S OWREBOHINIR G HFET DL N-TEF AT AT F
g, BIO, 2 FHICHSGT D GABA 1T, =aF ViBHIEERIED BT
THRICIEFTRELSHFE L, MREBTREBEOLEH Z/ R LI, £/2, Zb 2 f
HORHY ORIBR(T AT X U, 704 I V)b IREE CRERO LB % L
T2 D, TARTIX U N-TEF L ET A7 =27 —8L GAD DOiF

PE® O DfikiE & = o F VIRSEFIRIE CILE L TA (L L T D ATREMED B 5,
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7y MBI =aF 2R G L, =aF OG5 12 K] R4
HMAZRTLZ LT, =aF U BIERET VT v FEFlT 2 2 LR TE T,

N A 2 R m— AENTIEL, = 2T VIRISERIRAE & IR AR A B e LRI AT
RETHY ., Fal Pzt RIFTh o7z,

=3 F U BFEGR RO MR i b 5 D MNAREIE N-7 & F LT 28
FXUBETHY ., WNT GABA Tholo, ZHUH ORI, 5 DWikiEDH
MCHBRELSFET LR THY . FEDORESDIEF BRI L TH o7, MMx
T, Z0b 2 FMEORBYORIEE S, =aF BEIERKE L 5 SRIRmE L
TIE L LB Z R LI D, TARTIEUB N-TEFLET AT 25
—EX° GAD OIFMES | MR TREDOZE(LEZ LTV D RN & 5,

= aF VBREEGIREEDO R, A~— D —L LT, Z LT FURR S, 7
LT F LT R X — AP ROM IR RGE IC B 535 L SILTTW AR, LT T
DERDORBHTH D ATP X0V LT F 2V VROEBN AP TH LD, 7
TF L DEIIIE L UIAEFMEBG L TS BERZ D 5,
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HMFFRNMED 5 DL AT, A XY A —[FH7Z1 T, 2000 #F X 0O 1000 4L
FHESNTEY  AESNRETH S Z LITFEW RV, 9 DFFFERY A7 O
DOIYDA T ) —= T FEICHET 2HmEDL L, RnEE /T I T
boHEr h=UITERLTWD, LLRRG, Br =R LR - BR%E
SNTBEFEOH D SFIT, 10-30%DEE TL AR A LRI RN LG, &
2 k=2 ORZIENTT) OWETMT HITIBA NS 5, £ 2 TEEIL, KD
FEME D IR DB 1AL, B, FEWEERME A ZOREIENE 2 A
ThHNL=7 2T NVEYE L TRE L, ERORBAZ Kk L9 0
A Z R a—AENTICEHR L, HR-MAS *H NMR spectroscopy % iV 7= A # 3R —
DFEHTHY 5 OIRERIRRE 2 S rTRE N2 ET L. N =2 U UERHICRELT S
IOWMBILOAEDY AV HERERETLHZ L L LT,

FL1ETIE FDARABRLTNWE T Y » 7 F—H_X—2 T 2% FAERS O H

BBV AT LT D CzeekV ZHWT, N =27 U A FEFI O B F% B
LIBLY A7 N ENFIEROD, B, AN =27 U Ol A KSR B 4 B
SEL0, BTS2 L THRBEESRZREARY) X7 2R T IEL50 0 ST 2
D 3 FUITHOWTHAE LTz, Nb=7 U AEHREG O BB EFGREL Y X
70k, BLO OGO 4 (55 NL=2 U ORI IT E S RE RS
BT D AR RIR S N, £, H1O DHEIC K D 5 DieREZ L TV DHIE
Bllensr =27V 20T 2 L ARMEFZY RN ERH L&D, N1
=7V AFEMEEE LTHA L TV ORMEEBOHEEZED & W IR STED
ERETHFT2MANEON, NL=2 U AFATICRET S AR MEEES
FHY A7 Z2RTSELH00 3%, ZBRH1D DD 1 >THL7I M T
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NRE#H 7T 17 7 A0, “9D7L“I D DDHRITZ T T < | stress
susceptibility & XBLFIREToH 5 Z & DR iz, INAREI ) O Z 8 >\ Tid,
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FIF L. PS DRk v U /S~ )L, Ty N L 7= PS #EEE DI UE(R 7
Z,025f5L72bd) & LT, PSHEEME v U N—fHZ T, THEEES
SRS RE(SRE+ group)) & [ MBEE(SRE- group)] ¢ & 1xfl~vF 7L, <«
yF T ENTET —FOWERONT A ZFET 5 72T Standardized
Difference # % L7=, 7235, Standardized Difference i 0.1 AJifi T/3F7 v A H3HY
NTNWbESn5[114], 4 v XAEHE TOFIEE Figure 1 7 2 —F v — k
(2R L7,

1-4. Reporting Odds Ratio (ROR) & ROR 95%f #E X [#(Cl) D Hi H
v F U T SNIIER LS T, [N =27 U AAERAICH D DA L7
JEBIFE | (ADs+/VAR+group) D A& BIHEFRFHLY A 7 2572012, 19D
OO R ELZZR, ARBAEFROFELT U NI LE LT, BzhEhic
DUVT, ROR & RORBUCI #H M L7z, £z, BN D ROR ZHiET
%7-1Z, Breslow-Day test #3425 Z & T ROR D —M %2 fifgsd L 721% .
Mantel-Haenszel method % F\V T % 4 ® ROR % #iA L. %4 ROR(integrated ROR,

iROR)Z & i L 7=,

2. 405 EMAPICH Sz AL =2 U L0 BREBRE TSI Y %7 O
W7 — 4~ ARBREACE ORI L & AT H 5. AHUERIL S L=
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7 U ATREBITIE7ZR < HL 0 DEEEH LTIEFIT X TTH Y | N HIEF %
PERICHEREIL L7-# . SRE+group & SRE-group (Z431F. 4Ffi, (R, OFFH5HA
B3 -o&IAEE L LT, SRE+group & SRE-group @ 1%t 1~ v F 7 % Ffi
L7z, ROR BHHDEE, N =2V U HHOFELERN, BREAEFZELT Uk
Tl L, PIEIE LERBROFIATY X7 FH i Z24T > 7=,
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1. EEREW)

KM Wistar/ST 7 » b 7 ##h 39 Pix =T R — B A SL 0 IEA L,
A L7, 39EDT >~ hd 5 H, 21 L% stress group (2, #%V @ 18 i A K L
A Z e L 720 control group (ZHEAEZ ICHID 24Tz, 7 v MIEIREK 25+2°C,
FHXHEE 55 + 5%, 12 IKEfH](7:00-19:00) D BHKS 1 7 v H HTE £ (Lab MR Stock;

Nosan Corp., Kanagawa, Japan) « /K T T, 272 < &b L#EMBNE ST,

2. 1BMER L ZAEFL(CMS model) T v + DIERL

@M 2 b L A AMIL, BEICHE > CTHEM L72[115], A MV AAMA T Y
=—/L% Figure 19 |27k L7z, Stressgroup @ 7 » MMIxF L, £EFEA L v Hh—
(>12h) L HEFRFEIA F Ly —(<1h% L FET SHAEHOE T, 1 H 2 FED A
LA % 4 JiAE(Day 2 - Day29) & faf L 7=, EWfEA L v ¥ —i%, food and water
deprivation (24 h), cage tilt (21 h, 45°), light during dark cycle (12 h), soiled cage (24 h),
water deprivation (24 h; empty bottle(1 h) & flA Aot CTHEhi) & &ie, HREE A K
L v —l%, footshock (10min, 1.5mA, 15sec @ stimulation & 60sec @ interval % 8
[5]), forced swimming (Smin, 4 °C), tail pinching (1min), white noise (1h, 85dB, 15sec

@ stimulation & 15sec @ interval % 120 [F])% & ¢p,
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Day
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Stressor

Short-term stress

Footshock

Forced swimming

Tail pinching

‘White noise

Empty bottle

Long-term stress

Food and water deprivation

Cage tilt

Light during dark cycle

Soiled cage

‘Water deprivation
Behavioral pharmacological testing
Measurement of body weight v v v v hd

Sucrose preference test hd hd v v v
Open field test v v

Figure 19. Stress loading schedule

Day 0 to Day 2 is the pre-experiment period. The stress loading period is from after
implementation of the open field test (Day 2) to Day 29.

3. 1TEhRHE

F# 1%, body weight measurement & 2 FE¥EO{TEIGEAfi(sucrose preference test,
open field test) & Z£ja L 7=, 5EMA RIZRT,

(1) Body weight: Day 0 (pre-experiment)’>% 7 H i35 % (Day 7, 14, 21, and 28)i(Z,
9:00 75 9:30 DRIZ, T v FOREAFHAIL 72,

(2) Sucrose preference test: Day 1 (pre-experiment)7>5 7 H ff35 & (Day 8, 15, 22,
and 29)I2 50 L 72[116], A7 v — AR EZ 7 v MBS 572000 M L—=
> 7 % #ElD sucrose preference test ¢ 72 BFEIFTICFE N L7=: 1% A 7 0 — AR
RDNSTZFG/KAR "V 2 KaKr—VIZFRE L, 24 IR, 708 vz K
(CEB L, S 24 BHBMb S E72, BMktR. 7 v MK L 24 BFf# o food and
water deprivation % 3 L 7-t%. 24 K[l sucrose preference test % i L 7= (Day
1), Sucrose preference (., 24 FFEID 1% A 7 11— AWRIGIERER &, 1% A7 10— R
Wi & K DEFRHERED 100 53R & Lz,

Pre-experiment DB T, 2 F L ZAMZRICH BV D K 5 2178 2/~ T EMIL,

ARV ABMICH L TRRD VAR ZAZR/T 2 EARBINTWDH[63], 2
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TAWFIE TlE, 9 29RO HIZIER T & % anhedonia D f5HE T & 5 sucrose preference
% . stress group & control group [# CHii 2. % 72 9T, Pre-experiment (Z 515 % sucrose
preference 7% 80.0% A T o727 v MIFEERIHERIM LT,

A ML AITKF L, susceptible Td %7y, &2, resilient T 5 2> B9
% 7= 812, sucrose preference fE 23K S 41 TU5[48,49], 4 B DA b L 2 AT
#& T, Stressgroup @7 v F®D 9 5 Day 29 (23517 % sucrose preference 73 65.0%
A CTod o727 » M susceptible group (2, 7% @ stress group D Z > FD H 5|
pre-experiment 7> 5 DALY 10.0%A0i T > 727~ M resilient group (25758 &
iz,

(3) Open field test: Open field test I%, #72REE T TT v M4 HHIZITEI S
LR CH D, Fox it BEERICHEV, Day2 (pre-experiment) & Day 30 (Z open field
test Z S L7=[117], HEE L LT, /N—= LT L —ADEIZ T L —BD T A T 25
SyEIL72100cm X 100cm X 40em DT T AT 4 v 7 —U kAW, 1ILD
7 v FEPRICHFHNIZEBOD T, B2 7R b TNICE AR TIED B
D% 6 /3 BT A TRidk L7, test # THRICHEE Z KB I NHEEMN =% /) —
LCIER U EE7-, T v b 1 U0 test & 712, BEE O & 0 S0 L
7o 6 SEOBEOEF D 1 5pH ARV 5 HICB T 5 KHEE) Y B
(crossing). 1% A HIE1%(rearing). HEME 1% (defecation), 72 & UM EfEY VRF/H]
(grooming) Z #¥Afh L 72[118,119],

4. Y7

1% @ open field test #& T# . 2> b L E X —)LF kU 7 A(50mg / kg) BRI
TTT v FaWid L, k22 2 < Lot RIMHEINSih - ThHM & /2
W o3 7o i & ZERE M E N DRSS Z 73T U, IR %256 2 IV CTRuRIm i L
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Tot% . WE H £ T-80°C THRAE L7z, MBI OISR DL E —EIZT S 720
(2. ZO—HOE¥RZ 10 225 15 5 UNICHK A 5 K 91T Lz,

5. ##55 > mature BDNF Ol 7E

MHRRATE ST WM OWRSS 2K T CRlfiE S, 77 n v ilRkEy I A
P —IZ AfL, 10 mg wet weight 2%7= v 100 puL @ ice-cold RIPA buffer containing
25mM Tris-HCI (pH 7.6), 150mM NacCl, 1% Nonidet P-40, 1% sodium deoxycholate,
0.1% sodium dodecyl sulfate (SDS), 50uM bestatin, 10uM pepstatin A, 20uM leupeptin
hemisulfate, 0.8uM aprotinin, ImM phenylmethylsulfonyl fluoride (PMSF), and 2mM
ethylenediamine tetraacetic acid (EDTA)Z ¥ L 7=, K& . 200 rpm T 5 43 4
TS A AL, BEVFE— & 4°C, 14,000 x g, 30 min DL TELOE, LiEE
[E4 L7z, k%% ice-cold RIPA buffer T 500 {57 MR L7=%. HfFSh it
B Z9¢ > T, Mature BDNF, Human/Mouse/Rat, Rapid ELISA Kit (Biosensis Pty Ltd.,
Australia) z Fi TR R H1 o> mature BDNF % & L7,

MR D2 X EiId ey v a = ER(BCA)T v A Fy FEEHA LT
7E & L 72 (BCA protein assay kit-reducing agent compatible, Thermo Scientific, MA,

USA),

6. NMR A~ KL DEHH

1T FASTNANO ™probehead % {if 2 -7 7= Varian ¢ 699.7MHz *H NMR %3
Hri%#s (Agilent Technologies, Santa Clara, CA, USA) #{#H L T NMR A7 kL
ZEHHE L 72, Ao U S HLRE (wet weight 10-20mg) (2 2.5mM  sodium-3-
(trimethylsilyl)-1-propane-1,1,2,2,3,3-d 6-sulfonate (DSS-d6)& A D20 43uL Z ¥ L

7o WIZ, RY T oy 2)LTC20 FEgFE T VA2 RED A
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A LTz, BWEYFR— FT_T% 43-pl glass cell (2T L, glass cell Z 4% 4mm
DRy va=yhue—4%—|Zky kL7, m—4%—% NMR spectrometer (2
> b L7z,

NMR spectrometer /37 A — X —Z ROV IZEKE LT2: 90° /~)LAE 7.50-
7.75 us (o TIVEICHIE LERE L72); fEFIEER] 2.000s;, T — X RA v MK
32k complex; #BLHINE 8389.3 Hz; fE& [FI1¥ 128 [Al; [Al#AEE 5000Hz. NMR A~
7 RV OKEFRDO T 7V E R S & 5 72912 pre-saturation sequence % S
L7z, BT, XU RXT7ED X9 7e@E 5 F-H O broad signals 2K L. & D%
DN 2K+ T1T 9 72912, Carr-Purcell-Meiboom-Gill (CPMG) spin-echo pulse
sequence Z FJH L T NMR A~7 kL% 51l L 72 ( [D-90°-(180°-)n-FID, where FID
is free induction decay] with a fixed spin-spin relaxation delay, 2 nt of 60 ms (=400 ps)).
B ld, MEFTOY > TN ONHHEE 2 —EI > Z LIER L, AIERE
Z 298 K [ZfR - 72[115), Z O #EIX VnmrJ software (Ver 4.0; Agilent Technologies)

T L7,

7.NMR A~7 )L DALE]E

AL 72 B BFEWE(FID) 2 7 — U =284 L 7= %% . VnmrJ software % VT,
FETR—R T A UHIER L O IEZ FEE L7z, NMR A7 kL ~DORGH
YyoEl Y 24 Cid. Chenomx NMR suite (Ver. 8.1, Chenomx Inc., Edmonton, AB,
Canada)ZFH. & L< X, BEAFO kA 2512566 L 72[120,121],

NMR A7 b B2 BT IS D 72 0 FH L 72§~ TO FIDIZX L,
Alice2 for the Metaoblome software (Ver. 2; JEOL, Tokyo, Japan) % fiv T 32K (2B =
7 4L, MEHERSY 2 LTcth, 7 — U A T o 7o, FHIE 72 NMR A

7 Kk v® 0.20 — 10.00ppm DL 7 b O#FiFH % 0.04ppm @ [ (bucket) THE Sy
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L. 239 D& E457=, 7272 L. 4.60—4.92 ppm OFPFAIIKY DL 7 F L TH
L1, T ORE A RSN L7-4 bucket DFNA 100 1272 5 L 9 124 bucket %42 e

L7,

8. WERIRHT

Control group & stress group @ 2 B[ TO, 1TENFEAM O F-0uE AR H D
BDNF &% bl 3% 7= 12, two-tailed student’s t-test % i L 7=, Control group,
resilient group, susceptible group ¢ 3 FEfE] TEHE T 235615, ANOVA % 5 L 7=
#%. Tukey-Kramer {EIC X DL EILI A FEME LTz, £/, FHIL NMR A~X2 |k
JL D4 bucket % student’s t-test (22T 5 Z & T, AN ORI xR B) % 3
~7=, Two-tailed student’s t-test, ANOVA. Tukey-Kramer {£(Z L 5 £ & ik % S0
T 57291, Rsoftware (version 3.2.2, R Foundation for Statistical Computing, Vienna,
Austria) for Windows® % fi F L 7=,

N 7 0 7 7 A v DiE WA L3 72912, the multivariate analysis
software SIMCA-P (version 13.0.3, Umetrics, Umea, Sweden)% F\ T, partial least
square discriminant analysis (PLS-DA)#% % L7z, %72, PLS-DA model ~® A —
IN—T 4T 4 T ERET D712, 100 [B]0 iteration T, permutation test % 52

Jii L 7-[64],
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3 FE  EKROH

1. ZREW

28 1 LRBROERIY 24 ILZ2[FBREE T CTRE L7, 24ED T v F&K
R 4 ODITN—TITHEZT LIZ(EREN=6): AL ARABILOALV=7 T~
ZAfF L72V> VAR (-) / non-stress group (control group); A b L AD & A At 5
VAR (-) / stress group (depression group); /SL-=2 1 > DL ZAMT % VAR (+) /

non-stress group; A b L AB XL =2 U » ZAMTT 5 VAR (+) / stress group.

2. A KL A
VAR (-) / stress group (depression group) & VAR (+) / stress group (Zxf L. 12 MERY
WA RNV AZAR LT, A MLV RAARMOTIEITE 2FE 2. ICHEST S, 72770, &

kL AL 3 M & LT,

3. NL=2 U OB 05
VAR (+) / non-stress group 3 &2 " VAR (+) / stress group (2% L, varenicline tartrate
(Sigma-Aldrich, USA) 1.0 mg / kg body weight 2, 2 kL A& mHAM L EAR S K9

(2 3B PR ARG LTz,

4. 1TErRH

H2E 3 CHET S,

5. W7 Ll

% O open field test # 712, Y=F /L —F VFELFTT v BB LT,
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JibdRE R 2 R < L7212 . RIMHEFINC IR > THMM & BRI 53 1 7o, AR OWER
Zo3 I L BRMOWES I L OEM 2 IR 2% 2 WV CRusm R L2 f&, MIE R £
T-45°C THRE LT, AMEM OIER DZ(LE —EIZT 57202, ZO—HD
TE¥A 10 225 15 pLINICHK A D K o iT Lz,

6. lIMHF L =21 REDERE

B HARAT S AT e ARk 2 oK ¢ T CRlfg S 721 . 20mM phosphate buffer
(pH7.40)3.0mL/gbrain ZiiM L, 77 v L BREDF A F—2HN T, KEAET,
200rpm, 5min DRETHREY F A X LTz, T V% — b 500 uL {Z%k L. 50 pg/mL
2,3,4,5-tetrahydro-3-(trifluoroacetyl)-1,5-methano-1H-3-benzazepine-7,8-diamine
(internal standard; Toronto Research Chemicals, Canada) 150 uL % %00 L 72, eV T,
5M HCIO4 200 pL ¥ L, Br&Z 3271, AEI X — M % 4°C, 15,000 x g, 10
min D& Tl OB L7, 3% 600 L A [AIIX L 7=#%. 8.5% H3PO4 500 pL % ¥
L, 42f% 1100 uL & L7z, Z O/K¥E#K % Oasis® MCX 10 mg / 1 cc [EfHHHH
J1— NV » Uk VTN Lz, BMETIEEZ RIOR LT,

Q) 2T yva=yr A% 7—11.0mL Z@ERS 7

(2) P b ZRBE/K 1.0 mL Z @ik S H 7

)
(3) PR¥r FEHANL 1.0 ML Z @ik S 7

(4) Vg 2% X /KA 1.0 mL Z @i S, iV T acetonitrile1.0 mL
Z iR S E T

(5) Wi acetonitrile / 25% ammonium hydroxide (90:10, v/») 1.0 mL
Z 2 [FlEHE S ¥ 7-1%. acetonitrile 1.0 mL Z @K S 7=

(6) i (28 FRALHLE): 45 “C THHR L72A 5. BLBEARK 3.0 mL %

RS T TR - e L7
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(7) %48 HPLC O EIH{ZIR) 100pL THHEZE L 72
HPLC TNV =7 U U ZERET 572D, BEHHGOMM NaH2PO4 (pHS.00)
acetonitrile =9 : 1) Z ¥t 1.0mL/ min Ty L. EEM I Atlantis dC18 (250 X
4.6 mm, particle size 5pm) %\ 72, BHEREIZ 235 nM & L, 7T ARES

F OISR EE 1L 45 °C & LT, AL =2 U > O EE 2 1E L 7-[122,123],

7.NMR A7 kLD EHH

B 7LD NMR spectrometer ~MD3EIE £ TIEEE 2 2 6. [THET D,

NMR spectrometer /37 X —X —ZIROI@A Y IZRE L7z 90° ~ /L A1 7.80-
8.00 us (v FVIZHIE LRRE L72); #EARH 2.000 s; 7— 2 A > ML
32k complex; #BLHINE 8389.3 Hz; f&H 14k 128 [F]; [FIHA#E 5000Hz. NMR A~
7 MV OKEKDO T 7T K S H 5 72912 pre-saturation sequence % FE i
Lo, Fox i, MEFTOY 7 OREES Z —Ek>Z LIZERE L, #l
ERE % 298 K [Zff - 72[115], Z O #:/EIX Vnmrd software (Ver 4.0; Agilent

Technologies) T3 L 7=,

8. NMR A7 /L DALEE

FHAIL7Z NMR 27 MRS THETOFIAZE 2 = 7. 1SS L, 1272
L. % 3®TIL, 4.70-4.90 ppm OFiH % KoyFH KD 7 FLvTHH E L, Z
DOREI A BRI L 7= 4 bucket DFN723 100 1272 % K 9 1245 bucket & FE YL L 7=,

i

N

9.

g={1l}

AT
4 A BER T O TEIEAR O 5 o LT two-way ANOVA 12 K v FEfifi L7=, #iat

fi#HT > 7 b IL R software (version 3.2.2, R Foundation for Statistical Computing, Vienna,
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Austria) for Windows®Z i f§ L 7=,

AR 7 0 7 7 AL DEWZ 372912, the multivariate analysis
software SIMCA-P (version 13.0.3, Umetrics, Umea, Sweden)Z fiv T, BRIk
353 T (multi-step PCA) & 52t L 7=, Multi-stepPCA O FJEE LT, £9, 7T
DOEF&xt5 L LT PCA % %l L. control group & depression group 7' & 7 7
A NWEHBITE Ieho Tz, F D, cotrol group & depression group 51 % Kl 5
LTV (REZEMZEEE TV DO)EKEHIER L2 b PCA Z B EHIC E i
L7,
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AT FEEBROE

L ANL=7 U AERIERNC I 5 ARRBEFGRBLY A I v 7 OffdT
1-1 fEfH T — 2 =2

FDA 23ABH L CU 5 2004 455 1 #i5 2016 4F55 1 #1F T FAERS Quarterly
Data Files % /i L 7=, Quarterly Data Files {Z DEMO, DRUG, REAC, OUTC, RPSR,
THER, and INDI @ 7 DT —% &> b DRI TE Y, F#HIL DEMO,

DRUG, REAC, and THER @ 4 fE¥iD T — Xt~ b ZfENTICAEH L=,

1-2. HAABIHEROER

The Medical Dictionary for Regulatory Activities (MedDRA, version 19.1) & {# f L
T, prefered term (PT) L~ L TLL N D HEE%Z B B4 & 3 L72: completed
suicide (MedDRA code 10010144), suicidal ideation (10042458), suicide attempt
(10042464), suicidal behaviour (10065604), self-injurious ideation (10051154), self-
injurious behaviour (10063495), depression suicidal (10012397), intentional self-injury
(10022524), poisoning deliberate (10036000), intentional overdose (10022523), and

suicide threat (10077417).

1-3. JEF DO HhHY
F# 1%, Quarterly Data Files 226, N =27 U ZfH L, 7>, HEBE#HSE
G h S LT JEB(SRE+ | VARHER) D & Z il L 7=,

1-4. BB EFESBE HEOR T
SRE+ / VARHEBI DS L =2 U f I BHAA H (START_DT) & B 7% B 54 55 31
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H(EVENT DT)O#EZEH L., F0#EL2 HAMEESREHE IS L,

1-5. BED U A7 PEI BT D OHMFIEIC X 2 B RRS

5 OFFCRAITIE D & O 7R BITE RO U A7 BN THDH Z L0 b
ALTUNVD[124,125], & Z CEHIL, 2O & 5 B BITHRE U TER 2 f#HT ) 5 BR
S 272912, SRE+IVARHIEGID B §1 9 DHSLHURGHIR R Z fFH L TV D E
151 2 AT 0 S 4k LT,

1-6. EMESERFI OHIER

BEAIER OHIFRIZ, BEHRO R E S5 & L C3EhE L72[126], DEMO 7 7 1 /L
ICHE SN T X COHEANEE L TOTIEFNIIERIN L, &I, 5 S ER]
D IDIZAHE 2 “CASE ID” LIS DOF ~TOHOIHHE TEME L TWIES B ERIN L
72,

1-7. B A 77 LOAER & YRS 5 JE T B A BIE RS A~ DB ORI
HAEERZHIBR L7k, NL=2 U OFEMZBBLTHE 1 BEMED A%
B ERAEIEGIE DO A N 7T LB LTc, L LRRG, EA N T L%
ERR L7272 TlE, E A R T A=A T A U Z2FIK ZEMTEP, L=y
U NS KD BRI RS 5 B R BEEFRRIEI Y A I TIIRE TE 0,
R, BREEERORIUCE L B X HRF L LT, BERERZET O

5T H[102],

SRE+/VARHIES D A R PEFHRFEH 0 UL, Ko OIEFITOo HELE, 4772
HH . EVENT_DT & START_DT D430 HLLETH 525, —EOMERNIZIBNT
20 AR THD, 0 ARmMOIER & 1X, N =2V A B GART(EEE 1R B
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AR BB FES 2 @G LIEFO Z L Th o . BERIC AR L2 H
HLIZ &b, LIcho T, FEHIL0 AR OES Z HViuE, Rk L7z®
JERRIZ L DB EVRIT D LB 272,

Z 2T, L, X-barchart OBE&EE 25 (Z[101], B A R 7T LD BYEERIC
LB ERET DI LE2RADT ET B A NI T L% 0 A A ONEF] (Week
-4 775 Week -1 & T)D BB #H FLRHAETEFIELD mean & SD ZHH L=, &
12, mean + 3.0 x SD ZHH L, Z Ofl%BERENEEL KT L 5 HRAOMHE
L. BEARNTTAHIR-RAT A &G Z, Week 13 =7 U > Ofif % Btk
Lo LABEDIRIC BN T, B EFEGMEEGIENR—A T A % LEl- 7
WENL =7 Y K DEEERES AR EEFR ORI EL 52 T DI
L7,

2. 77 nd B LU= aF CRAMERIESNIZ ST 5 ARBIEERIEER X A I
> 7 DRRHT

N =27 Y AMEREGIOITFIRICHEC CTHEM LTz, 72720, 77 r 4 I
FHOHOEL L TOBEIESH D, BRI L L THEMA S S mA
(Zyban®)IZIRE L TN 2 5EE L=, £/, =aF /AN O N TR, Sy FAl
RO L R A RFNEIFAET D203, T 62X 5 2 & 72 RrIc it Lz,
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pal sy

5 FEEROH
1. SEEREM

FH2EL BIOHEIEL LFEKOERIY 24 ILZ [FBRE T THHE LT,

2. =aF L IBRIERET VT v N OFERK
2-1. =aF OB TS

Epping & O#HEL ZLW DDOXHRESZEIZ, = aTF O b &, FH5RK,
= o F BRI A O S & P E LT2[109,110,127], = 2 F ViREGEREE T LV T
v b & ERT B 7= 2. Nicotine Bi-L-(+)-tartrate Dihydrate (Tokyo Chemical
Industry Co., Ltd.) 0.75mg (as nicotine) / kg body weight Z 1 H 4 [5](10:30, 14:00,
17:30, 21:00) 14 H[ELE#E H . F#5-L7=(Day 1 — Day 14), =2 F > D& 57>
5 12 W[ o B HREAR 2 3% 1T 7= £ % Nic_12 group, 18 R[] oD IRSKHARK 2 5% 1) 72 1E
% Nic_18group & L7z, £7-, =aF O 0 ITAEBAEK 25 L, R
MR8 % Z 24, Sal 12 group 33 X TUf Sal_18 group & L 7= (%% n= 6),
2-2. ATEEHM

TTEIETAL O FFAGIE H 1%, body weight, food intake, open field test & L 7=,

(1) Weight gain: S2BRBALARITCTd % Day 0 (pre-experiment) &, = = F K& 5-

M CH D Day7 BL U Day 14 (2B W T T v hOREZHEIE LT,

(2) Food intake: == iEHRGHHT TédH 2 Day 2, 5,9, and 12 (28T,

24 B¢ DR A 5 (g) 2 71 L 72,

(3) Open field test: 5 2 & 3. I[THET %,
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3. YR

% open field test & 7%, Yo F L T—T VT C7 v b&WEE LT,
JibkE Ak 2 32 R i U721 . RIMHEFINCIA - THEM & ZEMIZ A3 T2, B OVER
Z oy L, A OWEE B L OVEM A RN ER 2 D TG Lk, JlE R £
T-45°C TIRE LT, MR DIER D2 L2 —EICT D 72DI2, ZO—HOD
{E¥Z 10 75 15 5 INICKR 2 D K ot LT,

4. NMR Z~7 k)L DFHH]

H3ET7, |ICHET S,

5.NMR A7 L DAL

FEFHILNMR A7 L LD bucket % two-tailed student’s t-test (Z/ 1) 5 Z &
T, B WA ORI LB 2~ 72, #atiErY 7 F & LT, R software
(version 3.2.2, R Foundation for Statistical Computing, Vienna, Austria) for Windows®
LTz,

N 7 0 7 7 A L OEWZ B3 72912, the multivariate analysis
software SIMCA-P (version 13.0.3, Umetrics, Umea, Sweden)# FH\ T, partial least
square discriminant analysis (PLS-DA) % 3Zfii L 7=, ¥7-. PLS-DA model ~® A4 —
IN—T 4 T 4 T EEET DT, 100 [B]0 iteration T, permutation test & 3

Jiti L7=[64].
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