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Abstract

Objective: To investigate the associations among peripheral blood kynurenine pathway (KP) me-

tabolism, orbitofrontal cortex (OFC) microstructure, and suicidal behavior (SB) in patients with bipo-
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lar disorder (BD). Methods: A total of 66 patients with BD and SB, 29 patients with BD and without
SB from the outpatient clinic, and 30 healthy controls (HC) from the community were recruited. The
levels of peripheral blood of KP metabolites were measured, and superficial white matter microstruc-
tural indicators of the OFC (including fractional anisotropy, mean diffusivity, axial diffusivity, intra-
cellular volume fraction, orientation dispersion, and isotropic volume fraction) were extracted. The
associations between these factors and the severity of suicidal behavior were analyzed. Results: Pe-
ripheral blood levels of kynurenic acid, picolinic acid, and kynurenic acid/kynurenine in patients with
BD and SB were significantly lower than those in patients with BD and without SB and HC. The ori-
entation dispersion of the superficial white matter in the right lateral OFC was significantly lower in pa-
tients with BD and SB compared to those without SB (P<Z0. 05). Within the patient with BD group,
significant correlations were observed between peripheral blood KP metabolism and the orientation dis-
persion of the superficial white matter in the right lateral OFC. Both showed significant negative corre-
lations with the severity of suicidal behavior (P<Z0. 05). Conclusion: Patients with BD and SB exhib-
ited dysregulation in peripheral blood KP metabolism and microstructural abnormalities in the superfi-
cial white matter of the right lateral OFC. Peripheral blood KP metabolism was associated with micro-

structural changes in the superficial white matter of the right lateral OFC, and both might contribute

to the occurrence of suicidal behavior in patients with BD.
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WUAH B i (bipolar disorder, BD) J& — # L §%
TE BB AT AV 5 AR A VR 52 8 th BLEIR & 1 3L R
AR g MO B RS LR A AR . A
A7 4 (suicidal behavior, SB) 4 1 4% & & (suicid-
al ideation/suicidal thought, SI) | H & & i (suicide
attempt, SA) fil A A6 T (completed suicide, CS)™,
XFBD 8 A AR AL S % WA P AR R W a5 A Bl
TREARBD 835 1 1 28 KUK o

{6 % R (tryptophan, TRP) J& A& 0 75 2 JE R
Hoh 95% By TRP i@ i R PR 2 2 i #% (kynurenine
pathway , KP) #% {6 7 i (1 WL Ah 5 1€ S1, F L4
fili A SCOSID — 4] I ) o KP K HARH ™ 9 5
BD K SB# UIAH G BT 58 & B SA 9 BD 5 1Y
A JE 1 i i R (picolinic acid , PIC) K- 2 % F %,
i A 0 TRP 7K 5, PIC 7K AR R &R (kyn-
urenine , KYN)/TRP FLAE AL,

e )2 B R B B R BT 5 BT 8 O 4 A
PE AL 35 Bl 280 VAl 98 W 9 K B A TR R BT R 42
JCHRZE A BE B B b A E AR . K
K i A 1% (diffusion tensor imaging , DTT) Fl #f £
S8 J5 1) B B 5 % B BLAA (neurite orientation
dispersion and density imaging , NODDI) #] 7] }i F
WF 98 2 B BT 45 4, J5 T B S b S e
LR €2 A N R U1 O s W B R

Bipolar Disorder; Suicidal Behavior; Kynurenine Pathway; Diffusion Tensor

Hb VT Al i 20 Bl o RBR S IO S5 R T IR0 SR
WA SA B BD B3 78 2 A i X (4 44 5 i ] 45
A0 0N fiki S5 ) B4 4% T S 4 23 %) (fractional anisot-
ropy , FA) A B A% , 1 H 1 # A& A F§ NODDI #£
A PEAL A SB B9 BD 8 35 ¥ )2 15T G0 45 49 1 B
7% o ME % Kz J2 (orbitofrontal cortex, OFC) 5 17 N
PR e A, ZWmEg T HGE T A SA 1 BD
BE BRI RE ) BB, B A S S SB,
A A 58 3R £E T OF C AE R 3% % X (region of in-
terest, ROI) .

AL, A AF 5% 4000 A0 A o KP A 33 9 46 T 5 Mg
AR B AR MR A B A SB ) BD B 44 40 & 1 KP
RO AF A, OFC ¥R 2 A 5T W 25 #4 17 76 AR
b, B8N 1 KP AR 49 7] e 5t A OF C ¥ )2 [ i
T G5 A AE 7 —E AR R R o

1 &5FHE

1.1 FRSEXF & AW 5 R AR i a5, T 2018
AE6H 20224 2 HWIMAET 1125 BD & JF T
2021 4F 7 H 2 2022 4% 8 H W] (] FE 1 X 48 ZEAE 16 (1
) AH DE BC A9 £ BE X} B8 (healthy control, HC) . BD #
H g 24 TR B K LA b g i S 0 AT 2
Ny BD, H HETAE TR KA . AR : D4R
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18~60 % ; QLRI s O FF & F brge s 7 K5 +
it (International Classification Of Diseases, ICD-10)
“OBUH T B A 2 Wi bR v, HLH A AL T AR & AE
@ A B L% IR it 410 A i 3% -24 T (24-item Hamil-
ton depression scale, HAMD-24) ¥ 4> =20 43 ; © 47
FF A5 2 0% B R0 T 7S R B e BE 00 o HEBR b ofE
O 8™ F YR ARG 5 O 8 AR T P 9 5T At s
I TR 2 0 T ORGP R A RS R BB R &
GRS A5 I RS 5 @ B ARk PR
259 U B 2 B IR 25 O H B L
Wit SOt R ik ; © A MRIZERIEH , 804
MRI K A & 30K G 45 4 47 76 5 0 35 o 0 B 47 b R
8 A A B I RFAE AR, an 15 B [ PRl 20K B U R
[a] % (MINI-interational neuropsychiatric interview,
MINI) [ A Z /> — A % B 124027 0 Bl 49 A A
SB 4 ; 41 MIINT H AR A 45 H B4 4% HA
A HAMD-24 35 H 3 [ A <<1 43 W 99 AR SB
2H (non-suicidal behaviors,NSB) .

it B XoF B2 98 A 1 D4 % 18~60 % ; O
SR s QHAMD-24 273 <78 43, I %% /)X il 45 J&
% (Hamilton anxiety scale, HAMA) ¥ 43 <<8 4},
MINT i 25 B3 s @ A7 R, A R 8 59 90T 7K 7 i 28
fift e 77 o HEBR AR - O 24 17 sl B A AR 1 g s
G 9 R 25 MR S O A RS MR R T O &R
[F] BD 3 19 HE b bk o

AW 5T SE PR A4 66 44 £ SB B BD i % (SB
41),29 # A fE SB B BD i # (NSB 41) 1 30 44 filt B
STHE(HC 4) . A 16 45 SB 4L # A1 10 4 NSB 41 i
HAEANA BT R IR YT 25 W AL AR 4 A ) Can
B 2 2 600~900 mged™ ' B A& F 10~20 mged '\ N
PR 4R 1 000~2 000 mged™") RN AR 24 (L &5 iy Ak
50~200 mged " LR 3L F] PH BRI 2% 10~20 mged ")
e, SB YR YE A SA, dE— 4yl STHL (F7 4
SI{HJC SA, 384 ) FI SA 4 (4 SA,2844) . H,
37 4 SB A 13 4 NSB 41 H % 1 23 4 HC 41 %t
W42 T WG RFH . Ii A 230 1 78 43 S0 1 )
EIFEET PR E .
1.2 HARAZE
1.2.1 AvFREERIGRTH WA RITL
RN DR AN AR 2 HE SR I
A S5 2 I R BERE A RS B R B R
w2 R AR SA B i HAMD-24 3F
flAMABAE AR , HAMA PEAl A8 B AR, MINT H A B
AR A 2R RS .

1.2.2 SR e KR R G8 A M Mk 2 b
7S J I OE o K i 10 mL B .0 &b 3 (3 000 re
min~', 15 min) , & F —80 CUKAH N fF. JaLis—
W 1M 3R SR R R AT R T SO AR 3 - T 3 I )
(ultra performance liquid chromatography - tandem
mass spectrometry , UPLC-MS/MS) 5 #7 .

1.2.3 R E

1.2.3.1 W28 ke W BEIEm ] 7
Verio 3. 0 T 4 M4 4745 {3 FN 64 38 18 3k FF 2k B R £
IE 5 RE G A Bp -G, Sk [ 7 4 4 O A b AR R
#ak o T1 B AR R &6 B [l )% (gradient recalled
echo, GRE) J¥ 3] R &, H 4l S B F & & 1) [A]
(repetition time, TR) =2 300 ms, [=] J &} [8] (Echo
Time, TE) =2.96 ms, 1 i #i ¥ (Field of View,
FOV) =240 mm X240 mm, & & (Voxel Size) =
1.0 mmX1.0 mmX1.0 mm, JZ J& (Thickness) =
1.0 mm, J2 % (Slice) =192, ¥k # MRI (diffusion
MRI, dMRI) K15 % H e #1523 BE R R U84 (high
angular resolution diffusion imaging , HARDI) ¥ 31 >k
% HHE S B0 F : TR=5 100 ms, TE=103 ms,
FOV=220 mmXx220 mm, £ % =2.0 mmXx2.0
mmX2.0 mm, ZE=2.0 mm, =4 =54, 4f 64 4~
JE LIy 18 A 34 b (b=0 s'mm *,1 000 s*mm ~,
2000 ssmm ") R A .

1.2.3.2 BSO8R TR B S A5 R8T R
1 Ty B % 2L 4k B8 T2 H (functional magnetic reso-
nance imaging of the brain, FMRIB) . & 2 H — 1k T
H (advanced normalization tools, ANTS) 1 MRtrix3
BAr AT sk B O RHE ks X FE 4 s QT AL IE ; O
KB KIE s @RI G - R A AOE s © & Bk B SR
AR M A 2 IR L OB DTI Z 8, [ 4
FA F¥ P 8% (mean diffusivity, MD) Fll 15 57 %
F (axial diffusivity, AD) . NODDI ) 2 % £ 15 41 jig
PR B 43 %88 (intracellular volume fraction, ICVFE) .7
1] 43 B (orientation dispersion, OD ) F1 4% [i) /] 14 {4
4 B (isotropic volume fraction, ISOVF) , 43 51 )2
W 20 58 9% B M2 5% A WO 40 B A0 B fR K [ L
b 78 & S2 CF AL il A 3C OSTD = 2 % 7] L) Al
#S1].

1.2.4 %t F 54 A5 EZ R SPSS 26.0
HEATGEAT 30T o A Ge it 3 B 4 S RUIAG: 36, f
PEAKP R E R 500, XAER (Z#H A F R . HAMD
PP M HAMA ¥ 43 i 1] Kruskal-Wallis £ % . %
PRI RS P o B R B RN B R ] 24 1
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R 7 K 5 . X Ah A i KP AR i 9 oK S A
OFC ¥ J2 [ 0 iU 25 ¥4 48 Al FL B 7 22 50 b, 2
TR 56 T 4 1R & B R (false discovery rate, FDR) 2
il 76 0. 05, I X} ¢ J5 P9 P Lk 3¢ 45 SR 1 17 Bonferroni
BIE o AR I KP ARG K7 L OF C ¥)2 H o
S5 K48 BR 5 i R Bk AY AR 5GP Spearman A ¢
PEI3 BT

2 #HR

2.1 ANOFEBRIGHRER  —4UM000 58 E
[A] 22 55 (P>0. 05) , M £ 404 (H=S8. 744 ,P=0. 013) .
*1

ZHOH AEBR (H=34. 754, P<<0.001) .HAMD ¥ 43
(H="74.941,P<<0. 001) 1 HAMA ¥4 (H=67. 990,
P<<0.001) J7 HAFAE B E A 2 5 . FHI5 0 HriR,SB
HAIAERS /N NSB 21 (1= —20. 807, P=0. 059) ,HC 4]
()32 HE R B3R T SB4H (1=46. 415, P<<0. 001)
FMINSB 4 (1=29. 710,P=0.009) . SB £H FI NSB £H {1y
HAMD P53 (£5,=68. 947, P<<0. 001 ; tyss=47. 828,
P<20.001) M HAMA 373 (15,=64. 450, P<<0. 001;
Ins=56. 410,P<C0. 001) BE R THCHL., SBAIAINSB
ARG PRBOR S S B R a2 R AG I 2 B 5 T
R R ) 22 5 (B P=>0.05) ,1E L% 1.

ZHBAOZEERIEREMBLLRER

5 SB 4l (n=66) NSB 4l (n=29) HC 4 (n=30) H/y P post-hoc
EWE /% 22.00 (19.00, 27.00)  26.00 (21.50, 30.00) 24.00 (23.75, 25.00)  8.744 0.013" SB<INSB
PESN (/) 17/49 8/21 10/20 0.590 0.744
ZHE ER/AE 14.00 (12.00, 16.00)  16.00 (13.50, 16.00) 17.00 (16.00, 18.00) 34.754 <C0.001""  (SB=NSB)<HC
I B S S (/) 15/51 3/26 — 2.011 0.156
HIREW /) 20/46 7/22 — 0.376 0.540
FHEGNE B2/ ) 18/48 8/20 — 0.017 0.898
AAREGE/®) 28/38 — — — —
HAMD/4} 28.00 (22.75, 33.25) 24.00 (21.00, 26.50)  1.50(0.00, 4.00)  74.941 <C0.001""  (SB=NSB)>HC
HAMA/%} 14.00 (11.75, 20.00)  12.00 (8.50, 18.00) 1.00 (0.00, 2.00)  67.990 <C0.001""  (SB=NSB)>HC

2 R AR 12 43 A B R L B0 A BR] B [M(Pys, Prs) I8 7R 57P<<0.05, " P<C0.01, " P<<0.001; post-hoc 2 ¢ J7 43 #F o

2.2 SMEMAKREERIE AP ATE R TRPA,
IR 7K K A A G B 50, lGE o
SR EGE SR LA o B A Bt . UAR IR 2 3L
B IRAE N P2 - AT U 5 22 50, R PR s kR (kyn-
urenic acid, KYNA) Bt H & X % (InKYNA) (F=
5.450, Prpr=0.026) . InPIC (F=5.115, Pupx=
0.026) Al In (KYNA/KYN) (F=5.240, Pp=

0.026) =AM 454Ril i FDR&IE . F)5 001 s, SB
H B IMKYNA (fy=—0.249, P=0.025; fy0=
—0.241, P=0.026) . InPIC (#yss——0. 340, P=
0.029; te=—0.323, P=0.036) fl In (KYNA/
KYN) (tys5=—0. 219, P=0. 023; t;;0=—0. 199, P=
0. 038) ) I Ik T NSB 41 Ffl HC 41 (342 Bonferroni
KOE) LR 2,

F2 ZHAESEAMRREBBERRGUKERILENLRER

75 SB 41 (n=66) NSB 4 (n=29) HC 4 (n=30) F P Prok post-hoc
TRP/ngsmL " 6572.74+1657.56  7159.47+1619.34  7077.274+1180.10  1.640  0.198  0.363

InKYN 5.3040.32 5.344-0.31 5.3540.18 0.267  0.766  0.766

InKYNA 1.00-0.44 1.2840.45 1.24-+0.33 5450  0.005 0.026°  SB<<(NSB=HC)
InQUIN 3.1040.33 3.1440.27 3.1740.20 1.377  0.256  0.371

In3-HK —0.3140.60 —0.194+0.49 —0.1240.38 1.323  0.270  0.371

InPIC 0.8340.65 1.1940.47 1.160.47 5115 0.007  0.026°  SB<C(NSB=HC)
In(KYN/TRP) —3.46+0.25 —3.4940.22 —3.50+0.16 0.833  0.437  0.534
In(KYNA/QUIN) —2.07+0.42 —1.8640.40 —1.93+0.36 2.720  0.070  0.154
In(KYNA/KYN) —4.31+0.38 —4.10+0.34 —4.1040.31 5.240  0.007  0.026°  SB<C(NSB=HC)
In(KYNA/3-HK) 1.304+0.51 1.4640.56 1.3740.44 0.780  0.461  0.766

In(PIC/QUIN) —2.2340.60 —1.94+0.51 —2.01+0.52 2.830  0.063  0.154

T BUHE LY B BRI 22 KR TRP. (& R (tryptophan) s KYN. K JR & R (kynurenine) s KYNA. K JR M Mk iz (kynurenic acid) ; QUIN. &
Wk A% (quinolinic acid) 5 3-HK. 3-¥#% 3 K JR & R (3-hydroxykynurenine) ; PIC. M i B i (picolinic acid) ; In. B [ 48 X %0328 57 5 "P<C0.05; Pppg. 4

FDR # 1E (9 PA# ; post-hoc. F )53 #r .
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2.3 WEGEE LDFER ZAFERERDE
W 290, =4 FA . MD . AD . ICVF,
ISOVF {8 % 41 i) 22 5 ¥ oK 8 & FDR & 1F (%
P>0.05), X F OD{E, =414 4Mil OF C 777 ik
FA ) 2 57 (F=5. 921, Prpe=0. 032) , 7E W& 1,
FH 5 o i, NSB A A A7 Al OFC #9 OD B 2 2%
5T SB 4 # HC 2 (P<<0. 05, Bonferroni £ iF ) , 3
UL 3.

2.4 XS EBDEFLN,SI.SAFNSBE
JH AR ERAEF, 5 InKYNA (r=—0. 308,
P=0.002) .InPIC (r=—0. 312, P=0.002) .In(KY-
NA/KYN) (r=—0. 228, P=0. 026) Fl £ #Mill OFC
) OD fH (r=—0.286, P=0.044) & & % 1 A % .
InPIC 5 4 4k il OFC ) OD {H 2 & 3 1E M %
(r=0.290,P=0.041),

3 it

AW 5T 43 0 LB T SBUASTE SB B BD BB &
FHC =2 59 4h Ja i KP AR K7 LA K OFC )2
FI B OWL 4548 22 5, O 5 B AR ™ E AR B 40 0 i AT G
643 M7, fie i A7 A0 A il KP 4G 9 7K S FiT OF C %
J2 BT O 45 4[] 1) DG B o3 A o 45 AR R, #F SB
7 BD B #4485 1l InKYNA L InPIC 7K Fl In(KY -
NA/KYN) & Z K T A SB 19 BD & A HC. A

£ SB 19 BD &3 By 45 4MIl OFC ik J2 M B i OD A
& T SB A BD & & M HC, 7 BD B # 4l
i, InKYNA | InPIC 7K *F fil In(KYNA/KYN) 5 H
A" AR B B U G, A AN OF C )2 A OD
HBS A AHEBEE2AMXE, BYS InPIC £ 1F
X

FE AN A I KP AR P oK SF- 7 1, AR B 5 R A
SB 4 BD 2 # i 41 J& 1l KYNA F1 PIC /K 3F & % 1%
TAHESB I BD & M HC, KYNA 1 PIC B A #
AR AE T — TR AR K BB AR E AR
KYNA K HC FRET 32% , Hir 20% B
A SA; 5 —WiEE & AL SA 19 BD /& 1Y 41 JE
I PIC K i 3 TR ¥ S ARBFR A5 1R — 8. &
B 5538 % BLAE SB 9 BD B & i KYNA/KYN H{
BEREAK . AN I KY N 5% 4b 350% 10 B AR 0T BE 2 7
HEA HRX ) KYN MR BE 0 10 7 A b 28 5 M 77 1 e
WK R (quinolinic acid, QUIN) , 5 24 s 5 45 #4 1 35
Ty Ak o BFRTVHGGE AT SA I WP
QUIN K FZEHCHZ 2. 34% ., fESBIBD B#E K
AP il KP R¢AF 28 30 2 0 40 4k I - KO F B
A KYNA (1) 32 AR 8 K F F B, ol fE & 53 SB
R R SRR AEALE

TE OF C ¥R J2 0 i W 45 ¥4 1T, AR WIF 9% % B A
SB Y BD & i 47 4MIf OF C ¥ 2 H i B OD {8 2
FEIRTAESBRBD 55 . ODFRKEH T2 B

F-statistics

6 A Colored P<<0.05
. ’,«‘ ' Monochrome P=0.05
‘ / a3 N FDR corrected
X

-
by

f

i y

E1 =/ABEHTRX%EBRRODMERNAIB L
22 B 68 3 R E A5 301X 32 )2 (0 OD (B A9 41 18] 25 57 0 F 485 A R B8 3R R % B IX () PAE 4 FDR K IE J 2 5 1 3, 40 kR

MR IX P<<0.05, B H @R RIZM X P>0.05,

RI ZHEAEFTRXREZEARODEMLLELER

AR it SB4 (n=37) NSB#4 (n=13)  HC#(n=23) F P Prpr post-hoc
L 0.45+0.11 0.4240.10 0.4940.05 1.808 0.172 0.629
OFCmed
R 0.424+0.09 0.42+0.10 0.45+0.08 0.597 0.553 0.737
L 0.414+0.13 0.374+0.13 0.384+0.09 0.671 0.514 0.737
OFCant
R 0.374+0.14 0.334+0.12 0.36+0.11 0.353 0.704 0.785
L 0.4040.10 0.374+0.11 0.374+0.08 0.620 0.541 0.737
OFCpost
R 0.314+0.09 0.334+0.11 0.32+0.10 0.242 0.785 0.785
OFCl L 0.334+0.16 0.334+0.14 0.26+0.09 1.474 0.236 0.629
“lat
R 0.324+0.15 0.46+0.13 0.30+0.13 5.921 0.004 0.032" NSB>(SB=HC)

U DL £ B E 25 3608 ; OF Cmed. N MIIE 471 B2 2% 5 OF Cant. BB IE 45 B2 2 3 OF Cpost. J& # BE &R K 2 s OF Clat. SMUIE &7 K2 2 5 P<<

0.05; Pppg. 48 FDR M IE B P ;post-hoc. HF 5 4347 o
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S P JRy 3 o Ay A — BobE T T B . R
MAHON %2 % 3147 SA ) BD £ # % OFC iy FA
H B TE SA # B F FEAL, R WA SA ) BD B # 1
OFC ) Ja) 30 i 58 20 A — M P RE . F JiG 0 Ji IR ]
fiE & MAHON %5 BfF 53 0 42 2 W82 5, 1l 2
P LA v 0 R R 405 0 B R B v L b
G ARTFIE AT B ST B, i MAHON 45/
WF 5 W LA JC SA #4740 41 . fF SB I BD & 1)
OFC ¥ )22 11 J5T 1o 0 485 449 80 722 475 i 485 6 2 ) 55 3 A
J7 i BE 5 5 aE— 25 B A

A FEAE BD 3 4 b & B InKYNA (InPIC /K
A In(KYNA/KYN) 5 H 28 ™5 82 A,
B4 JE it A 28 PR AP BT K OF IS, R
54 2 HE M R 0 L (R BRI, R R
A A AN OFC ¥ 2 Y OD H 5 A 4 7™ & ##
J 5 R 6 BIZEIRG IX 1Y OD (B /0N | il 98 43 A — 3%
PR R, AN OUE™ . 7 BD B A, AR I
InPIC 7K 5 4 A OF C ¥ 2 F1 R 9 OD {8 5 1E A
. ISUNG 2124 % 38 HC f4 vh R R A1 8 if i PIC
KO- i BE AR G, PR A 5% b £ SB ) BD BB 35 19 41
JEL L InPIC 7K SF- B AR, 7T B $2 78 A PIC 7K F [)
BEH IR . %40 5 BRUNDIN 258 BF 98 6 T4
SA H WK PIC M PR 45 R — B, ik a R
SRR N PO BT RE S BUR A
B E O HE A A SV A Y, R R
A — F PR3, Koy ODA{E R M. i T 40 8 1l
PIC /KB & A & 7™ 31 R B 0 34 i ini 328 s, AR BF 5%
W0 A i KP A3 9 38 5 52 e oA OF C 00 45
WEH5TARMEERE.

ZE LR AR WESE R G T SB 5 A £
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