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Abstract

Objective: The study used 37 near-infrared spectroscopy to study the differences and characteris-
tics of cerebral blood oxygen signal changes in depressed patients under the verbal fluency task
and to explore the neural mechanism of drug intervention in treating depression. Methods: There
are 52 participants in this study, who were divided into 23 cases in the depression group and 29
cases in the control group. The experimental group received routine drug treatment for one
month, while the control group did not receive any treatment. The study evaluated the blood oxy-
gen signal, sleep quality, and depressive symptoms before and after the intervention. Results: In
the pre-test, Avg-HbR in the R_FP was significantly larger than that of the control group [(-0.04 *
0.04) vs. (-0.07 £ 0.05), P = 0.04], and Peak-HbO of the R_DLPFC was significantly smaller than that
of the control group [(0.15 % 0.09) vs. (0.26 % 0.24), P = 0.06]. After drug intervention, there was no
significant difference between the experimental group and the control group (all P > 0.05). The
results of correlation analysis with the questionnaire showed that after drug intervention, the de-
cline of Avg-HbO in the FP (sleep quality r = 0.54, P = 0.01; depressive symptomsr = 0.53, P = 0.01),
the rise of Avg-HbR in the R_FP (depressive symptoms r = —-0.58, P = 0.003), and the decrease of
Avg-HbO in R_DLPFC (sleep quality r = 0.52, P = 0.01) were related to clinical improvement. Con-
clusion: After drug intervention, there was no significant difference in brain activation between
depressed patients and healthy groups. Lower activation of R_ DLPFC and FP was associated with
improved symptoms of depression.
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1. 5|18
FIHISE 2 H WA PRPRRGs , 32 BRMIE N BB MR AR O BVE,  Im R WIEIR O IS 2 Ut =
BRI = INEEIR | GRARFERG | SRR, P AT RE H I E R ) S AT A RIS A, 2015).
FEFNARRE IR 2L D T, FARREIR & 26 5 R AR B2 J2 (prefrontal cortex, PFC) T g i 2 VIAH G . B 52
B B A RIS ThEE, 51 R A8 3l [ N 5+ % (Damasio, Grabowski, Frank, Galaburda, & Damasio,
1994), ™ 8 FIFIARAE 5 8 A BUA T R E WO RS e e, R EThRR IR N (e, AT, 2011).
2T N D E A% (functional near-infrared spectroscopy, TNIRS)SIA AL FI AN [T 2140 5 i 21 23
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JIt 4 L 41 25 1 (deoxygenated hemoglobin, Deoxy-Hb)Fl % & ML 41 & [ (oxy-hemoglobin, Oxy-Hb)2 [i] F i
FIBR ¢ 2, 49 3 K i 5 20 $97 1] 06 20 2R 0 L 40 2 1 A0 B 48 T 20 2 1 90 S A8 0 475 190 (Masataka, Perlovsky,
& Hiraki, 2015), S BRSSO A AR A8 . AT KGN £, Emte, THE%,
2017)0 BLCT V2 N AEFAIE AF G X B 7 i DX S IR . 4L TR (B I RBmE 7, ok
SEET MR “ DhRemE” REE .

F BT PEE 55 (verbal fluency task, VET)2& — Pl WL B ENEE JE 2, B 32 38 T4 RE AH SC 7
Fo AHKBFFNIH INIRS BARBUANESEHE VFT (L5 Fordin Ss 5% NP, £ —TSAT 5 N
VFT H B $UdiE NIRS (BT, [REE ML AR G, 0 2 6 B AR 3 B8 B 2 R B (Matsuo, Kato,
Fukuda, & Kato, 2000). FifiJ5#T 78 5 1 48 JBIf (1) NIRS W58 & I VFT 4F5% T K& #7020 A0 £ 0
IR ) 8L A 20 2 A B 0E /)N (Suto, Fukuda, Ito, Uehara, & Mikuni, 2004). EEAE AR H H BLRT A
e 2L (Kameyama et al., 2006). B P 223 5K /N FEE B L EDIE 171X — WL, PR 7E 7328 VFT
45 T XU A AU A R TR B AR T IR AN (KNSR, 2014),

H RO HATAE ) 3= 96 97 T BT IR F BUAERRE 254, 22 R 5-32 €0 Jic B e IO i 70 45 (1 05, 2013) 6
B S BUAAR 24 148 2 & _ETF# 34 (Currie & MacLeod, 2020). {HI& T HHSAE 254 T-HUSCR KW 7T
FERFEGARER . PPeERETN, BAF—E W, S\ EREY. ELIMEARIE N
MR B FHEAR, AT FREME RS A F 405, H T8 SMACERRIT . Bk, KPFARERA
WFFCIEEAL b, SR T HUIARIE 254, SREZGY)T T 7 VEI6 7 S0 ECEE o JE7E 3 ABIE S 3660 1, A fNIRS
HR, R VFT AR50 WSR2 25900 J5 1 485 57384k, i —BIRAIRR AT a7
BRRE A £ AL o
2. WREFZE
2.1. R

FEARME: FH G-power 3.1 Al B AFE A § (Faul, Erdfelder, Buchner, & Lang, 2009). BEEL T
PONEENETT Z 0, AREN 025, REMAKF o N 0.05, Gt 1-p 8 0.8, r4ECN 2,
MEHCH 2. HEABIHA SR ERDNA 34,

BRI T 7RI T 22 2 BE e 2020 4F 7 A& 2021 4E 1 A 52 4112 B . 23 BIFIAR £k BEAR R AS &
BENIWARAH, Hrh 5 9 44, Lk 14 4. 29 Blf@REE NIEF XA, Hh Bk 16 4, vt 134, W

HMWENAFAEREZETP = 0.26). MACAHE IEFX A — B TR SPIFERR[(45.00 £ 11.54)% vs.
(39.03 £ 10.40) %], ZF LRI FE (P =0.06). AW THEFEF R FEACIEZ 12 HHHHEGR S
20191112).

THRALANANRRHE: 1) SFRCERBGERE 18~60 22 [8], PERIAIR; 2) PUH/REHIRE R (Hamilton De-
pression Scale, HAMD)2 73 > 17 7 3) fWASALBEAT VI 1 S H KT 2 TGN SR
AR IS TEYT S PR S PUIARZY, E0 SBE S PURS R 2 (R R R LR S 254
(BWPPUPE. FHiveE); 4) A 6 FHH, HEHENDGEAFIT; 5) ANBES @I A L6 H

TR
2.2. HET R

25T TRURI S % 5 2H 23 ) BE AT UG 24 22 B FIR R 245 B0 R (PSQI) I /R B AR &R (HAMD) DRI
ZLAMGIE AR (EINTRS) M &
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2.2.1. L EEEER R B4 8 & R (Pittsburgh Sleep Quality Index, PSQI)

VU 2% R AR 0 52t i A R T VP e il 1 AN H ROBRART &, 60 FE 32 WU BEAR R &= . BEEAIRYE (R 0]
MEARFFSEPE. S PEREAR AR . BEAR ZEEL. A IEIR 2GR A R I Re LSS 7 MR 7O W55, 1996).,
Hrr, PSQI &4y <7 4 NEEARFEIEH#, A >7 0 NKEERF &% .

2.2.2. NE/REFHNEPE R (Hamilton Depression Scale, HAMD)

DU IR EAIAR B 2 ARV € b ez e, sk, 1984). O iz M H THIERR ST €, H
T 2440TH, HEEARAL ., AE AFIRER . DR BHA . BEARRRRS . 4852 7 X720 ili(Bagby,
Ryder, Schuller, & Marshall, 2004; Hamilton, 1960),

2.2.3. THEEIELIIMALIERL {548 M (Functional Near-Infrared Spectroscopy, fNIRS)

AT VFT JUIBUESS RIS, 5 521X 20T D) REAT 2L /MG G I o <2 5648 FH o 98 R R R I
HIRA A A=K BS-7000 B ThRERNAZ R 48, KH INIRS HRIEF T Z MBS 3G E . ZRGHEA 12
ANAE T ARETES 703K 690 nm AT 830 nm PFP A L ZLAME . A S NIRS JHIERCE N 37 4>, #
AT VFT ALS5RE, Al RSP A M40 F (Avg-HbO)Fa b« P34 it S M 41 & 1 (Avg-HbR) FE AR 1R
£ L2185 1 W AH (Peak-HbO) 48 b &2 Kb B RFAIE o

VFT AR5 RREEN A2 160 s, 3E50 7 3 AMFrBL. S—BrBOATIHAA, INTRBE N 10s: 2 B BONE
SRS TE], BRI E R 30 s, SEf A LR AN 1 2 S AR EE ARG 5 =W BONAT S5 FIN TR], B[]
WEAN 60 s, IR IKEIL 3 MAFERIRGESE . KR VUSKRRIIE), i3 53 e X — 2850 F 1A,
AT A 20 s; S5 DVURTBOSZE B, R 1 2] 5 EEEH, BT 60 s. SEIARFE(ILE 1).

Relax VFT Taskl VFT Task2 VFT Task3 Rest

30s 20s 20s 20s 60s

Figure 1. Experimental flowchart
B 1. ZERIEE

2.3. itk

KH SPSS 20.0 HAFAT G201 THRBRF G IESDAG, KHM £ SD)ER. MBS 1E 5 X%}
MRZH 1 1r) 45 43 LU BCR F IR REAS ¢ A0S, RS 5 2 R UBCR - E R E T 2007, DARFRI(JEZR vs.
THE)NE AN &, CAABENARAL vs. 1EF G IR N (a AR &, K UGS IR] . 2H 50 f 32 250w R s ) R 2
SIFIAEHAEH . F Pearson AH G738 77 V248 A SIS 28 20 1 PROREIR 5 i 1 4805 5 I R AR DG PE . B HEKF o
=0.05, LA P<0.05 HEFEHEEKTE, BRITFE L.

3. 858
3.1. EELER
O A FE LR AT 4 5 TG P43 A AR 2H 55 1E e T 2 D B S TR A AT RE R K S SR AT R P SR

Mr SECAHREA t K56 455 EoROILE 1), FHRALLE BERR BT & 5 JARRE IR A A7 AE B 25 22 (P < 0.05). &
T ZNIGIT S PIARZE 2R I I R 2 - BRI 42 =7, T 15 (14.03 + 6.84) I3 (K T H228(19.69 + 9.16);
PARSEIR A BTl i, TTU5(10.03 £ 7.74) FIFSME T 36 28(19.72 £ 11.06). 1EF XF B4 T TRl J5 154 25 5%
ENTE
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3.2. ITAISMRE R

3.2.1. RS o
R PG T 45 R R (R 2), HIARZH %M X ) Avg-HbO 1 Peak-HbO s Ak 5 T [ &%, Avg-HbR
2 ETHES

Table 1. Questionnaire description statistical results, baseline and post-intervention paired samples t-test results between de-
pression group and normal control group

= 1. EMEFIE BX REM RIS ST AR L EL, TG t RIEERR

AR (n = 23) EF X2 (n = 29)
Kk TP t P FLek s t P
PSQI  19.69+9.16 14.03+684  4.06 0.00 7.38 £5.24 6.90 + 6.32 0.50 0.62
HAMD 19.72+11.06 10.03+7.40 545 0.00 3.72 £ 4.04 3.41 £4.05 1.73 0.10

Table 2. Descriptive statistical results of blood oxygen signals [( X =+ s)/n]

2. MEESHMEMSITERR(X £5)/n]

AR (n = 23) B2 (n = 29)
ek FHE B4 THi)E
R DLPFC 0.04 £0.07 0.03 £0.06 0.07£0.11 0.11+£0.43
L DLPFC 0.06 £ 0.06 0.04 £0.12 0.06 £0.10 0.01 £0.08
Avg-HbO
R FP 0.07 £0.08 0.04 £0.09 0.07 £0.13 0.05+£0.09
L FP 0.07 £0.06 0.04 £0.11 0.07 £0.13 0.06£0.11
R _DLPFC —0.03 £0.05 —0.03 £0.04 —0.05 £ 0.06 0.04 £0.22
L DLPFC —0.04 £ 0.04 -0.02 £0.04 -0.03 £0.06 —0.03 £0.08
Avg-HbR -
R _FP —0.04 £ 0.04 —0.04 £0.03 -0.07 £0.05 -0.03 £0.06
L FP —0.05£0.05 -0.03 £0.04 —0.06 £0.05 -0.01 £0.07
R _DLPFC 0.15+£0.09 0.16+£0.17 0.26 £0.24 0.24 £0.24
L DLPFC 0.17+£0.09 0.20 £0.36 0.22+0.19 0.17+£0.15
Peak-HbO
R FP 0.18+£0.10 0.16+£0.17 0.25+0.21 0.24 £0.19
L FP 0.17+£0.08 0.20 £0.32 0.25+0.21 0.24 £0.19

3.22. EEMERESH

XF Avg-HbR $8 b5 73 e A5 Jili X HEAT B G005 5 25 0 M, 25 SRR BH(IL 2 3), I 1) (1) 5 2800 568 38 (F = 5.55,
P = 0.02), HARFEBPAZ AR RE, BT E RS T, S50, EIREKFd, AR
HAEA MBI X (R_FP)) Avg-HbR FEAx i % KT 1E 5 X (P = 0.04). HAET 15 i3 Z (P = 0.25).

Table 3. Analysis of variance results for repeated measurements of mean deoxyhemoglobin values (Avg-HbR)

% 3. PHBEMAEAEAv-HRNESUESESHERE

df ¥177 F P n’
I A 1 0.09 5.55 0.02 0.10
Ik A *£H 51 1 0.03 1.77 0.19 0.04
1R Z2 (I TH]) 49 0.02
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Xf Peak-HbO b5 43 7 A5 i (X #EAT BB R M &7 250 M. 45 REBW, P RN AL BAE A B3,
B8 AT T AR o3 AT, FEZRKP b, HVRIZELAE A (5 AU T A (R_DLPFC) L [¥) Peak-HbO - 3 /)N
FIEE X AP =0.06). HIEFHELEEZRP=0.11).

3.2.3. FEIKXEEES

b5 N R 2L 5 1R S B L P 2 AN [ i X TG AT 0T o ZE R AR (LA 2), R4S IE
Wt AL Avg-HbO 8 FR1E L AMU AT (DLPEC) (F = 6.85, P = 0.01). /i 4MIlRT45iH(L_DLPFC) (F =
8.72, P = 0.0 )RIE AL IX (L_FP) (F=4.91, P = 0.03) 77 1E 3 % 5.

(c) MR Peak-HbO #8AF  (d) IEH XFIB4L Peak-HbO 545

Figure 2. Topographic map of baseline blood oxygen signals
2. REMEESHLE

AR ZH 5 IE % %F B ZH Y Peak-HbO F8 bR 7ETS MU AT HH(DLPFC) (F = 7.46, P = 0.01)4itl[X (FP) (F =
9.12, P = 0.004) £ i Z 41 ] 2 5%

TG (LE 3), AR Avg-HbO FE4R(F = 0.001, P = 0.97)F1 Peak-HbO FHFR(F = 1.62, P=0.21){E
FMX R EE R

10

-10

(c) HfB4H Peak-HbO Fa#x (d) IEH X HE 4 Peak-HbO Fain

Figure 3. Topographic map of blood oxygen signals after intervention

3. FHRRLEESHRE
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3.3. XD
XSS 2L AR T AT S 5 X A8 A S IR B A SR AR AL HEAT R R T (L 4)

Table 4. Correlation analysis results table

4. EEAMDNERE

Avg-HbO Avg-HbR
PSQI HAMD HAMD
FP 0.54" 0.53"
R_FP -0.58""

R_DLPFC 0.52°

W TR P<0.01, "R P<0.05,

SEIRR W, BUIX(FP) Avg-HbO Fa A5 174810 5 HEHR T & (- = 0.54, P = 0.01). FIHRAER (= 0.53, P=
0.01) 4035 TEAHIE, Bk IX T-HilSE Avg-HbO [ R B 5 1 AR S 8 AH 5%

AT X (R_FP) Avg-HbR 4845 R4 5 HIAREEIR (- = —0.58, P = 0.003) 384k i 35 FAH G, A5 %
WX T 5 Ave-HbR [ 1 T+ 5l R e A <

A HMI AT A5 (R_DLPFC) ) Avg-HbO F8 4R 178 (b S5 HEAR R & (r = 0.52, P=0.0) B F IEAHK, £
0] i A2 A0 T-HUS Avg-HbO T B 51l PR Bl 41 5%

4. ¥Wig

AW T B IR T 30, SR B 2l 5 TS IR AR, Hdid VFT AT 55 ERTEAT:
55 Y1) w2 B 20 B I RE VR B R AR I L, WD PR 299 TS S AR (A i 2 AL

TR, MECEE S REARERBSIEE LIRS . WA O G B AT R
T B EE W 2 Sy A e 2 A g R RO, IRIT HTSN XAE VET AL45 N0 LA (5 5 /a5 1
HRTHRA 2 MAFTE G 2 22 5, AR KIS F2 B 2K T IE R X A, Wy R EREER. o
WA FIURT LA 280k 535 SR A8 2 TE 1 AN AT A S AR X R DhRe 2R L, AT AMU T AR L AU X A
DR T AR BT AL K.

AHIFUER ARS8 I S BAT Th REEE F AR MU BT AT . AU X . AR R TE VFT /25 M
AMIUHIT AR 7 2 8 R 52 5 S 7 R EE R [ 45 SR AH — B (Noda et al., 2012) o FIHIRE 554 4450 1 2R
F AR X 1) ML AR 538 5 AP AR R 1) 7™ H A% B 2 [B) A7 7 J2 35 £7UFH 90 08 & (Kawano, Kanazawa, Ki-
kuyama, Tsutsumi, & Yoneda, 2016). MMEABFHIMAERE, AKX —25 B AR R AT B8 2 fA B 1
5 AMU AT ZHRK IX 5 S ARAT T BEAZTE 5 3 M s s G, 15 MW AT AU 5 AU mT R A 7 A P A
KIVEDDFRICIN X o

RIS 1 AN HIEIXEIRTT, VT AR S TS 45 R Bax, SRR b i 00 & S5 i X 1 1f 402 B v
JTMIRFSLIRE IE R, XRIVGITROREE, 897 Ik Be A 204 TH G PIAR 8 i & % 4 .

YT TUG, AT MU A AT R AR DX I AR R BRI S A R S AR DG . X ) A R A
SEATHR A RSN, AL RERY, SV Ti)E, kX Ave-HbO FEFRI TR, 40
A M FiT A FAS AT X ¥ Ave-HbR 8451 BT A5 M0 SMURTAUH ) Ave-HbO FRARIK R B35 5 4048
e ] )7NEE Y P
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AT FUAR B R (0 A5 O A B AT S AR DX R B B A, AR RiR 20 . Tomioka S5
FUE R AV AR B BRI B PR VA 9T BT S LR 8 71 2 KRR AR, R TR B3 AR IR A 7 B 1
HeE RIS, AR VET 4TS5 B A -5 B (R (Tomioka et al., 2015), SAWFFALE R —.

BN 7 2 55 AR BBk 2 AT %5 DT BK &R (Anderson, 2011). 38 Ik 3% B i 1 ¥ (deep brain stimulation,
DBS) Hl B AR b 1% 38 22 AR08 & i) OB I TS B 5, R IR s FLAAR K (R B P MK (Pfabigan, Seidel,
Sladky, Hahn, & Lamm, 2014). 7E—IUMHIAREE JEAT ECT V097 A AL, R INFL R #h 28 v 1 R A ot
AR, BRI 2 PR (Verleger, Jaskowski, & Wauschkuhn, 1994). 7K INEI4T A7 %(Cognitive and
Behavior Therapy, CBT) A A LA IE & AR A K147 R IT (MCBT)IR YT FWARGE RO 7E i, W82 B K =
FIRZE TG PE T B SEAR OGS . V397 A U< (Downar et al., 2014; Segawa et al., 2006). Fiik 7 2 ThEE R
76 R T BN PRIBAR IS TE S . R, 29T TS R U K Z B ThRE, SN T PR R I
By, R SO R A DI AR

M S A MAT AT B EAE S R R R R A RBIER, M TP A R B AR IR A IR AR
MR 26, 1 A 0 PR30S T R IR A R VR B . ARG IV ARG 28 (2, DERSE, 2004). IR TR
F O VRIS B TE A M AT i )2 b, R D AR A, R G AR R R LR D B
OB2=2555, 2012), 1A M ETA 57 2 MR P H AR T (Shiozawa, da Silva, & Cordeiro, 2015). 72 AT %
I 7 2 Ty e 400 1) 5 A 0 40P R 2 P SR o BB B B i AR IR . R, 25 T I A 0 A
MIRTA 52 E R ThRE,  TA B SR AR 7 T T AR 28 IO RO, 108 T o F8 2 TR R DR I ACRE AR

K FIEAFAE— AL, RKATUAELL R AR : 1) 12F] Matlab + SPM R IX 7% [A] A4 bR
R RN SASE, B BRE fff 2 07 0 [X R 2 1) B B0 ik X LR 80 70 2 MR s 2) T 8k 72 25Uk B8 Aveg-HbO
Avg-HbR FEFRAFFAE R FH [543 B7 6 22 SO0H 14 B IR e 15 £ 2 (10 DR s 2 AAT T 6 P T R RO A 28, -
SRR MR IE R 3) A FERAL, M X A B AR, Aok nT DR A8 TE A & R4
(17 INIRS e, LA Ml /7228 A I X 22 (8] 73 . 4) RBFFREARERUDN, & e —08 Kr
AN G AT IR R AN TR

i b, ARBARKIA TG, MEEE SR BUETEE LR EER . A0 SMUETE
W 2 RN DX I8 R AR VAR i R e A G

=
2020~2021 = FE H AR =B RE I H (SAR022)
SE ik

XWEEE, B, W E BN, REW, BT, ZI(1996). VU 2% G HERR 5T B He BUAE E MUSUS R IE. ek A,
Fe& (2), 103-107.

[ (2013). &k BERRBEISHIARRE IR TY . BRI, 46(3), 179-180.

FE, EEie, FHEBQ017). IEAAGHE UG ARTEINHRE P BT TR, AT R 445, 27(1), 65-61.

B, RARTFH011). 20 B I B RSAE B i e R R I SL . A R e 242, 26(9), 878-881.

wise, TREE(1984). PUETHNIIERHAMD). LEEMIEF, (2), 61-64.

T4, BERFE(2004). BRI K 404G BE WG 7. ORI (2), 161-167.

U, B8, AT, S6ER, Paul, S., T8, Z253781(2015). T ENS MR RTHEERI: T E 30~79 2 AE A AR K AE
HIHLIX S NBEDARRHE.  FER T F 54, 36(1), 52-56.

TR, BOeT, BB, RS, XIBRE, XUBETE(2014). HCRE 3 S B S MEAT S NUE L0 AN G s AL AT
WA, FERFMELEE, (1), T-11.
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