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A Study of Proton Magnetic Resonance Spectroscopy Imaging in
Bilateral Prefrontal Cortex of Patients with Treatment-resistant
Depression After Transcranial Magnetic Stimulation Treatment
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[Abstract] Objective: In this study neurochemical changes within prefrontal cortex(PFC) of severely depressed patients

before and after repetitive transcranial magnetic stimulation (rTMS) were evaluated by proton magnetic resonance
spectroscopy (‘H-MRS). Methods: Thirty—four young depressed patients with treatment resistant unipolar depression were
enrolled in a double—blind, randomized study[active(n=19) vs. sham(n=15)], and the PFC was investigated before and after
high —frequency (15Hz) rTMS using 3 —tesla proton magnetic resonance spectroscopy. The N —acetylaspartate (NAA),
glutamine+glutamate(Glx), choline(Cho), myo—Inositol(ml) and creatine(Cr) were measured and their ratios of metabolite to
Cr levels were determined in bilateral frontal lobe. The result of metabolites were compared with 28 age— and gender—
matched healthy controls. Results: (DIn depressive patients a significant reduction in ml/Cr was observed pre—rTMS (P<
0.001). After successful treatment, ml/Cr increased significantly in left PFC and the levels no longer differed from those of
age —matched controls. @) A positive correlation between clinical improvement and an increment in m—Ino ratio was
observed(1=0.86, P=0.000). Conclusion: There might exist abnormal metabolism of glual cells in prefrontal cortex of young
patients with treatment—resistant depression, which can be partly reversed by successful rTMS.

[Key words] Treatment —resistant depression; Proton magnetic resonance spectroscopy; Repetitive transcranial

magnetic stimulation; Prefrontal cortex

, (Treatment— )
resistant depression, TRD) : B3l 141
) N (=4
2 0 PET
TRD , ,
10%—-15% , my

[5.6]
o



2012 20 6 -803-
(Magnetic Resonance Spectroscopy ,MRS) 1 'H-MRS , rTMS
24 2  'H-MRS o
(repetitive transcranial magnetic stimula- (Siemens Syngo MR B15) ,
tion, ’'TMS) NAA .Cho MI .Glx .Cr
s rTMS s s Cr
m, NAA/Cr.Cho /Cr MI/Cr  GIx/Cr N
(IH-MRS) o
, 1'TMS 14
, 4,
, rTMS o 'TMS 9 , 12 , 17
o ° 5 , 10 , 5 o .
1 N . (P>0.05),
TMS
1.1 10mg . rTMS :
\ N 15 , 1109%MT, 50 ,
60 s 28 ,3000 o
34 22, 12 18~40 5, 4 20 .
1-12 27252 , 1 1009%MT, 2
13.5£2.5 1109%MT HAMD
4 DSM- : =50% , <50% ,
v sHAMD17 =18 HAMD <8 .
. ) ( ) ,
;@ . 16) .
;@ 16) )
6 ECT ; ©
‘TMS, 2.1 'H-MRS
1.2 rTMS
28 , 16 , 12 (n=19) (n=15), .
18~40 27.6+47 1 , ,
14.9+22 TMS  MI/Cr, MI/Cr o
o ) N 1
(P>0.05), , 'H-MRS
. PYRIIRE ZAN] A HERT i 21 e PEFAISAE 41 P
GIEIU AMS 4 AL
1.3 H-MRS (=28) (=19) (=15)
Siemens 3.0 T (3.0T, Trio Tim, NAA Cr 2 1.62 +0.50 1.6320.39 1.62+0.45 ns
Si NAA CrAifll 1.67+0.52 1.50+0.42 1.63+0.34 ns
iemens), ) G /Cr ZE M 0.68+0.43 0.6940.34  0.62+0.51 ns
, , G kO Al 0.87+0.46 0.78+0.47 0.98+0.47 ns
Cho/Cr 2= 1.000.22 0.900.13 0.93+0.13 ns
s o T2 Cho/Cr A5 0.95+0.16 1.00£0.51 0.98+0.21 ns
(ROI)8x8x1.5cm’ M ICr 22N 0.59+0.12 0.37+0.13 0.38+0.15 <0.001°
’ A M 1Cr A5l 0.59+0.13 0.53£0.12  0.54+0.12 ns
o 1 MRI :NAA, - ;Cho, ;Cr, ;Glx,
; rTMS ;sm-Ino, ;ns,



Chinese Journal of Clinical Psychology Vol. 20 No. 6 2012

-804+
2
'H-MRS
1IN S 41 @=19) P B 4L =15)
Rt HuH TR HHE TR
LAl ©=12) ©=7) ©=1) h=14)
NAACr
YRIT T 1.59+0.42 1.53+£0.41 ns 2.06 1.62+0.47
RIT kS 1.79+0.32 1.76+0.48 ns 2.18 1.73+0.57
GIxCr
YRIT T 0.70+0.34 0.57+0.32 ns 0.71 0.62+0.26
RIT I 0.68+0.46 0.60+0.33 ns 0.69 0.59+0.13
Chofr
YRIT T 0.90+0.11 0.87+0.13 ns 0.94 0.93+0.21
WRIT kS 0.99+0.16 0.89+0.13 ns 0.86 0.90+0.16
MICr
YRIT T 0.36+0.14 0.36%0.16 ns 0.39 0.37+0.17
RIT G 0.65+0.15% 0.27+0.11 0.001 0.35 0.34+0.13
¥ (t=—4.36;P=0.001);ns,
2.2 'H-MRS
HAMD 50% .
rTMS 12 s 1
rTMS MI/Cr
5 2, rTMS
Cho/Cr ,
(t=2.15,df=11, P=0.056)
2.3 N
rTMS MI/Cr HAMD
(Partial ; P=0.000,r=0.86),
HAMD
3
s '"H-MRS
I'TMS o
'TMS ,
8] R
[9]
MI/Cr s
45
(o "H-MRS

[12]
o

[13]
[14]
,'TMS
MI/Cr , TMS
[15]
Cho/Cr )
[16]
nn rTMS

[18]
b

Kumari V, Mitterschiffthaler MT, Teasdale JD, et al. Neural

abnormalities during cognitive generation of affect in treat—

ment —resistant depression. Biol Psychiatry, 2003, 54 (8):
777-791

Salvadore G, Nugent AC, Lemaitre H, et al. Prefrontal corti—

cal abnormalities in currently depressed versus currently

remitted patients with major depressive disorder. Neuroim—

age, 2011, 54(4): 2643-2651

Sheline YI, Gado MH, Price JL.. Amygdala core nuclei vol-

umes are decreased in recurrent major depression. Neurore—

port, 1998, 9(9): 2023-2028
Drevets WC. Functional anatomical abnormalities in limbic

and prefrontal cortical structures in major depression. Prog

Brain Res, 2000, 126: 413-431

Kennedy SH, Evans KR, Kruger S, et al. Changes in region—

al brain glucose metabolism measured with positron emis—

sion tomography after paroxetine treatment of major depres—

sion. Am J Psychiatry, 2001, 158(6): 899-905

Di Simplicio M, Norbury R, Harmer CJ. Short—term antide—

pressant administration reduces negative self —referential
processing in the medial prefrontal cortex in subjects at
risk for depression. Mol Psychiatry, 2012, 17(5): 503-510

( 808

)



-808-

Chinese Journal of Clinical Psychology Vol. 20 No. 6 2012

10

11

10

11

12

Consulting and Clinical Psychology, 2011, 79(2): 225-235
Hirsch JK, Webb JR, Jeglic EL. Forgiveness, depression,
and suicidal behavior among a diverse sample of college
students. Journal of Clinical Psychology, 2010, 67(0): 1-11
Prager LM. Depression and suicide in children and adoles—
cents. Pediatrics in Review, 2009, 30(6): 199-206

s

,2010,18(6):695-697

,2010, 18(4):480-482

Page RM, Yanagishita J, Suwanteerangkul J, Zarco EP, et
al. Hopelessness and loneliness among suicide attempters
in school-based samples of Taiwanese, philippine and Thai
adolescents. School Psychology International, 2006, 27(5):
583-598

Chang EC, Sanna LJ, Hirsch JK, Jeglic EL. Loneliness and
negative life events as predictors of hopelessness and suici—
dal behaviors in Hispanics: Evidence for a diathesis—stress
model. Journal of Clinical Psychology, 2010, 66(12): 1242—
1253

Fazio RH, Olson MA. Implicit measures in social cognition

research: Their meaning and use. Annual Review of Psy—

chology, 2003. 297-328

804 )
O’ Reardon JP, Solvason HB, Janicak PG, et al. Efficacy
and safety of transcranial magnetic stimulation in the acute
treatment of major depression: A multisite randomized con—
trolled trial. Biol Psychiatry, 2007, 62(11): 1208-1216
Manji HK, Moore GJ, Rajkowska G, Chen G. Neuroplasti—
city and cellular resilience in mood disorders. Mol Psychia—
try, 2000, 5(6):578-593
Knable MB, Barci BM, Bartko JJ, et al. Molecular abnorma—
lities in the major psychiatric illnesses: Classification and
regression tree analysis of post—mortem prefrontal markers.
MolPsychiatry, 2002, 7(4): 392-404
Miguel-Hidalgo JJ, Baucom C, Dilley G, et al. Glial fibril—
lary acidic protein immunoreactivity in the prefrontal cortex
distinguishes younger from older adults in major depressive
disorder. Biol Psychiatry, 2000, 48(8): 861-873
Gruber S, Frey R, Mlynarik V, et al. Quantification of met—
abolic differences in the frontal brain of depressive patients
and controls obtained by TH-MRS at 3 Tesla. Invest Radiol,
2003, 38(7): 403-408
Vythilingam M, Charles HC, Tupler LA, et al. Focal and
lateralized subcortical abnormalities in unipolar major dep—

ressive disorder: An automated multivoxel proton magnetic

12

13

14

15

16

17

18

19

13

14

15

16

17

18

Cramer KM, Ofosu HB, Barry JE. An abbreviated form of
the social and emotional loneliness scale for adults(SELSA).
Personality and Individual Differences, 2000, 28(6): 1125-
1131

? ,2011,
19(5):625-627

Zung WW. A self-rating depression scale. Archives of Gen—
eral Psychiatry, 1965, 12: 63-70

Greenwald AG, Nosek BA. Health of the implicit associa—
tion test at age 3. Zeitschrift fiir Experimentelle Psychologie,
2001, 48(2): 85-93

Nock MK, Park JM, Finn CT, Deliberto TL, et al. Measuring
the suicidal mind: Implicit cognition predicts suicidal be—
havior. Psychological Science, 2010, 21(4): 511-517

Acute depression and suicidal attempt following lowering
the frequency of deep brain stimulation. The Journal of
Neuropsychiatry and Clinical Neurosciences, 2009, 21:
468-468

,2008,5:35-39
Wilson TD. Strangers to ourselves: Discovering the adaptive
unconscious. Amazon.com, 2004

( 2012-06—14)

resonance spectroscopy study. Biol Psychiatry, 2003, 54(7):
744-750
Coupland NJ, Ogilvie CJ, Hegadoren KM, et al. Decreased
prefrontal Myo—inositol in major depressive disorder. Biol
Psychiatry, 2005, 57(12): 1526-1534
Davanzo P, Yue K, Thomas MA, et al. Proton magnetic res—
onance spectroscopy of bipolar disorder versus intermittent
explosive disorder in children and adolescents. Am J Psy—
chiatry, 2003, 160(8): 14421452
Mayberg HS, Brannan SK, Tekell JL, et al. Regional met—
abolic effects of fluoxetine in major depression: Serial
changes and relationship to clinical response. Biol Psychia—
try, 2000, 48(8): 830-843
Gordon GR, Iremonger KJ, Kantevari S, et al. Astrocyte—
mediated distributed plasticity at hypothalamic glutamate
synapses. Neuron, 2009, 64(3): 391-403
Schummers J, Yu H, Sur M. Tuned responses of astrocytes
and their influence on hemodynamic signals in the visual
cortex. Science, 2008, 320(5883): 1638-1643

, . (TMS)

,2007,19(5):299-301
( 2012-09-11)



