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z| CHAFE 2 brain metabolites) S0l choline Al&2| HalE RASICE 2 o72o SXHE

ol desipramine-HCIZ F0{5t0{ M4t Fof 22 F0ist F| Alo[< il EHAPE 19| %to
resonance spectroscopy: MRS)2 &35101 otE = Zo|ct Asitiaez= 63H 2| SD rat °
YAF(| D SFEM AEHIIE flet ndzl Yoz UH °474APE AI°"oF°:'EF XP7|48-.§$3’-* 12 Al3
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NAA/Cr, Cho/Cre| H|&f(ratio)= AtO|7} L{X| Zypc
NAA/Cr, Cho/Crel Bl €% R[O|2} LiX| 2ot QEZ sjoiR oM EAMoz Folst Rlo|7t giict &

£ot A% ofojolM Ha Fet Ef=ME F0E F Ato[oiM

, 2 AFE &
sto] anti-immobility &2t LIEI = S22 E Eo{etez 4 choline A S7F HAH e H| %51 & &5 Z{E RHE
StICt Ol= Yo zo| &2 2H A= HIlo A0 A7|FHEAHE TolstoZMN 7|Ze| F oMol metg diH e
HOIH & g =1 (=3

A zEazel g8 $UE HANS BLE 49T
M = (behavior despair) & K3, 7%%”@ =5 A ¢ Q=

GoRt AAE 48U 44 g8 LR $22 BB

2o £E TAU 59 204 AAG WA A LD HER P13 ol E(eamed helplessness theory)ol] 2

3 AATE ol g Bsle A7 iAol AR FEERWelth ol Y F YPe AV FA
FEF9) 14 BAAY S4L DA ATl U (electrical shock & Felel Yol A7 57 Y 5 9
£Ag9 Aol & g3olAsl WS BAAE Rolrh) 2 of 2
997 ETRUL TRl 22A2E AR F 9 DU BoATo] A F 2~3%0] Ak $83
QAp=ol] gt 3] uk-3-(avoidance response)o] & Fdo] ARtk Folvh o|Hd wHE HAsT] 93

Aol 7|23t o] AL 2ELS Aute £e=43 LT E= A2} chronic mild stress modelo]t}? o] Helo

A G WES BT 927 FTRANAL o]F A AEdsg 77 da) 45D BAE wolst 2o uhg

(food and water deprivation), H|5718Q] A 7]|%7 (unpre-

o] =i 2008
YA A HH o
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G014 714 el ALHE weleh ok Fo] L A3
B 2ol Sz Qoll 1520 AE F9AA ABEE &
HFA| 7| & pretest session¥} 24A17F o] thA] 5E7E 7 Al

d (test session)= /(] Z< o ¥]-52Himmobility)A| 7te] © &
ot A& Hi $EFo] FUFddE RAE g
£ dodlA e Al aRE gl sl 7 Ad
Atolof] 3¥ol| A A A E Foidt 3 PFHis) B4
(behavior scoring)¥ Z7|-FHEBHES F71ste] A3
th 71E€Y @ dFdAE &5 Foi3k & test
sessionol| A1 9] =3l HAHulo g 3929 FH4E A
okl o, ol /M9 F3AQ ko] MY A7}
wong ARzo| FgA o ZAY Herl A7|A H
At mebA 5] A = ¥ dAEA S W)
7 AZ1A "Aoke A Y AT A S wlgeg o
H o AEAE 3 & 5 3 AV sHEEY S A
Al Hdck B J|xdFNAE &5 88 FHollA ¥
o] v} 2219 choline-containing compound (Cho) A1%.7}
dathe ABE At B AT BHL A 5
3 A <15 #§30] £ A choline 2137} 2
AF Y Aol d-9-gA9 ¢ 79 desipramine-HCl-&
Aoz A4 Fg F-EAE Fo% HY UH*}E
A9 zol & LolHy] $Jgo|rh

=AE

ME Y gy
1. Animals

BEE 58 A¥2 A+ 7] e FE A% 7lol el
vzt AEA, B AT Y BRE ZEEFL AT+ A
o 713 =AY Fel H93eA U= Al
Fere 7599 AF 160~180 g F =2 T Sprague-
Dawley (SD) rats (Charles River, Yokohama, Japan)S A}-£-3}
Fotn=19). FEL A-2(2322°0)°] LAA FA 5 Wl
A 9% B9 Bl 428 & AR S9lw, AR

S 2 AT 712 5% A9R ARL, ANEES 24
M FI1Z on-off AIF T 549 S5 H7s]
3l FSTE Algsl7] A B4 #AL uf MRS HAE A3}
, > MA| H FSTE A1383 & &0 s Fof
A G2 AE FoIdt & MRSHAE Al3sksi o

R fo

2. Forced swimming test

717k &2 £017F 40 em, #7o] 18 emdl WEH F
2ol 23~25°CEZ FAH &% 25 cm Hob A £ AA

£ ARk 2AA 79 AT 230l o] Algglen,
X5 sessionoll A& 1587 A1 st 24417 Froll= 5EZH
AJ8Patqich. FEFol= 7 session Abololl Fof H ik 7}
zke] FSTE AJ3dt Folle HAEY Al2s FAAAFT
Al s HolE § Eetol7l&2 F10EZ SEe] H
AL 7429 Agd A cage) 2 WolFUT,. 3wl A¥
uhet AARZE R SAlE Sl

3. Drugs

898 A (Desipramine-HCl) k& Foi+= F+ W 744 &
d AAAZ Aol 3 Folslglch FE FAAZLE F
WAl 7}AGe A 7} (test session) S 7] 502 23X 7F A, 54
2R, 147 Ao sgon 247 AREAz Folss
th eFE-9] oKdose) 10 mgkeg 2 & dFod 32} ZF-<F(deionized
water)ol] 3] 4slo] 7+ AT 0.5 ml¥ Foi3s}3ict

r‘

4. Localized Proton Magnetic Resonance Spectroscopy
(MRS)

MR A#-& F 7 o] 400 mmo]iL 7 AFA}Al(gradient)”} 150
mT/m¢ FEXEBAZTL-E A2E 47T Biospec scanner
(Bruker Medical GmbH, Ettlingen, Germany)ol|4] Al3§%] %)
o A7 THLAEE Adels] A4 $4 AF N0%
027P 5:59 H]EE 49 isofluranes FYstA 3] ul

g Ag w7 B AE T 3gAAe 8 et
248 A2 93 AL oA ) ASAE B
a7 e 2HERE 7] A A7 T AEA el A A
7} ol 9XE olslz dAle] AL sl 93l scout
images HA 253ttt B4 23 (volume of interest, VOI)
9] &}X%)+= rapid acquisition with a relaxation enhancement
(RARE) sequence® AF-83lo] ofE ¥ -‘1:'-9»] o E FE
T2 7L5"'—°§’§}(T2-we1ghted image)= 912 % 3u} H-9 o]
o ttE gHo] oJ3t AF 2%(signal contamination)o]
WA BES AFA AT T2 F2AAE AE
u] A2 % parametere THSI 2Tl repetition time, 5000
ms; echo time, 22 ms; slice thickness, 1.0 mm; 2 average;
matrix size, 256x192. T-AAH Q] 7]+ 1.5%2.5%2.5 mm’E
sgon, AAE A9 19 BT sfutel FoiAch, Tl
A A7) 5w B3 (single voxel spectroscopy, SVS).S.E 4],
27 FAEBFoZHEW AT E 7] e 3 He 90°
S A e RF pulse?} 7 ¥2] 180° ©bH 48 RF pulseE At
g3te] 4%

localization sequence® AbE38l4l ). o|ul] AL2% parameter

£ 9+ point resolved spectroscopy (PRESS)



= o3 2} repetition time, 2,500 ms; echo time, 144
ms; 512 average; 2,048 complex data points; acquisition time,
25 min. ¥+ shimming 2} fast automatic shimming
technique (FASTMAP)E Ab-&3}9iv}t. w3t & o A|(water
suppression)= SE3sl7] 8 transmit gaine ZAT|IL
variable power RF pulses (VAPOR)E Al-&38Lo] 52l Al 54
2] 3} baseline distortionS ¥R}l FAsiH 3 3 ¥ o
4249 Ao Aokt e FA = Ach A
AL FeF o 3ho] £ S YolFozH 2~35C
2 TR, A o) Al Tk
AAE 3 Ad A7 59 ASA o2 R

5. Spectral Quantification

Raw datat= Java-based version of the magnetic resonance
user interface (jMRUI) programel] &3l X 2= o). &9
frequency domain dataollA] 0 ppmellA A&7} ZA Yo+
Ae =8 THFTIATE 319 47 ppmlE YE F FIF
%% calibration 3}tk BE A E®)] apodizationd}
A28 real kol ofd
magnitude Y22 F-43}o] phase correction< post-processing
TRl A ALAI At Baselinee] AsHA =0 NAA,
Cho, Cre| AZE 73| )= dlole|= EA A NA
A\ 2] A Zch NAASY FHFIbrE 2.02 ppm, Cre] SHF
= 3.02 ppm, Chod] FHFI5 3.23 ppm = assign-
ment 3l FQ IFES FAGH A9 e Cre
71EL 2 sto] Q] Bl & (relative ratio)® YERHA T

baseline corrections A3Y3}9 1,

6. Statistical Analysis

ZAvtd)o]e]= SPSS software (SPSS 15.0 for Windows,
SPSS, Chicago, IL USA)E FA|1%H4 A& AgPsiict. oF
9 3HE A3 9l T 1571 two tailed t-testE
Aegste] pgho] 0055t ZA Vo F IF Aoldl &
o3k Aol7}t glvkar FAsle], A 4 153 FATAE
AZ1AL FEg T3 F 252 Aolv) glds vehi=
2 %Ee It vebhd Aol futE Y. A#ER 9
Aol FA &+ 3ukel 9 F ol Al A= FAIEA A A
Al Z T,

2 I

$A B A9 FSLAT TART] A 25| H4

A9 29l BolollAe] AR Aol T w2 A,

olstEc| : M 19d K 2= 2008

92 Huplol A Cho/Cr Hlgol $8%0] d HellA
SolFen o AFNE drhpvalue: 0.036). I FA
Aot GBS Folgt FolA - AulEdA Y A
o] zpo) & wimd A, A4 2157 A FEF5E FEA
71 5 g9SAE FoAst 25 F EF 45 svby-Sdl
21¢] NAA/Cr, Cho/Cre] W& Ao|7t YA ogkeh(R A 4]
ol A k& llule] NAA/Cr B]& p-value: 0.791, Cho/Cr B]&
p-value: 0.688; &3 Foidh FollA 4% slute] NAA/Cr
H]& p-value: 0.564, Cho/Cr B]-& p-value: 0.893). =3l &
sutolldl A4 A FEs Fodt F AtolollA NAA/Cr,
Cho/Cre] v]&-2 o7} V1A okgkal, 283 sfjupi-glollA
T EAACR fo8t A oA kB A% of
55 5ot 9 A% 3lluloll A NAA/Cr H|& p-value: 0.84,
Cho/Cr H]& p-value: 0.758; 2% dulol|A NAA/Cr H]&

Table 1. The comparison of NAA/Cr, Cho/Cr ratio in the
hippocampal region.

Left hippocampus

Normal FST Drug
NAA/Cr ratio 1.51+£0.31 1.46+0.19 1.55+0.28
Cho/Cr ratio 0.68+0.13 0.53+0.03 0.71+0.21

Ratios are expressed by meantstandard deviation. Data were
analyzed with two-tailed t test using SPSS. No differences were
observed in NAA/Cr and Cho/Cr ratio between the normal
control rats and the antidepressant-injected rats.

Fig. 1. An axial magnetic resonance imaging with the super-
imposed location of the volume of interest (1.5%2.5%2.5 mm’) in
the left and right hippocampal regions.
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Fig. 2. Proton magnetic resonance spectroscopy showing the
effect of the antidepressant. There are no significant differences

in choline signal between normal control rats and drug treated
rats.

p-value: 0.617, Cho/Cr B]& p-value: 0607)(Table 1).

Teba AAGAGe) Sal $LZo] Gud oA
choline A7} ALY 43 Aol $52A9
desipramine-HCIl-& o 2a A4 FHolAL o hAE
Aol A H]E":’] Zpol7b A gk5& Btk A
FHEANS A0 o) AAPY Sheelde By
Aol A= Fig. 19 Jebll, =3 A4 H 259 7
AR A ALE Al # 1F, 283 FEE Fogt F 2
Foll i3t 2H=ZE Fig. 20 vlwsled Jehiide). 2 o)
Azl AdA vlE9 BT Fkmean)?t EFARSD)E
H| 23k I Z & Fig. 3] YerAc}

o &

= 7)&

L.

AT B4 A F&Fo
713G E AW Ay, $gFo)

kol 4 choline A7} AAF FHol| vl
A& WA ol Al &%

olN
rik ok
N,
il
=
°-|-'

SREM 4= a5 B
2.5 -
Left hippocampus Right hippocampus
2 -
1.5 1
1 -
0.5 -
0 1 ]

NAA/Cr Cho/Cr NAA/Cr Cho/Cr

Fig. 3. Metabolite ratios to creatine (Cr) in the left hippocampus
and in the right hippocampus in the controls (white), rats with
depression (gray) and drug treated rats (black). There were no
significant differences between any other groups. The error bar
indicates the 95% confidence interval.

272w ] & A fslo] dlufollA] choline A&7} 7+

L Asst QAT FAFGAAL Addete] 5
< A F oA el 9] choline 4127} Zh4s
= AL AAA3 R d(psychosocial stress model)ol| A 3fu}
#9191 25 atrophy)?t Zol B} Ylrhe AFHE B3
Hvk” T Dwivedi®t 29| FERELS WA Iy
(expression)¥} cytosolic phospholipase C (PLC)Y] &&% %
2R Ag Hase? ol shule) walsh pLce
B30 ZAGdel S $2%0] U Al ashol
Cho/Cr ] %2] 7ol FQlsckn AL, EG 7] %)
TAT A EFo] FEEH7 A 3¢ NAA//Cr Bl &<
EAME F9% Aol IR 2
gk} o]+ NAAY 747} neuronal lossﬁ’r]- A AHE)E=
Aol vlgo] & o, FAAZe) 3 F74) &5 Aol
= neuronal loss7} A7|A] o=t} A]-EE:]_E},

2 ATE choline A7} B4 Fol vl e} Hol7, $3
o] it F ol &4 2 & F79l despramme-HCl-% =
oJ3}o] choline 4127} tHA] I HEH = AL A7]-F8 L3
& E3lo] Iz} A 9ok 392 Al neurotransmitter
o] A|ZEY(serotonin, 5-HT)°|\} norepinephrine (NE)<] AN
ErE ARV o2 AW A(synapse)Ato] 9] nenrotransmitter
9 sEE 243 &5 A
reuptake inhibitor (SSRI)’ " 2} B2+ fluoxetine™ 32 A
9] g FFEA, TE50] F2E FHoA vFH A7kE =
o]3L FHAIZHE ¥ FFEAEAY AAE dFE

8lc}. Selective serotonin
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t}? B T ALH desipramine-HCl 2+ ZA$ NE
uptake inhibitorsZA, $-EZo] s Fol Folgto zA
vl g2t A|7ko] A Holl vlsl FolW® Ao] oA Fol&
Al st ZAAE HAFY AR 9% (swimming)A] 7l

+ ¥ o8 4% VAR v A AP, gE3)
AL AlEdhe 2F(climbing) 3¥Eo] Boldl A& I &
T Agit} o] @ﬂi u|Fo] E ul) desipramine-HCl-
ATl 3l FEFol U FNA olF X8
dioll B34 o]} }‘]'Efﬂ'-'}.

F3EA) hE A A9 27 smainyol] FHebAE o
2A Jehd}ar E.TLE] Atk SD rat®} Wistar-Kyoto (WKY)
Foll el gL AQl desipramine-HCI, fluoxetine, 8-OH-
DPAT (selective 5-HT)a receptor agonist)®] S¥(dose)S 2
sto] Foidt & WA i3t AaE H a9l
WKY rat> SD ratol] B3] k5ol gt 917+ & I (sensitivity)
7F @ WEbEeH desipramine-HCI FoJ3l3l-& uie A&
hgel ol WER ALe Folt EHE HolFg
P ol d9-8A1Y EHE AZe] Y&l QPR F
ol UL F g YBUHEAVoT B HE
ekaislylo] BT ASYR A1olE WAL
I ARHY B AFAE €55 A 3t dHll 3o
A A 0 PR AN FAEEE Aol ¥ AL
A AFdon pago vet ARl w A4 9
© 1310151 d& F Yotz /‘PE ‘4’

=253 ol BAAAZ #AH B2 ¥ HFF(hemis-
phere)] L EZFHTL A% ¥ K29 o]z Q| = o
A2 HolE HAGEY o) A AT ATl
Aol AAFAE ARS W 9B HutrglolAT A4
2ol W3l choline A7 AARe Anel ojuls} A%
Gk $-223 B D ¥ 29l Fol ) BelRa of
Y2} 9| prefrontal cortex, basal ganglias 1] %7} 9
4. 425 BT e ANTHALL oS5l 3

=59 AE717bol whE dubE-$ L} basal ganglias-o] &

el dE A% Hmss ok w983 3a)
E S E AT (prefrontal cortex)ollA] ¥ tHAFEZ Q]
H|2} LCmodels ©]-83}o] absolute quantificationdr Z#}
creatine®] =7 ARl w3l FH oz =A vl
£ B3% 9Jr}'” o]& creatine©| energy maker=A4], creatine
9] o]EF& s (transporter activity)Z. Q18 $-&ZF A A=
¥ & plasma creatine®] ¥57) S/ 22 B ¥ o
Az AAQ vlgo] Al vl foH oz YA
U2 AL Crd Adlsre ool & AtiAQl vl 7

olst=cl : M19& K 2= 2008

£z B9 E oE P49 dT2E K9 b
cortical regionollA &5 FALE A2 ZE absolute quanti-
ficationgF Z3} choline A1%.8} 557} A4l vls} =A|
Gghthe waE glch _

B oA dARLE H HAEA FollA NAA, Cr, Cho
ol BHH o] G oI WAEAE ol BARA et

£ Rolth AAFY WA B $25& $1A7 58
24 GABA A3 #AE Hi YA B A3

N A7|FHEFHE AlAE w Fe :‘9'.-“3—'01] of 3t
motion artifact®] WHAI} AHAEE S 7] A shimming 2H<]
7} water suppressione 3lulR-2lollA 2L A| s)7)oll= &
E AL 729 o, glutamate®} glutamine, 7 -aminobutyric
acid (GABA), myo-inositol 52 AZE E431= dl&
7t dcha Ag e B3 25 SRS LR ‘3& d
Tol| Al dorsolateral prefrontal cortex (DLPFC)Y} anterior
cingulate cortexoll4] glutamate®} glutamine®] A& % Zr4-®
o3 B3l 20?

Nz $57 AU FLAT EE BAY A%
AEE ksl doll oA+ BA-52 Hell oE 3 A
o] EH*‘:r'-H °|°q ol Aﬂzﬂ W 2733 AR

A oz A A% AEE A 4 9T o1
3

kot
o
qf
i

stk cbare] Aol goeleh Am s
AdAeE AY WAl sxls

2o A 79T AT B A7
Feb7] S o2 489 BAGER

d

4 B ASE 15809 AAFGes FAHeE $82
S FEA7 73F-ol7] difeldt. HAA FERLYE o
Ao g 9225 Gulaly] 93l chronic mild stress (CMS)
2 olgelel FSEA FERIE YBUHRALE o
23 AE BATED A7 FALPYE o Sstol ¥ o
RS AR B DAL A s g

537}l 9]

oA A7 TR LT Hrerhad Ho“};lOl = “Olﬂ}

wah BT BAY 4SS P4 AXNFA A F
o ok & O RE ATt Adslelol & Hols], HAla)
2} ohe O] HE Ba APAE W) B

g Ut Yo AsHT
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AT} B F 9 Zo| 3 BEE AL B ol ¢
o729 -4 kg Hrloll QojA A W] SR 27
STHEHE T2 V€Y FRHQ AdS wilA
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Evaluation of Antidepressant Drug Effect in a Depressive Animal Model
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In this study, we observed the alteration of choline signal intensity in hippocampus region of the depressive rat
model induced by forced swimming test (FST). The purpose of this study was to evaluate the antidepressant
efficacy in the depressive animal model using MR spectroscopy. Fourteen experimentally naive male
Sprague—Dawley rats weighting 160~ 180 g were used as subjects. Drug injection group was exposed to the
FST except for control group. The drugs were administered subcutaneously (SC) in a volume equivalent to 2
mi/kg. And three injections were administered 23, 5, and 1 h before beginning the given test. 1H MR spectra
were obtained with use of a point resolved spectroscopy (PRESS) localization sequence performed according
to the following parameters: repetition time, 2500 ms; echo time, 144 ms; 512 average; 2048 complex data
points; voxel dimensions, 1.5X2.5X2.5 mm®; acquisition time, 25 min. There were no differences in NAA/Cr
and Cho/Cr ratio between the right and the left hippocampus both normal control rats and antidepressant—injected
rats. Also, no differences were observed in NAA/Cr and Cho/Cr ratio between the normal control rats and the
antidepressant-injected rats both the right and the left hippocampus. In this study, we found the recovery of
choline signals in the depressive animal model similar to normal control groups as injecting desipramine—HCl
which was antidepressant causing anti-immobility effects. Thus, we demonstrated that MR spectroscopy was
able to aid in evaluating the antidepressant effect of desipramine—HCI.

Key Words: Forced swimming test (FST), Desipramine—HCI, Magneti'c resonance spectroscopy (MRS),
Hippocampus
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