He| x| =X 2R E FE0t fAlEE2] Hrlsx: =3 H
500 MHz X}z Hx7|SHEZHS oS¢t oy

2 a A N
(500MHz; 11.74T)E o]gsle] &2 = in vitro 27llA =4 gl B-Asiicl, Al
S & in vivo A8 A HFEe Rt =229 v FAAd R 3t A7 FE 3
shimmingell eteddkg v|X]7] ulifeoll FAEE Aas A= = ek, 22 in vitro A3
= olof] nlslo] FAZE AEE AEslar Kok axpel|A] AjRdE 24T o 97 wiitell tl
S A3t A=A RS de = vk B dellAE 7l (canine)®] 4% (cerebellum)
2z o 2 He| WS FE8la A AT g o R vl AdlsEE 25
stazt sloick. A tiAEAe] AdlsEE 2537] flsled ] AEZ (e, NAA,
Cr, Cho, Ins, Lac, GABA, Glu, Gln, Tau Ala)2] 55 AlFsle] 1 AR EHS Hs)
3, Mol A& ¥91E FHZEslol methanol-chloroform water extraction (M/C water
extraction) WHoEZ AEATS FE53 3 ATHEFHE T80 HE =
(filtering)e] &35 F71sl7] flste] A& A4 Al 555 ZE=3E 253 eelA] &
IFo & Frsle] Adde efeleint. el B4 2552 90% D20 T HeEZ =% 5
mm NMR FEol| o} Al A3 Ay =22 3553 Hejdshe Zlo] Aadizhay]
(signal to noise ratio: SNR, S/N)& &&A7]& dl 7|ofel= 21 FRlelsie}. =3tk /o] &
¥ A=A AdlsEs At oks F (rat) 9] ¥ AEE Aulsee) v vlssst s 2l
S Adolet B AT AE EE b ) o83t in vitro A% ¥z

SR

=3
Hol & o 9& o' A

M B

a2 271 E 39 (nuclear magnetic resonance
spectroscopy: NMRS/NMR)<] A4 9] (in vitro) ¥4
¥ 1-3) 4.4) ¥x7]5) #E6) 49T 5 s A
zAo o] Ao dg 2ol e, oA A W (in

o) AR Sgeka 71 RAQ AES shaehiv] i Aeksla el

vivo) Aol sl fA &S A7) wimel Bk g2
S A EE 53 5 7 .

Bl ofate] SrE Foe A H = e dtolut Ae gl
T Fag 2Au7t doh. o]& flste] YA EEH AHE =
(biopsy materials) &2 5-E 7]y EgHS 483}
Helle 2 7HA 7} gled, 14 a7

high resolution magic angle spinning (HR-MAS) < ©]

ok
ol &
M
S
T
1o
ot
ol
o
ofo 9 o

cHetx7 |32l =tets| x| 12:100-106(2008)
FhE=u s olgfol s o s
957] 2k ed T4 A 2]
hgeltisha ol RAh gt
7150t 5ol sfoNs) 2|kt

A 120089 69 29, Al @ 20089 109 69

FAAAL  HHA, (137-701) AEA] AT HEEF 505, 7 tigha o apoie) o3dad
Tel. (02) 590-2427 Fax. (02) 590-2425 E-mail: bychoe@catholic.ac.kr
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Yol solution-NMRS F8ah=

b &2 918 &viol @} perchloric acid (PC
3} methanol-chloroform W% (M/C F#&%)
& & 9rk(11, 12). H1% 24

WU A4 THEYY AP

=

£ =

Lo g ol

S
=
"
-5
T ol
2 g O
r{noﬁérlm
to
AW re ok e do [o

O X Mz 2 ogo rfr
1
o
N
)
rle o o

= (absolute quantification) ol &
AA W5 =9 Ay wE7F 4l vE gatEd] s
g AHgete abEste WFEAx Z#Fst W (internal
concentration reference quantification) 2 g9} =%
£ BES AN h}e] RF 2L Stoll Wo] HEZA] A
s9] 71 QAR TH Mg Aste] AEshe 954
ks ¥ (external concentration reference
quantification), 2|3 A9} H]528 A7]9F BokS U
HAES AZste] A4 o2 HH ASE do] AYFEE A&
e o HEAE BFst WY (external simulated
phantom concentration quantification)%°] Bi% o] gt}
(13-16).
2 A= in vivoRt U5 A o diAEES AT

Fkl

Mz N o RO
3
= o
ol
H
i
2
e
o
=
B3
2&
e
=

SR

Z M=

FEeb] flske] B3] 3l el giAatEd
Ak GE (General Electric Company -
medical)ol A Al ¥ 3 L 71 & single voxel
spectroscopy (SVS)$& #EY GE-HD Sphere-TM
(General Electric, Milwaukee, WI USA)17)¢] thAFZ Ao
o F7bstnt. AsA o R F 107H4] A

=

1
Ads=

I

z24

0] =
AN

%) g4
BAFEAE 90% D20 8ol Eae] AT 1 74

& &3} 2th: N-acetyl aspartate (NAA)-12.5 mM,
total Creatine (Creatine+phosphocreatine, tCr)-10
mM, Lactate (Lac)-5 mM, Choline (Cho)-3 mM,
Glutamine (GIn)-12.5 mM, Glutamic acid (Glu)-12.5
mM, 7-aminobutyric acid (GABA)-10 mM, myo-Inositol
(mD)-7.5 mM, Alanine (Ala)-10 mM, Taurine (Tau)-6
mM.

X F== U ME HE

THE= A% 71 (beagle: o 1271€) & vk 5 4y
0g7tes EsAvial A2 4 (<197 °C)ell ¥Wof 1
AAE 24 259 1g9e 20 °C BN

F20] gols @ :
3|

>

2L

o
N

%, methanol-chloroform &
o &7} Tt} o] L oA A4S =9

=T1= 1w

I\ SN Original Signal

Taurine

JMUM@ wmp —

NAA

L Myo-Inositol [\ A_J\&_J L NAA

Laciiin i\ hHJ‘L_,\ﬁ myo-Inositol

D e pe __)' J Lactate

P M Glutamate

Glutami

% e GABA 5% M GABA

Total Creatine Total Creatine

1 Total Choline M Total Choline

" A Alanine Alanine
ssan oot Residue

R o WU Py Ay o S O -

4.0 3.5 3.0 25 20 1.5 1.0 0.5

4.0 3.5 30 25 20 15 1.0 05

a

b

a3 1. Each metabolite peak was analyzed and subtracted from the original signals of Filtered () and not filtered solution

(o).
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W Al ARES AR T A @
ofu7] wiitel o] FEuHS A9g F sj9
ot 2AFEES o} dojzl x4
Eo 5o gylinge filter (Pore size:
o] BEYE A oJAE thA
90% Dy0 & A== Aztstidt.
gk vl o 2 ARE-EE] 918kl AHHPHE A4
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. 2pm
99.9% D,0°l 34
ey a3t o
A g &Y AES AN
2 A5 2 HjoJE 24
2 11.74 T Varian 500 Spectrometer
MEAH) drE o] &8t F33tA

al
=

W
2
3
0k
03
A
l.

79
3 3} 2t} Proton resonance frequency
500.384MHz, spin echo pulse, relaxation/saturation
delay time = 0.5/1.5 sec, acquisition time = 1.892 sec,
data points 30272, spectral width 8000 Hz,
number of scan (AE/ ZAFZE MF) = 128/256. HE
3 24 25 AZL number of scan®} receive gaini &
2 A YA e HES YA AH-EHA

AR 3HEY 29EYe] BHE

o)

dlo

java based magnetic
resonance user interface (jJMRUI, version 3.0,
European communities project TMR/Networks ERB-
FMRX-CT970160)& AF43t91x advanced method for

accurate, robust, and efficient spectral fitting
(AMARES)18), 2Hz Gaussian shape apodization®2 &
Akt AE A8E T 4 He2RE 7 gAEEEY
935 )3t 553 o] (chemical shift) FRE Al o]
A& ol gsto] 24 FE2E MEY AFEHAA gAEE s
A FA S WY (peak subtraction) o2 tAMEZE I3 Y
o] (area)& AlAFsIATt. olelgt tAMEZ 939 Heole 13
o] Fxe} Aoz ojw] &a lE WEAA Y =R

=
o

PA -
vze] dols} Hlastel 24 FEE A5 AUlvEE 76
o oA7]eA eI 24 FEFE AEY e 79 2onw
RF 399 loading factore sdsttte 7H& A& 7l
ol o] AL It o] 24 FEE U9 vEE 7Y F
ATH19).
L I
. P .
=P =g,
s B
LR
_ 4
C=C,x IR (1)
S
I I, = A3 A5 Ak d 929 belola Cq, Cp
A& BE9] FE, Ry Ry Receiver gainoltt,
a3 B
Mol ax 24 Al 34 T FEPT 25 BEHPA &
S O AE BT A en g 29EH R Y 107H4 of
Al AEE 2F 28 g AL, 2§ uEE A
(noise) Alzrte] He A& &9 5 et (2 1. o+

E 1. Comparison of the Metabolite Concentration(mM]) of Canine Cerebellum with Human's and Rat’s Cerebellum

Human cerebellum  Adult Rat Phantom Filtered Solution Not filtered solution
invivo § Cerebellum (gain =50) (gain =56)
Metabolite ~ ppm Cerebellar Cerebellar  invitro Concentration Peak Concentration Peak Concentration Peak
vermis hemispheres I (mM) intensity (mM) intensity (mM) intensity
NAA 2.02(s) 76+10 7.5£0.8 3.63 12.5 148000 4.90 64710 4.70 64030
tCr*  3.02(s),3.94(s) 8.8+1.7 8.9+2.1 9.2 10 125600 7.17 100400 6.79 98010
tCho f 3.20~322 23+04 2.2+0.6 1.62 3 114900 1.00 42877 1.29 57000
Lac 1.31(d) - 5 64800 13.50 195100 13.15 196000
Ala 1.49 (d) 0.74 10 135000 0.82 12275 0.85 13200
ml * 3.54 3.14 7.5 36800 8.28 45300 7.75 43730
Tau 3.27(t) 0.6 6 69800 2.68 34800 3.00 40100
GABA 2.31~2.35(m) 1.63 10 79600 0.55 4870 0.74 6730
Gln  2.42~2.47(m) 2.71 12.5 98200 1.69 14805 2.35 21200
Glu 2.13(d) 6.1 12.5 53200 6.43 30525 4.92 24100

(s) singlet, (d) doublet, (t) triplet, (m) multiplet
*tCr: total creatine = creatine(Cr) + phosphocreatine(PCr).

T tCho: total choline = choline(Cho) + phosphocholine(PCho) + glycerophosphocholine(GPC).

=

" myo-Inositol¢] t}5 I 2 EF

3,54 ppmol A LFEPLRE BH9l 3 217kg 24319 5
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Hel = =R2RE FE AIS 2| Biiss £F % ot

2 OAEEES AA W A e Ed AFdEHA el EAEY FE54 o2 AHdA Fsr)d v o Hrh(23-
AdE 2y J-71Z9 (J-coupling)ol 93 s=o] #AA 25).
(splitting) @& & #2 & & A%l 53], choline®] 7% M/C #EWHe PCA FE3HET 1 F580| ¢ 52 o=
Sl 3.20-3.22ppm AFelell choline, phosphocholine, 4 A JEd M/C FE2HE T3t 24 U9 gAEAdS F
glycerophosphocholine®] &7 #2850} 3719 #aZ e} 23 49 7 grEd "2 oy Zolr) A gz
U A8 3od = 9ldla, B4 Aoz o] Al e 935 B 92% AL FE& (extraction efficiency) & Rtk X
F Y3 total choline (tCho) a2 X &3 w72 I8 v} Jok(11). GehA 2 Ao M e M/C FE9d s
creatine (Cr, 3.02 ppm), phosphocreatine (PCr, 3.94 FE&0] 92%°l8= 714 st Ads BAste] 7t uikE
ppm)<< total creatine (tCr) 241 AT} AEY AdsLE AT, HE B dolHE HaA
I loME #EE 4 A=A EY] 24 @ e 32 KEte] f9A A FAAE A AT, e Ay
o] e} oju] Ba® nf 9l A 239k # (rat) Q] 44 AR AdlsEe dubd o R Al A uthE 98] 4
Ao AR FEE & ATE Edl dojl HY Ay g 9o diAEE FRok o HlstEe 4T ¢ 9l
B4 ok vl A stet. Eat ol dAHEY g9E Yo} E 13 2 oAM= ZE"d A 23 & A9 AojHS
w7] 9ste] F& tAHEA-Lac, NAA, Cr, PCr-59] 41%9 gl = AT HAS 39S A7t 2EAsA ks
a7)1e} A e & AEs it (& 2). ZAEn gAbEd 339 Holzb Wi e wEh gk 9A 4
ES AES & AT dHH A o5t diatE o] FE
o = AeAd sE7t 9ol 4 Qv Ao E E-eka ol st A
& Holx A2 A s MES dAsH of= Zlo] 2H
ZA 9] gALEA S FE8t] THE AZ] A 9] (in vitro) goll ot gAtEd £ o dFguT o 2 eE IS
A7) T EHE A U (in vivo) A71 288 AR Q7] wiitolt), ek dE s AEe] giAtEE 539 o
e AR ST Fow, (B, A ¢ A A = A A5 A7)E adn o Z Hj&2 Folx]7] ufTo
W A7)eHEge] 29 128MHz ©latyd) tiAakAlel A A e gohA] @k wrr 2 ASoFEHE 7= A g9l
o] W] wite] B} 2 % (resolution kRl g 4 AT o] A2 AE UollA &AL Holgle 1
FEuE 7M7) Wl oS At 94 Ade = olgiu} o] BAES AelHoEN AF] AN S FHato I
g3 4 gty 2 A3 AFe] Axpy)|Ey ~HEHL 500MHz A7 FHEREL 98 B0, Bl A7 #YsHA st 4
TRFIF A g5 Aoz Uk 8 MRI/MRS et 7|5 sh7] Wi o2 A Er. webA, diEd S FE
A E AL ~HAEHHT AN =2 e A 3 gk AA 9 AT EAHAA AbEE Y S rskal
7HAE Aol EAelt}, 7t tAtEE e AEY Aol <Jste] 3 A8 Faste Zlo] Bt £ A%E 58 5 S 2o
AEo] ZANF d4(20, 21)& #AHE AL o5 =3 2 o e
ok ol AEe SulEA 90% D20E A3t A 2 e Ao A lactate A1z 27|17k Joiq oz uf§-
2N A2E ARESEA G%7] Wi & 92 4.7 AL AT F 9l dl oA A 9 AFE 5] HEiA
ppm) <A YehE dAREA 9l E0] o3E A e 2AS AFee FAAA Vst AoR FAHT
of 1 AL ¥ EolHrH(22). lactated] 4$= A U A4 T (hypoxia) T2 AT+
I 1.94 BE vkel 2ol 10719 AR S Ao o] FA (ischemia) ¥o] 31F2H& (glycolysis)o] Y&3}A]
TAEt EAEAT. B2 2 Al g 107 diAkEE o AS A Sk Ae® dElA e, AA ¢ 4F
o]9]o = Aspartate (3.90, 2.69, 2.82 ppm), ATP (6.15, & g 24 A oA Do Fgo] dEstA X3 FHE
8.26, 8.54 ppm), Glucose (3.2-3.8 ppm), Glycine (3.56 A= A7 BE Azt ARt EAE ] Wi AA FEHA
ppm) 59 EAEE ¥ AN A7 THEG AsdA # drk HZoE ol &HE gAls] flste] AE dd BE
ZEe ow dEA vk 2y, A HodA e ols 4 AL S S HFEE g AL o W dHE e &
& U2 gAE A Hlgte Fagvte] 457 e o] o HES e WS ARSI AT o] ARE ghE] ¢l
E 2. Amplitudes and SNRs of Metabolites in a Filtered and not Filtered Solution
Lac NAA Cr PCr

Filterd solution

(Mean of noise level = 1.24E6, Noise st.D = 3.24E4)
Not filterd solution

(Mean of noise level = 1.50E6, Noise st.D = 3.23E4)

Amplitude 2.17E+08 1.34E+08 2.00E+08 1.25E+08

SNR

1.75E + 02 1.08E +02 1.61E+02 1.01E+02

Amplitude 2.38E+08 1.49E + 08 1.94E + 08 1.29E+08

SNR

1.59E + 02 9.93E+01 1.29E + 02 8.60E+01
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Measurement and Assessment of Absolute Quantification from in Vitro
Canine Brain Metabolites Using 500 MHz Proton Nuclear Magnetic
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The purpose of this study was to confirm the exactitude of in vitro nuclear magnetic resonance spec-
troscopy (NMRS) and to complement the defect of in vivo NMRS. It has been difficult to understand the
metabolism of a cerebellum using in vivo NMRS owing to the generated inhomogeneity of magnetic
fields (BO and B1 field) by the complexity of the cerebellum structure. Thus, this study tried to more ex-
actly analyze the metabolism of a canine cerebellum using the cell extraction and high resolution NMRS.
In order to conduct the absolute metabolic quantification in a canine cerebellum, the spectrum of our
phantom included in various brain metabolites (i.e., NAA, Cr, Cho, Ins, Lac, GABA, Glu, Gln, Tau and
Ala) was obtained. The canine cerebellum tissue was extracted using the methanol-chloroform water ex-
traction (M/C extraction) and one group was filtered and the other group was not under extract process-
ing. Finally, NMRS of a phantom solution and two extract solution (90% D20) was progressed using a
500MHz (11.4 T) NMR machine. Filtering a solution of the tissue extract increased the signal to noise ra-
tio (SNR). The metabolic concentrations of a canine cerebellum were more close to rat's metabolic con-
centration than human's metabolic concentration. The present study demonstrates the absolute quantifi-
cation technique in vitro high resolution NMRS with tissue extraction as the method to accurately mea-
sure metabolite concentration.

Index words : Nuclear magnetic resonance spectroscopy (NMRS)
Tissue extraction
Filtering effect

Corresponding author : Bo-Young Choe, Ph.D., Department of Biomedical Engineering, College of Medicine,
The Catholic University of Korea, #505 Ban-po-dong, Seocho-gu, Seoul 137-701, Korea.
Tel. 82-2-590-2427 Fax. 82-2-590-2425 E-mail: bychoe@catholic.ac.kr

- 106-



