W38 R AFEITF D Proton Magnetic Resonance Spectroscopy (‘H-MRS)
RIS & 2R —

H A & T

i3 C & Ic

Magnetic resonance spectroscopy (MRS)
KHERASNTWAEEDS B, 'H IIEZENE
BER RS HTHET ORBYE OBRIE WA
EnTws, L L, BloRsze—
7D, mor—27DRIENRETH S Z
L%, FOROF 'H-MRS TiX, BglficE
HUZGEHRENIH D5, DM DO TIdFHRER
Dz,

4, KHEHRENEY O 'H-MRS %z 8
ZE L, glycerophosphorylcholine (GPC) @
v —7 2REE L., GPC IHEE &K IcES
LTHY, GPC DE—7 DEEIDFEHTFOHRE
REDIBE L 220 TRV EHHIL, &5
R ORFRE 22 2 GPC DB — 27 ORERF
FLEBRE L. ABOY— 27 OB, &
BB O W T HRE RINZ 2.

. E—20RE

R & FE

IEIIAER 20kg OB FMRER (XX) 38
<, 2 HEMEROK:, BB 5 3 > 25mg/
kg B, %7 ¥ — 20-25mg/kg BRI TRR
L, [EBREBRATLNER T WEER2{TR ok,

N B2

I EERARERARE R E

¥ #E T

W OEAREEE

AR, BEEIRE DFIRAY =2 -V E2FHAE
FL, 0°CHEY »# )V 500ml, 0°C Euro-Col-
lins # 1000ml 2 BHEHEL, M NIy =a—
VEEE D RS L CBEEIRE BRI L /2.
LT REIRIZEAMUIGR L 72, BHF & Euro-
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B, TR7T#, 2K 77— K1 > MzT7—5I
Ex1Tko7z, ¥P-MRS i INM-EX270 (6.35
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451, TR2¥, 16K7—F KA > b &Lz, ¥P-
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Bt X 5mM NH,H,PO, (pH2.4) 2w,
SHrEf81%, chart speed lcm/min, flow rate
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7= (Fig.2).
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E—2 D LEAPED S, REFICE > TR T
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T2 > D3 P-MRS 2HIE L7 (Fig.3). 24
RERIR R CIIRHER N, GPC 34
U, PCi3®E AL 7%,

PEEY, RECISTHEATEE—213 GPC

Fig.1. *H-MRS of perchloric acid (PCA) extracted pig liver :

(a) 'H spectrum of excised pig liver. (b) 'H

spectrum of 24-hours-preserved pig liver. Peak X at 3.23ppm diminished after preservation for 24 hours in cooled
Euro-Collins solution. Peak R represents 3- (trimethylsilyl) propionic-2,2,3,3-d, acid (TSP) as reference. Peak L

represents lactate.
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LEZoN, BROTOTHB LY i
GPC (7 & 44 glycerophosphorylcholine  phos-
phodiesterase, SIGMA, MW 257.2) % 0.57uM
Nz T H-MRS 28E L7, ZOHEE 3.23ppm

Dr—r7BERL (Fig4), ¥—2 X % glycero-
phosphorylcholine & Gl L 72, 7272 L, 'H-
MRS T GPC & PC DY — 7 AT 5720,
E—2 X 53 GPC 04D b ODERES, FE
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Fig.2. High performance liquid chromatogram (HPLC) of PCA extracted pig liver : (a) HPLC of excised
pig liver. (b) HPLC of 24-hours-preserved pig liver. Peak A is at 6.60 minutes of retention time. The peak

decreased after preservation for 24 hours.
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Fig.3. 3'P MRS of PCA extracted pig liver, PME and PDE region. : (a) *P spectrum of excised pig liver. (b)
¥P spectrum of 24-hours-preserved pig liver. Peaks represent : E=Phosphorylethanolamine, C=Phosphoryl-
choline, GE=Glycerophosphorylethanolamine, GC=Glycerophosphorylcholine, P=Phophocreatine as reference.
Concerning about the peaks of choline group, peak GC decreased after preservation for 24 hours. Peak C slightly
increased after preservation.
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BRHZATWB E LT, 3.23ppm DE—2iZ PC
BRERFBEISZZWEHEIENE., 207k
®», 3.23ppm OE—2 % GPC ¥ L TLITDEE
2T o 7z,

2. REEEICLB E—7 OREBZTLDEET

SR EFE

STRIIAFER 20kg ORFHREEK (2 X) 10
T, B, FRHRe—2BEREEUCHE
Tli-ot, REREC > TREFE2 2 70—
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Fig.4. 'H MRS of PCA extracted gig liver, choline group region : (a) 'H spectrum of preserved pig liver. (b)
'H spectrum of preserved pig liver added glycerophosphorylcholine (GPC, 0.00072xM). X is the same as the peak

X in Fig.1. Peak X increased after adding GPC.

GC

Fig.5. '"H MRS of mixture of GPC and phosphoryl-
choline (PC) : Two peaks are identified very nearly on
'H spectrum. They can be defined as another peak
when the mixture is composed only by pure GPC and
pure PC. Peaks represent : GC=GPC, C=PC.
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Fig.6. Protocol for 'H-MRS of preserved pig liver. |

: excised and

preserved the pig liver. 1 : excised 5-8 g of the pig liver. A : needle biopsy.
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Fig.7. The change of the ratio of GPC to TSP peak. (a) preserved in cooled Euro-Collins
solution (0°C, group A). (b) preserved in warmed Euro-Collins solution (36°C, group B). GPC
decreased rapidly in group B. GPC of both groups finally reached equilibrium at almost the same

levels.

lactate/TSP

5

Group B

A

Group A

18 24 hours

Fig.8. The change of the ratio of lactate to
TSP peak. (—®—) preserved in cooled Euro-
Collins solution (group A). (— 0 —) preserved
in warmed Euro-Collins solution (group B).
Lactate increased rapidly in group B. It in-
creased sldghtly after 24 hours preservation in

group A.



I HRERT O H-MRS—{REFRE I & 2 HRE—

SERZIIEINEIRD, 2REE»S 12BEETo
10 FFCR 1.8 5L 72D, 24 IR T 3.3 /8T
Holz,

AffEihi:, HERG L, XEEESE 8
LIz, IV—=TA, TV—7BWwIhTh,
HHIA BRI OR% D IEHE & MifE ORA, iR
PR O FFHia > & OFIEE, FHIgHIE o
ABERRZE M, FFIREP OZ0ETRK 7% ¥ 5L 0
HETRD NI, FHE 1FHE T v—
TA, TN—T7 BICHHRS ER EE NI R» o
7eo V=7 B TiE 1.5 Kflls L 02 BRRE T,
RSB E 2D, A bTED oI, B
RPN ERE WA HIL b, R & 48R
DOfEBEN A Stz (Fig9a). 4 KB 0iERT
RO R IZE R L, FFMRREESE I X B cell
debris B L (Fig.9b), 7 ¥R Cid—ERiRE
PR T,

7 n—7 A2 BB oM T, RN
NSRRI H D OO, FHERIERL,
FHRE & R OEEE IRED S e o 12 (Fig.
10a). 4 BEfE, 7 RFRIC O FRHIRE O ABERZE
T, ZEEALIERRET L2, KEnB bk
ro 7z (Fig10b), 12 Brfi#gIc 4 2 & FRaKN
WZEWMSHIL - 7228, 12 K5, 24 B3 ne
b FFHIfR ERE L, WBER e ek o e,

Z £

BERBE T, BROBIEES—RYTH
3, BERFC L - T, BREOBEE, BLIUK
HEEPEBORDLIENTE, J)EREORK
FWHREE 2%, RIFREN 10C T3 L2
BEROBEII259D1 LD, RER3ITCHE
CCeTrzET, RB@IF1225 13480112
BB EVDbITWREY,

4[5 D KA H AT Hl R O 'H-MRS ¢, 7
N—TA, TN—7BuTFRIZBENTHEHEFR
& o T 3.23ppm D glycerophosphorylcholine
(GPC) oy —2 3 Lz, BB LUI-EHAT
X, 2 7 0—7k b FREEEOR 50% OE T

Breieolens, ZN—7 A Tk 1R

5 7 E TR T0% & B v~V TR EE B
Rb, TRHEZBRES T BN 2D 7012
KU, ZNV—7 B TiIfEHE 1B S 2 R
DO TIFIZFHENZIT 55.9% £ TRA LTz, &
B U7z Euro-Collins % T, fHFORE
i 8-10 B ATRE/Z L 3k S THB D, GPC D
B & FEHET O B O 17 T RERF R I Z BEE A 5
rrEZO6N5,

R DHRERENH I X 2 A B OB % #
%L, V=7 B TREHE% 2 B coiEgn
DSHEE TRHFF O 6 52 mL =0 wxf L,
ZN—7"ATIE2RMTRb MR EENRES
NiDsTHol, 2HEMUEE, Sv—7 BT
35| & S FBH ML 7248, 2 Vv—7 A Tk
12 R 2 8 2 THEIMERE R0 r otz b
D, 24 FFRHIRFRDRHERDO 3. 3Bt Yo
7z, ZhiE, EREETHEBRORHHEL ko
T3 ZEREMT 3,

& T, FEg 1Mz TRIV—7A,
BWHADRZE R RMhoT, FOBIN—FB T
&, 2 R CHFHERER OB, FFRIRER o 258
b, FFHfE & R OBBES B 2D, 4 BERICIF
MBOER OEERIERbNI:, —H 7 V—7A
1%, 2 IR TR P /N & 7 2R ASTED S
ZBETHY, IN—7 B2 L ELL 7R
R 12 Bz - TR Stz 12 B
HCY IR OB R Tz, 1R
5 2R E TCOmMBEDOEIDENZEHRTH -
7o, FPERTERE, (RIRLRTE CIIERMN AR,
EIRRE C APl BEENB 23 L vwbhT
WEONH, DRBEDERDHLLDODIN—F
A, B &b CHEMIICESRED SN, RERRE
W& B REE 2 B MR O®E  135 E O
Ao idBohnkrois.

AROEME L CHEBATR LY, BBEE
(ZV—7"B) CIHMREVIHEO 1 Ko 2 B
DB LETL, 4 RE2#82 5 LIE
IEEZEDREETH 2 L Bbhd, EREE (7
V—7"B) ©GPC OFEAIZ, FHE 1.5 B

v

237



AWEsE $15% 75 (1995

N TP e S
v @@@ﬁ@J%A:

Fig.9. Light microscopic appearance of pig liver preserved in warmed (36°C) Euro-Collins
solution (group B) : (a) Preserved for 2 hours. Vacuoles are noted within hepatocytes. Hepatic
cell lining is partly disrupted. Dissociation between hepatocytes and sinusoids are demonstrated.
(b) Preserved for 4 hours. Normal hepatic cell linings have disappeared and the architecture of

the lobule is markedly distorted.

Fig.10. Light microscopic appearance of pig liver preserved in cooled (0°C) Euro-Collins
solution (group A) : (a) Preserved for 2 hours. Small vacuoles are noted. No dissociation
between hepatocytes and sinusoids is detected. (b) Preserved for 7 hours. Slight swelling of
hepatocytes is noted. Hepatic cell lining is continuously demonstrated.
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Proton Magnetic Resonance Spectroscopy of Excised Pig Liver
—Evaluation of preservation temperature—

Ayako TAMURA', Isamu KOYAMA?, Atsuko HESHIKI

‘Department of Radiology, *Department of First Surgery, Saitama Medical School
38 Morohongo, Movoyama wmachi, Iruma gun, Saitama 350-04

This study was performed for the investigation of the chronological glycerophosphorylcholine
(GPC) changes in preserved pig liver using proton magnetic resonance spectroscopy (*H-MRS).
The perchloric acid (PCA) extracted pig liver was evaluated by *H-MRS using 9.4T supercon-
ducting unit. Pig liver was excised and preserved in the Euro-Collins solution at cooled (0°C,
group A) and warmed (36°C, group B) states. GPC changes were evaluated in each states.

GPC in group B markedly decreased within 4 hours after removal. Otherwise GPC in group
A kept equilibrium in high level until 7 hours. Finally both states reached almost the same levels.

The lactate rapidly increased in group B. Histopathological changes were also evident and
significant in group B.

GPC changes may reflect the histopathological changes of preserved pig liver. 'H-MRS to
evaluate viability of preserved pig liver is felt to be possible.
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