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Phosphorus 31-Magnetic Resonance Spectroscopic Studies of Animal
Liver after Extracorporeal Shock Wave Lithotripsy
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The technique of magnetic resonance spectroscopy has been developed, and the study of high-
energy phosphate metabolites in the liver using phosphorus 31 magnetic resonance spectroscopy
(31P-MRS) has been reported in humans and animals, but few studies have used 31P-MRS for the
evaluation of extracorporeal shock wave lithotripsy (ESWL) of the liver. In this study, 31P-MRS was
used to evaluate the metabolic changes in hamster liver after ESWL and histological correlation was
performed. Syrian golden hamsters were anesthetized and shock waves were irradiated to the left side
of the liver. Hamsters were irradiated by LITHOSTAR-PLUS (SIEMENS) at a voltage of 19 KV.
31P-MRS was studied by JNM-GSX model 270 (5.34 Tesla). Typical peaks of 31P-spectra of hamster
liver showed a tendency for PDE/B-ATP, a-ATP/B-ATP and y-ATP/B-ATP to decrease among the
irradiated group compared with the control group. However, there were no significant differences in
PME/Pi, B-ATP/Pi or (a-ATP—pB-ATP)/B-ATP between the control group and irradiated group. With
regard to intracellular pH and PDE/B-ATP, a decreasing tendency was noted in the irradiated groups
(p<0.05). There was no difference in the signal intensity of T,WI and T,WI on 1H-MRI, between these
two groups. Pathologically, the irradiated group showed minor hemorrhage and edema in the liver, and
subcapsular hematoma. The results obtained from 31P-MRS clearly showed the metabolic changes
and were correlated well with the histological findings, but MRI was not capable of providing close
visualization of post-ESWL liver damage. It was suggested that 31P-MR.S was extremely useful in the
evaluation of hepatic damage after ESWL.
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i, BHEAICEE 5 ESWL itk\T, BHET
Hifl L HREEFEOREVINEHED OIS X
Sicieh, i, BT 5 KR ESWL iz &
HZRBHFEEOREIHEAIhD I 51
Ieote, ¥, SHEKRTHEEIRTWBHEA4K
BOBEREB R T, HFREYEAORCE
PR TS LA THY, i
AR~ DOEHEFOBMEREL B Z Lic k 511
Transaminase ® L F# B B EH S HE X h
TWwABZ ¢ X b, ESWL AR U ELESE [ 5
DOEXERIELTWB D EEbhb, Lal,
ESWL i X 3 &~ 0REOME L, WELFe
BRVWTRBLT L b+ 5 ERO RNt X hT
Wit RBIRTHSH, —F, Magnetic Reso-
nance Spectroscopy (MRS) o F iy #1322 L
<, 31IP-MRS %=+ 5% & Lz & b« Fofgss
DF=FAF — ) VBB in vivo iIc TIR I
NIRRT 5 & L DNATREIT I o 7299,

SH, EELIB=FAF—) vEBRBOL(L
T2 THZENFBE L 2 531P-MRS % s,
EBRESFEBCRIETHELYRHN L, ¥R
ffiz, Magnetic Resonance Imaging (MRI) #
BCICERZEC L RERGRFEL & &
B LETFOMRBEBILOTHRET 5.

I MFERUFE

1 EEBh% . 6 Hih, 4, Syrian golden
hamster, FE#130g 27,

2) HrREE

(D A EREEAEREE

LITHOSTAR-PLUS (SIMENS) f#¥e# F4
% ERFER, FREESY X 4X8mm,

(2) 31P-MRS #IEH:

JNM-GSX270 (R A B F), X ¥R :6.34
Tesla, 31P A% FH# © 109.25MHz, BI5E 44
10gsec BEDIO° </ A, # bR UEFRT1.898sec, B
BB 5001 T #l %, RF B H 22 NMRG27
TSPW, #ZE10mm BE-—FE= 1 A+ %68 L.

(3) MRI #{&

% & : MAGNETOM M5 (SIMENS) ;0.5
Tesla, #8414 : Spin echo (SE) 500ms/30/4,
2,000ms/90/2, (TR/TE/Excitations) = THEE

¥R 44 7 A25H

B 54
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10cm 3R = 1 A% Lig# L,

3 KBk

125§ £24%, Pentobarbital sodium 50mg/kg
MR R 2 AT U, 1589 5435 12 Hamster
BEE U, ERERAREELRY, SREED
380bar @ e i CHE B % 2,00003 Hamster fF
RN BE L ic, KEBBE L LT Hamster 150G %,
TR 5 U CRIREE), Mgl fRa2, 000 EIZEL0
Pe (JREEE) @ 2 KRB/ L. 7o REEE
10PEiZ fs\~ T, 5 PUiz Pentobarbital ff % s
TLUERE = 1 v 2RI #% X 231P-MRS &
=xAF - ) VERABOZELEBZEL, fho 5T
It LT MRI % #ifT L ERSEHET DT
AL,

II. #& 8

1) ESMELIC>WT

xf B By OV B2 R AR I 35\~ T 31P-MRS #
BTL, UToRKREYE:,

D FoARZ s ADEE T DWT

Fig. 1t BHERUCBHAFLVBEShLFO
A7 PA%RRLE, ThETHEZRTV 51
E7 bOMNEMLEFLYY, FTor—2s%
B Ui,

1 : Phosphomonoester(FME), 2 : Inorganic
phosphate (Pi), 3 : Phosphodiester, 4 : y-
ATP, 5 :a-ATP, 6 : -ATP. &BIk}5
%) vEBRBYOE(LY, fio ) vEBABY D
BENEEND B-ATP 2 E# L LMty
R — 7 EREE G LKES L, T, &
HIEE DT % FiE + E#RFZE (Mean+S.D.)
& LTRL, BT Student t BE X iE, Welch
BEXHVEHL,

BHIFIck TS PDE, y-ATP, «-ATP © &l
bk, HPREE & HB LR o 2 3R 7 (Table
D). BREEMRERR OHTOE S hD §-ATP/
Pitk, PME/Pilt, ¥ 0 (a-ATP—B-ATP)/
B-ATP tho l#ic s Cil, NBHELBHED
HIZsWTHERZERRD LRIt -7 (Table
2). LivL, BHHED(a-ATP-8-ATP)/8-ATP
Hicdsvwcid, BHFISEEY VETOEM Y
m~L7z,
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Fig. 1 31P-MR hamster liver spectrum of a normal A) and irradiated B) subject.

Spectrums were the sun of 500 acquistions using a 10 sec. 90° pulse and a 1.898
sec. recycle time.
Peak assignments. 1; phosphomonoesters (PME). 2 ; inorganic phosphate (Pi).
3; phosphodiesters (PDE). 4 ; y-phosphate of ATP plus §-phosphate of ADP
(y-ATP). 5; a-phosphate of ATP plus a-phosphate of ADP (a-ATP). 6;
f-phosphate of ATP (§-ATP). A peak attributable to phosphocreatine (Pcr) is
not present.

Table 1 Peak values of phosphorus signals relative to §-ATP in ham-
ster liver of the control and irradiated group

PME Pi PDE  y-ATP  a-ATP  G-ATP
Control
3. : . . 40
group 280 A% ¥% Lo G0%e 1w
Irradiated 241 : ] 518 2,188
group Y0%s  Y0%se X032 Lods xoss 100
(Mean+5.D.)
2) @Ay pH OZALiz>wT (Table 2) iz (p<0.05),
fMBEA pH 1%, Malloy &¥0#iE&ic L b Pi & 3) MRIESELNEILIZO>WT
a-ATP ofbZ#> 7 roENBEH L, ESMELORIEL £10cm OFRME=2 1 L L
pH=6.75+1log ((5-10.85)/(13.25—d)] hREOEMICT, EEOFOESHELIEL,

6:Pi & a-ATP O {kZ 7 + (ppm) DZEDHE FEHaALMEVFERESEOHEREICIS »h10.5
SHE, BHBOMEA pH 127.012+0.093TH b mmol/! @ Gd-DTPA M F# 0 5 558 £ # B
SHREEDT.203+0.107 & B L CTHEERE T 2R Liclbiz X hELL, BEHEFER O T15&EE

(16) HAB st #H52% $£75
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Table 2 pH, 8-ATP/Pi, PME/Pi and (a-ATP-8-ATF)/8-ATP in hamster
liver of the control and irradiated group

pH B-ATP/Pi PME/Pi (a-ATP-8-ATP)/g-ATP
Soneral 7.203 0.304 0.989 1.407
e} i0.107:| +0.041 +0.140 +0.249
Iradiated 7 g1 0.304 0.941 1.188
% p +0.093 +0.061 +0.103 +0.53%

Fig. 2 A, B: The liver was imaged with use of a
spin-echo (SE) technique. A, Axial T, weighted
image (SE 500/30) and B, Axial T, weighted
image (SE 2,000/90) of the control group.

% (SE 500/30) =31} % 5 23R EE H 130,440+
0.120TH v, AUHOEMRY, SHBHELEMOE
SHER L EBRLEBRELIRD L
fo, I RBHEE O LM T25%58E & (SE, 2,000/90)
DIEBIMELI20.101+0.023CH b, RARLE
X RBEBEAM & B LT A ERERE(LERD bR
7ehro iz (Table 3, Fig. 2, 3).

4) BN T-2ORRIZO>VT
WEHEUCBHAFEOLEARLICTEL K

Glutamic oxaloacetic transaminase (GOT),

FRL44E T A258

(17)

(Mean#S.D.)
*p<0.05

Fig. 3 A, B: A, Axial T, weghted image (SE 500/
30, B, Axial T, weighted image (SE 2,000/90) of
hamster liver after ESWL with 2,000 shock
waves. White arrow, 0.5 mmol// Gadolinium
DTPA

Glutamic pyruvic transaminase(GPT), Lactate
dehydrogenase (LDH), Alkaline phosphatase
(ALP), y-Glutamyl transpeptidase (y-GTP)
DOREMEOE iz D\ THEEZE LFz(Tables 4, 5),
GOT, LDH iz URBEFIBE & Bzl L
FAOHEEINEED bz, GPT, ALP XU »-GTP
BT, BERELIRDbhishs T,
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Table 3 Signal intensity ratio of T,WI and T,WI
on 1H-MRI in hamster liver of the control and
irradiated group

SI of T,WI SI of T,WI
rt side It side rt side It side
Control 0.403 0.436 0.141 0.133
gfglg) +0.137  +0.128  +0.041  +0.047
Irradiated 400 0440  0.074 0.101
{g’sl’) +0.167  +0.120  +0.028  +0.023

(Mean+S.D.)

Table 4 GOT, GPT, LDH, ALP and ¥-GTP in
hamster liver of the control and irradeated group

GOT GPT LDH ALP E'I'I(J}/TLS

Control g5 5 g9 5 320.4 137 8.
ggg) +93.9  +50.5 447.9 +9.5 +

Irradiated 156 5 9.2 617 130 6.8
e N +118.7 +64.7 +276.4 £13.7 +4.3

bo oo

.9

(Mean+S.D.)

Table 5 Measured blood chemistry

Substances Assay method
Glutamic oxaloacetic Ultraviolet
Transaminase(GOT")
Glutamic pyruvic Ultraviolet

Transaminase(GPT)
Lactate dyhydrogenase(LDH)  Wroblewski La Due
Alkaline phosphatase(ALP) PNP
y-glutamyl transpeptidase y-glutamyl-CPA
y-GTP)

5) HBFHRRIIO>VT

31P-MRS F 0" MRI il 2 8 10 e PN B 10 % 1T
v, ERCERHI®R L, BHEF210%+1 <)
v [E G B &R Wiz T % B A % Hematoxylin-
eosin efa L, FFAGOBE ¥R Lic, SRR
H#E DR D Hamster Ay, SR & L
L FFABBARIBR RN K 2R L, FFARARRT /s i as
BRI, FLBEMC—HKL, B#%lcm 0%
IR TF S R b, Lo LFFHERQEESE - ke
RS bhich oo (Fig. 4),

x 2

ESWL i3, B REROMGAEEECS| X

B HE R OBRE B A AE 1T ) LT b IR A e il

Fig. 4 A, B: Microscopic findings of hamster liver
after ESWL, A : subcapsular hematoma B : intra
hepatic hematoma and edematas change of the
liver at 12 hours after 2,000 shocks irradiated.
Hematoxylin-eosin stain.

e LTALS RS BRE X 5 icie b B/ pst
MEE T B2 10884512 Ferruci (312, JH
FRBRELVBFICESWL # 1T L EE in & HHER
2T, 1FIRBRT14FIC B\ TR R OB
WHEHRELCTWS, Lal, BEERERICHTS
ESWL 13, &, REREEG T 5ERERICH
SERTINTEY, BERABEMORLLIE
EoHE, B, W, BESFCHTH>EREOHE
BEATE VI ORBELELLRD, IBAK
»3 % ESWL o BB~ 0¥ 8Bl 3 5 38
B9 B 98 X, Brendel b O S9% 55 —# & L
Malone b OB EF R E R T 21T i,

Brendel 51, £E3~4mm OFHENICEE S i
ABAEZ RKOBREAN AL, Zhicx L300~
70008 % 0800 ~1, 200 D i 82 %17 - 7z, = DFfE
B, EREBSCR T A EEEE, BrEEREs

BAEREE 528 $£75
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2z, il AR/24FN 103, + 451,
g, FCs W TRedBEYRDEr ok
H|ELTW5, —7, Becker 53, 7 #24FHic
NUEEEYRBHT A Lk, s RET
HMmAEPRDIEREL TS, LiL, Zhll
FoRELWIFERS XA BAEERT % ESWL
TRERERIC 35 1 5 7 R 3 o R BRAR A Tt B
R takboclitvwonBRkeds, £2
T, JBA, BEEEAOBEED—D2E LTHER
EhTWAERED, Fodm=cr¥—1 B
M B ETEA o\ T3IP-MRS * Al &%
L, R MRI % B\ fo @R 2L, S5
TR OHBFME L e TRE L, ERE»
iz g T B8 o TE L7,

31P LB AFELH100%TH b, NMR EE b
BiFThY, NEETDIIP DO -7 DEUILE L
<, LardfbE¥s 7 roffifnkE o Licd
EHIDOBPIEBIZEL T B b, EEHIT,
3IP-MRS #HlE L, HREERBHEOFCKITS
B=RAAF -0 vBAHOZE(LE in vivo 12\
TERHITHREL 27,

fily 2 7 8 Bt 2 BRI 35 1 % Hamster fF ©31P-
MRS iz s\~ Tk, PME, Pi, PDE, y-ATP,
a-ATP, g-ATP o v — 7 i oHEHT 5
ZEMNHER. chbhor — 2 0B LR EERIC,
HEWHRET H oIy, #EYRAMERESE N
ez ey, ¥—7 oWBABBE—YERS
7% B-ATP *HIEEL L, ZOARZ M AKC
WHTBEART P ADY — 7 WA ESWE
ELTHBEOE ) v B O RO HE 2 BE
Lz,

PME & Pi Dff 5#E DR, WEOMICE
WTE L EBD o 7ch, PDE, y-ATP B
a-ATP O g-ATP R H¥ L Lty -7 EHEOL
RIEHEEBHFC S WTE TOBEBE Y RD.
y-ATP/B8-ATP & «-ATP/3-ATP oA X, =
hETOEROEMFICK T2 ATP x5 EOR
D OPENMD LT B X HifERER L,

Hems 5%, AZERBlEE® AR L
BT 5 H@ERO RS REL, BakE
fEBEE B o FUE O W RE %, Lactate, a-glycero-

R 44T 250

#fbs54
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phosphate, Glucose, Glucose 1-Phosphate,
Glucose 6-phosphate, Fructose 6-phosphate,
Fructose 6-phosphate, Fructose 1,6
diphosphate, Triosephosphate, Lactate e>#éhn
&, 2-Phosphoglycerate, 3-Phosphoglycerate,
Phosphoenol pyruvate, Pyruvate, ATP, ADP
DOEALELTELLZI, CchbOHEOAHAD
ATP %, Fril#60 i CIERRF & L 52%,
5 S RIC26% DA HR LI LHREL T 5B,

L& L, ESWL#EoF iz v Tk y-ATP/s-
ATP, a-ATP/B-ATP DIEH5T8E O LR IZET
DEFZ R LIcH, Pi/B-ATP EEEEIzH
TR EREAMLEDShithote. &0 Pi/g-
ATP offgioBRO—ok LT, &EOEEI
BT, HBFEMCPIIRCE T2 Mg 28
Dohln & XY, FESISEL RInREY
ALTE LT, WEDAAZEA M X% Pi D
Hdotoh o EZE S Bhie, ESWL #0 i im
DR EEIFBIIR ORI T & OTRGEL R MF D 5 »
WThsEBhbh, ZobiZPidé ATP oic
ERERIE A Uz b o L HERI Z i,

fRaM pH 1%, Pi & a-ATP Db 7 + 02
I hRDbNIIZ, a-ATP 3—ED pH O F{LA
TCREBHP IS RE LIy 7 b MRS
LWL TR D, ESWL #offMlaA pH A%
BRI LARRETERLEZ X, «-ATP
DfLE> 7 + BpH 708 TREEL T3 Z
EXDPiofbFEs 7 PIZELVRMEE LS
dicrkabotBbhi, £E0ESWL X 5
FriEE L, TehEmntZE tRcEsbhb X )
EE 7z Pi, PME 0 Z{b% R &3, ATP ol s
HE Y5 < B b, ZhikFo i o R E %,
Fish b IFERR L PIRFROEMCOHEEC LS b
o & B,

¥ 7o, Hems# & T &, & M B 12 ik Phos-
phenolpyruvate (PEP) 234 % m+ & Xtk
b, %7z, Schmidt bOMENZ BT PDE ©
' — 7 2 1% Glyberol-3-phosphorylcholine
(GPC), Glycerol-3-phosphorylethanolamine
(GPE) EU*PEP 35 ¥ h T\ A LE# I T
b, SEOERICKITSH PDE oA icowTik
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Bk 5 BB ERBEEOBEEFE LIz o
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BEAY 7B TRl S hicdy, SHBRE - BN
Do T1, T2E S HE O B I 35\~ TI, T
DHICH B LEZIRDL I o, T hiT,
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EFREOTRRBICL2ECARRECRERATHS &
HBbhsb, Lasl, 20k 5 & TTb31P-
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RBUz25DRNCR T, 850 2 b 31P-
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MRS o gt & BRRIAREIRE S hich o
EBbhiz,
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