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ERINT 5 < — B — I REEHERS TRILE & 1T
I ETHREBAOALIHBE REBICEMR
v —h—d v, NG IR o 7 I VB E
HEBhAY C RE L AR L T a9, Fikif iRl E A
Fr—4 & L TH% S *mTc-hexamethyl-
propyleneamine oxime (**mTc-HMPAO) (14> F&
380 D IEBITEME < N-isopropyl-p-1231-iodoam-
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N-(2-hydroxy-3-methyl-5-iodobenzyl)-1, 3-pro-
panediamine (123I-HIPDM) } 6] &%, Hi3EMmRiIk
7 I VBRI E LYY, il T o AR &
HTnpS, LizhioT, ¥9"Tc-HMPAO 34
B AR OBREREE - X b SRR 0 B+ 5 RTHE
Hrd 5.

99mTc-HMPAO (3 iXASt o figds =0 i o ML
AHMEIC LIS SR TR Y 10 P, bhbih
it O MFEFFMIC H Wiz & & 5, (b2EfdEfifT
Bl RB I 72 £ IR WSR2 B, %
& & ORfifEE IR L S BEERE R T RREM:
BEZLRRD,

4 El, %*™Tc-HMPAO 7° 3E RIGE ik fitith 5 o
BHIC LT gBa ~—n— sk Bah LD
nERHT 50, fEHiER S diffuse alveolar
damage DEREFNVICHEHEINS A v 1 L BE
Beh L RKRICK 2 HERERER L, BGEE2ET
AIREMED & 5 (L EFERAT IS TR L 72D TH

T 5.
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1. Bk B

fRHE 2.3~3.5kg D HRHABREE A 20 B
v, BT R 72— L (50 mglkg) I X Y 4T
7=. 8T A LA 0.05mikeg, 67z 0.10
mi/kg, 6 Fiz 0.20ml/kg ¥ zhZhh L, %
FI0OREAEay hu— e L. fERD FEBRTI
ArAvgiE 010mlkg Ll EfE SR TWw5
PVTTED Slald s RS E T v E L e
0.05 m//kg D 5% Nz 7z.

9mTc-HMPAOfitiv > F 75 7 1 i34 v A Vi
#4530 M BICHIAT L7z, *mTc-HMPAO (3 U5
TS S VISR Lic., Bk L 2K RE K=
FNX—FESEED ) A — 7 B 3E LRt
O B Tl AR I EE L, *9™Te-
HMPAO # 37 MBq #B#&fkL v K— 7 2 kA
L, H#EX Y ERO 1 50 1 frame/sec ¢, 5]
X C 1 frame/min < 30 A2 F— & & Ik
L. [ERHLE Hr~h £ 73R R GCA-901
A T, TFAX—FET 140 KeV+20%, 64 x 64
matrix TF—# ZUUEL 7. &5 ICHE 30 434
OFEMG L 7. 7 — » S E 3SR GMS-
550U T 5.

4 x4 pixel ORLFEIRE BT ICEE LR
R AR Y 7. RO DIREE L L TH)
RIEEREF OB O € — 7 (bt 5§k 60 B 1% o
fiti @ &t HE © e (Aso/Apeax Tatio) Z FH L 2
(Fig. 1-C (a), Table 1). & & vk 60 LI D
o Lth#iz C=Ace™ ™ Thfishs 1 2
R— A bETNTHEIT LIHARER K 2Rk
=22,

9mTc-HMPAO fiti s o 5 7' 5 7 4 OFEH % ili§)
IRILFE D EAL L %tk % 72 », 37 MBq o %9mTc-
macroaggregated human serum albumin (9mTc-
MAA) ##EL T ifKy v F 77 7 1« 2 .
LA % 005 mikg #5 LK% 6 &, 0.10
ml/kg H#HHO6E, I 020miks 56 R
THRIL, WIFhb 4 LA o EEE 30 3%
L.

E6ICH LA v EEIICE T 5 2" Tc-HMPAO

31 % 6 5 (1994)

DEEFH 9" Tc-HMPAO 7 & i L 7z 99mTc-04”
CEBLDTRWZ L MRS 5720, " Tc-04”
fiveF 774 2fTo0. A v 4 o &E
(23 TN LS o 3 U R0 fiti fiL A 4 ) B
BEORMAEE T2 E ) 0ERET L0,
99mTc-diethylene triaminepenta acetic acid (99™mTc-
DTPA) filiv v F 75 7 ¢ ZMifT L7232, & D
fiiveyF77 70 3FENFR6RBTHICTY, #
L A vk 0.05 m//kg #4530 53 & Y HEfT L 7<.
WM E WFht 37MBg & §riE L, *mTc-
HMPAO fR#r & [AkRIC T — & IUE 8 X O fi#fr &
fTo7.

ot X #RE5ER **"Tc-HMPAO Jfifiv v F 7' 5
7 REHEBCEFITHEEL, 612 14REE
FZUMizME L (v A o 0.05 mikg HBhHKL
6 %, 0.10m//kg 5.7 4 |, 0.20 m//kg ¥ 5
4 7f), hematoxylin and eosin YefaiEA T Y248
MEiCEg Lic. $REERILE IS s S 1
OEFEMBIC L 2B L A4 L A g 0.05 mi/kg
BHEBSETITo. ZhbOfiE a2y hu—
w3 R XL .

1L EEERAYIRE

99mTe-HMPAO O BRI 0 W HEE & B+ %
Tew, FMAIE L & % T vk 14T #mTe-
HMPAO jJiiv v F 7574 2ffvnar br—n
Bt L ik L 7z (Fig. 3).

PO FB - B o ALt & sz Tl
P 1L B, Aotk 3 B CGEE4EH - S8£18 5%) T,
Cysplatinum+ Vindesine % 7-{3 Vinblastine % #
HXxhntb o 84l Cysplatinum-+Cyclophos-
phamide + Adriamycin % 7z{3 Methotrexate 7% §
5], Cyclophosphamide -+Bleomycin 1 #| T3 %.
o) b 2 Pl R, 4 L NEREEO D
9mTc-HMPAO ) IfL 3 & > F 7°F 7 « BT b h
7z, Zofo 8FITIRENREZRHLAELE
= ECHREZITY, &6 ISR OF %L R
Al av be— A BEERRA ORRE T *"Tec-
HMPAO fiifiiis >+ 7'5 7 « 2> frbh filiic 8
AR D 1 B 104, 4t 6 i (V-4 -
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Fig. 1

A:

31 % 6 5 (1994)

Chest radiography in the rabbit adminis-
tered with a low dose (0.05 m//kg) of oleic
acid. No abnormal opacity was demon-
strated.

99mTc-HMPAO scan 30 min after the injec-
tion showed a diffusely higher uptake in the
both lungs in the rabbit (b) compared to the
control (a) (—: lungs, = : liver).
Time-activity curve after the injection of
9mTc-HMPAO (a: initial 60 sec after the in-
jection, b: during the subsequent 30 min).
(a): The degree of pulmonary uptake of
99mTc-HMPAO was assessed by the activity
at 60 sec (Aso) over the initial highest peak
activity (Apeak) (Aso/Apeak ratio).

(b): The degree of pulmonary clearance of
99mTc-HMPAO was determined by the value
of k, which was obtained by fitting with the
expression of C(t)=A.e"k"!),

99mTc-MAA scan in the rabbit adminis-
tered with a dose of 0.05 m//kg of oleic acid.
Any reduced uptake sites were not seen.
99mTc-DTPA scans acquired 30 min after
the injection in the rabbit administered with
a dose of 0.05 m//kg of oleic acid did not
show any abnormal uptake in the lungs
compared to the control (left).

Light microscope in the same rabbit in Fig. 1
showed no significant changes, compared to
that of the control (H & E stain, x200).
Electron microscope in the same rabbit in
Fig. 1 (a) and that of the control (b). In the
oleic acid rabbit, edematous changes of the
endothelium (» ) compared with that of the
control (—) was observed. No obvious
changes were observed in other structures
such as epithelial cell (=) and basement
membrane (M), compared with the con-

trol (=9, »).
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9 Te-HMPAO (2 % 2 #EF1E M5 0 ki 585

57T4145%) ThHo. BBMAETEIRERELE T
1, © 8 5] (Brinkman index: 400~1000), = > }
v — LEETIE 9 7 (Brinkman index: 450~900) ¢
Hote. 2 br—ABTHLNOLKEY > F 757
t BHLHNCHiY v F 7T 7 4 &L TRk
W v F V57 4 ICHBNLRNT L EHA LR
AL ETRESRETL .

W ORER D M Te-HMPAO 4 o
T &5 -0 RENICHA L L, 740MBq
9mTc.HMPAO # ¥ 30 MRIc B2l o v F 4
5 GCA-901 A/W2 # BT 128 x 128 matrix
WO U 7z, SRR O R (3 AP T S & ARt
{2 20x 20 pixel DL E #E L C, | pixel X4
T2V O A v b R BRI 8 S it oo S
M & sk it L 72

Iv. # 8

1. BihRER

* v A UEg% 0.05~0.20 m//kg 5. L 2% Ri
WEFENLEE 30 N HBOFHIBGRT 2 e — LEE
ICH LT g AR m v iide R By 7o (Fig.
1-B, 2-B).

Aco/Apear ratio Ok % Table 1 (27554, L
1 Uk 005 mi/kg #5811 =22 b e — L ifick
LV <, o icghjofimctlv Ly
Lz, ZOfERE A v A o B o 5 v iR
DEE T SUANICT Iz RIS 2 k2R LT W

5.

Table 1 Comparison of the mean values of the Ago/
Apeak ratios in the rabbits administered with

oleic acid
Rabbits A6o/Apeak ratios
Controls (N=10) 0.12940.023—

A dose of 0.05 m//kg oleic acid i
(N=38) 0.21440.031—
A dose of 0.10 m//kg oleic acid *
(N=6) 0.264 +0.024—
A dose of 0.20 m//kg oleic acid *
(N=6) 0.325+0.027—

7 :7**:757iér7iiﬁicz;1t differences wer;. foﬁr;d (Studeni:s
t-test, *: p<0.05, **: p<0.01),

FHARER K OFEHETa s b e — LD
0.01205+0.00199 (%} L A v A > B 58T W
NHLIEEE TR L (F v A 8 0.05 mijkg £ 58
0.00866--0.00132, 0.10 mi/kg # 5 £ : 0.00663 +
0.00173, 0.20 m//kg # 5 & : 0.00600+0.00120)
(p<0.01), =5 icHEEROBM VKT 25 M
[N -7z,

OmTc-MAA Jififiif > > F 7574 3 A v A
fit 0.05 mli/kg FERETIE WL B S 2 s L
K% #w iz o7k (Fig. 1-D). Lo L 0.10~
0.20 m//kg #5. T 13 SEFEIK T I8 % 38 o fii i e 51
M &%z k&5 Lk (Fig 2-C).

9mTc-04~ 35 L O 99MTe-DTPA Jifis v F 75 7
(T A v A g 005 mikg #hH L7z 6 i T
AL BN EREAL % 3By 72 - 7o (Fig. 1-E). %
TG RERRAR b = > b m — L RRIC IS L TR
{bhstz otz

s X B E T A L A Vg 0.05 mijkg #5.
L7z 8T HIL i REHE B A ol
(Fig. 1-A), 0.10~0.20 m//kg #¢5. L 7= 12 T3
TS £ 723 2SO E AR ME 2B
(Fig. 2-A).

AL O Fe % T i A v 1 ik 0.05mi/kg #15.
LEZ6RTiEar bre— 3R EHEL T8 ki
- 7= 5 (Fig. 1-F), 0.10~0.20 ml/kg ¥ 5B <
VRIS PN 12 5 R Bt L T B D B 703 9 65 7z
(Fig. 2-D).

LA LA o 005 mikg # 5. L7 5 B
g o BEHE GBIy hre—L0 3 BON KA
i b U Oyt B b 2 % L T iz (Fig. 1-G).
PN B ARG oD FEIEREE I i i 2 7 < RS b BRI
LHL A RELERD LD 5T,

2. BERHRFORER

Fig. 3 (b2 ifTRE L = br— A BEOD
9mTc-HMPAO o fii /RFEREL 2 77 4. {bapeih
MifTHE DR O F-HMH I3 0.649 £0.185 T = o b
o — L EED 0.3874+0.108 ([ bk L THEICEET
& - 12 (p<0.05). 7x WA H L JEWAMEE % o+
5Lk, {bLEFHRERITRE T+ h £ 0.57940.247,
0.478+0.077, = b u— A RETERZFH 0.458 &
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Oleic acid

0.20 ml/kg

Rt

A B

BLEIC ACLD
3, 2/nl

-

Fig. 2 A: Chest radiography in the rabbit administered with a dose of 0.20 m//kg of

oleic acid. A diffuse infiltrate was demonstrated.

B: In this rabbit, 992Tc-HMPAO scan 30 min after the injection showed a
diffusely abnormal pulmonary uptake.

C: 99mTc-MAA scan in the rabbit administered with a dose of 0.20 m//kg of
oleic acid showed a reduced uptake in the both lungs.

D: Light microscope in the same rabbit in Fig. 2-A showed extensive exduate
within the alveolar space and thickening of the interalveolar septa (H & E
stain, x200).

0.076, 0.33940.107 T 1, FEECTHUEHOERE  Fliz "Tc-HMPAO D 3 71 #1000 % AN

FEWBIRIC B 57228, HEIICH T 22 503ER M ERY (Fig. 4-B), 27w FLHIC X

ol D B LRERL O RN ST v v Mk
Sl WA L ALEREEATI O 5 bl bl Ik 2 MBI R g bR,

FFAERE L 2378 7 - 1= 3 & Fig. 4 1R+, o
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P (0.05

——
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1.3
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Fig. 3 Comparison of the lung/liver activity ratios of
9mTc-HMPAO between the patients received
chemotherapy and the controls. The mean
values in the patients who had been received
chemotherapy was significantly higher than
those in the controls (p<<0.05, Student’s t-test).

V. £

LHEl 0 HEERTA VAU BROEE S (0.05
mi/kg) it O FEFURHT i3 PSR 7
lbE kL Twiz (Fig. 1-G). zh T {iTbh

EERT L A LA LRI RPN N R R I ZE
bz E- L, BeffEE L L bic4Eo 0.10~0.20
mi/kg #55ET RO A R MR LR iR E o
JBEE B srLoich 3 2 LR BESHL T
2172020 = 1 b DERWIRFEE I LA L A L
0.05 mi/kg L fF O FEskid EE T H % A3 ¥ Te-
HMPAO 3w W% <L (Fig. 1-B), v A v
feic & 5 fififesk 2 M+ % B il it & b
o (1 el

99mTc-HMPAO 38R 7 I v HIC® L, fiTo
JTEE RIS & ShTk 9222, 7 I UHD
RBFEEPIFET 256, MERMESELT 57
REMEE R <, 2 OB OBRER S 23 v 99 Te-
HMPAO DJififEfDOBEFF & 75 - I FTREMED 5 5.

—7%5, 99mTc-HMPAO (3 fig stk o ki HHE
Td Y BRI OIS Z EIE L TR AN IC A
D, IbICHRENA~BITT S Z LRGSR T
W% 25728 A & 78 B iR T S MR [ ER
R/ E Z DR TE#T s Z LicHvwLRT
W52980 [ BB 3z oo 7 ey
WMCE WA Y v F 75 7 4 ORRE il A
Ja % FEHRR A I L E BT 5 2 L2 @G L
TW5s. Z0kHic **"Tc-HMPAO 3 Hifafis %
Kyl o HEEEICRAELTEY, AvAy
it ic X 2 NACHIKL O MM o st ic & b 99mTe-
HMPAO DHIB DOFE@BN S SICAEB IR Y, 7
SENPIEFICH WHEE TR X 2 729, Aso/Apeax
ratio OMFTTRD 2 & 9 I FES R Bk
E o+ ¥ x5 (Fig. 1-C, Table 1).

Mz V7T 2DRETHS kA Vv
A UEBRGHMTETL TH Y, Rl ERLE
9mTc-HMPAO o ¥ L D 3BIE b 5 W iR
DIRH LD LEZLND. F1, HIEHR, FEH
PRBLIEFRa b — L EDERNRIVEL
MWD ZEERLTWVS.

9mTe-MAA il > > F 75 74134 v A v
2 0.05 mi/kg HEHTE BILE RE Lok
(Fig. 1-D), 99mTc-HMPAO 3 £ # 7 L 7. Zh
FEMMAE v S VO MREEZ X2 L Tunkn
7%, TEBEIR T4 B il E N BRI D REE & X
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Control

WL T *"Tc-HMPAO 2 EBILcb D LHR D
n, Wiffs > F 75 7 ¢ ici L #*"Tc-HMPAO
D F7 BRI 7 R ORI B 2 L AR L
TwWb. $74 LA ik 0.10~0.20 m//kg #5-5
TiE Te-MAA MK T 23R L, *mTe-
HMPAO 3z #9hn L 7z (Fig. 2). ZhizfEsEo
FLEE ARl < B AN 12 3 B8 0% R OF i L o e
BB E T V5D, 9mTc-HMPAO (34> 543 380
Da OIERiTHEOHE T HH, KE S5 30~60
um 0 9MTe-MAA DB T & 7o Wi R O

31 % 6 5 (1994)

(b)

Fig. 4

A: A case with the highest value of the lung/liver
activity ratio of 9mTc-HMPAO (1.204) in Fig. 3.
He had been administered with cisplatinum (total
dose 900 mg) and vindesine (total dose 36 mg).
Diffusely higher uptake of mTc-HMPAO was
demonstrated (b) compared to the control (a).

B: The chest radiography of this agent obtained
3 months later showed a diffusely abnormal in-
filtrate in the both lungs. Drug-induced pneu-
monitis was clinically suspected. The abnormal
opacity in the right lower lung was due to lung
cancer.

RIS L BERTRETIO, MM oRE S B
M FEEDTTHE L b » TEWERE R LY
DEEZD.

F LA g 0.05mi/kg # 5 #ET i3 9O Te-DTPA
TR N & R & 15 ) - 7z (Fig. 1-E). %9mTc-
DTPA (3 k¥ D 53 T8 492 D /E TN M o
MR % 8 - TMES 22— BT L, MiflE R
OEEMETCHERR, VB RS iR o g 2
fb7s & DML A R— 2 DK S 2 B A
A TRT Z LB MH R Tng 32,
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9mTc-HMPAO (Z X % 355D MR 55 0 B 589

LD o>TH LA ViR 0.05ml/kg B H5FRT D
9nTc-HMPAO L ®mTc-DTPA 0 B ok,

RRUEPE L AKIEEOHER OE W ICHE S LB LA,

F 72 99mTc-HMPAO i3 Jifilfil 5 b 0 ity =
MAFALE R R— 2 DBKRICE VEF LD TR
BWZ L EFREL TS, 2T EREG T LEm
CRED Z L <, VB D REE e fifi s Ny o i3 ik
Tl EEBvREVZ LD LRBENS.

F LA L@ 005ml/kg #BERE T 9mTc-
HMPAO 3#£f# R L7228 997Tc-04™ (34555 %
RS otz z g, ¥MTc-HMPAO fifiv o+ 7
5 7 ¢ TOHERHN ¥"Tc-HMPAO 7 & 58 L 7=
OMTe-O4” ICE HHRWZ LERLTVS.

o X ALERERITHIE °"Tc-HMPAO o
v iligER% & 51 L 72 (Fig. 3). ${% %13 cytotoxic
agent T, M E TOPIERNIC X 2 HEHRIFE MR
ST 28 OBFSE C i Fifi L PN BRI o> 5 3 B
BB TH S L OBEHL WD, SEORK
iz wFER L 9Tc-HMPAO Jfifis v 5 75 7
1 HEATHREIC I X BEE E, FUBRlic L 3 it o
TR D TEH LT, P"Tc-HMPAO o5 EH
PR AIC X % subclinical 7 8% K L 7= 4 D
EFERD.

Alal, WARERE & JEWLRE o [#ic 99mTc-HMPAO
OHFRIC R 7o 2> - 72 A3, Shih 0,929 58
52 R C g VAR E BB T v 2. R
DI P Th e L EZ LN LD, PR
RO J AR X 2 L VBN TH 2 &b HER
Ihs.

F 724, *9"Te-HMPAO o ifififEh i b i
- 2 fief (Fig. 4) 1, BICOFAMRMEL L
HRARGE 7> & PUBANC & % VAR R O W REM:
B, L7eddo T 9mTc-HMPAO o 4550 LR
DBHEERIC X 5 BOMS 2RI REL Ly, &
LICEEABLELLSVWZ L2 PRITIEEL
nLAEEMESRH S LEbh .

Shih ¢, 929 ‘?’Eﬁ 522 |1 %@%@ 99mTc-
HMPAO o WM MRICE £h 2 WE M
BN EEr Exkd LHAIL TV 5.
KFH &3 3 MiKRED BEMED b 5 FEFIAS i Al

HERE R LI L BE L TE Y, #leT 2 NG
REEZ BT 200 LHERLTWS. Fiobh
HbHEREDO KRB TSE &R, PR
Rz oA BEGT BRI & Bz R T T
9mTc-HMPAO 23 WitisER 2 R+ 2 L2 G L
123, b OFTR B XV 4RO K E i 9 Te-
HMPAO 7% subclinical 7¢ #8447z fififEasic 5 L g
BUCHERL, 2o & EoRAICE 2 MENK
MR OREE IR LEMERT Z LE2TBLT WS,

VW E AR PN R & R 5 B ) i R
FARTREAFEANT B L T ievwas, T4, —1L
ERERLBILT + AL Z—ERh 2 F—F R EN
HEHERTWB33D, = o o3RFNE N R HIRa
EERHET 2 2o PHMICER A2, FEEE
Btz 3 L Bbh s ¥"Tc-HMPAO 3 - h
b OIAIDHRHRDFRHE I CHRATH 2 [REML B
%.

BT, MAMNEMEO 7 I o RE R &2
X KK L L T !28-metaiodobenzylguanidine
(12I-MIBG) EH &SN T W55, L hs LFEE
VoA, BEMET T80, v o F75
74 LTORBEACCHEER - LTSRS,
& 7 ML PN BRI o0 3 it S D RIS 2 B RR [l
B HEE AT DAL T 2 H33990 ) o0 BEMEME 1 3,
LHRETHS. ZDEH, ¥"Te-DTPA D7 1
SIWVBAY v F 75 7 4 b fifilesE o R
Mahnsn, ik Efmao®ys itz s ke
53,

VLl AR EENE X BRI 29 Tc-
HMPAO 7° SERIGHEEMERIRE O Siffils ~— 5 —
LREDAIREMER TR Lz, A LA UL %K
Tt D GG R & Jifi L P B IR S & s
LT *mTc-HMPAO 24+ 5 AlfEMEAVR & h
2. L2 LEBEBFOFMIC O WTIE & b Ik
YHERLZLEND Y, ZOFEIPTHROMBEED
BHHROFEICER 2 E 5 xS HORGRE
Th5b.
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Summary

Experimental and Clinical Evaluation of *"Tc-HMPAO
as a Sensitive Marker for Chemical Lung Injury

Kazuyoshi SuGa, Hiromichi UcHisAKO, Kazuya NisHIGAUCHI, Norihiko KUME,
Katsuhiko TsukamoTo, Hitomi AWAYA and Takashi NAKANISHI

Department of Radiology, Yamaguchi University School of Medicine

To investigate whether 99mTc-hexamethylpro-
pyleneamine oxime (**™Tc-HMPAO) can be a
sensitive marker of lung injury, an animal model
of lung injury was designed in the rabbits using
the injection of a low dose (0.05 m//kg) of oleic
acid. In the injured rabbit lungs, electron micro-
scope revealed morphologic changes localized
in the microvascular endothelium (edematous
change), although their chest radiographies and
light microscope did not show any significant
changes compared to the controls. In these situa-
tions, 99mT¢c-HMPAO showed a diffusely, high

pulmonary uptake, which occurred rapidly within
the first 1 min after the injection.

Clinically, the lungs in the patients who had
been administered with cytotoxic anti-cancer
drugs showed a significantly higher #9mTc-HMPAO
uptake compared to the controls.

These findings indicate that 99mTc-HMPAO may
have potential as a sensitive marker of chemical
lung injury.

Key words: 9°mTc-HMPAO, Diffuse pulmo-
nary uptake, Anti-cancer drugs, Oleic acid,
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