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Some Applications of the Activation Analysis to Medicine

(Determination of liver flow index)

Hiroshi Yasukochi, M.D. and Noritoshi Watanabe, M.D.
Dept. of Radiology, Fact. of Medicine, Univ. of Tokyo
(Director: Prof. T. Miyakawa)

Recently activation analysis is discussed as a more simple and accurate method than some of’
previous chemical procedures to detect or determine the quantities of very small amount of materials. In
medical part, this method has also been applied in some clinical examinations and in these days it is.
not so difficult to activate samples by neutrons for analysis.

But such methods are yet troublesome because chemical procedures are not yet completely excluded
in the course of examination. Furthermore some trials to use this method for the hemodynamics of’
injected nonradioactive materials are rarely reported.

In this paper, the behavior of injected nonradioactive gold colloid (197Au) is examined and the
liver flow index is detected by this activation analysis method without using no radioactive materials
instead of former external counting method which needs radioactive gold colloid. (198Awu).

To detect the concentration of gold in blood at the time, ﬂ:CtiVEI.tEd 198Au and 24Na are detected
from the pulse height analysing curve of the irradiated blood samples. Here, the peak of 198Au
represents the quantity of gold in sample blood and that of 2/Na is linearly relates with the quantity
of blood stain in sample, so as a results, 198Au/?/Na ratio represents the concentration of gold in blood
at the time.

By this method the detection of the weight of sample blood is excluded, so the following methods
are used by us to get samples from the patients. That is to get blood stain from the small incision of
ear-lobe to the filterpaper about one drop.

The results are well co-related with the results of external counting method.

The application of activation analysis avoids the radiation to patient without losing the merit of the

examination. And the ratio of activated materials (1%Au/24Na ratio in this method) has made the

activation analysis more simply.
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Bz RI % tracer » L T#& LBE2AC
FIAT 5 RI. DWERO ZBSFICHiRRE L,
FDHHRSEROMEFICH b, BEZOFKDOE
BELDTCBHDTH B2, —F, BIFENRD
7D AR BAEEDE 2 8573 Z L2l b
DO FT bR T3,

IAOREE LTS RL 0k TE 3700
DU T B0 E LT, WERORE,
BERZOBGERIEN 2S5, ZBO—KREED
TE. > BEIEPTLC, BEz RL %
BELEVWTRL B 21725 FEVEILAT
W3, ZofE LTHRBSEBEOZENCRE S L
T3 BI-Ts ORMBLIZL & v 28 ¥ VR
RBDOIDTELELDORB B, By RI A
Hiz# L LT RL tracer B 347 5 Kk
EANKRL SNV TERL, BRCSHLTE WEE
EEBRABOTHRELTHENZ 3B E

WRBFFEHOERIAEL D, FL0Fb

L\FIESHF 2B 7208, S970E ¢ ko ib
FEMEPERETIEL LA VIT FHHT
L bRSHER B R LT E 7. ShRc gt
SMEFAT 32 L 3E oETE—fbLTS
D, EZEOHEH T —i¥ERHREL LCmho Na
X Cl BEOUE  BSHLSHT C1T2 5 = &g
ZUDBIERERTE:E LTRCHBSIh T3,
WRE THRETHN IFES TE 200z, DIoeaEs
& 9 IRBERIREE O 55 P RRS R 2 B CRER OB

AAEEHARESHEE Hos $28
BEKISAERZ LD LE I bR, XEDu
REE, BREOERPNIIEAET 3 I05E 0 M hJEEEE 3 ]
BT B L RRMOBEEOBRNIE L CIERICE
JATH Y, BIHMboEs 2o & 5 ZERCFIH L
TW3REL 2, 340399,

AL, Zhb kLSRN IEE
BHTHY, LHIERETED 28, DX Z0EE
VAR R DB L T 5 2 kA4 0 E R
(vield) iz, £ OMER > 5 7- OICHRE T
BHEIVHERLTA. XD LS L EHEEA
WHBT_TOLRIHAT I bR E vwh i
W, BZEEAIC S EICEET A TR0 RD
BICED A LBTE O A, B b & A 7 EAE
TCHD T F N X —LOMERFERTE A2 22 L
BE, —HEAC BET 5 RO Tl
Co RS &b B EHTET AR O e % R L il
LR T WIEHKZEAL, F0HEBOBMINAEL
BHLES ET2RANTEASEILATV W
EWVDT L. 0 XS AFEEDOYh O
Mz AT 22 L, BITENWHE CEFRIAIAT
WA HSHEHIEE TS 250, I OFERIITAE
RBRARNCISH T 2MMiHR S 2 LEBZ M 3.
FEDT L OEED 7= D BT B SHb
WERAAE C, £ER I O¥EHREYTH S
WERD D, ZDL3RtEE LTUIE TR
TEIRbonBIELZD. MbLBEOTEE
HAT 2 7- D B bEiE RS g Bz &

RITLEDTEY A2 WVIRRETH 328, iz &<, RERCHERADFEETHE, #1Z21ENa,K,Cl
Table 1. Suitable nucleids for activation analysis

Nucleids | Ab“(‘g“nﬁ Products [ f;{ﬁ?]lfufffs) ngsziﬁj]g‘?“ AXC | AXCXB
N 1.00 AU (G-, 1) 96 % 6240
iRy 0. 48 “Eu (8-, EC, 7) 9.2 1400 672 | 6182
167 g 1.00 “Ho (8-, 1) 27 60 60 1620
18Dy 0.28 Dy (4 ) 2.3 2100 588 1352
Lee Yy 0.28 BTW ( v ) 24 34 9.5 228
53Cu 0.69 “Cu (8-, g+, EC, ) 13 4.3 3 39
*Na 1.00 “Na (B-. 7) 15 0.5 0.5 8
“Co | 1.0 “Co (B-, 7) 4.6x10° 20 20 9.2x10°
109A g 0.49 mAg (3=, IT,y) 5.5%10° 3.2 1.6/ 9368
siFe 0.06 “Fe (EC) TT2.3%10° 2.5 0.1 3000
e 0.04 t4mIn(IT, EC) 1.2x10° 56 2.2 2640
sip L00 | ¥#¥p (g-) 341 0.2 0.2 78
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R HIHEI N B2 D12, FRENEZh b OEE
RSO EEL R DI IEREER R &
W, FICERAL S BaME LCHRICEREST 3
TeDITEERMEC 2 &, RAEIER A 72
LRWIEEDEWZ L, BMEHMIE U GEY X
TIBZHRATE 52 L BUNERMFTH 5.

INLDEADDIcHxREanl FEd b
WM HE T 2 hER ) B, Z
N EkisE® T o 4 F (19%Au) % 10~50pC
EEL, FEEch ThyvFl—yvardvy
F— b EREKIC 8Au w4 ¥ o FFAER
BMERD, ZhabmAiEkiiEZEERL, 20
BERRB 805, £0Yack 33 TORM LR
®, ANy EECULFAEERR 2k T
Wizh Th B0, Zh ¥ EOHbodTiEE
JEHE LT 3 3dEg e T o 4 F (97Au)
FHE L, ZOEOHEREY b ki 2 ko
T, HRAVEHEIE: & AR mEiE ko Xk
WhiFTh 3.

I DFERERDOESGHAE R Y, BEe
PR R U 2\~ 2 & 300, g DEEH
R SRR 2 DR TE BRIARD B, K&
SAEHEIE OB D 198A0 12 X BHEIE 375 A FRIREC
7 BETI R, L RO 3R &
PRLTIILEEECEZDZRORECI AT
JEHIEA T3, -

AU RMIEEC L OTERTHZD
AThL, EiE UOERICRMRE5R 3L,
Bl % 1 580177% 5 Ba7h MmO ¢ ERE
WTBZLRRETHBZ RS, FIHEHE
Eh i, ZoRBOBERENEREIMALERE
ThHY, FEEC X MR O BEOHIRRT
ERDOTWBZERMBERERS. ZhAbDEE
Bl 72z, e limD X 5 Al FErEL
72. BB & Bt b hadiE L YAu 23K
FEE T 98AU k7 5 EERRC, MmARcEET
BILETH 5 BNa HAHEI N T #Na iz 3
2ch 5. Mo Na §ix 28 o BadEic g
FELTEY, oz DRBICET 2305 MM
TRELITEELTWB LHEBLIT IV, ZOHH
{LE 7300 #Na @diko Naftiz b
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BIL, FmEEIC AT 3 EBATL by
ThH. YAu DR EFEMRC L CTURRR RO
(97Au) Dz BB %0 5RO 198Au/21Na
D KBS i o 72 DRI 19T Au R Hpils
LEEALND, RO TIOEZ #IGHT M
WERHOREE 2 WET 5 2 & 72 o TAu i
ERbn 30 CimEiEYsckl, ERoE
WAL 2D, LabBEREEREELD L
5.

ZORBEEZ IR RIS 5 L AR
3, BERIEREIALNZHTH .

ik

B RrRTIEL, BEc1~5mg (IFRE
WERT S ME ) O FERNEEa e A ¥
(PTAu) F#EL, 15498 TESEEN HHE
NOMBEZ MLz, BR L7 2 & < MK EGHE
BHEOLERZ WO CIEFCl A FE e LT
Fox xEZR & 0 ik R 0 FEHR D 22 YIAI
¥oL b, Fhk b omzEKico g TRIRL
7z, MOEEDEIEAR (GRPEIERE No. 5 or 6 ) 28
HunfLOHEP 0 { BETHLS TH S, Z DFEH
FZEDFEOFRWRD L TEEHRD 20T, 4%
REDOMIEZ 2 28 3 anzxCEdo
I T B L LHEETH S,

I CIERERD B E BT B -0z, 1%Au
gaf F @10~ 100uc % JEfGME o s F
(7Au) kFETEREL, R HThyv v
FlL—-var~y FLb ¥Au oo FoiFER:
R 2 FIR e U CEAREHEN & B b 1T
Fig.1 Schema of this method collecting blood

samples.
Medical Spectrometer
. Recorder

1O
o 0

Scintillation

ﬁm
T —————

Blood stain “P-\ —-—--..____w_’_‘:;_:_ﬂ
about 02-05cy/diameter ——— |~3 of mnactive colloidal gold
5 containing 10~ 100uc of radioactive

Filter paper colloidal gold
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= e
A B WE 1 F 0EEED block diagram
FH2ENIRLTH .

Fig.2 Blcnck diagnam of this method

Injection of non-radioactive
(197Au-colloid mtravlaorﬁigug y)ma s

Col ectmn of blood
(Iglaod stain fro%oears—al‘gﬁlgsmto filter
paper, 1 min. intervals

B

Neutron |rrad|a 0
(about 10"n/cm2- secx 20min)

Pglse} height analysing of the irradiated
? F:veen Oand 1.5MeV or more)

[Dea’iection of 198 Auand 24 Na.]

ICa[iulate the 198 Au/24Na ratio |

[Diminishing curve of Au in blood |

Dk 3T UTEHZL 0K & o7 i 2
/o F > BAPETRS 2 LTS LE &7 B
HF RS AR T IIRE MR O H T R H
KETHHZEFHO JRR-2 Tffo7-2%, BE~O
WAu #5E 2 Da de5EME, ORI
BRI H 072D ¢, BHRHETHRARDOE\~ JRR-2
TEIZfTo. Z OEAREHEE 102 n/fcm?esec
TH5EETHY, Z O <5 /el 2 &
MWEEREIE 2497 5 O CEFLYET 5.

RUIZE AR R S 5D LEWAT T Y BUVRE
fH (HEARD) MRS L7548 Na S0 RN HEETLR
DfERD L, HiEEEE T LwI R
HEEIh 3.

RS & 7 R IERRR O Na B0 R
720 & FRERR OVEYLZ B 7291272 5 MHES
SLSLEE iRE, BB LIRARLCKE STy
T, TMC 400channel PH A Tx 3 ¥ —44F
AT\, RRHCRSS Lz IWED DWW T i w
AR L RB LR CAE Szt THIE L, back
ground * LCHZFIAX—H Y P hbELF|

T T

AREFRSREQHE 5258 $H2%

Fig.3 Pulse height analysing of the irradiated
samples.

a. Pulse height analysing curve of a
sample in consecutive 7 days. Num-
berings in the curves mean ‘‘ days
after irradiation’’. Curve 1 is suita-
ble for detecting *Na, and curve 6

for '*2Au.
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Wiz Na: 2 98Au o fk 2k,

LEED TS T H 3 B AL THlE T
%Na OFITESRMGEL CHETE % 25, 1%Au
1 #Na @ annihilation ray &%z CFiE
WHIET 32 LR r e T, THHECS L
HTBAuEFWET I HFR L.

3 HHEOD #UNa 2 0.5~ I4HAIETNEIFTS T
»HBDT, YL OFEEHEE LT MERZ
DFIELLEZ WA, 18Au 2 7 HEICHIET 3
W15 ~10432 » 20 TRE RS WHEHIE R
MOMIEL 24To B Ev. ZOHRHLET
HEBWZETtH DD T, #Na } 1%Au 247, §I
R FERRC WE LT B RohiEk (,
1%Au t Na DOMIFERZIZ ERCT 3 & 5128
ET2HIEEIR I LIV 3 THAL.

D3 LTS ab. & PH.A 2
AEENRTHN2 L5, ¥Na b 1%Au DEgz? Peak
OEE ¥Rk, Kz UNa L%Au OFFED 3
DU THS, KOFIIHE< »H Y, IEREkback
ground DOYEHE ZWIE L7 D o # &=z ® Pulse iz
BIZAY ¥ P &8, W oRE 2R CRERTE L
back ground #g|v7: Mz ko T, FOEZD
peak D% Computor TRdDIIZTL VDT
B3R, EEIZM41TRKT T L & peak DIz
BT D pulse D& 55 back ground o
EEVVEE D bW TH TN Z DEEDEE
WZHEHTE -

ID kI LTERERE D %8Au2Na 3

Fig.4 Explaining of detection of !**Au and *Na.

Solid line shows the pulse height analy-
sing curve of sample and dotted line

shows back ground containing the activity
of filter-paper alone,

a: colloidal gold activated (in Blood) -
b: Na activated (in Blood)
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Table 2. Na quantities of Filter papers

" No. of e
Filter papers samples Na
o contamination 10 23.84 5.1%*
Blood stain contami- a sk
etion 16 778124
Sweat contamination ] 860+ 287**
Magic ink contamin- ~ s o st
ation 6 u5.ti 9.1
Pencil carbon conta- 3 . Ak
mination 6 17.5+ 3.4

* arbitrary unit ** In one capsel
**% in one capsel

Ked, M A B # plot L, &l
1%Au/#Na Ih# log ¢ plot L7=zK#ke, =
N b O R ERAZESROEE D & FF i 2k
¥ (R - AN

#® R

489 back-ground DI D 7= > V2 [FIRE FRST L
R AR S FERICE D, FOHSAESZ Multi
channel pulse height Analyser (MCPHA)
TROZH OO TRE /727, ZhbizE
2FTTREN T BRI T EF T ST
BHIIFEA YECRE OBHER bOTWB
thbh s, AEFRFEOI Rz WTR
DIERHT 25, Na &7 HBoONGE T3

A, FERCEER LI b HET 30 ER
»5.

IOk, FEANECHEOIEO S
BES—ELTW3Z Lhbr30T, BB R
FHEDIH TR 2L LHE L, Fhh b R
@ ¥Na BF0 %, FEEO mMERO 198Au/24Na
HERD3. chERL7zZ L dREF L.

RO EFRS IR LTH BN, BiddE
eI EHS 0D, oFERERC ERT
by, BRVALVTRGURTE Z LI RETEY
7.

Ri6icixzod sz LelniEz, Ao
PSRN X D AToMMEE KL b D T H
3. JEEORTA—-FIRBEMFL <L T
by, WHFIFREHELORDLATVWE L,
B UIEHSMESE T e 4 F (Au) ¢ 198Au o
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.Fig. 5 Some results of this method comparing that of external counting method.
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Fig. 6 Results of this method. (T}).
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o4 FORERRREYD, aul FOXE 123
BHBOT, FRAFEHRTAL LTS
%58, HYMc—8 LT3, KX AR
BEDBE CFEEOMERRR THY, Aot
HWOEDHOYyFL—2avFFr77—nd 3L
FEESEIM T an>10ThHS. 20k
3 B, MRk 2 EEER T BAEOF 5
ELWEZRLTWEEELILNS.

E B
SHAHEAHT 2 FIE L BAHERRI 2 % B\ TR
PICEZE L WITHR P AR E L Ba 0, *
DRFNHRTOBIREL B L, P mko

FEBEc B AR EIE Lre. B X 2

EBOBHWC L 2EBEFEL 2D, RLIGRERIE
FICEELZBRDEETHOY 2R, ThifTx
B S a6, 72k AZERPHROBEA B0
3breTEATE, RLERAOESE L EMRIE
W EN-REBEETHZ0AL TR, I
REMEETHIIEPRE L. —FHHOE»
bEAEARRBRO 4 B kw0 e, RILE
WED & 5 7l 72 35E & F e A fEake, RI
FEROHFA ¢ T Td RL R
FARIORELTRZABE VI K TCYFRALFET
HBEEZLD.

HECRAHOERNE O #2% 2 R 2D
198Au/#Na }#E X =08, Zh3ERONE 21k
ICEELABEZEZ LT3 EEDR S, #o
CTEHHBIERST S T v 4 Vi k BFFmEEERO R
EDAHTEL, UL 2B THRRCELELA
WIS LT, FOBMMERHS )5
LHREERTE, TNCESEZHEOERR I/
WHEEIHEOERR 1) O, GEEED98Au/2Na
Wit %) 2BIThEERTH 32 & EX
%.

L. A RL2#ET D2 L4, HsHbs
e X DRLBE L FARSBRELT AL 52
8L, —FE LT, FOFERORIE 2 4T7:.

2. 18Au/#Na it (ETRENLER RI HA
WETENERRLOL) OEIFHEERL, B
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