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A Method of Interstitial Irradiation Using Radioactive Microspheres.
1. Fundamental Study on Intra-capillary Deposits of Microspheres.

Hirotake KAKEHI, M.D. Noboru ARIMIZU, M.D.
Sadao UEMATSU, M.D. and Hiromichi AKIBA, B.S.
Department of Radiology. Chiba University School of Medicine

The interstitial irradiation have been well applied to the treatment of superficial
cancer, for instance, a skin cancer and tongue cancer. These are treated by the impl-
antation with radium needles or radon seeds.

In recent years, the interstitial irradiation using radioactive minute particles named
microspheres have heen attempted in foreign countries, hut, at present it is still in the
experiments. Minute radioactive particles exceeding capillaries of a tissue in diameter are
stopped up in them making intra-capillary embolism in the tissue after injecting the particles
into a blood vessel nourishing it. /8 and ¢ rays emerging from the particles stopped up
in capillaries are expected to bring about the selective irradiation of the tissue around them.

This paper reports fundamental researches concerning to intra-capillary embolism
of minute radioactive particles.

The particles used in this study are composed of several kinds of insoluble inorganic
radinactive sediments, Fez (¥P04)z, Ag® 10; and SrCOsz;, and 1%Au colloid absorbed
carbon particles, produced by chemical preparations (Tab 1), The suitable size of the
particles ranges from 30 to 50 microns in maximum diameter examined micoroscopically
(Tab 2).

The nearly entire amounts of these particles are proved to deposit in pulmonary
tissues (Fig 1, 2 and 5) and remain there almost unchanged for a certain periods after
the intravenous administration to rats and rabbits (Fig 3 and 4). When the particles are
introduced into a gastrodoudenal artery of a dog, area scanning of its upper abdomen
reveales that they deposit in stomach corresponding to the region nourished by the artery
(Fig 6) and the histological examination shows a embolus of the particle in a capillary
of stomach (Fig 7).
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Area scanning shows that the particles composed of #SrCO; ranging from 30 to
50 microns, when injected into an antecubital vein of a patient, were exclusively
trapped in pulmonary tissues (Fig 8). These results were confirmed by measuring the

activities of patient’s organs after autopsy (Fig 9).

When administered into gastric

arteries of patients, the radiostrontium particles retained within stomach corresponding

to the regions nourished by the arteries injected (Fig 10, 11 and 12).
No complication have been experienced in patients by the administration of the parti-

cles into blood vessels.
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Table 1. Chemical formula representing the pre-
paration of microscopic particles composed
of insoluble RI sediments, Fe, (*°PO,),,
Ag''10, and ®8rCO,.

Sizes of the microscopic RI sediments can
be easily fixed within a certain limit by
adjusting the temparature during the che-
mical reactions.

Fes( PO. : 3FeSO.+2NaiPOs=Fe(FOL+3Na.S0,

T {Nd’l+2KMn(J.+F-L0=hkr“‘ICI,+ZNh0¢21((H
* 'Na'l0s+AgNOs=Ad10, + NaNO,

Ag'l  :NdI+AgNO:=Ag'l + NaNO
“SrCOs  :*Sr(NO:):*Na:COs="SrCOs+2NaNO;
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~NB o ERHE L Fes (P02 TRERTI15~
254, 60°CT30~40/t, 100°C T40~60x, 85Sr
CO; CIHEIR30~40 AgBI0; Tk 100°CT
30~40u DKE X LN D, B TOAE X 2H
PR T T L 2= A5 5L Fes (¥P0y) %8r COs,
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Table 2. The sizes of various particles are sh-
own in the maximum diameter examined
microscopically.

The size of various particl€s

Kinds of particles Size
Erythrocyte 7 — 81y
Leucocyte 7 —20yu
“Au—colloid 10 —40 my

"Au—carbon 30— 50y
Fes(*P0O.): 30— 40,
Aglo, 30— 40y

*Srco; 30— 50y

(i) RIBTFOAE X LHESRSMA
(a) WIRA~NEALRSE
Microembolie # 7| it 9 OV ik 0 kT 0 A

FAFPRB 0, Fht 180gr, Hi Rat 0
kL v Fes (P04 DEiT-1mg, 4pc 37
AN L 24RE B AR LRIz 1 gram 37- 9 @ Kok
GitEd GM 4 Cllle L7z, BFOKRE 35300
DLk 7s 2 Efifivc &R L7z L RED & £ 100%
& L7z, Mo+ ~T5 %LU & 207,
BibE#R & 030 u DI EDRTF-#1EAT 3 EFEA
ELTORTFHIMEMERIEEL B 2 7. 15~25

“Au carbon
(Lung)

ARG oMy o $28% Bl

P Suspersion (30- S0
e e =3P Suzpenisionil’s ~ 25p)

'-: e - T Y

Relative  intensity (per grami
-
o

I_u.ng Liver  Spleen KdE_He;_-Tlmd_
Fig. 1. Distribution of radiophosphor(**F) in the
essential organs of rats one day after intra-
venous administration of the microscopic
particles of wvarious sizes, composed of in-
soluble salts of ferric phosphate and radio-
phosphate and the solution dissolving radio-
phosphate. Specific activities in the various
organs are composed in per-centage. An
organ indicating 100% intensity means one
possessing the maximum specific activity in
all. The particles, ranging from 15 to 25
microns and 30 to 50 microns in size, loca-
lize in lung at the maximum intensity,
however, P-32 salt dissolved in water accu-
mulates in liver at the maximum intensity

W27z B ENl7Z v T < PRI & MY BLE T B
ZEnfEoz. (K1)
‘1Li!.f7> B I #~1E30~50pm4k & & »198Aucolloid
Wy (100mg, 100uc) & 198Au-colloid ( 100

il mm%

“%Au colloid
{Liver)

Fig. 2. Area scanning of a rabblt s upper body was perforrne'd one dlay after intravenous
administration of '**Au colloid absorbed carbon particles ranging from 30 to 50 microns
in size (left) and'*®Au colloid solution (right)

The left scanning reveals the lung depositing the '**Au carbon particles in it,
however, the right scan the liver depositing **Au colloid.
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Fig. 3. Three area scannings of a rabbit’s upper body were respectively performed at 3
hours, 24 hours and 48 hours after intravenous administration "of the *"Au colloid

absorbed carbon particles, 100 uc.

All scannings reveal the lung in the same size, indicating that the distribution of
the isotope remains there almost unchanged in 48 hours.
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Fig. 4. Distributions of radioactive strontium

®8r) in the essential organs of rats from

one to five days after intravonous admini-

stration of microscopic radioactive particles

ranging from 30-50 microns in maximum
diameter.

Specific activities in the organs are
compared with those of lung in percentage,

Ke) FFRE (B, 3kg) OEFEIRCEA L24p:H
BHAEVEAFY Y= 709 3475 & 9Au-
colloid W% BéMMATA A £ 2 L [ifiz, 1¥9Au-colloid
BIFCIET 22 s hbnork. (F2)

FEZfiCORIDIREER ¥ DR T 20 %
W% 7= H18Au-colloid GRS 2 5 E (HE, 3
kg) DEEIRHEA L 3 WM, 24WERE, 48mERIEE
M Scanning #4173 & FOSMMRAEIFRA & &
DTWAeZ ERbho7:. (E3)

¥z 8SrCO3 M30~40p (2mg, 4puc) b
k%R %107 Rat (B, 180gr) »E#IRiC
HAL, RMANCER L ZOMBSHEM~<3 L
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Ll EoSEEIE R T f:F4 & Hisk Ty~ % Suspen-
sion  DEARN~DEABIT, 304 L EOKT %
HEATNEEDFRA & THRITEMSCET 3
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g 5. A mu.roscoplc view of a rat’s lung tis-
sue after the intravenous administration of
“8Au.colloid absorbed carbon particles. A
dark spot appearing at the center of the
photograph corresponds to an intracapillary
deposit of the carbon which makes a capi-
llary embolus.
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Fig. 6. Area scanning of a dog’s upper abdomen
was performed with 2 '* focused Honey Cone
collimator, at 2 hours after the injection of
98 Au colloid absorbed carbon particles,
200 pe, ranging from 30 to 50 microns in
size, into the gastroduodenal artery and
the left gastric artery.

The scanning reveals two high radio-
active areas ; larger one, shown at the low-
er part of the stomach, corresponds to the
regions nourished by gastroduodenal artery,
however, another smaller at the upper part
corresponds to the site of the injection,
meaning the focal accumulation of the iso-
tope arising from the technical failor of
the injection into the artery.

(b)  BIRA~NEA LTSGR,

KR I REFOBIRA~ DIEAFR 1107z,
K (HE, 6kg) #HCWERIRMERD FwBBEL, £
HEIR, o HEEEIIRIZ30~50 1 0 SAu-H T
( 100mg, 100pc) #HE AL, BABIEE 3 Wefif L
THESEVEIRAF T = 78175 & K2 OBIIRD
FHT AEMFCILEEBE T2 ERbhork.
(X6 )

AR IEABE2AR M CRBE L &lgis 1 gram 24
2 DESEZIENBE, BE 100 Lk
EFDOWMDMRET<TT%L &L 5.

H OS2 <2 & 19BAu-FT-58 H BT
W LT R #s. (K7)

(c) /NGE

xR odn  30pLl T %43 5 Suspension
PHIRINCIEAT B & FDFEA EATORT 2
FBiFCRESZB 2T, LBIRMISEAT S EF

HAE iR & ERE  H23%  plle

Fig. 7. A microscopic view of a dog's stomach
tissue at 24 hours after the injection of
“SAu colloid absorbed carbon particles into
gastroduodenal artery.

A spot, dark, irregular shaped and sh-
own at the center of the photograph, indi-
cates a carbon particle depositing in a
capillary, which makes capillary embolus,

et
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Fig. 8. Area scanning of the chest of a female

patient 62 years cld, was performed at 3
heours after intravenous administration of
radio-strontium particles (**SrC0,), 60 uc.
revealing the area of deposit corresponding
to Iung.

DFEEROEMFEARBEL B 272 L2
HE L7z,
(i) ERRAIEH

HEBIT Y.AL 363 dotk

8Sr-Suspension  g0xc  (3SrCO; 4 mg/H»O
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Fig. 9. Specific activities of a patient’s essential
organs following intravenous administrati-
on of radiostrontium particles are compared
with that of lung and the result are shown
in percentage.

ZOBERIfER 2R E» b h i hot-.

B2 K.S. 623, £, FURERSE K U0
if%, ®SrCO; 60puc (4mg) JEAL, HAF Y ¥
=v7rfiok b i alioani#iLane:. (M
8)

I AR 1 gram 247 b O LS HEZ <
5 LT E A EATORTHMEMSFIZIE LT3
2 EBDho7. UNIEREM & R e ot
BATBED X 1 1 1.19TH o7, (K9)
fEBI3 S.S, 4F B, HRY—7

HOBRIERT, ZHBIR, & HAMEBIIRC *Sr-
COs-Suspension ( 3mg, 30xc) #HEEAL, Yk
CHEHDPEAXY v = v 7 3175 & &2 OBIRD

Fig. 10. Area scan of the removed stomach, at
2 hours after the injection of radicstronti-
um particles into the left gastric artery
and the right gastroepiploic artery of a male
patient, 74 years old, showing two radioac-
tive areas corresponding to the regions
nourished by the left gastric artery (1)
and the right gastroepiploic artery (2)

Fig. 11. Area scan of the removed stomach of
the case of stomach cancer following the
injection of radiostrontium particles 30 uc
into the left gastric artery shows the area
of deposit of radicisotope corresponding to
the regions nourished by the artery.
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Fig. 12. Radiostrontium particles were infused
into a right gastroepiploic artery through
a catheterr which was used to serve the
continuous irrigation of mitomycin C to the
inoperative stomach cancer. Area sacnning
of the upper abdomen reveals an accumula-
tion of radioactivities corresponding to
the pyloric region of the stomach, suggest-
ing that Mytomycin C flows into there at
first.

AT B & HEZ BN BFUROEMPNHER L T
32 LB, L OBE AT SATD b
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