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A technique is described for the p reparation  of hum an serum album in macroaggregates, which 
can be supplied by the C N EA  and  labelled w ith Indium-113m by the users, to be applied in 
lung scintiscanning.

Particle sizes range from 10 to 150 ¡i.
T he labelling technique is simple and  insumes 10 m in. T he final p reparation  is sterilized by 

autoclaving.
D istribution studies in experim ental anim als have been m ade and  showed a retention in the 

lungs of the radioactivity over 95% , 30 m in after the intravenous injection.

A G G R EG A TS D ’A L B U M IN E  H U M A IN E  M A R Q U E S  A \^EC IN D IU M -113m  P O U R  
S G IN T IG R A P H IE  PU L M O N A IR E

O n  décrit une technique de p réparation  d ’aggregats d ’album ine hum aine (MAA) qui 
peuvent étre fournis p a r la  C N EA  et m arqués p a r les clients avec Ind ium -llS m  pour étre 
utilisés en scintigraphie pulm onaire.

II s’ag it de M A A  d ’album ine hum aine don t les particles m esurent entre 10 et 150 /i.
Le m arquage s’effectue en 10 m in au  moyen d ’une simple technique et la  p répara tion  est 

stérilisée en autoclave.
Des essais de distribution sur des anim aux de laboratoire on t été réalisés e t ont m ontré une 

retention  d ’activité dans les poum ons supérieure á  95 pour cent, 30 m in aprés l’injection 
intraveineuse.

M A K PO A rPErA T H  AJILBVMHHA M EHEHHLIE HHJIHEM- 113m flJIfl 
CIÍHHTHJIJIHIÍHOHHOrO CKAHHPOBAHHfl JIEPKHX

OnHCHBaeTCH cnoco6 npHroTOBjieHHH MaKpoarperaTOB qenoBe'ieeKoro ciiBopoToqHoro 
ajibSyMHiia, KOTopHít MOKeT CbiTb nojiyieH o t C N E A  h meieHHH HH n̂eM- 113m 9KcnepH- 
M eH T aT O paM H  JS,J1H npH M eH G H H H  B CIÍHHTHJIHIÍHOHHOM C K aim p O B a H H H  J ie rK H X .

PasMepbi qacTHi; jiewaT b  flHanasoHe o t  10  « o  150  f i .
TexHHKa MeieHHH npocTa a  aaHHMaeT 10 MHHyT. KoneqHBifí nponyKT cTepamayeTCH b  

aBTOKJiaBe.
Ilay ieH H e pacnpeAejieHHH npcHeJiaHiioe na BKcnepiiMeHTaJibiibix w h b o th h x  noKaaano 

coxpaHeHHe b jierKHX óojiee 9 5 %  paAHoaKTHBHOCTH b Te^eHHH 30  MHiiyT norae BiiyTpii- 
BeHHOft HHbeKIÍHH.

M IT  IN D IU M -113m  M A R K IE R T E  A L B U M IN -M A K R O A G G R E G A T E  Z U M  
S Z IN T IL L A T IO N S U N T E R S U C H E N  V O N  L U N G E N

Es w ird  ein V erfahren beschrieben fü r  die Z ubereitung von A lbum in-M akroaggregaten 
von menschlichem Serum, die von der CN EA  geliefert und  von den V erbrauchern  m it Indium - 
113m m arkiert werden kónnen, zur V erw endung bei Szintillationsuntersuchungen von Lungen.

D ie Grósse der Teilchen schw ankt von 10 bis zu 150 /u.
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Das M arkierverfahren ist einfach und  dauert 10 M inuten. Das E n d p rá p a ra t w ird durch 
A utoklavenbehandlung sterilisiert.

Die V erteilungen w urden in  T ierversuchen stud iert und  ergaben über 95%  R ückstand  der 
R adioaktiv itá t in  den Lungen 30 m in nach der intravenósen Einspritzung.

IN T R O D U C T IO N

I n 1966, G o o d w in , St e r n  et suggested
the convenience of using Indium-1 ISm for 
scintiscanning, due to its favorable desintegra- 
tion characteristics. T he energy of its gam m a 
ray, 393 keV, is sim ilar to the iodine-131 
gam m a emission, so the same collim ator devel- 
oped for this isotope can be used. Its short 
half-hfe { T \  1.7 hr) and  the absence of 
specificity for the thyroid, result in  a low radia- 
tion dose for the patient.

In-113w is easily obtained from a long lived 
Sn-113 generator, from which it can be milked 
several times a day, thus rendering its applica- 
tion less expensive.

T he good results obtained in  lung scinti­
scanning w ith denatured  album in macro- 
aggregates (MAA) labelled w ith 1-131 by 
T a p l in  et and  Tc-99m by M gA f e e  et 
in  the U.S.A. and  by D e  P a o l i et and
T esta  et in  our laboratorios, encouraged
US to use this same agent for In-113m.

Labelling was m ade on “ preform ed” macro- 
aggregates in  order to make the technique 
simple and  fast. In  this procedure the In-113ffz 
elution was adjusted to pH  between 5 and  7, 
mixed w ith the MAA and  the preparation  was 
heated during 20 m in a t 1.5 kg/cm^.

T he sterile suspensión obtained was washed 
once w ith sterile saline solution and  resuspended 
in  the desired am ount of saline solution for 
injection. T he activity retained by the protein 
was approxim ately 100 per cent.

T he dia. of the particles, as determ inad by 
microscopy, was approxim ately 2 ¡J,, grouped in 
clumps of different sizes, from 10 to 150

In  the present note we report results of the 
percentage activity retained by the MAA 
precipítate as a function of pH  and  tem perature, 
distribution studies in  rats and  anatom o- 
pathologic, histological and  scintigraphic studies 
on dogs.

Some scintillation scannings of norm al and 
pathological patients are shown.

E X P E R IM E N T A L

A 6 m Ci Sn-In-113 generator from the New 
England C orporation was used; the hum an 
album in employed was Behringwerke 20 per 
cent; m easurements were m ade with a scintilla­
tion spectrom eter, w ith a IN a  (TI) crystal 
2 X 2 in.

(a) Preparation o f the stock o f M A A

In  prelim inary tests the labelled M AA were 
produced by autoclave heating of the album in 
solutions a t different concentrations added to the 
isotope elution and adjusted to pH  6—7. After 
20 m in autoclaving the labelled M AA were 
formed bu t their sizes were variable and  no t 
reproducible. An a ttem pt was m ade to get 
uniform MAA by changing the GlNa concentra- 
tion, bu t it proved unsuccessful.

L ater on, the labelling of preformed particles 
was tried and  it  was found th a t these particles 
retained almost the total activity. T he proced­
ure finally adopted was the following:

(1) Equal volumes of concentrated hydro- 
chloric acid (10 m i), saline solution and  10% 
am m onium  thiocyanate were mixed and  10 mi 
of 3 % hum an album in solution were added to 
this solution while stirring.

T he bulky protein  precipítate produced was 
separated by centrifugation and  the supernat- 
an t was discarded.

(2) T he precipítate was redissolved in  10 mi 
saline solution, a  drop of 0-5 % solution of 
Bromocresol green was added and  the pH  was 
adjusted to 4 .5-5 .0 w ith 20 % sodium carbonate 
solution. T he volume was m ade up to 20 mi 
w ith saline in  order to get an  album in concen- 
tration  of 15 mg/ml.

T he preparation  was separated in  5 mi por- 
tions in  penicillin type vials herm etically 
closed and autoclaved during 20 m in a t 1.5 
kg/cm^. T he album in was denatured and  
showed a milky appearance w hen stirred. I t  
was kept a t 4°C.
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(b) Labelling o f the M A A

(1) A n aliquot of the d u tio n  from the 
Sn—In  generator was taken/(considering tha t 
during  the labeUing operation, approxim ately 
45 m in, its activity will decay to 75 per cent of 
the initial activity.^ This aliquot was adjusted 
to pH  5-7  w ith 20 per cent sodium carbonate 
solution and the resulting solution was added 
to the MAA w ith vigorous agitation and  heated 
in  autoclave during 20 m in a t 1.5 kg/cm^.

(2) T he vials were cooled and  centrifuged 
during 5 m in a t 2000 rev/m in, discarding the 
supernatan t by means o f a sterile syringe. 
T he precipítate was resuspended in  5 m i of 
sterile saline solution in  order to elim ínate the 
peptized protein. I t  was centrifuged again and 
the supernatant discarded as before.

(3) T he precipítate was resuspended finally 
in  10 m i of sterile saline solution, obtaining a 
M AA suspensión ready for injection, w ith a 
concentration of 7.5 mg of album in per mi.

(c) Labelled M A A  yield as a function o f p H  
and temperature

W e considered th a t the labelling mechanism 
was a case of adsorption of indium  hydroxide 
on the MAA. As prelim inary experiments 
showed th a t the yield of labelled M AA depended 
greatly on the pH  of the m édium , the following 
experiments were performed.

Definite volumes of In-113w eluate, adjusted 
to rising pH  valúes, and equal volumes of MAA

100 %
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F ig . 1. L abelled M AA production yield a t 100°C 
as a  function of pH  valúes.
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suspensions were added. After titra ting  the 
resulting suspensión to the desired pH  valué, 
it  was heated a t 100°C during 10 m in. T he 
preparations were centrifuged for 15 m in a t 
5000 rev/m in. W e m easured the total activity 
of each preparation and  the activity retained by 
the MAA precipítate after washing with Solu­
tions a t the corresponding pH  valúes.

These da ta  are shown in  Fig. 1 as labelled 
MAA yield as a function of pH . A t pH  2 and  
3, the protein is no t labelled so the activity re­
tained by the precipítate can be elim inated by 
washing.

From  pH  3.5 onwards the activity is fixed to 
the protein completely, so no indium  activity is 
recovered by washing.

T he procedure adopted was the heating of the 
MAA suspensión in  the autoclave during 20 
m in a t 1.5 kg/cm^, to ensure the sterility of the 
preparation.

Solutions were prepared as in  the previous 
experim ent and  were then autoclaved and  
centrifuged. T he total activity of each p repara­
tion and  the activity retained by the MAA 
precipítate were m easured w ithout previous 
washing.

T he results are shovm in Fig. 2, w here it  can 
be seen tha t a t high pH , 9-10, the obtention 
yields of labelled M AA decrease. This fact 
seemed in  disagreem ent w ith the mechanism 
accepted, bu t could be explained by the analysis
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o í  the superna tan ts obtained a t these pH  valúes. 
A  partia l destruction of M AA was found, 
verified by observing the turbid ity  th a t appears 
when adding trichloro-acetic acid.

According to these findings, we finally 
decided to work a t pH  5-7, for destruction of 
MAA during the sterilization process is m ínim um  
a t these valúes.

(d) Size o f the partióles
T he partióle size was determ ined by micro- 

scopy in  a hem ocitom eter. Figure 3 shows a 
m icrophotography of the macroaggregates.

(e) Distribution tests
In  order to study the distribution of M AA in 

organs, 1 m g of labelled M AA suspended in
0.2 mi of saline solution was injected into the 
jugu lar vein of adu lt W istar rats o f approxi- 
m ately 400 g. T he rats were sacrificed 30, 60 
and 90 m in after injection and  the activity of the 
different organs was determ ined. After 30 m in 
m ore than  95 per cent of the activity was found 
in  lungs, while the sum of the activities retained 
in  liver and  spieen was only 3 per cent.

T he anim als sacrificed later showed a 
m obilization of the particles from the lungs to 
the liver.

In  experiments w ith dogs<’>, six mongrel 
dogs, weighing between 7 to 10 kg were injected 
through the femoral vein and  catheterized in  the 
pulm onary artery. EC G  was determ ined in  
them  simultaneously w ith the pulm onary a rte r­
ial pressure a t the tim e of injecting M AA doses, 
varying between 0 .1-1 .0 mg of M AA per kg of 
weight, w ith total activities ranging from 75 to 
250 fxGi. This study did  not show any modi- 
fication w ith respect to the norm al pattern .

T he anim als were sacrificed and  the organs 
were separated w ith a few days intervals in  order 
to perform  anatom ic studies, m acro and 
microscopic, on the trachea, lungs, heart and 
liver, w hich showed no modifications. No 
histological injuries were observed, which 
could be ascribed to the substance injected 
when the lung preparations were carefully 
studied, w ith special attention paid  to blood 
and  lym phatic vessels.

(f) Scintiscanning
In  the experiments m ade in  cooperation with 

the Centro de M edicina N uclear, we used a

Pho-D ot N uclear Chicago scanner, w ith a 
IN a  (TI) crystal of 3 X 2 in. and  a 37 holes 
collim ator, w ith a focal distance of 6-3 and  a 
resolving power of 0.75 cm. T he scanning 
speed was 45-60 cm /m in. T he doses of MAA 
given were of 0.1-0.5 mg per kg and total 
activities adm inistered ranged from 0.3-0.5 
mCi.

1. In  dogs:
We obtained scintiscannings w ith excellent 

concentration in  both lungs, perfect cardiac 
silhouette and  clear delim itation of both  bases 
(Fig. 4).

2. In p a tie n ts :
Figures 5 and 5a show the scintiscanning of a 

norm al patient, com pared w ith the correspond- 
ing chest radiograph.

Figures 6 and  6a show the scintiscanning and 
corresponding radiograph of a case of acute 
tuberculosis w ith infiltrations in  the right lung 
and  a cavern in  the upper loba.

D IS C U S S IO N
A lthough several authors m ention other 

compounds such as ferric hydroxide*^* and 
stannous hydroxide<*>, w hich m ight coprecipi- 
ta te  indium , we believe th a t the procedure 
described in  this paper offers the advantage of a 
preform ed particle, of previously controlled 
size which can be rapidly  labelled.

M oreover, the M AA have been routinely 
used and  its physiological effects have been 
largely studied by T ap lin  et al.

Besides, even though the clinical incidence of 
in terventricular com m unication is very low, it 
m ight be expected th a t in  such a case the MAA 
could result less dangerous than  ferric hydroxide 
as agents of b rain  embolism.

T he radiation dose received by the patien t in 
each scintillation scanning is low com pared to 
the dose received when using ^^ Î labelled 
macroaggregates. W hen *»”»Tc is used as la- 
belling isotope, the dose received is similar, but 
the greater durability  of the S n -In  generator 
constitutes a great advantage over the M o-T c 
generator.

For all these reasons we consider very conven- 
ient the use of MAA labelled w ith In-113m 
in lung scintiscanning, in  order to complete 
radiographic studies w ith valuable da ta  rclated 
to lung circulation.
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F ig . 3. M icrophotography of the MAA.
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F ig . 4. Sciiitillation scanning of ihe lungs of a dog w ith In-labelled MAA. (Courtesy of'í 'es ta  et ai.)
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F ig . 5(a).

F ig . 5 and  5a. Chest radiograph  and  lung scintillation scanning ol a  norm al patient.
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F io .  6 (a ) .

F ig . 6 and  6a. Chest radiograph  and  lung scintillation scanning of a patien t w ith acute tuberculosis.
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