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A m ethod for the p reparation  of a true  colloidal solution of chrom ic radiophosphate is given.
T he  m easurem ent of the isotopic exchange w ith inactive ionic phosphate indicates good 

stability.
T he  study of the body distribution in  rabbits after cisternal injection shows th a t approxi- 

m ately 80 per cent o f the adm inistrated  colloid rem ains in  the spinal cord and  the rest diffuses 
into the organism , being incorporated m ainly into liver and  bone.

T he  physiological assay in rabbits indicates th a t this colloid induces only a  slight neuro- 
irritation , com pared w ith the m ore critical effects observed w ith larger size particle phosphate 
colloids. T his colloid provides a new  potential tool for the irrad ia tion  in situ o f the central 
nervous system w hich has advantages over the classic teletherapy.

U N  N O U V E A U  R A D IO P H O S P H A T E  (P32) C H R O M IQ U E  C O L L O ID A L  P O U R  
L ’IR R A D IA T IO N  L O C A LE  D U  SY STEM E N E R V E U X  C E N T R A L

D ans ce travail est décrite une m éthode de p réparation  de solution colloidale véritable de 
radiophosphate chrom ique. Le test de l’échange isotopique avec phosphate ionique inactif 
indique une bonne stabilité.

L ’étude de la répartition  dans le corps de lapins aprés injection cisternale m ontre q u ’environ 
80 per cent du  colloide adm inistré dem eure dans la  chorde spinale tandis que le reste diffuse 
dans l’organisme, incorporé principalem ent dans le foie et le squelette.

Lés essais physiologiques chez le lapin  indiquent que ce colloide induit une légére neuroir- 
ritation , contrairem ent aux effects plus critiques observés avec des particules de phosphate de 
plus grandes dimensión.

Ce colloide fournit u n  nouveau m atériel de valeur potentielle pour l’irrad ia tion  in situ du  
systéme nerveux central et présente des avantages sur la téléthérapie classique.

H O B blfl KOJIJIOHflAJIbHbin XPOMOBLIH PAJJHOOOCXDAT (P32) ÍJJIH 
MECTHOrO O E JiyH E H H fl IJEHTPAJIbHOÜ H E P B H O 0 CHCTEMbI

f la e T C H  M eT O s i i 3 r 0 T 0 B j i e n n n  h c t h h h o  k o j i j io h a h o i’o  p a c T B o p a  x p 0 M 0 B 0 r 0  p a A H o $ o c $ a T a .
H 3 M e p e m i e  H 3 0 T 0 n H 0 r0  o O M e iia  c  H eaKTHBHM M  h o h h m m  $ 0 c $ a T 0 M  V K a a u B a e T  H a  x o p o m y i o  

CTaÓH JIbHO CTb.
I ' l s y q e i m e  p a c n p e ^ e J i e i i n H  b  T e Jie  k p o j i h k o b  n o c n e  B M e c T H J iu m H o ro  u n e ^ c i i i m  n o K a 3 U B a e T , 

h t o  n p H 6 ji i i3 H T e J ib H o  8 0  n p o u .  B B e a e H H o ro  n o - i J i o n a a  o c T a e T c n  b  c iih h h o m  M 0 3 r e ,  a  ocT aT O K  
p a c n p o c T p a H H e T C H  b  o p r a H H 3 M e , y c B a i iB a n c b  r ; ia B ii i ,iM  0 6 p a 3 0 M  b  n e n e i u t  h  k o c t h .

<X>H3H0Ji0rmecK0e onpeAeneHHe y  kpojihkob yKasuBaeT Ha to , ^ to 3tot kojiíiohr BH3braaeT 
TOJibKO HeSoubmoe nepB noe pa3ji;pa>KeHHe no cpaBHeHHio c  ApyriiMH 6oJiee cepbe3tibiMH 
3(|)(|)CKTaMií, na6.no;i,aeMi,iMH c $oc$aTHbiMii KOJiJiOHRaMH c 6oJiee KpynHbiMii 'lacTiinaMH.
9 t o t  k o j i j io h h  A aeT  H 0 B 0 e  o p y ^ n e  a j ih  o O jiy H e m iH  H a  M ecT e  n e i iT p a . ib H O i í  n e p B i io i í  c h c t c m i .i , 
K O T o p o e  H M eeT n p e H M y m e c T B a  H a n  oS biqH biM H  MCTO^aM H T e : i e T e p a n n n .

N E U E S K O L L O ID A L E S  C H R O M R A D IO P H O S P H A T  (P32) F U R  L O K A L E  
B E ST R A H L U N G  D ES Z E N T R A L  N E R V EN SY ST E M S

Es w ird eine M ethode fü r die H erstellung einer echten kolloidalen Lósung von C hrom radio- 
phosphat beschrieben.

* Present address: Deutsches Krebsforschungszentrum , Institu t fü r N uklearm edizin, H eidelberg, W est 
G erm any.
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D ie Messung des Isotopenaustausches m it inaktiven Ionenphosphat zeigt gute S tab ilitá t an.
D ie U ntersuchung der K órperverteilung in  K aninchen  nach  zisternaler E inspritzung ergibt, 

dass etw a 80%  des verabreichten  Kolloids in der W irbelsáule b leib t und  dass der R est im 
K órper diffundiert w ird, hauptsáchlich durch  E inverleiben in  Leber und  K nochen.

Physiologische Proben in  K aninchen zeigen, dass dieses K olloid nu r eine leichte Nervenrei- 
zung induziert, im  V ergleich zu den m ehr kritischen W irkungen, die m it Phosphatkolloiden 
von grósseren K orngróssen beobachtet w erden. Dieses K olloid erg ib t som it ein W erkzeug, das 
verfügbar ist fü r  eine in situ B estrahlung des zentralen  Nervensystems und  einige Vorteile 
gegenüber der klassischen T herap ie  ha t.

1. IN T R O D U C T IO N
U n t i l  n o w  the irradiation  o f  the central 
nervous system for the treatm ent of m alignant 
lesions such as neuroblastom a and  its m etastates 
has been done by external irradiation , m ainly 
by teletherapy w ith Co60 or Cs137. T here  are 
two principal factors which make successful 
treatm ent difficult w ith this techn ique:

1. T he bone shield protecting the nervous 
tissues reduces considerably the percentage of 
the dose delivered a t the soft tissue level, w ith 
respect to tha t applied on the body surface. 
For this reason the dose has to be m uch higher 
an d  can produce radiation  dam age or injuries 
in the other surrounding tissues.

2. W hen the m alignant tissue is widely 
spread over the spinal cord it is difficult to treat 
the whole area w ith a homogeneous, localized, 
an d  prolonged irradiation.

Considering these difficulties, in ternal irrad ia ­
tion would be the treatm ent of choice, if  it were 
possible to use a  colloidal m aterial w ithout 
neuroirritation effects and  w ith an  even dis- 
tribution, good stability and  little diffusion to 
o ther organs.

T he use of a y-em itting radionuclide is 
undesirable because of irradiation  of the 
surrounding tissues as in teletherapy.

A /9-emitting radioisotope such as P32 w ith an  
energy of 1-7 M eV, a half-life of 14-3 days, and  a 
m áxim um  tissue penetration of 8 m m , seems to 
be the most convenient radionuclide.

M ost o f the colloidal radiophosphates (P32) 
used in  radiotherapy, particle sizes between 
0-2 and  1-5 ¡i, sediment after a while giving 
an uneven distribution. This problem  can be 
solved only by the use of a true colloidal 
solution and  not a colloidal suspensión.

This work describes the preparation and  assay 
o f a colloidal chrom ic radiophosphate (P32) 
solution which can be used for in ternal irrad ia­

tion o f the spinal cord following intracisternal 
injection.

2. M E T H O D S
2.1 Preparation o f colloidal chromic phosphate

T h e colloidal chrom ic phosphate (P32) solu­
tion was prepared  as follows: 1-5 m i of H 3P 0 4 
solution (lO m g/m l), containing carrier-free 
P32, was added to 1 -8 m i of C rO a solution 
(10 m g/ml) in  5 mi of distilled w ater. The 
m ixture was heated to  70-80°C and  100 m g of 
N a2S 0 3 dissolved in  3 mi of 2%  gelatin solution 
were added. T he m ixture was heated for 10— 
20 m in in  a boiling w ater ba th  and  then cooled 
to room  tem perature. To elim inate the re- 
m aining ions the clear greenish-blue true 
colloidal solution was dialyzed against distilled 
w ater until no m ore radioactivity was detectable 
in the water. T he radioactive yield in several 
preparations was 30-40 per cent an d  the 
colloidal particle size was determ ined by 
electronm icrography being between 0-1-0-2 ¡u.

,1____________ I____________ I________
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Fig. 1. Isotopic exchange of colloidal chromic 
radiophosphate with ionic phosphate.
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After dialysis the colloid was sterilized by 
autoclaving and  the absenceof soluble phosphate 
was shown by electrophoresis using veronal 
buffer pH  8-6 and  a  voltage gradient of 16- 
18 V/cm . U nder these experim ental conditions 
the colloidal chrom ic phosphate does not 
m ígrate bu t the ionic phosphate does.

T h e  stability of this colloid to  isotope ex- 
change w ith ionic phosphate was studied by 
incubation a t 37°G, under sterile conditions, 
w ith isotonic phosphate solution a t pH  7-2 
(1 vol. 2-1 % K H 2P 0 4 +  3 vol. 2-2 % N a2H P 0 4. 
2 H aO ). Samples were taken aseptically a t 
different times an d  the activity present as ionic 
phosphate was determ ined by electrophoresis as 
described above. T he results are shown in Fig. 1.

2.2 Tests fo r  neuroirritant action
T h e assays for neuroirritation were done in  

sixty adu lt rabbits by injecting intrathecally  
1 m i of solution containing between 250 and  
2500 fie.

This colloid was well tolerated by the rabbits 
an d  only slight neuroirritation was observed, 
m axim al between 10 and  15 m in after the 
injection w ith complete recovery after J  hr. 
T he use of anaesthetics such as pentothal 
dim inished these effeets.

An im portan t finding has been the relation- 
ship between the irritan t action and  the particle 
size. O ther colloidal suspensions w ith increasing 
particle sizes up to 2 /í were tested. W ith  these 
suspensions the effeets were m ore violent, 
starting a t 3-5 m in after injection showing loss 
of stability, whimpers, increases in  the cardiac 
an d  respiratory frequeney, and  running fits w ith 
a gait disturbance characterized by stiff legs. 
T he animals, also presented tremors and  
symptoms of vestibular irritation. T hey  can 
also develop cyanosis due to respiratory difR- 
culty provoked by the body rigidity. Finally 
the anim al m ay die from asphyxia. No im ­
p ortan t increase in the cerebrospinal fluid 
pressure has been observed. I t  starts a t 100 mm, 
rises to a  m áxim um  of 150 m m  a t 45 m in and 
returns to 100 m m  after 1 hr.

T he injection o f gelatin alone, a Cr-gelatin 
complex, a  suspensión of insoluble anhydrous 
chrom ium  chloride (C rC l3) or a  suspensión of 
tricalcium  phosphate C a3( P 0 4)2 caused no 
neuroirritation.

2.3 Studies o f tissue distribution
For the study of the body distribution, rabbits 

were injected w ith 1500-2000 fie o f the radio- 
colloid and  sacrificed a t different intervals. 
T he organs were dissected out, ashed a t 600- 
700°C and  the ash was dissolved in  concen- 
tra ted  HC1 an d  diluted to 1 N. Finally aliquots 
of each ash solution were neutralized w ith 
1 N  N aO H , dried under an  i.r. lam p and 
counted w ith a thin-window G eiger-M üller 
counter. T he self-absorption corrections were 
m ade using a self-absorption curve, obtained by 
m easuring samples containing different weights 
of m ineralized m aterial w ith the same added 
32P activity. T he organs assayed were spleen, 
lung, intestine, kidney, heart and liver. T he 
radioactivity was determ ined also in  the spinal 
cord, muscle (leg), bone m arrow  (fémur), and 
marrow-free bone (fémur). Figure 2 shows the 
radioactivity, expressed as the percentage of the 
injected dose, found in  the six organs after 1 day, 
4 days, 9 days and  14 days. T able 1 gives 
similar da ta  for the o ther tissues.

Between 32—48 h r after injection the rad io­
activity disappears from the spinal fluid and 
becomes localized on the meninges. T he 
activity per un it surface area was found to be 
similar in  different areas.

F ig. 2. Valúes of the radioactivity found at 
different times.
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T a b l e  1. R adioactivity  found a t different times in  various tissues (as cpm /g/¡ic injected)*

1 day 4 days 9 days 14 days

Muscle 0-6 1-3 1-0 1-1
M arrow-free bone 2-6 18-7 160 20-6
Bone m arrow 43-2 54-8 14-8 27-2
Spinal cord 1326-3 2860-0 2234-0 1367-1

* These valúes are no t corrected for decay.

T he liver presents the highest activity of the 
organs tested, 12-5 per cent o f the injected dose 
after 24 h r and  20-4 per cent after 14 days, 
these vialues are corrected for decay. In  the 
o ther organs all the valúes are less than  1 per 
cent. These m easurements (Fig. 2) indicate 
th a t approxim ately 80 per cent o f the injected 
activity rem ains on the spinal cord.

T able 1 lists the activities found in  the femoral 
bone m arrow , marrow-free fém ur, spinal cord 
and  leg muscle, expressed as cpm /g tissue/¡xc 
injected. In  bone m arrow  there is a  decrease 
from 43 cpm /g /¡ic a t 1 day to 27 cpm /g /^c a t 
14 days, while in the marrow-free bone the 
opposite is seen, the radioactivity rising from 
2-6 cpm /g/f ie  a t 1 day to 20-6 cpm /g/f ie  at 
14 days.

3. D IS C U S S IO N
This technique for the preparation  of chromic 

radiophosphate differsfrom theclassical methods 
in  the fact th a t the chrom ium  is first bound, by 
coordínate covalency, to the gelatin, thus 
avoiding the process of m olecular aggregation 
in a  crystalline structure.

From  the point of view of the isotopic ex- 
change w ith ionic phosphate this p reparation 
showed good stability. T here  was a release of 
only about 2 per cent of radioactivity after 
24 h r and  only about 3 per cent after 12 days
(Fig- !)•

T he study of the body distribution of this 
colloid shows a similar pa ttern  to th a t observed 
previously(1) after in tracavitary  injection of a 
small particle size colloid, w ith relatively high 
am ounts of radioactivity being incorporated 
into the liver and bone m arrow. But in  this case 
the diffusion of the colloid to the blood circula- 
tion, and  la ter to the liver, is slower. T he 
activity incorporated in  the bone m arrow

(Table 1), which is im portant, is not as high as 
after in tracavitary  injection. As was observed 
previously(1) the radioactivity in  bone m arrow  
is higher than  th a t in marrow-free bone. T he 
decrease in  the ratio of activity in bone m arrow  
to activity in m arrow-free bone indicates tha t 
the radioactivity which is first incorporated into 
the bone m arrow , presum ably as a colloid, is 
later mobilized and  partially  incorporated into 
the m ineral constituents of bone.

This colloidal preparation has been well 
tolerated by the experim ental animals and  only 
a slight neuroirritation was observed. In  
general, the syndrome, w hich is m ore critical 
w ith larger particle colloids, is sim ilar to that 
induced by intracerebral injections of other 
m etal ions, such as copper, cadm ium  and  zinc.*2* 
This neurosensitivity emphasizes the im portance 
of the elim ination of the residual chrom ic ion 
from the preparation.

Considering the suitability o f this colloid for 
in trathecal injection, it has already been used 
w ith promising results in  a t least ten cases of 
hum an neuroblastom a. I t  is well tolerated by 
the patients and  rem arkable im provem ents of 
their conditions have been ob tained .<3)

Acknowledgmení—Acknowledgments and  thanks are 
due to D r. E d u a r d o  M . L a n a r i  (L aboratorio  
C entral de R adioisótopos-H ospital de Niños, Buenos 
Aires) and  D r. M artin  G irado (C entro de Investi­
gaciones Neurológicas— Fundación D i Tella-Buenos 
Aires) for expert assistance in  a p a rt o f this work.

R E F E R E N C E S
1. A n g h i l e r i  L. J. Int. J .  appl. Radial. Isotopes 16, 6 2 3  

(1 9 6 5 ) .
2. B o n t a  I. L., v a n  d e r  B u r g  W . J. and  G r e v e n  H . 

M . Acta physiol. pharmac. néerl. 13, 81 (1964).
3. L a n a r i  E. M . and  G ir a d o  M . Proceedings o f  the 

X I  Latino-American Congress o f  Neurosurgery (Brazil, 
1965), and  personal Communications.


