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Radiation Effects Produced by the 
Intra-articular Iniection of :l2P

A . M .  U  B IO S , ’1 K. 1 . ( , 'A B K IN I , * *  F. S. Sil B h R M A N t  
A N D  F .  1-. M  I R A N D A Í  ,

The therapeutic use o f ¡nlra-artictilar 
radioactive isotopes 111 colloidal solutions 
such as 1!,B A l t , :MI Y  or ',2P, has found accept- 
t.nce in ihe past years. 1- | t  has been 
ohserved thal T-P, because of lis proper- 
lies,- :! is less dangerous and more effective 
than other isotopes. Injected into natural 
cavities in the form of truc* colloidal solution 
of chromic radiophosphate, il aets like an 
infernal radiation source without or with little 
outward leakage, and whose effecti veness is 
long-lasting. ’ Other types of conventional 
radiation (X- and gamma-radiation from e.\- 
ternal sources) are known to cause importan! 
alterations o fthe  jo in l tissues. especially of 
the giowth Cai |j|;tge.r> li- 1:1 l!l -- The aim 
of this study was to analyze the radiation 
effects produced by the inti a-articular mjec- 
tion of colloidal chromic phosphate ( P) 011 
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the tissuesofthe articularcavity as vell ofthe 
adjacent tissues, during brief antl long pe- 
riods of time.

M A T H K IA L S  A N D  M ET H O D S

fwenty-five adult W istar lats o f 3)0 g eacli 
received an intra-articular injeetion in tic knee of 
:|M> ( l( . Hall lite 14.5 days. i .71 Me. ) as truc 
colloidal solution ofehrom ie phosphate I he solu- 
tion used was pi e pared accoi ding to An¡hilei i and 
M arqués1'1 and the partidos had a di.meter of 
10-30 ni/i I he contralateral joint w¿s used as 
control 1 he rals received 0 mC'i and hen were 
saerillced in groups o f 5, after , 7, 14 28 and 56 
days after the iniection. The alai si laces of 
the knee jo in t o f man. dogs anu i ats. as.ve II as of 
the human second inierphalangeal joiit o f the 
forefinger. were also measined in ordeno estah- 
lish an approximate relationslup heneen the 
usual ac liv ity  injected to human heings(4mCi )and 
that used hy us m rals. The correspondng meas- 
urements were m adeliy applying a p iecío f adhe­
sivo tu peón to the ai ticulai sin face, then Iftingthe 
lape o ff and supei imposing il o ve ra  pointnetwoi k 
and counting the number o f points encosed on 
it 7 -;l Aecording to the data obtained aní assum- 
mg no leakage ofthe radioisotope out o f llie jo in t.
Ihe dosis in surface after 56 days was cale ilated in 
70,000 rads total. I he control ofthe injedion was 
cajried oul hy means of exposing the pieejs ofthe 
first 3 groups direclly m front of a eonventional 
X-ray píate for i 5 - 30 mi nu tes and Ihen de ve loping 
and fixing them,

Both knee joinis of all rats were fixed in neu­
tral foi inaldehyde, decalcified in KDTA.ind em-
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Iclll knce ><>in! o* " ’s 
contiol side <(i'ij>in;.''v 
x 15). (tí. nghu Contra 
lateral knce join> of the 
same animal which re- 
ceived an ¡ntra-articular 
injection of i2P. See !he 
substitution of the red 
bone marrow by yeüow 
bone marrow, osteopo- 
rosis, increased width o? 
the growth cartilage 
showing an evidení a!- 
teration of staining aífin- 
¡ty of its matrix (origi- 
naüy x 15>.

bedded in paraffin. I he sections made thereafter 
were stained with hematoxylin and eosin.

In order lo check the localizaron of ihe 
isoiope in iissues, sections of each case of ihe 
first 3 groups were used for microautoradio- 
graphs. They were prepared according to the 
dipping method, using NTB3 emulsión and de- 
veloped after 14 days.

R E S U L T S

The macroautoradiographs showed that 
the ¡sotopic solution was confíned tu the

articular cavity. This was observed in th • 
rats sacrificed on the first day after recei. 
ing the injection o f 32P solution, as weü ai 
in the rats sacrificed after 7 and 14 days.

The microscopic study did not reveal al- 
terations in the rats sacrificed on the firsl 
day. The rats sacrificed after 14 and 28 day: 
showed some histologic changes in tht 
synovial membrane, such as chronic in 
flammatory infíltration, newly formed ves 
seis and the presence of xantomatous ceüs 
Furthermore, in some cases myxoid degen

F ig . 2. Articular carti 
lage showing alterador 
in the disposition oí 
chondrocyte nests (lef?) 
In the right hand are,  ̂
total cartilage atrophy 
can be observed. The 
zone previously oc- 
cupied by the cartilage 
appeared replaced by a 
fibrous pannus (x 50).
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eration cuulcl be observed. The animals 
sacrifíced 56 days after the injection re- 
vealed ¡mportant histológica! alterations 
(Figs. ÍA  and B). The articular cartilage 
showed areas of marked hypotrophy or 
even total atrophy. ln the latter case the 
surface was in some cases covered by a 
fibrous pannus (Fig. 2). The remaining car­
tilage showed areas of total necrosis in as- 
sociation with synovial membrane necrosis. 
Other features were alterations of the usual 
disposition of the axial isogenous nests, 
formation of reactional osteophytes and an 
irregular staining affinity of the cartilage 
matrix. In the growth cartilage (Figs. 3 and 
4) we observed an increase in width, disor- 
ganization of the axial isogenous nests, 
swollen chondrocytes, as well as pycnotic, 
hypertrophic and irregular grouping of car­
tilage cells. In addition, areas of altered 
tvfaining affinity of the matrix as well as ne- 
'VTosis were observed. Histological altera­
tions were also evident in the synovial 
membrane. Hypertrophy or complete loss 
of the surface cells, as well as a chronic 
inflam m atory in filtration , vascular 
neoformation and areas of myxoid degener- 
ation were noted. In addition, the disap- 
pearance of red bone marrow and its re- 
placement by fatty bone marrow, as well as 
the decrease of bone trabeculae were 
noticeable.

The microautoradiographs showed a 
rather uniform and strong deposit of the 
radioisotope over the synovial membrane. 
W e could also observe labelled mac- 
rophages near the synovial surface (Fig. 5), 
while over the cartilage the labelling was 
very little or nonexistent.

The measurements of the articular sur- 
>’»ace of the knee resulted as follows: I53 
cmz for men, 13 cm ! for dogs and 2 cm2 for 
rats. The size relationship between knee 
surfaces of man and dogs was of 10:1 and of 
70:1 between man and rat. The proximal 
articular surface of the proximal inter- 
phalangeal joint of the human forefinger 
measured 4 cm2, giving a relationship with 
the articular surface of the rat of 2:1.
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Fio. 3. Growth cartilage of the injected 
knee. Loss of the normal disposition of the 
isogenous chondrocyte nests and marked altera- 
tion of the individual chondrocytes (originaüy x 
150).

D1SCUSS1ÜN

The macroautoradiographs revealed the 
location of the isotope within the articular 
cavity. This observation proved that the in­
jection was really intra-articular.

The histological study showed no 
changes in rats sacrifíced one day after the 
injection. Few histological changes were 
noticed after 14 and 28 days, but they be- 
came clear and irrefutable 56 days after the 
injection. The lesions found by us at the 
leve! of the articular cartilage were no! de- 
scribed hitherto as caused by the action o ía
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F ig . 4. Markedly irregular staining affinity 
of the cartilage matrix with areas of evident dis- 
organization (originally x 150).
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F ig . 5. Microautoradiography showing a 
deposil of 12 P ovei the synovial membrane and 
labeled macrophages. Rat killed 14 days after the 
¡ntra-articular injection of :i2P, exposure time 14 
days (originally x 100).

radioactive isotope. These tinds of lesions, 
as lesions in general produced in the car- 
tilaginous tissue, can be eonsidered as ir­
reparable, due to which the determination 
of the future evolution of a damaged joint 
would be very difficult. Our findings in the 
growth cartilage coincide with those de- 
scribed by other authors under different ir- 
radiation conditions. The disorganization of 
the growth cartilage and a simultaneous in- 
crease in width were described by 
tílackburn and W ells5 after exposures of
1.000 rads, and by Samsiw following 2,000 
rads of X-irradiation, both in mice. Huibel12 
also in mice, and Klein-Szanto and Ca- 
brini13 in rats, reported similar results after
7.000 rads. The lesions found by Simmons, 
Hakim and Cummins22 after f3 irradiation 
were also of the same nature.

The synovial tissues are known to be re- 
sistant to ionizing radiation, as described by 
CottierB; however we have observed clear 
histological alterations similar to those de­
scribed by Koptan and El-Zornaky15 after 
injections of radioactive gold. On the other 
hand, Pavelkaí'f a l . 1H reported fibrosis, oc- 
clusion and vascular sclerosis following the 
intra-articular injection of 9,1 Y. It is through 
these phenomena that these authors explain 
the anti-inflammatory effects of intra- 
articular injected radioactive isotopes. Al-

though the most stnking cha «ge •• . 
lound in bone marrow tissues, ¡! is a wt> 
known fact that ihese are *he mov- 
radiosensiti ve tissues of al) of those stuJ.ie*. 
here. The proximity o( the bone marrow \>; 
the articular cavity in rats and the penetra- 
tion o f32 P in bone (4 mm) would explain the 
depletion discovered, which migh! r* ' ’ 
necessarily occur in human beings

M icroautoradiographica! stud ies re- 
vealed that the true solution of colloida! 
chromic phosphate tends to be deposiíed on 
the surface of the synovial membrane. This 
deposit was also found in dog joints, as re­
ported by Silberman e l a l.'¿l and aüso con- 
firmed by scintillographic countings. 
N evertheless the h istological cbanges 
caused by irradiation do not occur exclu- 
sively in the synovial membrane, but also, 
to a far greater degree, in the articular and 
growth cartilage and in the bone marrow.

On the basis of the relationship betweé.. 
the articular surfaces of the knee joint of 
man and rat, the injected activity in rats 
would be 16 times less than in man, ¡f we 
consider that 4 mCi produce a beneficia! 
clinical effect in man, and that we injected 
0.25 mCi in our rats. Therefore in our ex- 
periments the injected activ ity  in rats 
should be 4 times greater than íhe one in­
jected in man, when recesving knee joint 
treatment. The articular surface of the sec- 
ond interphalangeal ioint of the human 
forefinger, on the other hand, is only twice 
as large as the knee joint surface of the rat. 
The intra-articular injection in the inter­
phalangeal joint, of the same activity given 
to the knee joint of man, would be only 2 
times larger than the one we studied in rats. 
The data gathered in our experience should 
be taken as a warning in planning for treaM 
ment with radioactive isotopes, especiallv 
as regards the choice of the activity to be 
injected. It should also be eonsidered that 
radiation causes cellular mutations related 
to the formation o f maiignaní tum ors. 
Tumor incidence is enhanced sotnelimes 
after X- or gamma-radiation9, 17 and even 
after isotopic incorporation.4,8-54 in our ex- 
periments we found severe histo lógica'
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changes in tlie chondrocytes; even the 
synovial cells showed alterations ¡n the 
DN A  contení.11

Further studies, some of them already in- 
¡tiated by us, such as the effects after vari- 
ous postinjection periods of lime, determi- 
nation of D N A  content, histochemistry of 
the cartilage matrix, histometric determi- 
nations and electrón microscopy, should 
contribute to a clarification of the signifi- 
cance of the present findings.

S U M M A R Y

Colloidal forms of radioactive isotopes 
are being used for the treatment of some 
articular diseases. The radiation effects of 
intra-articular injection of 0.25 mCi of 32 P 
in the form of colloidal chromic phosphate 
were investigated in one of the knee joints 
of adult Wistar rats. The contralateral knee 

K¿as used as a control. The animals were 
sacrificed one, 7, 14, 28 and 56 days later. 
Destructive changes were found after 56 days. 
The articular cartilage was atrophied and 
covered by a fibrous pannus. The growth 
cartilage was severely disorganized and 
there were deleterious effects on both 
cells and matrix.
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