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ABSTRACT 

Radioisotopes have been employed in the therapy of chronlc éH'thritis, in 

• particular, rh~umatoid arthritis for many years. A variety of isotopes have been 

popularized, and in the last ten years, a colloidal ,solution of radioactive chromic 

,phosphate has been in use. No controlled. stud~es on this modality have been reported 

cUnicaUy and few animal studies were found. The effiiIBcy of 32p as a rnedic«J 

synovectomy, its effects on the articular cartilage on normal and arthritic knee joints 
t 

in the rabbit was examined. 

1 Forty knee joints in 20 adult rabbits. were treated with 0.1 rnCi 32p, a dose 

compar~le with regimens in man, and were examined over 26 weeks by histological and 

biochemical rneans. While fibrotic changes in the synovium suggested sorne previous 

insult ~e was no evidence that synovectomy had occurred; there was, however, clear 

sugestion of articular cartilage damage in ,a1l groups and evidence of cartilage 

degeneration at 2&-..weeeks. .. 
Forty arthritic knee joints in 20 rabbits treated on one side with 32p, the opposite 

serving as control were sacrificed over 6P days. The sync.r.lium showed no evidence of 

radiation necrosis in treated joints. Cartilage of treated and control joints showed 

simUar changes consistent ,ith chronic arthritis wlth progressive chondtocyte 

degeneration, decreased matrix metachromasla and decreased hydroxyproline content. 

These changes moreover appeared less pronounc~ in treated joints suggesting a 

posSible protective function of the isotope. 

The popular ovaluburnin antigen-induced arthritis model was rea.ssessed prior to 

implementation in the forementloned study. Marked changes in the articular cartilage 

consistent with acute cartilage necrosis \Vere found, making this model inappropriate as 

.(l an model of rheumatoid arthritis. A useful modification of the model was described. 
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RESUME 

Les radioisotopes sont employés dans le traitement de l'arthrite chronique; en 

particulier l'arthrite rhumatoide, et ce depui$ de nombreuses années. Une variété 

d'isotopes a été rendu populaire. Au cour des dix derniéres années, une soJÙtion colloidale 

de chrome phosphate a été utilisé. Aucune étude contr61e sur cette modalité n'a été 

rapporté de même que peu d'étude sur animaux. L'efficacité du 32p comme synovectomle 

médicale a été etudie chez le lapin, ainsi que son effet sur le cartilage articulaire de 

genoux normaux et arthritiques. 

Quarante genoux chez 20 lapms adultes ont été traité avec 0.1 mCi 32p, une dose 

comparable à celle utilisée chez l'homme. Ceux-ci ont ensuite été exami~s 

biochimiquement et histologiquement sur une periode de 26 semaines. Jandis que des 
\ 

changements fibreux dans la synoviale suggère une insulte precedente, îl n'y avaIt aucune 

evidence qu'iJ y ait eu une synovectomie, il y avait cependent éVidence de domage du 

cartilage articuJaire, dans tous les groupes et evidence de degeneration du cartilage à 26 

semaines. 

Vingt lapins (40 genoux arthritiques) traités d\Jn coté av~ J2p, le coté opposé 

servant de contr61e, ont été sacrifié apres 60 jours. La synoviale ne montrait aucune 

evidence de nécrose de radiation dans les articulations traités. le cartilage des 

articulations traités, et de contr61e ont demontré les m~mes changements consistants de 

l'arthrite chronique avec dégéneration progressive des chondrocytes, diminuation de la 

métachromasie de la matrice et du contenue en hychoxyproline. Ces changements 

cependent, apparassent moins manqués dans les articulations traités suggérant qu'il y ait 

possiblement une fonction de protection de J'isotope. 

Le populaire modèle d'induction d'arthrite "antigene ovaJbumin" a été reévalué 

avant le debut de cet étude. Des changements marqués dans le cartilage articulaire 

consistant avec une ~crose aigue du" cartilage ont été noté, faisant de ce modele, un 

mode le innapropriu pour l'arthrite rhumatoide. 

décrite. 

Une modification utile de ce modele est 
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PREFACE 

Radioi50topes have been employed in the intraarticular therapy of c~ic 

ardlritis in particular rheumatoid arthritis for many years. The aim of this form of 

therapy has becn to produce an non-surglcat synovectomy in a joint in order to delay or 

prevent Jomt p.lthotogy and joint syrnptornatology. A variety' of clements har, becn 

employed; more recently l2p has becn popularized. To date, no controllcd studies on 

this modality and fèW animal studies, have been reported. Chapter l of this thesis, 

defines the structure and histology of the joant tissues, defines ,rheumatoid arth,.iUs, 

descnbes the ("nrrcnt the-ory of parhogensi'i of rheurnatold arthriti'i, glves ,1 brier 

... )'nH'IIt~t.:t\lmy U\ thC' 1Il,1Oa.~elllCht of the rheum.Jtold Jomt. In Ch..lpter ) P,lrt A of thls 

pJpc:r, II\(· dlll.l l )' of J2p ln produnng a 'iynovectomy and its etfert on Jrw:-ular 

f "rlJl...t~~(' ln tht' "11\'<..' Joint o( nonn,11 ,.utult rabblts IS {~)(artllncrl. In rhapter 3, P.Jrt f\ the 

('1f('1 t of J2.- ,)fi tht- kn{'(' lomt\ of r.1bb,t" wilh Mll" lti" 15 ft:'portcd. 

ln tlw: COIlf'>t" of dC:'lgn and Investigation of thc5-C expcrirnenu, an accepted model 

01 rht'uln.ltold .. rthrHis 'lias chosen. However. surpnsing .:md unexpected observations 

'Mere made of Ihe modet making it inappropnatc as cl tool, and necessltatmg the 

rcpetltlon of mueh of the experamcnts of Ch.lpter ') Part B using cl modifICation of tflC' 

mode 1. For thlS rc.l">Oo, Chapter 2 on studies JO antlgen-anduced arthrîtls wa':. 111 ... ( cd 

hrst III this thl'!ll~ ,md concerns itseU with the model and the modification lTliide of thls 

model for u'>c Il) thE" cxpenments on 12p. It .ll5O con tains a revie..., of animal rnodels of 

rheumatoid arthritis. 

ft as con'ildcred that the studics of the animal mode! of arthritis put into question 

many of the conclusioos drawn Irom the mode) as previousJy empJoyed and .s of value JO 

cautioning future wockers who use this modeJ ln the Interpretation of thelr results. 
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SecondJy, to oûr knowledge the studies reported are the first detaHed examinatlon of the ~ 

effect of 32p in the experimental arthritic animal. The experiments detailed in Chapter 3 

SUIIest that normal tissues exposed to 32p are adverseJy eftected by it whiJe patholog.ic.al 
, 

tbales are, at wont, uneffected and may be favourably effected by it. 1t is considered 

that this thesis cautions those physicians empJoying 32p in a clinicalsetting, of the stWil> 

questionable validity of this theraputlç modallty. 
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1.1 DEFINITIONS AND HlSTOLOGY 

Since-rhaumatoid arthritis il a systemic diseue whoee pr~ tMnifestatlDna .... 

ln the synovial joints, it is appropriate to begin here. 

1.1.1 Synovial joJftts: Synovial joints -are articulations surroœded by and teeJed by .... 

outer capsule of fibrous tissue, reinforced by tendons and aponeuroses, and an inner 
, 

Uning of which is the synovium - a single œil layer ,arrqed in tolds or villl allowinC 

unfoJding and folding or crimping of the synovial layer with the demanda of the 

articu1ating bones in movement and fluid requ1rements of the joint cavity. The 

articula ting ends of the bones are covered by a cap of cartlla&e - hya1i'ne cartiJa&e, 

which is responsib1e for the biomechanicaJ properties of the joint in abaorbancy, Io.d 

buring, and reduction of surface friction. Synovial joints contain a fluid which ha 

biomechanicaJ, nutritional and circuJatory propertles and in many joints there is alIo a 

meniscus of fibrous tissue which serves a complementary and JUPPOI'tÎve role to ,the 

Rf---fR4II~mlchymaJ origin, the synovium is thought to have formed by dlfferentiati~ 

of the area between the t'NO abutting primary cartUaginous bonyey mode!s. A cystic 

space for ms and shortJy thereafter, the space becomes linec:f with primitive 

meaemchymal cells which differentiate into synovial cells. The synovial cells are ovoid 

Jying with their long axes parallel to the surface. By scanning EM, the membrane is 

furrowed like an accordian and pores are visible (118). By L.M., the synoviocytes appear 

as large ovoid cells with cytoplasmic processes with many vacuoles and evidence of 

lysosomaJ enzymes in the cytoplasm. By E.M. no basement membrane, adheslon plates or 

desmosomes can be detected. The cells may he recognized as two types: A cells, whose 

morphologic and functional activities resemble macrophages, and B cells 

______ 11' ,.......-~ ...... _-~- ,,.., .. 

, 
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whoBe morpholoslc and tunctionaJ actIvities resemble flbrocytes. 

Type A cella, in the highest proportion, show many tarae vacuoles wlth 

cytopwmic:; processes directed toward the cell surface, with branched fibrUs tyi"" 

parallel 10 the cell membrane, and with micropinocytotlc vesicles, many mitochondria, 

and Golgi arranged near the apical part of the nucleus and cytoplasmic processes. A 

dense fibrlllar and granular materiaJ has been identified coating the cell membrane. 

Type 8 cells have the same cell body configuration but have weil devel~ rough 

endopJasmic reticulum, only occasionaJ and smaJJer mitochondria, prominent Golgi 

apparatus, longitudinal microfilaments, vesicles and secretory granules (intact fewer in 

" . NJmber than type A ceUs). These secretory granules (8) are in intimate association with 

the Golgi whièh i5 involved in the granule formation which contain mucopoJysaccharides 

(l04.I). The intercellular matrix is of an amorphous substance devoid of fllirHs. 

8eneath the lining layer, the fibroareoJar tissue or subsynovium i5 of variable 

depth, of variable density with col1agen fibres, of variable organization and thickness. 

E,lastic fibres are interspersed throughout. as are vessels. Randomly intersper~ are 
~ b 

fibrocytes and scattered histiocytes, mast cells; the bJood vessels are ramifications of 

larger vessels supplying the fibrous capsule. With age, the veins often show sclerotic 

changes and hyaline thickening even as early as 20 years. The synovium may he 

supported by this fibrous subsynovium of variable density or may sit directly on areolar 

tissue which is strengthened by elastic and collagen fibres which extend out into the 

capsule (133). 

1.1.3 ~: 

Cartilage is described as a "viscoeJastic" material coating the articulating ends of 

bones. The "hyaline" nature, which detcribes its pea.rly appearance, is actually a 

surface with many humps and ridges caused by underlying and protruding chondrocytes. 
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TRANSI'I'IDNAL ZONE 

1'IDI9IARK 

CALCIPED CARTILAGE 

.-
Fis 1.lChematic representation of the microscope architecture of articuJar cartlJa&e. 
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The rid&es, which tend to run pet pendicular to the axis of rotation of the joint art! thou&ht 

10 be secondary to the mechanicaJ properties of the joint as the corrugations of a dlrt 

road are alter tires have roUed over it innumerable times. 

Cartilage is composed of a lfuid matrix of water and proteogJycans strengthened by 

coltagen fibrils into which are embedded chondrocytes. 

Microscopically, one 15 able to identify zones or layers in the architecture of 

cartilage trom the 10ner surface down to the bone interace (fig 1). 

The mos! superficiaI layer 15 the tangential zone in which thin collagen fibres lie 

paraUel to the surface in a mat. The most superficiaJ layers do not stain with cationic 

dyes indicating a Jack of proteoglycan. Cells here lie with their Jong axes parallel to the 

surface. They have little endoplasmic reticuJum and have flattened inactive Golgi 

saccules. In the transitional zone beneath, collagen fibres are haphazardJy arranged with 

proteoglycan aggregates and water as matnx stabtlizing and strengthening It. The cells 

are round, small, and also haphazardly arranged with one or more prominent nudeoli as a 

prominent feature. Around the cells is a marked concentration of proteogJycan and 

coUagen arranged in a circular lattice-work. As one descends through the zone the 

collagen fibrils become more perpendicularly arranged. In the ,.adial zone in the lower 

half to one third of the tissue, the collagen and ceUs gradually appear to he perpendicular 

to the surface. The cells are arranged in columns severa! cells high, have a notabJy weil 

developed Golgi, rough endoplasmic reticuJum and glycogen (for anerobic metabolism). 

Around the cells are halos of concentrated proteoglycan and an over aU mcreased in the 

intercellular matrix. The fibrils are much thicker and more densly packed in this zone and 

the radial zone meets a basophilic wavey Une called the tidemar1c whose significance is 

speculative but is thought to he the attachment point of the collagen network of fibrils 

acting to transmit and dissipate stresses imposed. Below this is the calcified zone 



( 

,. 
Here the ceUs are arranged in columns; more of them 

/ 
appearing with a darkly staining cytopJasm and more obviously degenerating. The 

coUagen fibres are arranged perpendicular to the surface and though prot~glycans are 

known to be present, their tertiary structure has not been defined. The area is fully 

calcified and below this lies bone with its Volkman's canals and cells resembling 

osteoclasts. 

On a biochemical leveJ, the ma1rhe is composed of collagen proteoglycan aggregates 

and " to 80~ water. The proteogJycan is of three species: hyaluronic acid, a 

proteoglycan subunit, and a link prote in. The proteoglycan subunit is composed of a 

protein core to which are attached the glycosaminoglycans, keratin sulfate and 

chondroitin sulfate, negatively charged Molecules WhlCh repeJ each other and therefore 

arrange themselves about the protein core in a rigid fixed orientation. Link protein a 

smaU protein of approximately 40,000 M.W., links the proteglycan subunits to the 

hyaluronic backbone to form an aggregate. The proteoglycans May associate the 

hyaluronic acid molecule in aggregates as smaU as 15,000 A 0 or as large as 100,000 A· in 

developing cartilage. The proteoglycan subunits with their rigid glycosarninogJycans are 

thus hooked to hyaluronic acid in a molecule Whlch then attains a quatemary formation as 

a globule. These interact with the coJlagen fibres, crosslinking them; water Molecules 

become trapped in this meshwork due to the hydrophilic nature of the globules. Linkages 

of coUagen fibrils with adjacent ones are accompHshed with bonds with hyaJuronic acid 

and also with link prote in. 

The coUagen triple helix structure accounts for the tensile strength of the cartilage 

but has no compresSIve properties. The proteoglycans are structured with hydrophHic 

tendancies and maintain hydration and keep the collagen in random but fixed position. As 

a strain is applied to cartilage, the water escapes from the matrix to the surface adjacent 

to the Joad, and the matrix tends to compress under the load to a point where it is resisted 

only by the collagen and proteoglycan bulk (97). 

1 
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BiomechInicaIly, thiI .. ,.......t of protein with tNpped water moJec:;vJes and • 

cou.a- latticework Jenda an amazJn& strenàth 10 this thin layer of cartU8ce which. in 

humans is Jess than 7 miWrneters thick. Normal synovial joints sustain a Ioad of flve 
, 

times body we.ilht, have a coefficient of friction of .002 (for 1000 pounds of load on • 

joint, œJy two pounds would be required 10 slide the jojnd, and a sliding speed of 1ess tt.n 

" meters per second (,7). tJ!. 

1.1.' .......... ArtIIritia: 
1 

Rheumatold arthrltis is a systemic di ••• with wide IpeCtrum of manifestatloM, 

the most prominent of which is chronic infJammatory pOlyarthritis whose natural history . 
il total joint destruction. The joint changes in rheumatoid arthritis are characterlzed in 

.... by a cqestecl edematous synovium infUtrated with lymphocytes, hypervasdJJarity, 
1 

with superfidal patchy necrosis covered by fibrinoid material (mainly fibrin, 

immunosJobulins and complemend. This evolves to a lining principally of plasma œIl 

infUtration "ith lymphoid foci and muJtimucleated giant œIls.. Perivascular infiltration 

prevaUs and the fibrobJastic and capillary proliferation ca1.led granulation tissue causes 

cross villous thickening from the periphery of the joint lining. The synoviocytes become 

hyperplastic and hypertrophy of the membrane aœurs, sometimes extending 10-20 ceUs 

thick. Granulation tissue spreads as "pannus" creating a physical barrier between the 

nutritive synovial fluid and the underlying cartilage which is whoUy dependent on the fluid 

for circulation. This pannus secretes proteinases which, once activated, erode away the 

cartilage. As joint destruction proceeds, the pannus becomes quiescent, shrinks and 

becomes fibrotic, the capsule contracts and the addltional stresses on the joint contribute 

to shifting of the articulation further creating unaturaJ stresses on the cartilage. tater, 

calcification of the fibrotic capsule may cause boney bridges to form with an end stase of 

denuded bone interface which ankyloses (2). 

J ...... ___ 
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a..-.. veel in ear1y arthritls .m.e onJy .,noyitls is sl'OSlly apparent have 

thown polymorphonuclear cells adherent tG, and apparently invacfinc, the superficial 

layer of ~ cartUase (60). As weU. panoos œlls resembllng rheumatoid synovial cells 

with "long cytoplasmic processes which penetrated for a variable distance into the 

superflciaJ Jayers of the cartilage have been idientified ~ under the electron 

rnicrœcope, chondrocytes could be seen 10 be surrounded by a foreign cytoplasm 

poaessing the features of the pannus cells lying above" (90). 

Early c:han&es aJso include erosion of the superficiaJ layer of cartilage. Even 

earUer changes sugested by Mitehell and Shepard are the increaIed production of a 

flbrlllar material around the cells of the mid and ~ zones as a protective device 

apinst the destructive enzymes beins secreted and diffusing through the cartUa8e. 

Cells which did not respond in this way often appeared with large lipid accumulations in 

the cytoplasm and no moat of material. As weil, proteoglycan could be seen deficient 

in the matrix surrounding the ceJJs and precipitated proteoglycan lying on the surface of 

collagen fibrUs and being phagaocytosed by chondrocytes (93). 

As more cells die, proteoglycan can not be produced in amounts enough to 

compensate for the amount being degraded. The loss of compressive resiUence soon 

leads to fibrillation of the cartilage surface and the now exposed matrix, rapidJy 

degrades. The whoJe joint surface becomes denuded and bone rubs against bone. 

, 
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Though the etiology of rheumatç»id arthritis remains an enigma, the many theories 
j 

on pathogenesis are beginning to become ,consoUdated into a more cohesive picture.' 

Poole et al (113) summarized the current thinking of the inflammatory arthritidies of 

which rheumatold arthritis is the prototype. 

, , The pathogenesis "involves the destruction of connective tissues".~. and may be ••• 

"directly reJated to the development of autoimmunity to sorne of the macromolecules 

from which these tissues are assembled." These "immune processes stimula te excessive 

secretion of proteinases from synOVial cells and fibroblasts. Further destructioh of 

COI'VMK:tive tissue results in the presentation of more autoantigens and enhanced 

stimulation of proteinase secretion. A chronic cycle of immunopathology is established 

in which the connective tissue provides the seeds for its own destruction." (113). 

Thus, connective tissue damage, for exxample, caused b~ trauma, by inflammation, 

or by infection allows presentation of the antigenic material to B ceU~ and T cells by 

macrophages and polymorphonuclear cells, settin~ op first, the humerai antibody 

retpame forming immune complexes with the antigen. Vascular permeability increases 

and monocytic' ~ polymorphonuclear cells infiltrate. The complexes, through 

intermediates cause the increased permeability and vasodilation throug,h degranulation 

of mast cel1s, and cause the polymorphonuclear ceJJs to release proteinases causing 

desradation of collagen and proteoglycan, the principle components in joint tissues thus 

exPosing more of the previously ''privileged'' antigenic sites on, and degradation 

products of collagen an~ proteoglycan, which stimulate and amplify the acute immune 

• 
retpante. At the salllJe time, the chronic system is set up through the T cell-B ceU . , . 

,lymphocyte - monocyte system" releasing monocyte collagenase factor (MCF). or . , 
cataboUn which controls and snmulates the synovial c~lls to produce proteinases for 

the fibroblasts and the chondrocytes for repair, and 

, _____ ,-'---... --__ h-~_. __ destruc"!""' __ .' ___ ~. 
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fig 2 Schematlc representation of the 'pathogenesis of inflammatory arthritis 

Diagram kindly suppJied by Dr. A.R. Poole. Reprodueed with permissIon from 
Adult Orthopaedic Surgery. ed. Cruess RL and Rennie W. 

6 1 

','1 
" '1 

,1 



9. 

the osteoclasts for dissolution of bone. The more the destruction, the more the system 

is amplified. 

The systemic manifestations of the disease are believed by sorne (persona! 

communication Dr. A.R. Poole) ta be an expression of cross-reactants in other tissues. 

For example, reactants on corneaJ and other coHagens and proteoglycans in the eye may 

result in uveitis and lridocyclitis; reactants on nerve sheath may result in central 

nervous system manifestations. 

l 
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1.3 RADIATION PATHOLOGY: 

The effects of radiation on tissue are determined by the type, dose, dutation of 

exposure and type of tissue and its environment. 

Elementary .partic1es with their accompanyi~ energy take severa! forms -the 

beta partic1e and gamma partic1e being those in medical use. The basic action of these 

particles is penetration of mass, removing electrons from the m~ and in its course 

expending energy and allowing the particle to come to reste The mass which has lost 

electrons is thus Itionized". In biologiea! 'Systems a number of things may happen: on a 

macromolecular leveJ, water molecules are disrupted "resulting in the formation of 

hydrogen atoms, hydrated electrons and hydroxyl radicals. In the presence of oxygen, 

both oxygen and subsequently H202 are formed. This extracellular 02 flux may result in 

the formation of oxygen dependent chemotaxie factor resulting in the emigration of 

granulocytes into the irradiated region and possibly the activation of these cells by 

other products of irradiation" (28). 

The kind of radiation, dose rate, and ionizat,~on density will influence the tissue's 

ability to recover from in$Ults before a demonstrable cumulative effect on the function 

of the tissue as a whole, occurs. The sensitivity (t~itotic and G2 stages being most 

vulnerable), and ability of DNA to rèpair, (and therèfore the tissue's inherent turnover 

rate), the age of the tissue exposed, the species differences, the fitness of the 

metabolic system surrounding (eg. 02 tension) are other variables which effect the end 

result. 

A variet)' of things may accur in biological systems, but the most critical are the 

effects on the genetic macromolecules. The exfent of damage depends on amang other 

things, the stage of cell cycle. "In vitro radiation of DNA solution results in breaking of 

hydrogen bonds, formation of cross-links with adjacent 5trands or opposec:f ~ons of the 

same strand, base damage, disruption of the sugar-phosphate backbone of the mo1ecule, 

" 
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impair ment of the ability of 'DNA to act as template for the synthesis of a new DNA 

strand" (2) - aU of which effects the ability of a cell to translate or transcribe a replicate. 

1he effect on RNA in the cyto50J of a ceU is Jess for reasons that are unclear. In the 

cyto501 radicals formed direct ionization or indirect reaction may react with solutes and 

black biochemical pathways. 

Histologically one can observe the nucleus swelling, the chromatin becoming 

clumped and if the dose is high enough the nucleus becomes pyknotic, the chromatin 

fragments and there 1s a focal los5 of nuclear membrane; the cytoplasm at the same time 

sweUs, demonstrates vacuolization and the membranes partially disintegrate. 

On a morphoJogieaJ leveJ, the various tissues will react according to their 

susceptibility base on their inherent turnover rate and metabolic activity: Capillaries 

show diJation and increased permeability. The endothelial ce1l5 swell, the lumen narrows 

and the walls sclerose further narrowing the lumen. Thrombosis them forms and 

completes the obliteration. The arteriolès show the same sequence but initially the 
,'f' 

endothelium proliferates, fofJowed by hyaline material deposition on the subendotheliaJ 

layer. The waU becomes sclerotic, and the muscle cells degenerate. The arteries 

demonstrate changes only later with endothelial cell damage, the internaI elastic lame lia .. 

later fragments, smooth muscle ceUs degenerate, the adventitia fibrosis and a hyaline-like 

material accumulated in the media. These vascular changes secondarily cause necrosis of 

the surrounding tissue and 105s of parenchyma. Fibrotic replacement occurs and the t~ 

demonstrates poor wound healing and susceptibility to infection. 

Little is written in human pathology texts with specifie reference to synovial 

éar..tilage and bone changes with radiation. But synovium of mesenchymal origin would be 

expected to react similarly to that described about vessels. It is thought that bone and 

cartilage changes are usuaUy seconclary to surrounding soft tissue and vascular insults in. 

the adult and relatively resistant to radiation. In the developmen tal, stag~s, however, 

when rapid cellular turnover and activity occur, bone and cartilage should he more 

susceptible to ionizing rays. 

-: -- r:: --, -; -i --
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REVII!Y OP SURGICAL LITI!IlATURE OP SYNOYECTOIIY 

IN THE MANAGEIIENT OP THl!.IIJtEUIIA TOlO x:.rr: 

12. 

. The management of the joint pathology is the focus of attention in rheumatoid 

arthritk patients. Medical management with antiinflammatories analgesics, 

physiotherapy, and a variety of other regimens, for exampJe, goJd, penicillamine, is of 

primary and pararnount importance in attalning, and maintaining active functionaJ joints 

for independent activity. But 'Ilhat of th«! chronic, intractabJy pain fuI, stiff joint? And 

what about the chronicaJly swoUen, but architecturally intact joint, at one end of the 

spectrum, to those of which may euphemisticaUy terrned "joints" but are complete 

ankylosis of a once functionaJ joint? 

SurgicaJ goals have been to restore joint mobility, restore stability, reJieve pain, and 

retard degeneration of the joint. 

Synovectnmy has been one of the earliest procedures aimed at these loaII. SchulJer 

(42) first repàrted relief of pain and stiffness in four patients after he removed synovium 

from rheumatoid knees in 1887. Swett in 1923 (143,144) reported the first series of U 

synovectomies for "chronic infectious" arthritis with good results at two years in eleven 

of twelve patients. SeveraJ of the cases presented, when reviewed in the light of the 

experiences of the 1980'5 were in aU probability not infectious, but belonged to the 

collagen group or rheumatoid group of arthritides. The enthusiasm with this as a mode of 

therapy quickly gained momentum. 

Does it work? Obvious questions one must ask in evaluating this procedure are (1) 

does it relieve pain long term? (2) does it change the degree of independence of the 

patient? (3) does it increase ~ mobility and functional level of the joint? (4) does it 

affect the naturaJ history of the disease in that joint, and how? (') which joints are 

candidates? (6) 'Ilhat is the association with systemjc disease? (7) how much of the 

subjective chan&es are placebo? 

-.-~ ~ 7---- - ~-" 
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Downie et al (32) &ives a comprehensive biblioaraphy of reported series between 

1923 and 1970 and then reports his own series of 145 synovectomies in 145 patients. In his 

GJascow series with foUow-up of 6 to 63 months with an average of 36 months usin& 

parameters of pain, stiffness, range of motion and clinical sigsn of joint inflammation, he 

found a successful outcome of 82<A) in terms of functionaJ grade of the patient, subjective 

and objectiv.e 8.SSessments of the joint. No breakdown as to the sta8e of the disease in the 

joint preoperatively with respect to outcome was made nor objective radiologk:aJ 

assessment reported. And of course, it is impossible to address questions of naturaI 

history and placebo effect without a double blind study - obviously unethicaJ proposition. 

His results cIosely parallel those he reviewed to 1970 in his paper 

Goldie (,.5) assessed radiologica1 changes in 27 knees pre and post synovectomy in 

,--the first three yeats, in 2 knees at four years, and in one Içnee at seven years. He graded 

!hem on the basis of permanent signs of joint destruction, narrowmg of joint space, 

periosteaJ eJevation, rarefaction, erosions, subchondral changes. On1y tV/o of 2' knees 

!ost further joint space (one because of sep tic arthritis and one due to marked progression 

of systemic dlsease); periostea1 changes and bone rarefaction remained stable; no new 

erosions appea.red in any of the knees, though none hea1ed, and preexisting cnes either 

increased "sllghtly" or remained unchanged. Subchondral chang~ increased in one of 

fifteen. 

Ranawat has examined 40 knees one to eight years post synovectomy and found 

decreased joint space in all, but improvement ln subchondral bone, and heàling of cysts 
~ , 

radiologically. Subjectively and objectiveIy, 60% improved, but the patients tended to 

appear Jate with varis and valgus deformaties. The severity of the disease did not 

correJate with the result. The picture is confused, somewhat, however, because both 
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synovectomy alone and synovectomy with patell~ents were Jncluded (117). 

ln a review of 17.5 knees with a follow-up of four years Marmor found SOcx, overaU 

had improved subjectively, most had increased joint space narrowing. Sixty percent had 

improved their functional status. Those who faiJed usually showed preexisting, and 

therefore, continued joint destruction. Sixty-nine of 17.5 lost an average of 29 degrees 

flexion and 69 patients gained a small amount. Seventy percent (26/36) of patients with 

early changes (grade 1 by A.R.A. grading) did weU at least one year post synovectomy (80). 

Graham (49) reviewed 122 knees at five to nme years and though his results are 

difficult to integtate he indicates approximately .50% improvement and implied that 

milder forms of disease produced better even results. 

The most comprehensive r:eview to date is reported by taurin et al (71). ln" knees 

with follow-up of live to seventeen years he confirrned what those with small nurnbers and 

inçomplete data had suspected. The stage of the joint disease is related to the end result. 

The A.R.A stages 1,2 and 3 have 100, 73 and 64 percent sucCèSS respectively. Sixty-six 

percent overall did weU; synoveçtomy did not accelera te the disease but did in fact 

appear to delay degenerative chan&es in the cartilage and underlying bone despite 

exacerbation of the systemic disease. 

Regenerating synovium has been examined by several authors and fOt.nd 

microscopically to have the same features as the ori&1na1 synovitis; by other! to appear 

normal (4,41,"6,79,140,123); and by others to be quiescent, thin, with synovial cell layer of 

two to three ceUs deep, with sllght plasma ceU and lymphocytic infiltration of the 

synoviurn and hypervascuJarity of the sarDe degree as preoperatively (,.6). Ranawat noted 
'" 

a thick fibrous subsynovlal Jayer in addition in rus five qulescent but dernonstrably 

meumatoid poIt-aynovectomy biopsies examined at one to six years (116). 
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1.4.2 Experimental Studies: r 
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If then, despite retum of synovitis, cllnically there is improvel1'1ent, what is the 

pathophysiology? Why does the synovectomized joint, with a regenerated synovium that 

stiUlooks rheumatoid, not Jfeteriorate as would he expected. Why does the patient obtain 
/" 

lasting (years) relief? Wl\y do some get worse? 

There are per+1aps'flO answers to the latter, questions but insight into the latter has 

been gleaned from ~he observations of Key (70) and Mitchell (87,88,19,91). 
----

Key, in 192.5 reported on the results of 24 knees of normal rabbitS after .partlaJ 

synovectomy with partial media! meniscectomy. He observed them at 2,3,4,6,1.5,86 and 

104 days and saw a pattern of, first, the joint space filling with a fibrinous exudate and 

blood, cells appearing like fibroblasts in active division and a capsule becoming infiltrated 

with polymorphonuc1ear cells and monocytes. New capillaries were already forming at 

two days, the fibrin exudate graduaUy c1eared and the fibrin adherent to the capsule was 

hya~ne-like. The underlying fibroblasts proliferated and spread into the fibrin layer. 

InfJammatory cells were still prominent at four days. By six days a layer of fibroblast 

lined the surface with many extending into the fibrin layer. By eight days, the cells were 

oriented parallel to the surface. By sixteen days, new collagen was being formed in the 

subsynovial tissue. The surface ceUs were one to four cells thick and c10sely packed. By 

four weeks an areolar layer separated the cellular and fibrinous layer. OVer the ensuing 

month to two months, the synovium took on a normal pattern with villi, and organized 

fibrous subsynovium. Key's work, consolidated the committment that regenerating 

synovium cornes trom mesenchymal elements. 

Wo1cott (87) working independently confirmed in his report the findings of Key. It 

was not undl 1967 that much attention was paid to synovium post synovectomy. Mitchell 

anCi Cruess (87) demonstrated with thymidine labelling that post synovectomy cells of 

"mesenchymal" appearance, that is, undifferentiated fibroblasts, proliferated and that the 

reJatively small increase in proliferation of the remnants of synovium 
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in the joint did not meet the areas of new syoovium and could not be active enough to 

account for the new membrane formed. They also examined the cartilage (88) and 

observed that during the regeneration of synovium, at no time did the chondrocytes show 

any ill effects as measured by their ability to take up suifer for proteoglycan synthesis. 

There was, h&wever, a significant decrese during the first 45 days of metachromasia 

suggesting a Joss of proteogJycan matrix material. Since the chondrocytes appeared 

normal it was postulated that degradative enzymes (cathepsins, plasmin and fibrinolysins) 

released with the ceU injury, diffused from the joint into the cartilage, degraded the 

proteoglycan, once exhausted, the cartilage was allowed to recover. No structural 

changes were observed. This work was supplemented with electron microscopy studies 

(19) which dernonstrated convincingly the simiJarities of type A (secretory) synovial ceUs 

to the progressÎ\feJy differentiating humoral macrophage sand type B (prote in producing) 

synovial ceUs to differentiating fibroblasts in the joints of rabbits exarnined after subtotal 

synovectomy. 

Ranawat (I16) in 1971 described the features of rheumatoid joints one to 15 years 

alter synovectomy in attempt to correJate clin ical state, with histological findings. 

Interestingly, of 12 knees biopsied, three had clinical disease and histologically one could 

tee the sarne pattern as prior to synovectomy, with multiple layers of synoviocytes, 

marked infiltration with plasma ceHs, poJymorphonuclear ceUs and lymphocytes with 

villous hypertrophy and pseudolymphoid follicles. The other none had quiescent joints, aU 

with preoperative evidence of Joint damage. Five had quiescent joints with thickened 

synovial membranes, no villi and sorne hypervascularity and marked subsynovial fibrosis. 

,The other four had proIiferative synovitis with infiltrates but Jess severe than 

preoperatively. The question then arose whether the fibrosis of capsule and subsynovial 

tissues has anything to do with protection of the joint and/or remission of the disease. 

~ ..,............-- -~-.... _ ..... _,-... 
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Mitchell C, 1) examined ten rheumatoid patients by transmission electron 

microscopy at three weeks to five years, and compared them with the synoviaJ. and 

cartilage tissue preoperatively. Ali of these patients had had quiescent joints post 

synovectomy. The synovial pattern was a familiar one: gradua! dIfferentiation of 

fibroblutic and macrophage components over a thick collagenous layer with appearance 

at three and a ~f months of healthy ~ A and type 8 ceUs without the predominànce 

of A type cella Il with tremendous vacuolization and lysosornal bodies that was seen 

preoperatively. The cartilage, on the other hand, showed an Improvement in 

morpholOlY only after the synovium had regenerated; the chondrocytes of the stripped 

lamina spJendens had reappeared, and those of the midd1e zones Iost their cytop1asmic 

procestess, contained less fat and much more endop1qmlc reticulum. 
--....... , 
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REVIE1J OP THE LlTERATÙRE ON IEDICAL SYNOYI!CTOIIY 

(SYNOVIORTHESIS) IN RHEUIIA TOID JOINTS: 

11. 

Medical synovectomy, or synoviorthesis, to use a word coined by DeJbarre is the 

_"tian of the synovial lining of a joint by exposing it to a substance with selective 

1oX1city, usually by injection. The advantages of such a regimen are obvious: the cOlt and 

hoIpitalization tlme of major surgery is far .greater than synoviortheses; the patients who 

is a candidate for synovectomy is, bynature often debilltated, and thus not a lood 

operative ris&<. The rehabilitation time after arthrotomy is often three to six rnonths 

while after synoviorthesis, it should be 1ar shorter. Synoviorthes.is came to at-.ntion 

alter the beneficial effect of removing the synovium of infJamed joints had been 

recopized. 

"ln rnany old and inveterate cases of joint diseases it i5 the pain from the joint which 
ia the mast troublesome symptom for the patient ••• lt is weU known !hat these pains 
orl&.inate in the synovial membrane and that, often, it is possible to eliminate them 
for a brief period though anaesthetization of the inner surface of the synoviaJ 
membrane... total synovectomy, which, (sic) in extensive American research, has 
liven very good results ••• our object has been to eliminate the nerve endings in the 
synovial membrane in a simpler manner. By injecting into the joint a substance that 
C08&U1ates the entire inner surface it should be possible to obtain' total synovectomy 
without opening the cavity." (von Reis, 154). 

This is a simple concept, and, one would think an easy problem to solve. Even the 

requ1red characteristics of the substance as defined by Von Reis and Swensson are simple 

and, have not changed. 

"lt must not be toxic. It should act on the surface. It must not cause tao violents 
irritation. It must oot cause deJayed depnerative or proliferous (sic) injuries in the 
joint." 

It is the first and the last rules that have caused most consternation and burying of 

theraputic regimens over the years. 

a.micaIs: 

Von Reis' solution was osmium tetroxide (0s104) which after animal experiments, he 

injected intt? ~\~tients' knees and obtained symptomatic relief in at least 66% for 
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at . ~'sIx mon" and f«l1d no joint de11Iriqration by Xlay at one yar. Initial 

histolosJcaJ studies of animaJs showed complete coasuJation necrosis of the surface with 

reaeneration but no evidence of cartilqinous destruction. ~ this becomes relevent later 

it la not certain how Jong after injection the tissues were necropsied. 

Ent:taJsJaam rose and osmium alon& w111'1 severaJ other substances wer~ tried over the 

next twenty yean (1,&1,121). 

MBttonen et al (96) documented in antJaen induced arthrit1s in rabbits, coquJation 

nec:rOleS of the superficial layer of the synovium with polymorhcnJc1ear cell infiltration, 

fo1lowed by plasma ceU lymphocytic infiltrate and coJJqen formation in the subsynovium, 

in the area -..rrouncIins the osmium particles. This sugested that the chemical killed the 

turface layer and then indUced a reactive inflammatory fibrotic chanBe deeper clown as 

1he chemical's effect penetrated and/or the panieles themselves penetrated down into the 

dl _par layers carried by macrophaces from the surface. 
, . 

Thioœpa, thorium, and nitrogen mustard were other agents reporte<! as successful 

meund by cJinicaJ improvement and Jack of radiologicaJ or clinicaJ evidence of 

cleterioration over and AboYe that of the natural history. 

Then Menaces et al (31) hinted at, and, working independently" Mitchell (92) 

demonstrated, by transmission electron microscopy that osmium and n1troaen mustard 

c-...ed evly and extensive chondrocyte necrosis which .. as oot apparent by light 

m.k:roscopy initiaUy. One micht think that this would have ended the use of osmium but 

other reports still foUowed, varying the dose of osmium employed or using it in 

combination with steroids (16). 

Scattered reports on other substances have tridded in: Caruso (12) has tried 

Rifampin in l' patients, foUowed them for six to thirty-six months and reported good 

cllnica! improvement in 32. Even '-fJuro-uracil, a sysœmic chemotheraputic aaent ha 

been reported used intra-articularly. 
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ln 1962 a new c:c:n:ept in the lIMrCh for an asent for synovectomy -that of 

radioUJotopes, was introduced (tee Appendix 1). Radioisotapes produce calculable 

radiation effect on the surface, calculable penetration or effect, known duration of 

effect (half-lite)J_ are easy to inject, could be prepared in solutions which are inert 

or nontoxic to tisIues except for the radiation effect ... 1hIs lhauJd nu aU of Von Reis' 

orisina1 requirements. 

flith some bravado, ,\MeU (',6) reported on the results of in~ j() }ICi of 

colloïdal 198 Au into the knee joints of four patients, surveyec:l the lymph nodes, blood, 

and the joints over 24 hours for leakaBe of isotope out of the joint sPace and then 

f~1lowed this with the injection of 30 knees of twenty-four patients with the estimated 

dose of 600 to 100 roentgens. At one year follow-up, AnseU reported that 23 of 30 

knees had improved and 7 had not changed. There were 14 patients in this initial series 
, 

who had bilateral involvement - 0Qe sicle only was treated providing a mini-controUed 

... les. !Ieven had improved with treatment as against six controls and three had 

rema.ined unchanged as against eight of the con trois. 

Virkkunen et al (1'3) Wen! one of the earliest groups to become involved in 

radiation synovectomy. In 1967, they published the elirUcal results showing 67 of l' 

knees doing weU but introduced a discussion in the problem of leakage to regional lymph 

nodes which, in one patient, was in excess of ",000 rads and in which 27 of 67 

demonstrated s.i&nificant (4,000 to 15,000 rads) uptake over the lymph nodes. , 

FoUowing AnseU's suggestion, Delbarre began us.ins ~Y, pure beta emittor, with a 

sre&ter penetrance or c:lepth, a higher energy and the same half-life (see Appendix 0). 

By the early 1970's radio isotopie synovectomy had become accepted mode of 

thJrapy in sorne large centres - namely France, E.ngJand, Sweden and finJand. Yttrium 
{'~ 

and 32p were used over gold and neweI" isotopes such as Erbium and Rhenium were 
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introduced for use ,in smaUer joints due to their characteristic penetrance, energy and 
) 

half-life. Almost any joint became a candidate after initial success with knee: 

interpha1angeal and metacarpophalangeals joints, elbows, wrists, ankles and hips. 

Patients evaluated for synovectomy, historically, were those with intractabœ 

palnfuJ $WoUen joints, unresponsive to analgesic and anti-inflammatory medicines. They 

might or might not be rheumatoidsj any intractable knee effusion (147) (defined as lasting 

more than six months with medical treatment) might be considered for this procedure -

villous synovitis, osteoarthritis, ankylosing spondyJitis, to name a few. Other factors such 

as advance age, significant mutlisystem disease, and poor surgical risks, would make 

synoviorthesis an excellent second Une of therapy. The patients were graded on their 

range of motion, joint enlargement, pain and redness and heat. Serum studies of 

Rheumatoid factor, ESR, blood count and radiographs estimated the stage and activity of 

the systemic disease. While exacerbation of the systemic disease did not preclude 

treatment, expectation of success was greater if treated earlier. This expectation was 

based on the generally better results obtained by slJrgieat synovectomy when joints 

treated were in earlier stages of destruction (by radiological criteria) (I03). Patients 

understandably, were on a variety of antiinflammatories; aU had had a full course of 

A.S.A., and most had had gold treatment and a course or courses of corticosteroids at 

sorne point: Children and premenopausal women were not treated. 

ln the earJy days, the size of the joint space was estimated to determine the 

isotopes dose needed for the projected exposure to the synovium. These estimates were a 

function of the surface area, the concentration of isotope in the synovial fluid, the 

thlckness of the synovium and amount escaping the joint. There was (and still is) no 
, 

standard of estimation; however, the joint in questiollfwas usually drained of fluid and the 
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volume measured at one visite The surface area of that volume, assuming a sphere, would 

be ca1culated and the dose derived according to any of several formulas (see Appendix IV). 
, 

The volume of an average knee is around 50-100 mm3 and that of a 
l 

metacarpophalangeal joint, 1.0 mm3. Doses delivered in review of the literature have 

varied widely, partly because of different methods of calculation and estimation. Sorne 

estimated by surface area (S.A.) of a sphere, sorne by volume of a liquid within a sphere, 

and many just by interpretation of publications by previous authors. Ansell delivered 600-

800 reads in her first series and later used 500-1000 rads per joint (translation into rnCi 

was not spec1fied) (5,6). Makin kept his in order of 2000 rads (78). However, Jaffe (67) 

estimated that 198Au delivered 76 rads/gmh..tCi and 32p delivered 885 rads/gmh.lCi. 

These figures paralleled the radiation doses estimated by Winston et al (161) who stated 

that 1.0 mCi 32p delivered 10300 rads/25cm2. Most regimens caU for a total of 10,000 

rads (161,151,51,100,67,157,122). 

When 198Au go Id .was used with its ten percent gamma radiation, elaborate 

protection with lead shielding over syringes, lead shielding for the operator and expensive 

decontamination procedures for clothing and instruments were required. The synovial 

fluid was withdrawn and the solution injected by syringes and needle - often with a three

way connector 50 that a small amount of saline cou Id be flushed throl;lgh the syringe 

afterward. This helped to prevent radiation nec rosis of the soft tissues as the needle was 

withdrawn. The pure beta emittors, which have r:eplaced 198Au, require only plastic 

in~ulation. In some centres which use the beta emittors, because of their short half-life, 

instruments and clothing are stored, the activity allowed to decay, and then are washed 

and returned to general use • 

These procedures were sometimes done as outpatients, however most were 
• 

hospitalized on bed rest for three to four days afterWard (160). 

.. 
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Early post injection mild fever, malaise, and anecdotal skin eruptions hav~ been 

reported by several authors (86), radiatIon necrosis of the skin and bone of small joints 

(105), flare-ups of the synovitis in up to 50% of patients OOI) and pseudo-gout. Two cases 

of acute joint rupture were reported (22). There have been no reports of Iatrogenic septic 

arthritis. 

Radiation effects to other organs has generated a great deal of investigation 

(23,24,34,48,50,52,102,103, r 15,121). Stevenson (I41) tirst reported chromosomal 

aberrations in humoral lymphocytes of patIents treated with mtraartlcular gold. The 

, \ 

number of aberrations could not be explained by exposure to the cells m the jomt alone 

and had to have been exposed to radIation whlch had leaked to the regional lymph nodes. 

The number of aberrations correlated with the amount of Isotope found 10 the regional 

nodes and was decreased by bed rest (23). The translation of thiS into risk of neoplasm 

" .. was estlmated as one 'm one th~usand patIents treated with 10 mei of 198Au or 5 mCi of 

90Yttrium (141). This, apparently is the same estimated risk for a 30 year old man living 

in Britain to develop naturalJy occurrmg cancer. Tetragemc effeèts have not been 

reported; the calculated dosage to the ovaries is within the safe range but dosage to the 

testes could possibly be high enough to damage gametes in spermatogenesis in the 

presence of high leakages as with gold (I40) (see Appendix III). 

1.5.4 Clinical Studies: 

A review of 24 authors in 29 publications betweef' 1963 and 1982 was made and 

attempted to separa te out results according to anatomlcal site and Isotope used. It was 

difficult to make any generalizations because of the variable methods of analyses and 

overlap of authors' early and late series; however, aU success rate of radioactive 

synovectomies at one year was generally around 8096 (Table 1). The effectiveness of the 

different isotopes was about the same when the dose was equivalent. Whether the 
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TABLE 1 
ResuJts 

Authar Joints biotope Dœe Estimated Improved Poor Follow-up 
œed exposwe 

Ansell 1963(5,6) 30 knees 198Au ? 480-1000 rads 23 7 1 year 

Makin 1968(78) 41 patien\' 198Au 3-10 mCi 2000 rads 34 7 at least 1 yr for 25 cases 

GYMlng 196.5(56) 21 knees 198Au 5 mCi 18 3 8 mo - 4 yrs 

Makin 1966(77) 33 knees 198Au 10 mCi 2000 rads 27 6 ? - 9 yrs 

DeJbarre &: (79 joints) 198Au 6-7 mCi more than ? more than 6 mo 
RoucaryI1969(26) 36 knees &90y 50% 

Virkkunen 1967(1.53) 8.5 knees 198Au 10 mCi 67 18 4 mo - 2 yrs 
..-

Cayla 1967(13) 14 knees 198;\u 6 mCi 12 2 7 mo 

Fine 1967(39) II knees 198;\u 10 mCi 8 3 2 yrs 

Topp 1970(147) 18 knees 198Au 4-8 mCi 15 3 1 yr 

• - 1 Pearn 1979(37) 40 knees 19BAu 5-8 mCi 28 12 ? + 
'l" , , 

, 1 
8ridsman 1973(10) 23 90y 3 mCi 10000 rads 1) 10 1 yr 

3000 rads 
21 Saline 0 ? 

Menket ct 122 wrists 169Erb ? 78 44 
Tublana 1973(84) 96 MCP 67 29 1 - 2 yrs**** 

72 PIP 55 17 

JaJava 1973(68) 63 knees 90y* 6 mCi 47 18 7 - 19 mo 

Delbarre &: 106 knees 90 y&: * 0 • .5-6.0 mCi 94 12 
Menkes 1974(27) 20 MCP 169Erbct 1) 7 2yrs , 

1140thers 186Re 87 27 

'\.,' 
- """-_""l---~--_··~ .. __ .~ ... _,.~.~ .. _._. 
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Author Joints Isotope Dose Estimated Results No effect Follow-up 
used exposure improved or poor 

~ 

0 Oka 19" 41 9Ov* 3-6mCi .5000-6000 rads 3.5 13 1 yr 
\ (100,101,103) 46 26 20 2 yrs l··;'J· 42 20 22 ,3 yrs 

30 , 2' 4 yrs 

1 
. 

GumpeJ a: 10 knees 90v , mC! 7 3 2 yrs 
\ 

Roles 197-'<''') 10 knees 8 2 l' . surgery 

Menkel a: " MCP 169Erb 0 • .5-1.0 mCi .5 .5-.5& CJf, .. * * 1 yr 
!.eGo 1917(8.5) 36 PIP 

l, 10 steroid 26~21CJf, 

1 """" Ott 1917(106) 621PJ 169Erb* .2.5-0.'0 42 20 6mo 
a: MCP 169Erb* 0.'0.1.0 37 2.5 2 yrs**** 

Szanto J977(14') 19 knees 90v 3~ mCl 10 9 3yrs 
20 ~ 11 9 2 yrs 
22 1) 9 1 yr 

19 , 14 3 yrs 
20 steroid , l.5 2 yrs 
22 3 19 1 yr 

CumpeJ a: 18 wrists 2 mCi 
Matthew, 197'U') " MCP 169Erb 1 mCI 44 38 

9 PIP O., mCl 
- .1 yr 

64 joints steroid 10-40 mg 32 32 

Menlces 1'79(16) 1'6 knees 9OV* 3-6 mCI 100 '6 J - 2 yr 
99 Ihoulclers .50 49 1 yr 
97 elbows 60 37 1 yr 
70 anlde. " 34 1 yr 

212 wri.ts 101 III 1 yr 
212 MCP lU 97 2 yr 
96 PIP '7 39 2 yr 

~~'"""\ 

Ruotli ar 70UCP*,PIP 169Erb 0.2.5-0.-'0 &-9000 rads 64 6 1 yr 
Hypen 1979(127) '1 lterold ,., 6 1 yr 
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Author Joints Isotope Dose Estlmated 
used exposure 

Deckart 1979(24) .54 knees** 90y 1240 rada/mCi 
t 101 knees** 198Au 1.500 rada/mCi 

Doherty 1911(30) l' knees 90y , mC! 
l' knees steroid ,~ 

Onett11912(I0') :3 hips 32p* 4 mCi 10300 rads/mCi 
112 knees ·6 

10 anldes 2.' 
9 elbows 2.' 

72 wrllts 2.' 
6MCP 0.3 
3 PIP 0.3 

* comblnation with steroids 

** .,me were non-rheumatold inflammatory arthritis 

••• no QlOlute numben given in paper for examination 

•••• au1hor notes that good results deteriorated alter 2 yeus 

+ anecdotaJ report 

JI 

~ ), .. ' ------

~ _._--~ 

Results No effect Follow-up 
Improved or poor 

42 12 1 yr 
72 29 1 yr , 

14 1 6mo 

183(90%) 20(10%) 1 - 10 years 
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treatrnent gave only an apparent improvement, to present Jater a greaœr degree of 

deterioration than would be expected for its natural course, authors had few parameters 

to measure. Radiological a5Sessment at treatment and at follow-up usmg the 

Steibrocker's staging was emphirical but none could find any increased rate of 

deterioration (149). In other -Words the disease went inevitably forward. However 

patients in earliest stages of disease gained symptomatic relief for a time, and did 50 

more than patients in the later stages of disease (101). 

Delbarre and Menkes (27) reviewed their 7000 patients who had synoviorthesis using 

any of severa! isotopes 90Yttrium, 186Rhenium and 169Ebrium. Three thousand two 
r-

hundred and seventy two were treated with beta emittors; 346 had follow-up at two years; 

240 could be traced. -Initial fallures tended not to come in. If they did well at six months 

the)' did well generally at two years. However if they did badly at six months they might 

still improve and do well at two years. Of 106 knees, 94 did well, 12 failed or relapsed. 

Evaluation of results was difficu1t however, becau3e eues were treated wi'th combinatlons 

of steroid and isotope. 

~ (1,.9) reviewed their .a eues of 90vttrium synovectomies, 30 knees of which 

hM been followed for 4 years and fCUMI no correlation of iUCCess with stage of disease as 

_.ssed radiologica11y. The author hacI found a clinica1 improvement in 3"48 of these at 

one year while the number still in cUnica1 remission at 4 years was only 17% <.5/30). 

Brqman (10) in a double blind study with saline con trois, f~d improvement in Il 

of 23 knees. He tried to assess radiologica1 change, but did not use the standard 
, 

rheumatoid arthritis stag.ing nor Md histologica1 documentation. He found almost 

-inlipificant leakqe and chromosomal change but uaed only 3 mCi 90Yttrium estimatin& 

~ dose of 10,000 rads at 1 mm. 

Menkes and Lep conducted • double blind study of Erbium and steroid venes saline 

il 
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and steroid in smaU joints of the hand, documentin& duratien of dIJea., radiolo&ical 

stage, ESR and Rhose-Waaler test. In overall cünica1 asaesamen1 the isotope treated 

group showed better results. Patients in the earlier radiolocicaJ s'tales' of disease faired 

better in both groups. Progression of, radiologicaJ changes over the 2 yean was not 

discussed (85). R~otsi however conducted a similar study using steroids verses Erbium and 

found at twelve months no significant difference in succes! rate between the two groups; 

but he did secure 90% improvement rate for both groups (127). In a similar study, Gumpel 

(5.5) could find only .50% improvement but again no differenœ between steroid and 

radio isotope treated joints. Ott (106) using Erbium and steroids in linger joints noted 68% 

improvement at 6 months and by 2 years 60% remained quiescent. Oka and Hypen (101) in 

~ir series noted also a correlation with stage of disease radiologically and progression of 

systemic disease. At 12 ~ths, 60% of treated knees in patients who had flare-ups of 

their disease were quiescent; 90% of treateclAmees were quiescent in patients where the 

diseue was stable and the figures approached 100% (8 cases) in those who were in 

remission. Later reports of the same series at 4 years showed only .5/39 knees was stiJl in 

remission. Twenty-five we~e rated as poor (103). 

Only one clin1ca1 study using 32p has been reported since that mentioned in 1967' by , 

Johnson (69) and the report in 1973 by Winston (161). Onetti (10') injected 0.3 to 6 mCi 

32p into various joints from the proximal interphalangeal joints of the hand to the hip and 

found in 217 joints, evaluated at 1east 1 year Jater that improvement in the joint clinicaJ1y 

had occurred in 90% while 10CJf, showed no response. However rus results are comlicated 

by the tact that steroids were alIo administered with the isotope. It is of note that wlth 

0.3 mCi, in the finler joints, the author encountered sianificant radiation skin necrosis 

and osteonecrosis; he subaequently stopped injectins smaJl joints. 

ln European cmtres, enthuaiasm wl'th ttûs procedure WUt and il ta date, sustained 

-- - --_._"-----
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wlth .1ppOrt from eUniea1 results and histoJoskal examinatlans. Atténtlon, moreover, bas 

centered on the concern for long term ,sequaJae - the effect of radiation to the extra

articular organs, the long term effects 'on the cartilage and bone. Surprisingly, however, 

llttle investigation has actually been carried out on bene and cartilage. 

,., Patho~1 and Experimental Studies: 

Yates (163) arthroscoped and biopsied the synovium of a patient treated with .5 mCi 

- 90Yttrium four weeks earUer and notec:l an increase in thickness of the synovial Uning 

cells and more fibrio. The subsynovial tissue had the same degreé of monocyt1c 

infiltration. These findings might be expla!ned they said, as a state of "temporary rective 

synovitis"; Webb, Law and Bluestone used an animal model of rheumatoid arthritis and 

demonstrated uptake of 90Yttrium ioto the surface synoviocytes and a1so into the 

occasional macrophage with the subsynovium at 24 hours using between 1001JCi and 1 mCi 

of colloid, which by their estimation gave 27000 to 81000 rads (U7). This suggests that 

the cells were still alive when the isotope Macromolecule entered the cell and had IlOt 

destroyed th1e cells by radiatiol1 at 24 hours. 

Oka views the histological effects of isotopes as slmUar to those produced by the 

fixative osmic acid which reacts with pro teins forming gels and oxidizes unsaturated f,ts 

10 form reduced black osmium compounds. Coagulation necrosis of the synovium occurs 

foUowed by an intense inflammatory response as the necrotic tissue is cleared organizing 

fibrosis follows along with regeneration of a synovial cell layer. There was no cell death 

in the subsynovial tissues which were still active; the cartilage, survived and appeared. 

normal; in immature animais, growth retardation of bone was, observed. One expected he 

deduced, a similar response in isotope treated or chemically treated tissue with limited 

penetration powers. In tact, osmium has now been condemned as late cartilage 

degeneration bas been identified (92). 

_ ._ _ . __ ~ _0_ .' _________ * ___ ' ~. _.~ • 
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Delbarre and Menkes compared synovial biopsies in 44 patients before and ai ter one 

to two' months, and observed "a fibrinous nec rosis which disappeared after one to two 

months, being replaced by new synovial tissue that was usually sclerotic, but sometimes' 

normal. The number of inflammatory ceUs diminished and the supporting tissue was the 

site of a hyaline sclerosis." (27) (The only histologicaJ parameters that seemed consistent 

ho'Wever were a decrease in the number of villi and number of inflammatory cells). He 

~so compared his centre's results of synoviorthesis verses three authors' surgicaJ 

synovectomy series. Wïthout breakdown, 114 of 367 cases (31%) treated surgically had 

relapsed or had bad results at 2 years (The surgjcaJ papen quoted by Delbarre were not 

reviewed in thi, thesis). 

Isomaki (6') examined synovial biopsies of rheumatoid patients three days and seven 

clays after treatment with 90Yttrium and the fluid at 10 minutes, 30 minutes, and 24 

heurs. ln 10 minutes the particles were found in the cytoplasm of macrophages and sorne 

loose synovial cells, which, by transmission electron microscopy, were severly damaged or 

degenerted. If they survived 24 hours, the particles were found in the cytosomes and 

there was evidence of membrane damage (decreased flow and decreased pinocytotic 

veudes). The lining ceU ultrastructure, membrane function, mitochondria, rough 

endoplasmic reticulum was also severly damaged. The type A cells seemed to survive 

better than the type B cells, more evident at 3 days. By then the particles could he seen 

throughout the intercellular space Iying free in apparently empty vacuoles. Atone week 

no activity could he seen by radioautography. This pattern then that the particJes killed 

cells in the fJuid; some ce Us survived, sorne cel1s in synoviallining survived long enough to 

pinocytose the particles and either die releasing their contents into the subsynovium with 

cell debris or migrate into the deeper layers of the subsynovium acting as a rninigrenade 

deeper down. The particJes could then make their way ioto the lymphatic system to the 

-;-------.--.... -....... _.-....-.,-
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nodes. 

Oka and Hypen (101) ex~mined ~fa11ed eue of 90Yttrium ~jection and found an 

uJcerated synovium with fibrinoid lay«ingt subsynovial fibrosis, infiltration, and 

hypervascularity • 

Muirden and Mills Jooked at 42 human synovectomies and observed that the greater 

the thickness of the synovium the greater the lymphocytlc infiltratIon and the less the 

damage appeared to be (98). 

Animal studies, though not always comparable have given us dues as to the 
" 

pathology and pathogenesls of the synovium and the effects of isotopes. Webb (U7) 

obterved 90Yttrium on the synovium of arthritic rabbits and found at 24 hours that the 
" 

partic1es had erltered the cytoplasm of synovial ceUs and in a few ~r macrophages. 

one must wonder, then, if the ceUs were still alive, and if so why? 

Pavelka (l09) could not demonstrate a true destruction of the synovium with 0.1f 

mCi 90Yttrium in arthritic rabbits; but he did remarie on the thrombotic occlusion of the 

capillaries in the villi with sorne recanalization at 2 weeks. At four weeks he 

demonstrated a marked decrease in cellular infiltration and marked fibrosÏ5. More 

importantly, he found the cartilage at four weeks was normal except for foci of 

degenerative cells in the tangential layer near the cruciate ligaments. In otf:ler animas! 

there were new and old degenerative foci with histocytic reaction. 

ln immatuqe and mature rats treated intra-articularly with 10 to 100 times the 

theraputic dose of 198Au, growth retardation was observed (126). After a 30 day period 

of bone marrow suppression and growth retardation was noted in the wynling rats. The 

bone marrow recovered, moreover, and no degeneration of the cartilage or of increased 

metabolic functions was seen up to one year in those treated with the lower dosage. In 

adult rats no effect was noted at any dose given. These results though induced br ablative 

• 
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amounts ""'M radiation, none-the-less dlscouraged UR of isotopes in chlldren and 

.,r.menopausal Viornen and provided evldence to encourage use in adults with impunity. 

More recently, Onetti (10') examined severa! biopsies of rheumatold joints before 

and ,after treatment with intraarticular 32p chromic phosphate. The changes in the 

synovium were consistent wl'th a less active synovitis with reduction in synovlocyte !ayers, 

decreased infUtrates and decrease fibrinoid deposit. Findings consistent with radiation 

effect were the structural changes of the synviocytes: vacuolization, chromatin changes, 

freelng of the ceUs from the œil to cell association. They did not find any evidence of 

radiation vasculitls. No cartilage studies were reported. 

Ubios (1'J') put 0.2' mCi of 32p into the knee joints of immature rats. If a rat knee 

11 about 1/70th the slu of a human knee, this compares to approximately four times the 

c.Unical dose in man. At.56 days, the articular cartilage was markedly disoraanized, a 

find1n& consistent with Rubin's studies wi'th ~ve doles of 191Au (126). Whether th1i is 

relevent to the cUnical situation is the subject, in part, of this thesis. 

• 

l1li • 
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CHAPTER 2 

STUDES ON AN NXJCI!D ARn.ms IIODELS OF 

IUEUIlATOID ARTIETIS .. ne RAIIIIT. 
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,2.1 INTRODUCTION: 

Progress in the field of rheurnatoid arthritis research has often been discouraged by 

the lad< of a counterpart in the experirnental animal. For Many years an auto-immune 

pathogenesis was hinted at and it was upon this that Dumonde and Glynn (J3) deveJoped 

the first animal model of chronic (rheumatoid-like) arthritis in the rabbit. This was based 

on the fact that the chronic synovial and extraarticular leslons demonstrated plasma ceUs 

and Iymphoid foUides, suggesting immune reaction to sorne self or foreign antigen. In 

their study animaIs were sensitized to fibrin and a 20-30 mg solution was Jater injected 

intra-articuJarly. When examined in groups up to 8 weeks la ter , the animais injected with 

autologous fibrin demonstrated a chronic synovitis but no cartilage destruction. 1'ho5e 

injected with human fibrin deveJoped a gross arthritis, with articuJar cartilage destruction 

by 8 weeks. 

The fibrin model gained popuJarity (J~7) and rnany modifications of this modeJ have 

~ proposed and used on differ~t animais. Rats develop a polyarthrltis when 1heir 
, ~ , 
foot pads are injected with FrèU1lds adjuvant alone (131,43) or with other antiaens wch as 

coJJaaen 0"2,9j) collagen type II (17) and Mycobacterium cell, without any m1ï'a-artic:u1ar 

chaüence. This, moreover, is restricted to rats and certain strains of rats. 

Intravenous injections of antigens have been employed (111,112,1') to create • 

rheumatoid-llke state to study the immune complexes in synovial joints and fJuid and 

althouah the method has the advantase of making the joint. privUepd site, the reaaJts 

were varib&le in degree, and unpredictable in numbers. 

Polysaccharides (74,139) polyene antibiotics (99,UI) have been u.d foUowina 

oUmonde and GJynn's methodoJosy, the lUbstances cno.e.t an the premise 1hat sinc:e 'Chey 

have sorne direct lylO8Omal action, they nù&ht mimic the 1~na1 action of meuma10id 

synovial ceUs. 

a.cteriaJ exncts (Ill) haft ... uted llmiIIIrly on the ..... of ., expected 

.- ---.-'-,--, 



( 

c 

\ 

32. 

immune complex disease. 

Breakdown products of immunoglobulins and enzymes found in arthritic joints 

have been introduced as well but produce astate which resolves too fast, destroys the 

underlying articular cartilage too fast, or has widely·variable results {3,44,38,94,136). 

Each, however, has been of vah,Je in demonstrating sorne aspect of the pathogenesis of 

the rheumatoid-like state. 

Mycobacterium species produces a gra,nulomatous type lesion which is often 

smolder,ing and thus has been tried as a method of inducing a chronic arthritis. An 

added benefit was the fact that neither the Mycobacterium itself nor any remnant of it 

could he detected in the joint after the first four weeks despite an arthritis which 

rernained active for up to a year (156). The problem is that the articular cartilag.e is aIl 

but destroyed by four weeks. 

ln 1971, Consden, Doble, Glynn and Nind reported using ovalbumin as the 

antigenic stimulus in producing a rheumatoid-like arthritic state (14). This was an 

obvious offshoot of using bovine gammaglobulin with its multitude of cross-reactants. 

Interestingly whiJe establishing a minimal dose for production of a chronic arthritis, 

they demonstrated with radioisotopic tagging, that the antigen ne~d not be present in 

the joint for the perpetuation of the arthrtis. AnimaIs were sensitized and then 

challenged with ovalbumin in doses from 10 mg to 1 118 and in the 14 animaIs where 0.1 

mg or more was used aU developed gross arthritis at 8 weeks. Substantiated by 

histologlcal examination of synovium and cartilage, the lowest doses produced no 

sipificant arthritis. Since then tl1is animal model has become more popular for a 

• variety lof studies on rheumatoid arthritis (132,57,59,61,58). Stastny used it with a 

èhauenge dose of 215 mg for an MlF study of 6 weeks duration (135); Fox and Glynn 

ûsed their maximal doses of 10-12 • .5 mg as challenge dosage and followed the rabbits for 

up to 8 weeks noting a "widespread arthritis" (40,41). Gold1ust varied the challenge 
.~" ~ 
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schedule and frequency using a single 1 mg injection, he found a chronic synovitis at 10 
" 

weeks with no gross articular damage; with weekly 1 mg injections he produced an 

erosive arthritis (47). Lowther and Sandy et al have usel this model Wi~ l mg 

challenge dose in their studies since 1976 and found a consistent dependable reaction of 

"marked jomt changes" in rabbits (128,75). Lowther et al (75) used 2.5 mg human serum 

albumin challenge after sensitization to the same. Fifty percent developed a "chronic 

joint swelling in the 28-57 day period". Of 26 rabbits, 13 showed signs of acute 

inflammation but were "recovering" and had no joint swelling, normal appearing joint 

fluid, normal appearing cartilage microscopically and minimal synovial membrane 

changes. The acute synovitis was characterized by thickening, infiltration with 

polymorphonuc1ear cells and small round cells and perivascular infiltration. Thirteen 

showed gross joint swelling, c10udy fluid, erosions and pitting of the cartilage and 

synovitis characterized by thickening, villous proliferation, perivascular infiltration, 

and lymphocyte c1usters. They found no change in the degree of cellularity. 
" 

Biochemical parameters indicated no significant change in collagen or cellularity but 

sigmflcant drop in proteoglycan content and synthesis in cartilage, with time. Sulfur 

uptake studies and quantitative hexuronic acid studies of animaIs sacrificed in the first 

week showed approximately 80% inhibition of synthesis in weight bearing areas 

especially in the superficial Iayers and to a lesser extent in other areas. They further 

explored the very early changes in this animal model and found the proteoglycan 

decrease is due to both decreased chondrocyte synthesis and secretion (not accounted 

for by the decreased numbers of living chondrocytes) (128). Thus by 2 months their 

model produced a significant cartilage insult and evidence of degeneration. This was 

~hought to be an appropriate model for rheumatoid arthritis. 

Hunneyball supported the model, reporting that this animal model produced an 

arthritis that was comparable right to left but that ~re was a ''high ~egree of 

, 
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variation between anima19 in the severity of the arthntlS" (63). He use<! 10 mg 10 Il 

ammals and graded the synovial reaction by hlstology. No articular cartilage studies 

were reported. 

Van Beusckom (150) compared two different mtra-artlcular doses of ovalbumin, 

0.5 mg and 2.5 mg, after sensitization, and followed the disappearence from the joint 

with 131 1 labelled ovalbumin and scanned the jomts with 99Tc. After 1 week the 

scanning as a measure of inflammation \Vas the same 10 the knees wlth both dose 

regimens. 

The anttgen-induced arthritis arumal model using ovaJbumin was reexarnrned in 

respect to lts appropnateness as a chrome symmetrical modeJ of rheumatold arthritis. 



2.2 Part A 

THE MODEL 

35. 

ln the belief that the sensitization of the rabbit and a subsequent intra-articuJar 

challenge with an antigen were the important steps in inducing a chronic arthritis and 

that the dose was relatively unimportant a middle dose range of 7.5 mg ovalbumin wu 

chosen to challenge our group of rabbits m the hope of reproducing an appropriate 

mode 1 of rheumatold arthntls. The animals were then sacrificed at intervals and 

examined with alarming results. 

2.2.1. MA TERIALS AND METHODS: 

99 adult New Zealand white rabbits were used and &4 rabbits harvested by the end 

of the experiment. Sex was mixed, age was a minimum of six months (range six to nine 

months). A one mllligram solution of ovalbumin (Sigma A-5503 grade V crystallized and 

lyophilized) in sterile water emulsified in an equal volume of Freunds complete adjuvant 

(Difco Labs 063859) to give a final concentration of one (mg/mI) emulsion was prepared 

and aU animaIs sensltized mtradermaUy in five sites each on the back which had been 

shaven and prepared with alcohol. On day fourteen, a second sensitization wu made 

Wlth 0.5 mg ovalbumin in 0.5 ml emulsion in 3 sites. On day 24, the animaIs were skin 

tested Wlth 20 micrograms ovaJbumin in 0.1 ml sterile water in 2 sites with controls of 

sterile water in 2 SItes. Ali animais had positive skin tests. The animaIs were then 

challenged on day JO with 7.5 mg ovaJbumin in sterile saline injected into each knee 

JOint through the intrapateller tendon towards the intercondyJar notch. 

EMly losses of animaJs usually occurred tram one to seven day'S post chalIense. 

Afterwards the,animals were divi~ into groups and sacrificed at 1, 2, 5, 7, and •• 

clays, 19, 26, 33, 50 90, 160 230d (lJ wks) post c:halJenge. Anaesthesi.a WU induced with 

NerrâutaJ 2.5 mWkI and SlIppOi ted with ether. The joints were ope.t~ under sterile 
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Sensitization and intra-articuJar injection method, for induction of antigen-induced 
arthritis. 
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conditions and the joint fluid cultured. 

Each group was handled similarly. The knees were harvested for synovium in the 

area of the infrapatellar fat pad and fixed in 8oWn's solution for 24 hours. The solution 

was changed to 70% alcohol and then processed for paraffin sectioning. 

The femoral condyles were immediately fixed in 10% buffered forrnaJin (FiJher 

SO-F-IOO) containing 0.5% cetylpiridinium chloride CC. P.C.) for two weeks and then 

decalcified using 10% EDTA (pH 7.4) 

Synovium was hafvested, incubated for 60 minutes at 37·C in a Dubnoff metabolic 

shaking incubator under a controlled atmosphere (9'% Û2 and ,% CÛ2) in a proline free 

incubation ,media (Minimal essential media Flow Laboratories 12-102) containing 50 ).ICi 

methyl 1,'2-3H-thymidine (NEN NET-'12) (S.A. 101 Ci/mmoI). The specimens were 

then rinsed four times with a total of 200 ml iced saline, agitated, then fi.xed in Souin's 

solution prior to parrafin embedding and preparation for radioautography (73). 

"hole joints were harvested 24 hours alter intra-articular injection of 2-'0 pO 

3'sulfate (NEN NEX-041 sodium sulfate) and immediately fixed in 1()C}f, buffered 

fdtmalin with 0.5% C.P .C. for 2 weeks, decalcified and embedded in paraffin for 

radioautography. 

Cartilage was sliced, from the superior aspect of the patellar sroove of the 

femoral condyle, incubated in 10 or 20 uCi L2' )'- 3H-prollne (NEN NET-323, S.A. 29.' 

Ci!mmoI) in Krebs Ringer bicarbonate solution under the same conditions of incubation 

for 4 hours. The tissue was then cold chased l' minutes and transferred to 2W, 

gJuteraldehyde 0.1 M sodium phosphate for ) heurs. A1J tissue .as then decalcified 

ovemight in 4.13% EDTA (pH 7.4) (55). 

) _ Slices of cartilage were a1so immediately fixed in 8 sJutaraldehyde for 3 haun 

( ! 1 and then deca1cified in. 4.13% EDTA pH 7 •• prior tu fixation in osminJm and prepued 

routinely for transmission electron microscopy (TEM). 

~._-------.-
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Two weeks after intra-articular injection of 2~ pCi L(2f3 - 3H proline (NEN NET-

323 S.A. 29 • .5 Ci/mmon and 24 hours after 2.50 J,JCi J.5sulfate injection, animaIs were 

harvested of aH cartilage of the femoral condyles, patellar groove and tibial plateaus, 

are being taken to avoid areas of fibrocartilage. The shavings were blotted, wet 

weights obtained and frozen for analyses of hexuronic acid and hydroxyproline. 

Paraffin embedded synovial specimens were sectioned at 3 microns and stained 

wlth acid hematoxylin and eosin. Cartilage was sectioned at 6 microns and prepared 

and stained with toluidine blue and iron hematoxylin-fast green-safranin-O (73). 

Paraffin sections prepared for radioautography were coated with Uford-4 (Ilford Ltd., 

Ciba-Geighy, Essex, U.K.), exposed, developed and stained with standard hematoxylln 

and eosin. 

T ............ electron miIc:rl*:opy: 

ArticuJar cartilage was cut prior to fixation 50 as to permit full thic:knesa 

IeCtioning following embedding. Samples for transmission electron microscopy were 

fixed in 2% glutaraldehyde/O.l M Na phosphate (pH 7.4) containing 1% toluidine blue a 

proteogJycan stabilizing agent (1.30) for two to three hours; rinsed in 0.1 M Na 

phosphate buffer containing 0.2 M sucrase and 0.02.5% toluidine blue 0 for 30 minut~ -

postfixed in 296 0504 in 0.1 M Na phosphate plus 0.02.5% toluidine bJue 0 for 2 hours -

ethanol dehydrated (3096, -'0%, 7.5%, 9596, 100%1- 10 min. each for 3 changes). Blocks 
1 

were then transferred to a Spurr/absolute ethanol (1:1) infiltration mixture (1JlJ) for 2 

houn -then into Spurr alone and placed in a dessicator and held under vacum ovemight. 

BJocks were flat embedded in Spurr to permit fuH thickness sectioning and polymerized 

at 70·C for 18 hours. One micron plastic sections were cut with glass knives and placed 

an subbed gJass slldes (l08) and the ultrathin (600-S00AO) sections were cut with 

dlamand knives and pJaced on 200 mesh filmless copper grids. A Reichert Ultracut was 
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WIed for 1eCtioning. The one miaon sections required no further staining as they were 

stained in situ with the toluidine blue during the fixation process (130). The ultrathin 

sections were stained for 30 minutes with 2W, uranyl acetate (in ~ aJcohol) and for 10 

minutes with 0.2W, Pb citrate ("2). A Philips.ao ttansmission eJectron miCrolcope was 

used in the study. 

Tissue was fixed and processed as above wlthout the addition of toluidine blue 0 

and decaJcified. Toluidine blue, if used, reacts with the photographic emulsion resultJn& 

in artifact (129). ~ micron thick sections were placed on subbed sndes and dipped in 

total darkness in Ilford L4 nuclear track emulsion (I:2 dilution) (11) air dried; s10red in 

~ black plastic boxes containing a drying agent (silica-gel) with a blank sllde 

between each slide containing sections ~ stored at "·C for 2-3 weeks. Followinl 

exposure the ,lide, were brought to room temperature Md developed in 0 170 (6 min), 

rinled in tap water, fixed' in 2lf~ sodium thiosulphate 00 minutes), rinsed for an 

additionaJ 10 min in ruming tap water, and air dried. To permit heating and prevent 

swelling of the slides, they were hardenec:l in 1096 formaUn at room temperature for 10 

minutes, rinsed, and again air dried (120). They were then heated on a hot plate stained 

with 1 W, toluidine blue in O.'~ sodium bOrate. AU slldes 'Nere coyer sllpped usins 

unpolymerized Spurr and placed on a hotplate OYernight to polymerize the plastic. 

Cartilage shavinas from each joint were anaIyzed ..,...lely. The tJ..- wu 

powderized usin& a freeze miller, and then sUlpeuded in O., M acetic acid. A pepsin 

solution of 1 mg/ml/50 mg tissUe <Sigma P-7012) wu added and the tistue aUowed 10 

cft&est at .·C with constant stirrq for 7 ta 9 day .. the di&est wu neutraUzed to pH 

1.6 with NaOH tD inactivate the pepIin and then dJalyzed in ceJJuioie tubin& ~ O., 1 

, 
, 



l 
i 
\ ( 
l 
~ , 

t 

i 

1 C
· 

. J 

,i ., 

, 

]9. 

M acetic acid tW the d1alyzate wu free of counts. The solution was made up ta 

constant volume and divided into allquots for hexuronic acid, hydroxyproUne and DNA 

analyses. 

Hexuronic acid analysis was made according to the method of Bitter and Muir (9) 

usina sodium tetraborate in sulfuric acid and carbazole in ethanol with a standard of 

a1ucuronic acid. An aliquot was anaJyzed for counts of 15S and 3H using a 8eckman 

scin1iJlation counter with a two channel simultaneous readout and automatic quench 

correction. 

Hydroxyprollne analysis was made according to the method of Stegemann (137). 

i The 101ution was lyophllized in a centrifuge dryer ovemight and resuspended in 1 ml of 

~ N Hel, and hydrolyzed for 18 heurs, dried, and resuspendéd to constant volume with 6 

.IN Hel. A 100 l1m1 aliquot was then transferred to heavy chromatography paper 

( 
(Whatman 3 MM). Using a butano!, glacial acetic acid water solution (4:1:2) the sample 

was separated OVM 16-18 hourI, dried, the proline and hydroxyproline bands cut out and 

eluted in water US). Hydroxyprollne assay usmg chJoramine T and perchloric acid was 

carried out and scintillation countlng of the proline and hydroxyproline eluants were 

made. 

Deoxyribonuc1eic acid analyses were made according to the method of Erwin 

StDlChecki and Plorini (36) • 

.' " 
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2.2.2 RESUL T5: 

Marked reaction did, indeed, occur in the joints of animais sensitized and - -/ 

challenged intra-articularly with ovalbumine Uncha11enged joints <fid not ~ct. 

SynDvium: 

Twenty-four hours alter challenge, the joints were grossIy swoUen, and' hot; a .. • clar or b100cly effusion was present with a markedly hemorrha&lc synovium (Fig Ja). 

Tissue incubated in vitro with thymidine showed no surface œil turnover - indeed no 

surface at times was visible. At' and 7 days the hemorrhaglc synovium wu leu 

profound, synoviocyte hyperplasia and mixed polymorphonudear and monocy:tic 

infiltration are noted (fig lb). 8y 14 clays a thick, red, VillOU5 synovium with 

predominantly perivascular monocyte infiltration prevailed (fig )c). Thymidine 

incubated tissue showed more cells with uptake than normal but proportiorfate to the 

increues in number of synoviocytes present,in the section. At 13 weeks, the synovitis 

was still active wlth a purely monocytic population and evidence of new subsynovlaJ 

fibrosis (fig 3d). 8y 22 weeks haU of the animais showed a flbrotic synovium; the others 

had regenerated norma1Iy (fig Je). 

. 
Grossly ail joints showed a cJassic enlar&ement with effusion, !Orne with ra 

bodies and doudy fluid by 26 days. The cartiJa&e however appeared intact. 8y 33-jO 

days early osteophyte formation was evident, the artlcular surface appeared duB with 

occas1onal spotty erosions (fig 4a). These changes were abviousJy propesaivel by 13 

weeks post challenge, severe degeneration of all joints was evident with articu1ar 

cartllage eroded, ebumated bone evident, Jarae joint rnarpn osteophytes, .,....,. 

~ and degenerative lipmentous structures (Pic ..,). 

ln joints necropaied in the fint 1. clay., m0rph01o&Y and proteopycan staInJn& of 
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fl& 3(a) Synovium 24 hours after intra-articular challenge with 7 • .5 mg ovaJburrûn. 
Note aIbsynovial spaces fUJed with blood. J1J paraffin H+E section. 

! 

,.) Synovium 7 days alter challenge l . .s mg ovalbumine Note polymorphor-&Uclear 
ceU 1nfJJtr'ate and synoviocyte hyperpasia. J1J paraffin H+E section. 

Synovium at IIf day. after cha.Llenae 7.' ovalbumine Note mixed infiltrate 
ex18ndinB deep into a synovium and praetK:e of reparative fibrobluts. 3).1 
...-affIn H+! leCtiGn.. 

...... .,...-,..,.,,....-------:t!'--_._-::-. ---- .- Tm. ~..., 
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.3(d) Synovium 13 weeks alter cha11en&e with 7.' ma ovalbumine Note 
hypervucularity, monocytic infiltra_ .... KeUmUJatlons; villi. 3lJ paraffln 
H+E section. 

5yIwrIum Z2 ..... cs after chaUenae 7.' ovalbumin. 
hyperYuadM'ity. 
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cartilage 'lias not si&nificantly different from aduJt controls. RadioautÔgraphs of "5 

inctJbated tissue showed uptake around the cells of the non weight-bearing areu and 

areas protected by meniscus. 8y 33 darI, weight-bearing areas of femur and tibia had 

clefts ioto the radial zones, pannus creeping from the periphery and encircling the 

peritendonous areas. There was significant reduction of Safranin-O staining throughout, 

and uptake of 3'sulphate was present on1y in the deeper zones of the non-weiAht 

bearing areu. 8y 33 weeks there was complete fibrillation, disorganization or ewtn 

erosion of the articular cartilage (Fig 4c). 

The early severity of the antigen-induced arthritis was not appreciated, moreover, 

Wltll one micron sections ,of plastic embedded cartilap were examined. 

Sections of cartilage fixed in vivo with toluidine blue and sections incubated ln 

!!!:! wi'th tritiated proline precursor as a measure of chondrocyte metabolic activlty 

were examined. 

At twenty four hours, serious effects on chondrocyte activity were Men 

throughout the depth of the cartiJa&e (Fig 'b). DecreaJed uptake by the chondrocy1e, 

an abnormal number of necrotic cells and decreased staining are noted. At seven days, 

thete c:han&es persisted and at 14 days, tittte uptake was noted over the chondrocytes 

(fig x). Furthermore significant fatty degeneration 'lias noted in these cells which in 

our experience has correJated very c10sely with degenerating chondrocytes. At 33 claya, 

litt!e si&n of recovery is noted; indeëd degenerating and dead ceUs were more evident. 

The pattern of cell death was not a surface phenomenon or even a phenomenon 

res1rictecl 10 one morphologica1 zone, but seemed to be sporatic and diffuse (Fig ScUte). 

At 33 weeks, sections demonstrated spotty survival and activity of chondrocytes. The 

matrlx was course and irregular and staining decreased (fig 5e). T.E.M. studies of 

thete cells aabstantiated our light micrOBCOPic findings of severe œIl compromise and 

..... tion. Pipres 6a te e demanstrate sips of surface coJJape, de&eneraq and ,) 
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fla~) Rabblt knee joint at necropsy at 7 1/2 weeks Uo clays) on richt; a normal knee 

joint pictur'ed on 1eft for compariscn. Note active synovitls, otteaphyte, Md 
focal eroUon of articuJar cartUace. 8e1ow: a 6", paraffln to1uidJne bJue 0 
-=tian non weilht-bearq ara, posterior upect of femoral candy1e. Good 
.... n.tian of c:artiIap architecture with cJoninc of chondrocytes. 

bl a 1 pl1.! l.t 
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Rabblt knee joint necropsy at 13 weeks on right; a normal knee joint pictures 
on left for comparison. Note fibrinous exudate, rice bodies, osteophyte 
formation, articuJar cartilage erosion and synovitis. Below, a 6lJ paraffin 
toluidine blue-O section in non weight-bearing area, posterior aspect of 
fernoraJ condyle. Cartila&e acellular, eroded almost to osteochondral 
junction. 



1 ~ :' 1 ! 

"-'_::";"~: 

4(c) Cartilage of 33 week AJA with 7.5 ovalbumine Note eomplete disorganization 
of articular surfee. 6lJ paraffin section, toluidine blue. 
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f tg ';(a) One mIcron sectionS of normal adult cartilase. On leh radloautograph 3H 
prohne Incubated tIssue. On nght. inSltu toluidine blue stained tissue. 

fig )(b) On right catilage at 211 hours, after challenge 7.5 mg ovalbumin. One micron 
Spurr embedded section, toluidine blue. On the leh at 48 hours, 3H proline 
lnvitro tnCUbated tlS5Ue showing metabolic actlvity, decreased staining, and 
necrotic ceUs. 

-
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fig 5(c) One micron' radioautographs of 3H proline incubated artiJa&e, lt da15 alter 
chaUenge 7.~ mg ovaJbumin.. Note decreued uptake over dMJndrocy1Ies Md 
fatty accumulations in cytoplasm. 

~ 
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hg 5(d) One micron racüoautograph of 3H proline incUbated cartüil&e. AIA w.th 7.5 ms 
OYaJbumin at n days. Only 2 œlls in whoJe field show active uptake. Empty 
Iacunar spaces and retraction of œUs from matrix typify chondrocyte 
degeneration. • 

fig "e) One micron radioau1OCfaph of lH praline incubated cvtilqe AIA 7.5 mg 
ovaJbuman at 33 weeb. Ceu popuiatian markecDy depneraœ wi1h loss of 
transitional œil layer and decreued toluidine blue stainin& of matrix. In the 
section on the richt, »me œUs Ihow in __ IICtivity in middle zone with IDa 
ln upper and )ower radiaJ zones. 
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nectotic cells at surface, radia! and tidemark areas. Viable ceUs con~ 

accumuJations of fine fibrillar materiaJ aaoci.ated by lOR'te authors wi1h 1he aseing of 

the cartilage. The wavey arrillllement or kinked appearance of the matrix collagen is 

an abnormaJ feature which our Iaboratories·have observed repeatedly in both t.lman and 

animal arthrltic cartilaSe. At the level of the tidemark, normaJ chondrocyœs became 

necrotic but did not have the appearance of those in fig. 6e (contrat fia. 12f). 

) 
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fil" Tr......... eJectron ~ Antiaen-induced arthritis, 1 weeka 
af1er ~ with 7.' ,.. onJunjn. Nene lUI'fKe colJaple and necrotic 
.... tial ceIIs. 

~ ___ ~_....,.~_ ............. ! ._ ....... W!lJ"!_· ___ f1!,i _0 ......... '----..- .... '" 
~'. 
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na 6(1,) Ace1n&. decompauatinc chandrocyte near the tJdemaric. Note Upid (L), 
fibrUJar ma1erlaJ (F), retraction of c:eU membrane from matrix. 
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fi& ~d) ln this radiaJ zone group of seven, only -one ceU 1s viable. 



1 

1 
·f 

1 
r , 

'i 
, 

. i 

( 

(,' 

fig 6(e) Deep in cartilage, the tidemark (T) i5 shown. A group of atyplcal flattened 
necrotic tells are noted above. 
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Hexuronic .cid can .. t~j the ... -.clin MIl ... dry wef&ht 01 c:artiJa&e as 
"-. 

a measwe of proteoalyan CCIIltent dropped after 1. day. Md ,........ clepreued (7b). 

Similarly the hydroxyproline can ... t dI'Opped .. remained depre.l8d; these chantes 

Wete consistent with the gradlaJ brellkdown and Joss of cartila&e matrix (FÏl7a). 

Specifie activities of lH prolJne Md "Sulphate in-vivo lncubated cartUaae, wren: 
,\ 

coœted in attempt to a.ssess the abIoJute and relative metabolic ..:tivity of the tissue. 

However, due to errors in desi&n and delay ln count.., the radiollctlvity of the dilests 

decayed to the point where correction factors were not u.fuIlnd no reJiable pattem of 

diUerent counts ln animaJ groups could be dlscernecL The ..... 1ts of thia portian of the 

investiption have been omftted. 

, 
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• 40 10.,10 ........ 100 1&0 

fJa 7Ca) Uppen HydroxyproJ.ine in JClml dry wei&ht of cartiJa&e. AntJ&en induced 
arthrit1a ... ith 7.' 1111 ov~rnin intra-articular c:haUenp dole. 

fi& 7,(b) Lowen Hexuronic add is IClma dry weiFt of cartiJa&e. AJA 7.' ovaJbumin 
intra-articuJar cha1len&e dole. 
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2.1 •• DISCUSSION: 

The ovaJbumin antiaen induced arthrltis of Consden et al U.) produced in rabbits, 

is early and severe. The histolocicaJ c:han8es were more compatable .,ith acute 

... cartila8e necrosis as was demonstrated by. light microscopy supported by 

radioautographs of precursor uptake studies, and verifie<! by transmission electron 

microscopy. Routine histologicaj preparations and biochemicaJ assays detected changes 

only to a lesser degree and far later in the course of the disease. 

"lth these rather dramatic and obvious effects, the reasons for the mode! not 

having been questloned before, may be entertained. 

This mode 1 has been employed for a number of immunological and biochemical 

studjes loto the etiology and pathogenesis of rheumatoid arthntis. Most controls and 

assessmenu of the mode! were in term'S of the degrees of gross joint enlargement and 

histologicaJ appearance of the synovi\Jm. Few studies have mcluded specifie attention 

to the cartilage. Furthermore, no studies have incluc:h!d the more sensitive techniques 

of plastic embedded light microscopy with precursor uptake studies" and TEM. 

Even more germaine, moreover, is the probable interpretation of the original 

paper by Consden et al (14). Theyexamined rabbits sensitized and then challenged with 

varible doses of ovalbumin (1 microgram to 10 milligrams) and noted !hat 0.1 mg ~as 

the minimal dose to produce. a chronic synovj~is, lasting at leut 8 weeks and then 

directed the remainder of their paper to the presence of the antigen in t~ joint and the 

possible pathophysiology involved. The unstated axiom seerned to be that any dose 

between 0.1 mg and 10 mg produced consistent joint inflammation lasting at ieast S 

weeks and as long as 1 year. The dose then, seeming relatively unimportant. 

Even more recently indirect evidence that the dose was relatively unimportant 

was reported by van 8eusekom et al (1'0) who scanned with 99T~m 
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pertechnetate the joints of ovalbumin induced arthritis using two different challenge 

doses 0.5 and 2.5 mg and found at one week that the uptake was the same suggesting an 

equivalent amount of inflammation. 

Having witnessed the profound chondrocyte necrosis by 7.5 mg on our animaIs this 

study indicates that the modeJ using the antigen challenge in the upper ranges quoted by 

Consden 15 inappropnate as a model of rheumatoid arthritis. It 1S obvious, then that aU 

immunochemicaJ conclusions prev10usJy drawn 'using this model should be seriously 

questioned. 
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2.3 Part 8 

MOOIFICA TION OF THE MOOEL 

Because of the starthng resuJts found, usmg the modeJ descrtbed above, we then 

lnvestlgated a modlftcation of the protocol for an antlg~ lnduced arthntts. Consden 

expenmented wlth dIfferent challenge doses and schedules and found that 0.1 mg would 

produce arthntls but .01 mg would not (14). It was unclear If the arthntls beCélfne 

chrome. Others have used as ItttJe as 2.5 mg, apparently wlth success (128,75,149). A 

challenge dose of 0.1 mg ovaibumm was then seJected and the effect observ~ 10 

synovial reactIon and artlcular carttlage. 

2.3.1 METHOD$ AND MATERIALS: 

An ldentlCal pr~Jocol was used, wlth the exception that 0.1 mg ovalbumm 

challenge dose was Implemented. 44 Jomts were exammed betWeel 24 hours and 65 

days, hlstologlcally and blochemlCaU y. 

2.3.2 RESUL TS: 

Usmg the "minImal dose" mtraartlCular challenge of 0.1 mg suggested by Consden 

grossly,~a synovitis perslsted at leaost 66 days, the artlcular cartIlage havmg Ci normal 

appearance, wlth sorne mcrease In Joint flUld (fIg 8a, b). 

The synovitls lacked the gross hemorrahglC stage of the hrst days seen wIth the 

hig~ dose challenge but persisted as an actIve synovltls at 14 days (FIg 9a). At 40 and 

66 days, the surface had returned to a single cell layer, but subsurface monocyte 

infiJtrates persisted (Fig 9bc5cc). 

Paraffin sections of cartilage at 66 days appeared not unlike normal controls (fig 

lOa). 35Sulphate in-vivo incubated tissue generally showed good uptake around the 
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fig 8(a) Rabbit knee joint necropsy at 66 days. Synovitis evident in intrapatellar fat 
pad. Articular surface is normal. 

fig 8(b.) Below: a 61J paraffin toluidine blue photomicrograph in non weight bearing 
area, posterior aspect of femoral condyle. Normal architecture and 
metachromic staining. 
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fig 9(a) Synovium 14 days after intra-articular challenge with 0.1 mg ovalbumin. Note 
monocytic infiltrates, synoviocyte hyperplasia and hypervascularity. 3lJ H+E 
section. 



fig 9(b) Synovium 40 days atter challence with 0.1 ovalbumin. Note chronic synovitis 
with hypervascularity and infiltrates on left. Reparative fibrobJasts noted on 
right. 3p paraffin H+E section. 

1-

.. 
fig 9(c) 'Synovium 66 days after challenge with 0.1 mg ovalbumine Note chronic 

synovitis with subsurface fibrosis, and round ceU infiltrate. 311 paraffin H+E 
section. 
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fig lO(a) 6,. paraff.in toluidine blue stained photomicrographs. ~O day AIA; non weight 
bearing area of posterior aspect of femoral condyle. Normal,architecture and 
metachromatic staining. (b) At 66 days architecture and metachromatic 

lfI staining îs unchanged from the 40 day group. 
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fig 1 Ha) One micron radioautographs of 3H proline incubated cartilage, AIA 0.1 mg 
ovalbumin a,t 14 days. Note uptake over chondrocytes is present in most cells. 
Sigr'lificant glycogen lipid accumulation is evident in ceUs. Archjtecture and 
staining are normal. 
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fig l1(b) One micron sections of cartilage AJA at 'JO days, 0.1 mg challenge dose. Note 

in upper photomicrographs depletion of staining in upper zone matrix and 
intense rims of stain around cells. Other cells have pale halos. Fatty 
accumulation is significant in chondrocytes. A double tidernark is present. 
Lower photomicrographs of 3H proline incubated cartilage demonstrate 2 
patterns. On the left: upper zones absent of uptake; on the right: aIl cells are 
active. Deeper cells have acquired large amounts of lipide 
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fig lHc) Upper: one micron section of cartilage AJA at 6~ days, 0.1 mg chaHerfge dose. 

51., 1 

There is prominent fatty accumulation but the cells are gener~ alive. 
Lower righ.t; and left radioautographs demonstrate two different patterns. One 
where surface ceU Jayers ,are preserved whUe lower zones are degenerate, the 
second where the surface is eroded to the radial zone with deeper 
chondrocytes still rnetabolically active. . 
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chondrocytes in the deeper welght-bear.ing zones ud throu&h the who1e depth in non-

weight bearing zones. ~ findings were similar to controIs. One micron sections 

incubated in vitro with tritiated proline showed active though decreased uptake at 14 days 
f 

(Fig lIa). At 40 days significant fatty degeneration and sporatic ceU death 'lias noted (Fig 

lIb). Matrix changes with decreased staining, double tidemark and intense staining .. 
around chondrocytes 'lias again demonstrated. These changes were more notable in the 66 

day animals (Fig Ile). 

Transmission electron microscopy of tissue' at 40 ~ days demonstrated 

characteristics of arthritic cartilage similar to thbse demonstrated with the high dose (7.' 

mg ovalbumin) challenge. The surface showed signs of progressive collapse and erosion 

(Fig 12a) and transitionai chondrocytes appeared near the surface (Fig 12b). Both heaithy 

and degenerating cells were noted in the radial z~ne but d~generating ones appeared less 

frequ'entIy (Fig ~,e). The Ùdemark cells were more typical of normal degenerating 
'" 

chondrpcytes (F" I2f)" in contradistinction.. to the bizarre ones seen in figures 6e. The 

fatty degener g chondrocytes and a double tidemark noted by light microscopy were 
, . 

'- again noléd (Fig 12 l+m). 

Hexuronic acid assays suppok,ed proteogIy.can depletion of a Iesser degree as 
. \ 

expected (Fig 13b). Hydroxyproline content was analyzed in only 2 groups of animaIs at 
~ . 

40 and 66 days and indicated a small decrease in collagen content. 

2.3.3. Discussion: • 

The minimal challenge doses suggested by Consden et al', provided a far more 

satisfactory arthritis lasting at least 66 days. 
d 

The synovitis was persistent at least to 66 days; the articular cartilage changes were 

consistent with graduaI degeneration of chondrocytes and matrix but were definately 
, . 

viable at 66 days. Transmission. electron microscopy demonstrated even more subtle 

changes, but, unavoidably, sampling was selective. However, the location of 
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fig l~(a) Transmission eJectron photomicrograph. ,Antigen induced arthrltis 0.1 mg 
challenge at .5 1/2 wetlks. Surface zone collapsed .. Transitional celllying just 
below surface. 
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fig 12(b) Fatty degenerating, transitionàl cell near surface. Above, a cell ghost . 
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fig 12(c) Mid radial zone cell pair. On right a normal celle The one on the left is 
degenerating. 
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fig 12(d) Near the tidemark, an ageing cell typical of those seen in normal cartilage~\ 
'~ , \ 
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fig 12(e) A cell simllar to (d). Matrix kinking of collagen is noted in u~per left • 

• 



fig 12(f) Normal appearing architecture of tidemark area.. V~Y orien1ed con.pn, 
rowMI degeneraq œl1s. 8eJow, a ca1cified cartiIap celJ. / 
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fil 12(d AntiCen-induced arthritis, 0.1 chaJlense. dose at 9 1/2 weeks. Surface has 
eroded and round ceUs typical of deeper Ja'yers appear near surface. 
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fig .2(1) HeaJthy mkI-radial zone chondrocyte. 
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fig 12(j) Viable radial zone chondrocyte witb dense material at extraceUular margln 
and ln cytoplasm, not membrane bound. 
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f18 12(1<) A radial zone necrotic chondrocyte. 1 
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fl& 120) A radial zone ....... tinI c:hondrocyte. Note llpid (L) and the tpaCe (G) 

bellewd to be an effect of the dehydratlon procesa an the intracellu .... stonId 
&1YCOIIft. 



l', 

li 

" 

'1\' 

{; 

t 
" 

\\, 

~\ 
" 

C' 
1 

1 . 
1 

1 
! 

1 
! 

• 

.. 



~~~~~~~~~-----------~ 

1 
1 

( ) 

.. 

( , 

• 

J 

J";' 

J 



1 
'f 1 

J 

c 

43. 

( sampling was consistently 1 cm proximal to the distal end of the pateJla'!' groove - an- 1 

area which, we, anticipated," was non welght bearing. JOOs, any changes seen here 

would b;'expected to ~epresent the lower end of the spectrum of articular damaae. 

• The biochemical studies were supportive evidence of ongoing articular damace. 

The ma&nitude of chanae in proteo&lycan w .. siplfiCllnt but the deb-èase in colJapn , 

wu minimaL Scintillation CCUltina of _esta ... lU'ifled hydroxyproline to au liS the 

.-cifie uptake of precutaon and carwerlion 10 co ..... and pro.,.1yc:an were not 

reproduceable. 

The wwtc clone by Lowl. et al il '..- tMt in MY'" .......... ted that ~ 
~ 

wlth 2.' mg of challeftp niarkecI joint chInIes JUCh .. those produced with 7.' mg, 

were feutd. We expect that if their material had been examlned by TEM that eyen 

rnoJe severe chondroc:yte ...... atian would have Men Ihown. One must conc:lude that 

if cOnctitians similar to rhevmatoid arthritls are expected the model must be useeS in the 

very early stacet, that il, ln U. fint two weeks even when the syncwium is still 

"KuteIy inf~ t« must be deYeloped UIinI a much lower dlaIJeftIe dose such as the 

.. reported. ~is~ techniques detcribed are more 'tenlitive and reliable 

........... of joint patholalJ. The lize of a joint and the appearance of the synovium 

are no ..... adequate ........... of a model on which are carrled out tQPbistiated 

1m~mical raearch in rheumatoid arthritis. A plea rMlSt be made to 

ltIndanIiZe the animal model of rt..matoid ar1hritil in the rabbit 10 that proper pre

clinicaI trlall Md bute tdenœ da. may have a IDUIMI pvundwGrtc. 
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3.1 

As dùcussed earler in titis tbesis, synovec~y has been one of the earliest 

surpcaJ procedures -airned toward the managèment of jOint pathology in rheumatoid 
, 

arthritis. It appears to improve the clinicat symptoms of the joint, pain, swelling and 

decreased mobllit)f and appears to retard the degenerative changes in the articular 

cartilage '(32,1f.5,49,71,IO,87,U,91,116, 117). Synoviorthesis, a medical synovectomy, to 

\Ile the ward coined by Delbarre, is logical in the evolution of the management of 

rheumatoid arthritis as it is characterized by the ablation of) the offending tissue 

synovium, by exposing it to a substance with selective toxicity, usually by"Ihjection (2.5). 

The advantages of such a regirnen, are obvious; the patient, who is a candidat~ for 

synovectomy, by nature, is often debilitated and a poor operative risk. ~ 

rehabilltation time aft« arthrotomy is often 6-8 weeks whilee with synoviOrthe$ÏS it is 
l' 

far shorter; and the cost and hospitafization time of major surgery if far great'"er ~ 

with Wf'C)viorthesis. 

The use of radioisotopes of biological or biol~ca.Uy inert substances to indu(e 

selective tissue necrosis has been' in use since the 19.50'5 and in popular use onJy s1née 

the early 1970's. In .. Western literature, one of the earliest substances used was gold 

. injected into pJ~ra1 or peritoneal cavities to control malignant effusions (122). A 

mixed ·be~ gamma etpitter, it induced radionecrosis of the mesenchymal linings, and 

inhibited the progression of the effusion. However it had unpredictable total body 

eftects and was very difficult to handle: ' 

"It has been caJculated that when 100 rnCi are pJaced in a perltoneal cavity, there 

~ 

js emitted from the patient, ~ rnr per hour at a distance of 'feet. It is 
neceaary, therefore, tu keep such a patient at least 6 feet from dther patients in 
orcier to S'tay within the maximum permisslbJe dailY'radiation exposure; a nurse, ~ 
for example, may he within 2 feet of the patient for no more than 20 minutes 
eadt day" (66). ~ 

1 

Other emlttors were soustlt that produced adequate penetration of tissUe, 10w risk to 
"" " l , 

the operator and pa~ and would rernain in the cavity be~ treated withsJut cn,tfusion 
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lnto 'the \lascular and lymphatic compartments. Chromic phospha.te in intracavitary use 

'was first reported .by Jacobs in 1950 (66) with severa! follow-up clinical reports in ,~he 

following few years on its effect in malignant'\effusions (67,66,107,110,151) and on lts 
. '- . 

metabolism (122) and distribution (29). 
... 

The principle of selectixe tissue destruction with radioisotopes (198Au) was 

introduced in the human knee as a therapeutic modality ~n '1962, by Ansell'<'). In an 

abstract in the Journal of Nuclear Medicine, Johnson in 1967 (69) is noted using )2p for 

synovial effusions. In 1973, Winston and Bluestone (161), reported using chromlc , 
phosphate in lieu of 198Au in nine patients with rheumatoi~ They pointed out 

ht 32p had a similar energy level as gol'c:1, a long~r haIf-life, a greater penetration of 
beta rays, no gamma rays, and "€ould be found in the !ymph nodes, livet and sacrum of 

only one of nlne patients ln whom activity had obviously' escaped hèmatogenously • . . 
• 

Furthermore, whatever actlvity was detected in urine or blood in these patients was . 
c~eared in two days. The highest value in urine obtained was 2.3 J,lCi!1 ~the first day 

and in blood 0.15 J,lCi/l. No evaluation of short and long term results was made, save 

for the fact that there were no acute flare-ups· post injection. Since that time, 

rnoreover, chromic phosphate has continued to appeal in the literature as an accepted 

isotope for treatment of intractâle synovitis (105,125). There have. been no detailed 
, 1 

stu<;lies of synovium and cartilage of normal rabbits treated with 32p nor controlled 

studies ig,. the arthritis animal model. 
, 

/The experiment reported in Part A details the effect of 12P-colloidal chromic 

phosphate on the rabbit knee joint, ~slng 0.1 mCi, a dose calculated to be compu.abie tcf 

the 2~4 mCi, empJoyed c1inically in the arthrit1c knee joints of patients with refractory 

joint symptomatology. In Part B the eftect of the isotope on the antigen ~ 

arthrltic knee joint of the rabbit is report~. /( 

... 

, ,. 
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3.2 Part A 

EPFECT OF 32p ON NORIIAL KNEE JOINTS 

3.2.1 METHODS AND MA TERIAlS: 
-~-~ 

Twenty new adult New Zealand white rabbits of both sexes of a m~m age of 6 

months were used, all from the same breeding farm. 32Chromic phosphate (Phosphocol-

32p Mallinkrodt Inc., Missouri. - S.A. 313 mCl/mg), 0.1 mCi ID 0.2-0.5 ml volume 'lias 

injected bilaterally into the knee joints of 20 rabbits through an infrapatellar tendon 

approach under general anaesthesia (Xylazine 5 mg/kg and ketamine 35 mg/kg). The 

knees were put through passive range of motion 25-30 times before retuming them to 

their cages. The animais were divided into 4 groups of .5 animais and sacrificed at 4, 9, 

16 and 26 weeks. 

Each of the groups was handled similarly. Ali animais were harvested of synovium 

which was fixed in Bouinls solution for paraffin sectioning, staining and radioautographs 

to demonstrate 32p. One animal was harvested live of synovium which was incubated 

for 60 minutes at 37°C in a Dubnoff metabolic oscillating mcubator under 95% 02 and 

.5% C02 controHed atmosphere in incubation media (Minimal essential media Flow 

laboratories 12-102) containing .50 llCuries methyl l, 2-3H-thymidine (NEN NET-.512) 

(S.A. 101 Ci!mmoI). The specimens were then washed four times with' a total of 200 ml 

iced saline, agitated, and the tissues fixed in Bouinls solution for paraffin embedding, 

and preparation for radioautography (73). Four joints were harvested of femoral 

condyles, immediately fixed in 10% buffered for malin (Fisher .50-F-lOO) containing 0 • .5% 

cetylpiridinium chloride (C.P.C.) for two weeks and then decalcified using 10% EDTA in 

1 M NaOH at pH 7.4. Paraffin sections were stained with routine toluidine blue and 

Safranin-o, and radioautographs to demontrate 32p were prepared. Two joints in each 

group were injected intra-articularly 24 hours prior to sacrifice wlth 2.50 lJCi 3.55 (NEN

NEX-041 Sodium sulfate) and harvested of whole joints, immediately fixed in 10% 
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formalin and C.P.C., deca1cified and parrafin embedded for radioautographs to 

demonstrate 35S uptake. Prior to sacrifice, cartilage was hand-sUced from femoraJ 

condyles incubated in 10-20 }!Ci L2'J'-H proline (NEN-323 S.A. 29.5 Ci!mmol) in Krebs 

Ringer bicarbonate solution under the same conditions of incubation for 4 hours. The 

tissue was then cold chased for 15 minutes and transferred to N glutaraldehyde /0.1 M 

sodium phosphate for 3 hours. AU tissue was then decaJcified ovemight in 4.13% EDT A 

(pH 1.4). Slices of cartilage were also lmmediately fixed in 2% glutaraldehyde for 3 

hours and then decaJcified in 4.13% EDT A pH 7.4, prior to fixation in osmium and 

prepared routinely for TEM (155). 

Two weeks aiter intra-articular injection of 250 uCl L(2' 3,_3H proline (NEN-323 

S.A. 29.5 Ci/mmoI) and 24 hours after 250 uCi 35Sulfate injection, 4 joints were 

harvested of aU cartilage of the femoral condyles, patellar groove and tibial plateaux, 

care being taken to avoid areas of fibro-cartilage. The shavings were blotted, wet 

weights obtained and then frozen for individual analyses of hexuronic acid and 

hydroxyproline. 

Paraffin embedded synovial specimens were sectioned at :3 microns and stained 

with acid hematoxylin and eosin. 'Ole cartilage vas sectioned at 6 microns and 

prepare<! with stains 0.1% toluidine blue and Safranin-o (73). Paraffin sections 

prepared for radioautography were coated with llf0rd-4 (Word Ltd., Essex, U.K.) and 

exposed, developed and stained with standard hernatoxylin and eos.in. 

T ........... electroo mic:roecopy: 

ArticuJar cartilage 'lias eut prior to fixati9n 50 as to permit full thidcneu 

sectioning follawing embedding. Samples for transmission e1ectron rnicr'OIcopy wete 

fixed in 29(, glutaraldehyde/O.l M sodium phosphate (pH 1 •• ) containing (0.1" toluidine 

blue) a proteoglycan stabillzing agent for two to three how's, rinled in 0.1 M .adlum 

j 
f 
1 
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phosphate buffer containing 0.2 M sucrase and 0.02'" toluidine blue for 30 minutes -

postfixed in 2., OSOIf in 0.1 M sodium phosphate ~lus 0.02.5% toluidine blue for 2 hours 

and ethanol œhydrated (30%, ~, 7.5%, 9'%, l~ - 10 min. each for 3 changes) (BO). 

Blocks were then tréll\$ferred to a Spurr/absolute ethanol 0:1) ,infiltration mixture for 2 

hours then into Spurr aJone, and then pl~ed in a dessicator and heJd under vacwm 

ovemight (134). Blocks were flat embedded in Spurr to permit full thickness sectioning 

and polymerized at 70·C for 18 hours. One micron plastic sections were eut with glass 

knives and placed on subbed glass stiefes; the uJtrathin (600-800AO) sections were eut 

with diamond knives and placed on 200 mesh fiJmless copper grids (J 34). A Reichert 

Ultraeut 'lias used for sectioning. The III sections required no further staming as they 

were stained in situ with the toluidine blue 0 during the fixation process (130). The 

ultrathin sections were stained for 30 minutes with 2% uranyl acetate (in .50% aJcohol) 

and for 10 minutes with 0.2% lead citrate (U2). A Philips 400 transmission electron 

microscope 'lias used in the study. 

R"""""""': 

Tissue 'lias fixed and processed as above without the addition of toluidine b1ue and 

decaJcified. Toluidine blue could not be used because of a chemicaJ reaction that takes 

place between the toJuidine blue ond emulsion layer which results in artificiaJ grains 

(129). One micron thick sections were placed on subbed slides and dipped in total 

darkness in Ilford L4 nucJear track emulsion (1:2 dih.ttioÔ) : air dried, stored in sea1ed . . 
black plastic boxes containing a drying agent (silica-geI) wi,th a bJank slide between 

each sUde containing sections, and stored at 4·C for 3-4 week~ (11). Following 

exposure, the slides were brought to room temperature and ~eloped in 0 170 (6 min), . 
rinsed in tap water and fixed in 24% sodium thiosulphate (l0 minutes) - rinsed for an 

additional 10 minutes in running tap water and air dried. To permit heating the slic;les, 

which is necessary to ensure adequate staining of plastic sections, the developed 

t' 
. , 
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emulsion required harctenin8 to prevfftt swel1in& durin& heating. Hardenin& "as clone by 

placing the slides in IOcr, formalin at room temperature for 10 mimœs, rinsinB and 

again air drying (120). The slides were then stained on a hot platewith 196 toluidine blue 

in O.'C16 sodium borate. Ail slides were coverslipped using unpolymerized Spurr and 

placed on a hotplate ovemight to polymerize the plastic. 

Cartilage shavings from each joint were analyzed teparately. The tissue was 

powderized using a freeze miller, and then suspenc:Ied in , M acelle acid. A pepsin 

solution of 1 mg/ml/50 mg tissue (Sigma P-7012) was added and the tissue alJowed to 

digest at 4·C with constant stirring for 7 to 9 days. The digest was., neutralized to pH 

8.6 with NaOH to inactivate the pepsin and then dialyzed in cellulose tubing asainst O., ' 1 

M ace tic acid till the dialyzate was free 01 counts. The solution was divided mto 1 

aliquots for hexuronic acid, hydroxyproline and DNA analyses. 

Hexuronic acid analysis was made aceording to the method of Bitter and Muir 

using sodium tetraborate in sulfuri~' acid and carbazole in ethanol with a standard of 

glucuronic acid (9). An aliquot was anaJyzed for counts of l5S and 3H using a Beckman 

Scintillation counter with a two channel simultaneous readout apd automatlc quench 

correction • 
• 

Hydroxyproline analysis was made according to the method of (Stegemam) (13n. 

The solution was first lyophilized in a centrifuge dryer ovemilf\t and resuspended in 1 

ml 6N Hel and hydrolyzed for 18 hours dried and resuspended to constant volume with 

6N Hel. A 100 lJITll aUquot was then transferred to heavy chromatograph, paper 

(Whatmann 3 MM). Using a butanol, glacial acetie acld "ater IOlution (':h2) the 

ample was separated over 16-U.how's, dried, the proJ.ine and hydroxyproline bands O.It 

out and eluted in water (lI). Hydroxyproüne usay usina ch10ramine T and perchIoric 

acid was carried out and scintillation counting of the proJine and hy*oxyproUne eJIantI 

weremade. 



l 

Deoxyrlbcn.lcleic acid analyIes were made accordin& to the method of ErwJn 

Stolchecki and Florini (36). 

3.2.2 RESUL TS: ,. 
A t sacrifice, the joints were genera1ly \.IVefMrkabJe exapt for 1ft annular .... of 

fibrosis SUrround~~t of insertion of the need1e throu&h the infrapatelJar tendon 

and synovium. The remaJnder of synovium was not hypernic or villous; the cartUaae wu 

smooth and pearly white. In only the occasional joint was there MY increaIe ln joint 

fluid - one of which was slightly murky (fig 14). 

The synovium of 4 week tl"eated animals was generally reactive with new veael 

formation and reactive subsynovial fibroblasts; a.er of disorganlzed new co1la&en 

seen beneath the surface of synoviocytes (fil 1,.,). At' weeks, the surface ceUs were 

either reactive with neovascularization, dead or showing signs of deseneration wlth Joss 

of ceU to ceU contact and extrusion into the joint. The subsynovial layer was fibrotic 

Ws lx). At 16 to 18 weeks, oddly, the surface cells were more degenerative, Joss of 

pU borders, extrusion into the joint, and marked fibrosls (fig "<1). At 26 weeks, the 

surface appeared normal, but reparative fibroblasts, giant cells and new col1qen 

indicated an ongoing reparative response to injury (fig "e). Tritiated thymidine uptake 

by synovial ceUs incubated in vitro was proportional to, the number of cells in the field 

and IlOt different from controls. 

Paraffin embedded sections stained with toluidine blue and safranin-O, were 

a.ntially norNl with preservation of metachromatic staining in all areu save for the 

weight-bearing surface of the femoral condyle - a phenomenon considered normal in our 

Jaboratory (fig 16). 3'5 incubated radiographs at 11 weeks showed uptake in aU zones 

exc:ept superficiaJ zones in weipt bearin& are':' At'26 weeks, good uptake wu noted in 

the 2 joints examined. 

One ftÜCron Spurr eriM!dded sections were more informative. At 4 weeks, the 

c:artiJapt Nad poet depth, ...... fttion of the rnatrix and a pnera1ly metaboJically 
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fIIl~ 3tt thymidine in-vitro incubated synovium trom a normal rabbit knee. Note 
the linIIe caU layer on surface and fatty tissue below. 311 H+E. 
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Synovium .. weeks alter intra-articu~...,g,l mCi 32p. Note the new .-J 
formation, focal f!brasis.. Ara ln ri&hr,photornïaograph la ROt fJbrotlc. )p 
H+E. 
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till~) s,novlum .... elca after 1ntra-articuJar Injection 0.1 mCi )2P. Note ln .". 
..... thlck KeUular flbroeia c..,., Iefdt reICtiYe aylMWUn wlth new ....... 
.... flwosis (upper rJahdJ Inàct ..t.ce wlth laaIe ... coIIIpn (Iawer left), • 
....... with 10a of normal œJl-tD-ceU deflnition and l&.II»aurface fIbrotis 
(Iower richd. 
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fia IJ(d) Synovium 16-18 ..... 5 alter intra-articular injection 0.1 mCi 12P. Top, 

radiolutograph of lM thymidine in vitro incubated tissue; two cells hue 
upl!ake. Lower group: upper Jeft extensive flbrosis, giant cell Is visible; upper 
rWh~ kne.e .. top IICtion, demonstratlns ~ fibrosis. Lower Ieft 
and rJ&h1t demonItra1e loIS of normal celL 10 ceIJ contact lp H+E. 
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fil Il'') One micron JeCtians ~ ..... aher 0.1 mC1 12p intra ......... 
injectian. Note lMI'ked fat .... IIJ'CtI.n ICCUIIUIatilllna in c:elll. k:tece 11 
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r. 17(è) One micron sections cartilage 8 weeks after 0.1 mCi 32p intra-articular 
injection. No.-e Joss of tangential layer, decreased stain, intensely staining 
halos arCUld radial zone ceUs, fatty accumulation in cells. 

fia 11(d) One micron sections cartllage 18 weeks after 0.1 mei 32p intra-articuJar 
injection. on telt toluidine b1ue section showing fatty and gJycogen 
aa:un..Jation· in ceUs and irreguJar superficial- zone matrix. On right 
radiop'aph shows diminilhed UP~ over most ce11s with necrotic 
chondrocytes in tangt!ntlal zone. 
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fig 17e 
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One micron.,radi98utographs cartilage 26 weeks after 0.1 mCI 32p lntra
artlcuJar injection. Note complete absence of uptake of 3H pro11ne precursor 
by eells; abnormal cytoplasmic accumulatIons; flecrotic cella, surface 
dlsorganizatlon; deep zone matrix irregularity. . 

.J ! 

t 

1 -

Il 



( 

( 

57. 

active chondrocyte populatIon. Fatty accumulation, an early indicator of ceU 

degeneration, in our opinion, was seen to an abnormal degree in all joints examined (fig 

17b). At 8 weeks, the chondrocytes appeared to have had some insult; there was an 

intenseJy staming rim around some, a halo of depleted stain around others suggestive of 

failure to produce proteoglycan ln an amount required or a depJetion of proteoglycan (fig 

17c). At 18 weeks the chondrocytes were stilJ viable but metabohcally Jess active than 

normal tissue. A curious pattern of decreased uptake of precursor was noted at aU leveJs 

of the cartIlage (fig 17 d). At 26 weeks, the surface of the cartilage began to breakup, 

many chondrocytes were cJearly necrotic. The remainder showed little or no uptake of 

the metaboHc precursor, 3H proHne (fig 17e). The study of 26 week 1 micron ~ctioned 

cartilage was hmited to 2 Joints ànd may be anecdotal. 

TEM studies of 4, and 26 week treated ammals demonstra~ed strikingy abnormaJ 

findings. The cartilage depth was decreased (fig 18a); the matnx had an odd amorphous 

edematous appearance; many ceUs were genuinely necrotic and had a bizarre appearance 

(fig 18h-k); others had remarkable accumuation of glycogen materiaJ (fig 18c). The 

lacunar spa ces contained smaU darkly stam spots, presumedly proteoglycan (fig 18e). The 

areas immediately surrounding the cells were often devoid of stain suggesting depletion of 

proteoglycan (fig 18c). The matrix show éd a curious irregularity, sometimes called 

"matrix streaks" in the literature and demonstrated earlier in our arthritic specimens. 

1 Whether this was a depletion of intercoUa\enous proteo~lycan allowing kinking of the 

fibrUs is still speculative (fig 18f). 
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fig 18(a) Transmission electron microgr~ of articular cartilage, four weeks after 
intraarticular injection of 0.1 rnCi 32p. Surface ceU and adjacent "ghosts". 

.J_~_~~~; .. ~+~,~_::"_~_M1 __ "'.IÔlII) ___ "':_7-_"''' __ -,_--'11"""".' _L_'" 
• L ..... _~ ... .. ' .. 



( 

fig ll(b) A chondrocyte scar. ~r space is filled with course disorganized coUagen 
fibrUs. 
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fig 18(c) A viable chondrocyte pair. PericelluJar material "lth fine dens1ties of 
proteoglycan and co1ll&en fibers. CeU membranes have retn.c1ed from matrbt
to abncwrnaJ degree leaving a "halo". Lipid (L) and glycogen (G) .xl fibrUlar 
(F) materlal in cymplasm in abnormal amcuats. 
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fia 11(d) Ano1her chondrocyte pair simUar to fig 11 c. 
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f1& ll(e) Chœdrocyte pair near IUrface. Note retraction of ceU membrane trom matrlx 
and aCcumulation of pratfqlyan in "Ipace". 
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fla llU) T1demark (n and above, "matrix streaks" or waves of course COll ...... fibr1Js as 
prwiously aeen in arthritic cartila&e. 
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filla<a> CartiIap 26 weeks alter 0.1 mei 12p injection. Surface (S) is nonhorno&enous 
with necrotlc tancentlal cells. 
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fIIll(h...Ic)Blzarre necrot1c ceUs with ...... accunaaJatians of denIe material (DM), . 

..u amprtated cytoplumic portions, and Jacunar 111** of protëo&lyc:an 

..... terlat (PG). " 

L _ .... 4. 

".. .. ,IJ. ... ''''- .,E.illIiM JI!.. . O .• , 1,1 j" - :.' 



-

() 

o 



! 'C 
i , 

l 
f 
\ 

l 
> 

( 

fJa ll(j) 



r 

( 

fig 18(1<) High magnification of 18j. 

() 
.. , 



l 
,;' 

1 

( 

(-

fig 18(0 A bizarre necrotic chondrocyte at the tidemark (T). 
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Biochemlstry: 

Hexuronic acid content measured in microgram per milligrams drr weight of 

cartilage as an indirect measure of proteoglycan content did not reflect the histological 

and staining evidence of depletion of protëoglycans (fig 19b). Hydroxyprollne measured 

in micrograms per milligrams dry weight of cartilages and indirect measure of collagen 

content showed a s.ignificant dec1ine in concentration with a recovery. The latter might 

be a spurious result or might reflect the 1055 of cartilage substance of cells and 

proteoglycan leaving a proportionately higher concentration of collagen despite less 

cartilage bulk and weight. 
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fig 19(a) Hydroxyproline content in J,Jg/mg dry weight of cartilage aiter intra-articular 
injection 0.1 mCi 32p. 
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19(1) Hexuronic acid content in lJS/mg dry weight of cartilage after intra-articular 
injection of 0.1 mCi 32P. • 
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3.2.3 DISCUSSION: 

The effects of 32p on normal joints appears not only to be a real one, but also a 

negative one. The isotope at doses we believe to be "therapeutic" produced a spotty 

fibrosis in the synovium which as demonstrated, was alive and active, indeed, as early 

as 4 weeks after injection. This resembles little, the joint lining after surgical 

synovectomy described previously (87). The changes in the articular cartilage of 4, 9 

and 18 week animaIs were suggestive of some insuIt; the 28 week plastic sections and 

TEM studies were impressive and aJarming even though the latter are based on a study 

of 2 joints. 

The study of 32p in rat knee by Ubios (148) using rather high (0.2' mCi, four times 
; 

therapeutic) doses reported severe cartilage disorganiZation with time. We wonder if 

his findings heraid those of ours to come, in long-term studies presently underway. 
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3.3 PARTB 

EFPECT OP 32p ON KNEE JOINTS OP THE 

RABBIT 1fITH ANTICEN INDUCED ARTHRITIS 

3.3.1 METHODS AND MATERIALS 

60. 

Twenty adult New Zealand rabbits of the same age and weight were used. One 

miUigram solution of ovalbumin (Sigma A-5503 grade V crystallized and Iyophilized) in 

sterile water emulsified in an equal volume of Freunds complete adjuvent (Oifco Lab. 

063859) to give a final concentration of 1 mg/ml emulsion 'lias prepared and aIl animals 

sensitized intradermally in 5 sites each on the back. On day 14, a second sensitization 

'lias made with 0.5 mg ovalbumin in 0.5 ml emulsion in 3 sites. On day 24, the animaIs 

were skin-tested \\tith 20 micrograms ovalbumin in 0.1 ml water in 2 sites with controls 

of sterile water. AlI ~mals had positive skin tests and 'Nere then challenged on day 30 
..... , 

with 0.1 mg ovalbumin in s'fledle solution injected into each knee as described earlier. 

Ten clays after challenge O.;~ mCi chromic phosphate 32p suspension (Phosphocol 32p, 
, 

Mallinckrodt Inc, Missouri) "'as injected under general anaesthesia into the right knee 

joint and 0.5 ml normal saline 'injected into the left joint. The knees were put through 

passive range of rndt10n 25-30 times before retuming them to the cages. 

The animais were divided into groups of 10 and sacrificed at 4 and 8 weeks alter 

treatment. The sarne protocol for analysis was used as described in Part A. 3 animais 

were harvested of fe,noral condyles; 3 animais were incubated in vivo with 3'5 and 

whole joints fixed; • animaIs were harvested of cartilage for biochemical studies. 

3.1.2 RESUL YS: 

Examination of the joints of control and treated anirnaJs up to 66 days reveaIed no 

grou abnormalities. The sarface wu sm001h .net pear1y; the fJuid was dur (fia. 20), 

One joint had early marginal osteophyœs. 
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days post induction of arthritis), tritiated thymidine incubated synovial amples 

demonstrated a monocelluJar surface layer with active uptake indicative of dupllcating 

synoviocytes. Monocytic cellular infiltrates were present as evidence of onsoing 

synovitis. Most had subsurface fibrosis. The treated animaIs also demonstrated a1J the 

feature5 of chronic arthritis but no changes specific for radiation damage. In 

particular, there was no swelling of synovial cytoplasm or nucleus, no chromatln 

clumping, no obliteration of the capilleries, or fibrosis out of proportion 10 the arthritis 

induced (fig 2ib). At 60 days post treatment, a fibrotic subsurface remained; the 

synovial cells were again monolayer, and the subsurface still contained an infiltrate 

(fig.2ie). 

c.tiJa&e: Five micron sections of paraffin embedded tissue stained with safranin

o and toluidine blue demonstrated early clefts in the weight-bearing areas of tibial 

plateaus, marginal pann~s and staining was decreased in weight-bearing areas of the 

femur. The tibia and non-weight-bearing areas of the femoral condyles stained 

normaUy - changes aU compatible with early degenerative arthritis. These changes 

were not different in control and treated animals (fig. 20) • 
• 1 

One micron sections of Spurr embedded cartilage stained in situ with toluidine 

bJue demonstrated c1early the more subtle signs of chondrocyte degeneration. Fatty 

degeneration and retraction of the cytoplasm from the surrounding matrix creating a 

.Iac:ta\ar space was present. The changes appeared more noticeably in the upper radial 

zone in sorne sections but in others could be quite sporatic in distribution (fis. 22b). : 

Subt1e differences were noted with treated tissue dernons1ratin& healthier cells. / 

S~ incubated in lH"'PI"OUne, Spurr embedded and coated for radioautography 

1NI'e aarninect: upUke of lH-proUne as evidenced by mye!' grains overlYin& the 

dIandrocy1les demanstraœct the metabolic activity of the cells. It was evident mat 
lipifiant inIult Md occurred tD the chandrocytes - -sain sporatica.tJ.Y but olten 

, " 
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\fi& 21(&) Radlaautoaraph 3H thymidine incubated normal rabbit synovium. 3" H+E. 

(b) 
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CONTROL TREATED 

fil 21(c) 5ynoyium antla. ... induced arthritis control, upper left 3" H.E; and 60 daYI
al_ 0.1 mCl '3Zp, lntra-.rt1cuJar injection, Upper rl&ht lower sections: hJch 
......,wcation of control and trea18d joints. Note persistence of InfUtrates, 
flbrosis and veseeJs. 
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CONTROL TREATED 

fJa 22(b) Above: one micron section inIltu staJned c:artiJqe antJaen-induced arthrltis 
control on .left, 30 daYI alter 0.1 mC1 32p lntra-wticu1ar injection. Note fatty 
aa:umuJatlons, Iaanu' apaces, perticuJarly upper zones of bo1ta cOntrol and 
treated. 

11& 22(c) BeJow. radioau~ of 3H prollne incubated cartila&e. Sporat1c decreuecI 
upllke noted. Treated joint demonstrated fewer: metabollca11y inactive eeUs. 
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fig 22(e) One micron insltu stained sections of anhritic cartilage. Left control. Ri&ht, 
60 days after 0.1 mei 12p intra-articuJar injection. Note more loss of 
..,erf1cial ceUs, and fatty degeneration in control, verses treatecl. Sisnlficant 
decreued stain1n& is noted about the chondrocytes in both groups. 
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62. 

pecullar to the upper radial zones (fig. 22c). Here, however, control and treated 

animais appeared düferent. Though it could not be quantitated, the cell population of 

the treated animaIs seemed healthier. There were fewer degenerating cells. The 

matrix of the cartilage stained well but appeared to have a course fibrillar appearance 

more 50 in control animais. Staining was variable; halo-like rings appeared around some 

cells, other areas were relatively devoid of stain, other areas of stain appeared to 

highllght the fibrillar nature of the deeper zones of matrix (fig. 22b,c,d). Again though 

no clear pattern emerged, the signs of injury and cartilage decompensation observed 

was less severe in trea ted animais. 

At 60 days, these observations persisted and were more obvious; control cells 

appeared degenerative and frankly necrotic. There was less intense uptake of 3H

pro1ine, and, at times, large areas were completely deficient of uptake (fig. 22d,e). 

TEM studies confirmed impressions made by light microscopy of cellular detail. 

There were no cell characteristics peculiar to the 32p treated animaIs. The changes 

observed in arthritic cartilage were evident: excessive accumulation of lipid, fibrillar 

rnateriaJ in the chondrocytes, frank necrosis, surface collapse and erosion coarse 

arrangement of matrix coUagen, and a double tidemark (fig 23a-h). These changes were 

more obvious in the 8 week controls than in the treated animais (fig 23j-o).(.. 

Hexuronic acid and hydroxyproline analyses measured in micrograms per 

mll1i&rams dry weight of cartilage as indirect measure of proteoglycan and collageq 

content respectively, showed ,a graduai decline in concentration consistent with 
~ ~ . 
depnerative arthritis (fig 24a,b). Values varied and no pattern in treated animaIs was 

evident different trom controls. Specüic activities of digest and purified samples were 

meuured but values were too 5Cattered to interpret rellably. 

______ ~ .-......-_.0.-.......... ---....... _ .... __ , ___ ......... __ ._. ___ • _____ -:-._., ___ ,_,~",_~. 
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fig 23(a) Transmission electron micrograph. CartHage with antigen-induced arthrltis. " 
weeks after 0.1 mCi 32p mtra-articular injectiori. Surface collapse 15 evldent 
with appeareance of transItion al cells near the surface. 
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fig 2J(b) TransitionaJ zone chondrocyte with tremendous lipid accumuJation (Li) and 
lysosomes (arrow). 
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fig 2J(c) Radial zone "aping" œil. Noœ fibrillar material (F). 
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fig 2l(d) Another "ageing" cell. (P) Fibrillar materia!. 
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fig 23(e) A heaJthy pair r the radial zone. 
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fil2lW Midzane lipid fi1Ied ceIl wad rnatrix kindn&- Upper ~ft, a œU "IIa-f' (arrow). , 
1 (~ i, 
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fi& 23(a) Midzane deienera. cbondrocyte and matrix irreprJarlty • 
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fic 2l(h) Matrix streaIcs Odnkina> deep .in cartiJa&e. 
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fl& 2)(1) Tldemark wlth coane "klnkecI" matrix. 
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.. n(j) CartJJaae with antigen-induced arthritis, a weeks after 0.1 met 12p lntra
articuler injection. Surface cel1 and rnatrix changes are more obvloua than in 
the • week control group. Chan&a, however, of theIe treated animais were 
comparable with controJs. Note surface irrepJarlty and proximity of nutd 
ceIJ tG the surface. 
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fil 2l(k) Mere, the surface matrix il disorpnized. The ceUs necrot1c. 
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fla 2l(J) A bizarre c:hondrocyte in 1Jw: radial zone : the eu celle Lipid droplet (L) with 
lUI'nUIdlnC fJbriUar materlal (F). PericeJhdar area fll1ed with proteos1Ycan 
<-r'ow) Md denIe ipOts which are 1hou&h1 to be protea&lycan precipitates or 
... _rdown procb:t. 



o fig 2J(m)A ceU pair in the, ra~ zone. Note the "haJOstt of dense proteosJycan (arrow). 
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fic 2l(n) The tidemark area. Cells are round, ageing and degenerative. 
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fig 23(0) Atypical degenerating ceUs in the tidemark area. Note again arrangement of 
coarse collagen fibrils. 
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fig 24(a) Hydroxyproline content ID ug/mg dry weight of cartilage of antJ.gf2 mduced 
arthritis. control vs. antlgen mduced arthntls, treated with 0.1 mCi 2p. 
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fig 24(b) Hexuronic acid in J,tg/mg dry weight of cartilage of antigen induced arthritis, 
control vs. antigen induced arthritis, treated with 0.1 mei 32p. 
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3.3.3 DISCUSSION: 

The concept of radiation synovec1Dmy, essentiaUy a SCUMi cne, li baed on the 

supposition that one can control cr predict the effect and t:herefore depth of radiation 

damage 10 a tlssue. 
1.. 

ft 15 moreover, very difficult ta predict in vivo what damace radiation will have 
• 

on a tissue as discussed ID chapter 1.3. PhysicaJ princip1es carl only be a ~ guide. 

The doses used clinically and expertmentaUy seem ta œ estimated roughly by different 

methods and WJth different resuJt5. ft has been ca1cuJated that the beta dose of Au1'1 

15 76 radstgm/mlcrocune (67). Ten uCl appl1ed to an adult Imee of 300 grams woukl 

expose 6300 rads to the synovium (51). Chromlc phosphate dose rate 15 185 rads/gm/l!Ci 

and thus has a ten foid actJVlty (67). The average dose used c1inicalJy 15 2-4 uCi in the 

knee Jomt (125). A slmllar theraputlc dose 15 estimated based 00 a hoUow !IpIhere and*' 
the surface area. The e5tlmate of surface area (S.A.) m an aduJt knee is 153 cm2 and 

for the mterphalangeal Jornt of the hand, 4 cm2. The rabblt knee S.A. 15 approximately 

the same as the ftnger lOlOt and therefore 15 approxlmately 1/'0 that of a knee. Thus 

0.05 to 0.1 ~Cj should be an appropnate dose to the rabblt knee. 

Our studies on synovitic Joints treated with 32p did not demonstrate a 

synovectomy nor reproduce the findings of Pavelka (109) with 0.1 mCi 90y in arthritic 

rabbits, of fibrosis, diminlShed number of ceUs in the surface, and thrombosis of vessels 

m synovlum. Was the dose too low? We believe not, since evidence of sorne effect on 

cartilage was demonstrated. Was the dose 50 severe that what we observed was a 

completely regenerated synovium? If so, then the damage could not extend below the 

surface since the deeper layer did not show the expected radiation effects on vessels 

and connective tIssue. However, it is possible that radiation effect occurred without 

obvious v~cular damage. In a pilot study where 10 times the theraputic dose (1.0 mCn 
- 1 

was injected into an animal with acute synovitis, 7 and 21 days taler, there were dead 

cells, vacuolated cells, and 1055 of ceU to ceU contact on the sur1ace, but no valCUlitis. 
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Vestel thrornbosis and va.sculitis, did not reliably indicate a state of radiation damage in 

our studies. 

Regardless of whether a synovectomy occurred, however; cartiJa&e degeneration 

continued on rD slow course rqardless of the events taking place in the syncwium. The 

difference seemed to be pne of degree. Chondrocyte and matrix degeneration was 

dernonstrated in the treated anunaJ and controls but to a lesser degree in the former. It 

lS unport to note mat one did not see the effects on cartilage as one did 'fIith high dose 

radioactJve gold on gro'flUlg bone ID rat (Rubin 126) nor as Umbios Cl IJ8) ~ibed, JO 

cartilqe Wlth hJgh dose 32p in rats nor as one did 'fIlth prevlous agents used for 

synovectomy such as osmium (13,92,%). 

Thu5 from our shortterm, but ID depth study of 32p an arthritic joints 1t .ouid 

appear that tTeated JOints were heaJttuer. The di5crepancy between the effect on 

normal tissue and arthnttc ussue may be conjectured. Perhaps the ancreased thickness 

of the pathoqtc synovlum acted as a barrlf!r 10 the penetration of the radiation mto 

the articular cartilqe, 'fIhile normal synoVlum 15 too ttun to absorb the effects. 

Long term stucbes presentJy under way shouJd clarafy whether this apparent 

llnprOvement an expec1ed degree of arthntlC degeneratlon/15'~mpOrary or 1astinI. 
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Thou&h the studies reported leave many questions unanswered, they are informative 

on .... eral aspects. 

Fint the study of 32p on arthritic rabbits in doses comparably to human treatment 

regimeRS supports the enthusiastic clinic findings of rad~osynoviorthesis. The synovium, if 

effected appeared to have recovered and the cartilage seen less degenerated than control 

sites with arthritis. However, they study was relatively short term and may not have 

ref1ected what might being occurring in joints a year or n'lore later. 

Secondly, the enthusiasm of radiosynovectomy must be sharply tempered by the 

sugestion tnat whiJe the same isotope in the same theraputic dose produced synovial 

fibrosis, a preferred result, cartilage damage 'lias a1so clearly evident. 

Perhaps then radioisotopes are safe in joints where the synovium is pathologically 

thickened? This is perhaps so, but then, the margin of safety in uSÏlll such ln .. ent must 

be narrow as it harms normal joints but is helpful vith pathol08ical joints. 

"Despite uncontroJJed evidence that tadiosynovectomy j$ a use~1 procedure for 

intractable synovitis (mëÙnly of Jarger joints), both the short and long term benefits in RA 

and the set ouegative arthritidies need ta be clarified through carefuUy controlled 

protpeetive studies." P. Le.! (72) 

The implication of this, is that extreme caution should be employed in even 

CGnIidering the use of mis theraputic modality'tlinically. 

The comments of Dr. Peter Lee in his editorial are apropo and it is hoped that this 

1taeais hg praented lOme advance in the pool of knowled&e. 

LutJy, the liIht of studies of anti&en induced arthritil which Ihowed ht by merely 

YWYinI the c:baUen&e dole in a tenSàtized arUma1 a tremendaus diffetelM:e in the arthritis 

produced ÎI demoII.trated. Caatian must be empJoyed in lIIin& tIùs mode' and in the 

œnc:Jusians drawn ~ il. 
,,~ 
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HlSTORICAL NOTES ON INTRACAVJT ARY USE OF RADIOISOTOPES 

The idea of pJacinllOlutlons of radioUlotopel on cavities wu not new even in 1962 

when Anlell reporœd 11er "orle. Mlkler in Switzerland is credited with fint treatina 

oocontrollable effusions (in 1his eue neoplutic) with intracavÎtBry injections of 

radiozactive gold 19BAu, the only 'isotope likeJy available for theraputic purpoIIeS at 

that time (If). Through the 19'0'1 severa! groups used 191Au but 100ft switched to 

32chromie phosphate to treat malignant effusions, as the avallability, eue of ~ 

eue of disposai, and wider margin of safety, and reduction in cost became evident 

(29,66,UI,107). 

Jaffe, who besan his work wlth 19BAu around the same time as MGuer and then 

switched to chromie phosphate in 19.51, seems, to be the first, 10 have used it clinicaJJy 

(61). Roof examined Chromic phosphate as an alternative 10 gold for intra-cavitary use, 

but noted that although distribution was on the surface of the C8vity, sipificant 

ionization of the phosphate occun and was detected in the red blood ee1Js. AJ.o. he 

found sipificant uptake by the loca11ymph nodes (122). 

Others followed in Australia, and the U.5. in support of thÎl itIotope, and in 

wond,. out methods of preparation 10 obviate the problemt of the coUoidal ..,..,..., 

-eJumpin&, smalJ partiele sIze, Jarse partieJe Uze and uneven dJJtrIbutian 

(29,66, l' 1,107). 

1 
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APPI!NDIX • 

biotope Ha1f-Ufe MeV 
(Tl!2 clap) œ..v of 

..... tIon 

Et, I!mittal' PartieJe size Max. ranae in Max. ~e in 
(W 10ft tlsIue(mm) cart1Jace 

~ 

191Au(alt) 2.7 .96 .)12 betaltpmma·* .02-.07 l.6 2.7 

)i~mlc: phoIphate 1 •• 3 1.70 .69' beta+ 0.2-2.0 a aa 7.9 ? 
( )a. 

90y Illicate 2.7 2.27 .917 beta+ .03-.06 11.0 .. , 
90y realn,coUo1d 2.7 2.27 .917 beta+ .0)...0' Il.0 1.' 

1'6'erb 9.' .,. .100 beta .01_03 0.7 0.7 

116ae 3.7 .,. .)3) betaAlamnV* .00'·.01 3.6 3.1 

16'oys .1)97 1.30 •• '3 
(1.0 min) 

betaa:lamma 0.'-'.0 '.7 ? 

*rel" 

• ·Si&n1ficant pmma rUiatlan 

***Very 10w e~iII1On of pmma radiation 

+8ecauae of relative hI&h --&Y. it bu IIanlf1c::ant 8rematr ..... when it la expal.d 10. hlah --ty materJaJ es. aIumlnum, lead etc. 
In hancUina. it must be lh1eIded wlth onJy Jow denIhy ma_lai -a. plastic syr .... _ prevent production of BrernatrahlunB. 

CI CI Prepared .. 32 Cr3poA. IOJublllzed in '" dexu-o. Md .. ter wlth NaOH and Hel and a benzyl 
alcohoJ added (l~). Cr~ moIec:ules form mIICI'OmOIec:uJ and rema1n ... coUokl.wtion. 

CI CI (lOId preparatiGna of CrPO, had partiele Iizet of • " ( ...... O.'-10p)(66,67) 
New preparations of CrPO. coUold have a part1cle t1ze of 2 Il wlth moat lara- than O., Il 
(l62.1~). 
7~ 
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LEAKAGE OF INTRA-ARTICULAR RADIOISOTOPES 

There is .reat dlfficu1ty in alllll'" rille in the body becauIe doee to total body, to 
" 

Iymph nodeI, to bene and tG joint after injection are ail different; besides the amount of 

...-c.. beinl hiAhly variable, there ls no experience in the radition effects of Iow 

parental doles of itotopes in a large lfOUP of patients. Most fJ&ures rest on X-ray beam 

~)and the nucleur hoJocost of Hiroshima. However the recommendatian of the 

Bl'itilh Medical Astoc::iatJon, Symposium of Radioactive colloids in the Treatment of 

Arthrit1s, c:onvened in 1'73 at NoIlhwick Park HoIpitaJ. Harrow. l!niJand tu study the 

probJem statech 

"ft ma)' be ........ that .. tnIltment thauJd nonnaIly be ,........ far oJdào patients 
un ... no aI ..... tive il aY&ÜllbIe. The "'nl' of .....uo.:tlvlty from the ..... thauId 
be avoided or Icept dowra to 2 to 3. of the injecled amount, ta the radiadan ... to 
the Iymphoc, ...... Iymph nades fram ..... J"~ may ,.. a .... lcal 
sipIfkance". (31). 

Moreovel', most of the estimates of e ..... to atn.r1lr.u .... cwpns ...... br 

lCaN'ÜnI the knee joint, leriaJ c:ounq the BIem ........... emltted Md ab"", 1hla 

value to determine the amount ntmalrùnI in the knee. Other cq-. are lCaIIn8d .. 
~ , 

extemally, for example over the lroin lymph nodes, and the propartian of counts obtained 

over the knee joint shortly after injection, is talcen as the prec:enta&e .... ped. The actua1 

amount found in the lymph nodes is, perhaps more lermaine~ since the amount whlch hu 

escaped rnay' actuaUy be mostly that whlc:h ha. entered the circulatiOn and been c:lared 

throuah the kidney very quiddy - tta,as of relativeJy 10w rilk. 

Most studles have- been wlth 90vttrium and estimatea of !eek .. e into Iymph nodea 

'" 
have varied widely. Even when optimal iinmobUization and the addition of cortico 

sterolds have been' ernployed, 1eakaae for ~Yttrlum !rom 0 tG ", .. hu been 

• ,1 
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reported (121,1",103,",23,2_,1 U,102).. P.,.ic hydroxlde co1101d, resin coUoid, silicate 

.... citrate piU't1c1es of YttriUm have been prepared and UIeCL The resin colloid and 

s111cate preparations have had the belt ...... u but even here tbere are conflictina 

relUits and ransect from 10-~ (l21,~,'2,11'tll",1'9). Goklleaks to a simUar degree 

but the radiation to the gonads is far areater due to the gamma radiation it carr1es UO) • 
\Ii 

A ~ report on eilht patients of 32Pho1phates showed neallIible leakqe in an but 

one patient who Md about 2n leaka&e to 1he lyrnph nodes. This wouJd give him an 

expoIUI'e of about 12000 rads to 10 gms of nodes. Plasma and urine but not blood cells 

or borie were analyzed for J2p (161). What iS different about J2p, however is its 

affinity to bene. U.5.N.R.C.'s maximum acceptable total bene burden is 6 ..ci. one 

milht uk what the total bane uptake with this lOCI. 1eakap is? This hu not been 

cakulated by any of the papers reviewed. In an olet report (122) of intracavitary 

instillation for J2p of treatment of rna1Jpnt effusions the le.. Into other organs 

was very .man but interestin&ly, red blood cells were analyzed and 32p was fOWld in the 

cytopJasm ~esting that the phosphorus ...... ted fTom the coUoid. Thus besicles the 

Ieakap problem of the radiaKtive macromoJecules, sorne iIotopes ma, ..,...ate from 

the l'RIICI'Omolecule and may be absorbed Ielective1y or non-eJectlvely in indeterminate 

atncUIts by orpna lUCh u bone. 
~ 
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AfII.·Y If 

RADlAnoN AND NUCJ:,.. PHYSICS 

An ._, our eJementarY partieJe, consists of a rucleus SUI'I'CU'1decI by neptively 

charpd e1ectrans SPÏMÎnl in orbits about it. The nucleus has an WICharpd particle 

(neutron) and may have one or more positively charpd partic1es (u weil protons). The 

ÛIIUtlc ....... relates to the .... mber of protons in an atom es- 6C. An ""&pt (nucJide) 

of an altered element with the same atomic rumber but a different atomic mus due to 

the number of neutrons (which have mus but no charSe) in the oocJeus. For wha1eVer 

reuon, if a proton neutron combination is unstable, the nucleus will adjus! 1_11 to 

adùeYe a more compatible combinatâon by efectina one or more of its char&ed particles 

(thereby chan&in8 iu atomic number) Ylhich have eneI'IY therefore wtûch an penetraœ 

solid material. This is ...... dvity. -rte process of adùevinl this stable state is caIled 
\ 'deca,. and actually is a measure of the number of disintesrations of ooclei and thoIe 

rema1nq and indirectly gives a meuure of the intensity of the emittina radiation still 

p"tteht. The rate of decay is inalterable and an intearaJ propec ty of the particJe. There 

are as many different kinds of radiaüon as there are ditferent kinds of charpd partk:1es 

capMle of being emitted from the element. Alpha (cd radiation refera 10 !hat due 10 a 

postiveJy double cheqed paniele wlth a mass of "(hellum). TheIe particJes are 7.00 

tirnes Jarpr than e1ectrOnS and when emitted an travel only very short distances. 

Beta (8) radiat,ion of particular int6-est 10 us, refers to !hat due.lo electruns. A 

neutron in the ruc:leus can mûe the e.&ement unstable and 10 it ctwces Jnto a protan and 
, 

an electran pair and then emiu the enersetic electrcJn with a defJnite f!MII'JY and 

therefore a finite travellq .... e hhis kind of radiation is euy to shieJd from). What 

compücates quMtitatioM is that a œta rwIiotK'tive substaanc::e may aIIo emlt pm .... 

• -- -! 1 
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eneraY as weU· 

Gamma radiation (y) is due 10 the emission of fIlUI-oless energy called 

elec:trornapetic eneraY. This is due to the rnovement of e1ectrons from one orbit to 

.nother in the shells. H the movements or chances produce an excess of energy for the 

needs of the electron spinnu. about, it will emit it as h.i&h enersY elec:trornapetie 

enet'IY. X-rays are identical to gamma rays. 

Another type of radiation l'elated to the beta I1MÜf.tion is .. ......... This is 

eJectroma&netie radiation identicaJ wi'th Xrays or gamma rays produced when a stream 

of beta particles strikes a tarset. The yield is directly proportiona1 ta the erter'Iy of the 

partic1e and the density (atomie oomber) of the tarset material. 

What then, do these energetic particles and rays do? The basic action i5 

penetration of mus, rernoving electrons fram the mus and in the course, USÏf1I up the 

traveJ..l.inl partie les' own energy allowing themselves ta come to reste The mass whlch 

has 1ast some electrons is then, "ianizedI'. The ward "ianizatian _"lJ" l'efers to the 
/ 

... mber of ionized atoms produced per '-8'Ût Jength of the path of the partic1e. That is, 

how much effect it will have as it makes ib wa' through a mus (for our purposes 

tiaue). The greater the velocity of the partie Je the less the ionization density (it 

COVel'S more territory and expends Jess energy in ionizin&!distanœ travelled). The 

pater the charte on the partieJe the greater is the ionization density (it carrie5 more 

eneraY in a given distance trave1led). H the energy is not transferred as ionization, it 

may, instead, excite a molecule and then dissipate ils energy as heat. 

The quantity of ionizations !hat have occurred in a tissue is the l'CIel, .... and this 

term bas equivaJents in ca........,... The quantitation of an amount of materiaJ 

containinC racfioilotope and deœcted by the number of decaYÏll8 partic1es per second (or 
, 

dlsintesrations per second (cLp .. s.) or converted to distintegration per minute (d.p.m.'s.) 

The 

~ ~ ... ,,- --- ..... - , .... -----~ .. ~- - ~ .. --~ , 
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measurement of the amount of radiation in terms of pure eneI'IY emitted is spoken of in 

terms of lEV. That is, for example, when a beta emitter emits a positron it is sJowed 

down by other atoms, finaUy uniting with an electron with the emission of quanta of 

energy. The measure of the amount of energy of radiation !hat carl be or is being 

trAferred to the tissue to produce potentiaJ energy for worle is the 1'IId. A rad will 

produce 100 ergs of energy/gram. 

One roentgen of gamma radiation or X-ray, for exarnp.le, an produce 

approximateJy 93 ergs or about one rad. Rads have equivalents in Grays (gy), centip'ays 

(dGy) and Jouleslks. 

Three more terms should be mentioned: that of the R8E - "the dfcree to which 

any particular type of irradiation differs from standard X-ray of given enersY" and 

therefore variet with the type of radiation and the tissa.ae exposed. The REM is the dose 

in rads muJtiplied by RBE. The averase person gets about 119 Mrem/year about 100 of 

it from the enviroment and about 19 trom exposure to X-nrys etc •• 

The Curie expresses the actual activity of a mass in terms of its decayq atoms. 

That is, it is equivalent to 3.7 " 1010 disintegrations/sec. The bequerel is the new term ~. 

for distintegrations/sec. 

Ho... then does one determine ho.. much energy of radiation is absorbed by a 
, 

tissue? If the distribution is uniform throughout a tissue, rads = a constant X the 
\ 

energy of emission and recombination of a particuJar Idnd of particle (MEV) X its haJf-

lilfe X the number of disintegrations (C) divided by the wejght of the tiuue. 

Thus: Rads = 73.8 x Ë x TI/2 x l!9 
gm 

However if we are dealing with a ho11ow viseus or a fiat surface, then the hyptheticaJ 

isotope will be distributed on the surface and produce Umited effects OR the underJying 

tissue. So, half will project their partic1es away trom the tissue and haU will project 

) 
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their partic1es inm the given tissue. These particles will project themselves only a 
... 

known range h (cm), ove.- a given Sùrface area SA (sq. cm.). So, the mass of tissue is 

given Ah (cm.3) - a volume, and the time element of this is represented by the half-life, 

sa that: 

rads = 2.1.3 x...ci x MEV x 11/2 r- S.A. x h {cm" 

This presumes a perfeet meél5Urable hollow viseus but, in vivo the volume of cavltles 

are often difficuJt to measure or even predict. 

... 
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