
PATHS OF NUTRITION IN ARTICULAR CARTILAGE 

AND INTERVERTEBRAL DISCS 

RU 

HARALD BRODIN 

Ingelmark & Saaf ( 1 ) , Ingelmark & Ekholm ( 2 ) ,  Holmdahl & Ingel- 
mark ( 3 ) ,  Ekholm & Ingelmark (4) and Ekholm (5 )  have studied 
articular cartilage and its physiology in rabbits and haye found it 
probahle that both bone marrow and joint cavity are of importance 
for the nutrition of articular cartilage. In connection with other, as  yet 
not published investigations, the opportunity of studying the penetra- 
tion of a substance, sodium-3-oxypyrene-5,8,lO-tri-sulphonate (Bayer) , 
into articular cartilage is offered. This substance has  a yellow-green 
fluorescence in ultra-violet light. The spreading of the suhstance in 
the intervertebral discs has also been studied. The fluorochrome was 
earlier used by Strugger ( 6 )  on plants. 

A 1  A T E  R I A I, 

4 rabbits, 4 weeks old. 
Sodium-3-oxypyrene-5,8,1O-tri-sulphonate, 5 % solution in 0.9 % 

Reichert Lux U IJ  fluorescence microscope with a Philora 500 \ f 7  

sodium chloride. pH of solution 5.3. 

super high pressure mercury lamp. 

hf E T H 0 D 

50 ing of sodium-3-oxypyrene-5,8,1O-tri-sulphonate was injected into 
an ear vein of 2 animals. The animals seemed quite unaffected by the 
injection. They were killed with a blow on the back of the neck about 
30 seconds and 354 minutes respectively, after the injection. A small 
piece of the articular cartilage of one of the lateral tibia1 condyles and 
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Fig .  1 b. 

.\rticular cartilagc from lat .  tibia1 condyle o f  a rabbit killed 3 %  Inin. after injec- 
t ion  o f  50 mg fluorochrome. Rather weak fluorescence near the joint cavity and 

around the ei)iphgsis core. Strong fliiuresccnce in bone. 
1 = articular surface. 
2 = C!lJiiJhgsis. 

also one inter\.ertebral disc \Yith contiguous fragments of i.,one were 
iinrnediately removed, cut with the freezing-inicrotoine in 10 p thick 
sections without fixation, mounted in paraffin on non-fluorescent 
slides, and photographed in the fluorescence rnicroscope. Two other 
rahbits were given 100 mg of the fluorochronie intrayenally and were 
killed 15 rcsp. 30  seconds later. The slline with the nearest iiiusculatiire 
tvm iininrdiately removed and frozen in ethanol + COZ-ice. The pre- 



F i g .  2. 

'I'he same articular cartilage o f  a rahhit ki l led 3 0  sec. af ter  injection ( i f  50 nlg 
f l u o r i ~ h r ~ ~ r n c .  Hather strong fluorescence b o t h  near the joint cavity a n d  ncar t h e  

Strong f l u o r c ~ c c n c e  in h n e .  
1 = articular burface. 
2 = epiphysis .  

epipliyxis core; hardly any fluorescence centrally in the cartilagc. 

I 'arations were planed a t  - 15" C until  suitable 1)wrts of' t he  inter\.erte- 
hral discs ap1)eared. T h e  preparations,  still frozen, \\.ere ~~ l io tog rap l i ed  
i 11 ul t ra-yiol c t  I igli t. 

11 I.: s IT 1,1' s 

A .  Arliciclur cwrfi lnge.  (F ig .  1--2).  
1 ) The fluorochrome appeared t o  reach the  art icular cartilage \-cry 

r a] )i d 13:. 
2 )  M sec. a'fter t he  injection s t rong yeIIoiv-green fluorescence ivas 

seen in  the ar t icular  cartilage, par t ly  i n  a n  area immediately 
heneath the  art icular surface,  partly around the epiphysis core 
while tlie part  h e t ~ ~ e e n  these areas did not  show any definite 
fluorescence. 

3 )  Articulur cartilage of t he  aninial killed 3% niin. a f t e r  the fluoro- 
chrome iiijection showed considerahlg weaker  and inore evenly 
dist r i l~uted fluorescence than  articular cartilage of the other  
aninial killed 30 sec. af ter  t he  injection. 

13. Inferueriebml d iscs .  (Pig.  3 - 5 ) .  
1 ) The hyaline cartilage plate ra1)idIy alisorhs the fluorochrome. 

The contiguous part of tlie annu lus  fihrosus sliows ra ther  weak 
f I u o roscen ce. 

12 '  
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Pig .  3. 

Periphery of intervertebral disc of a rabbit killed 30 sec. after injection of 50 mg 
fluorochrome. Parts of adjoining vertebrae with a thin layer of hyaline cartilage 
between bone and disc. Strong fluorescence peripherally to  the disc, in hyaline 
cartilage and in bone. The fluorochrome appears to pass into the disc from the 
periphery and via the hyaline cartilage which forms a remarkably sharp border 

to the disc. 
1 = vertebral body. 
2 = hyalinc cartilage plate. 
3 = artifact in the film. 

2)  The annulus fihrosus has the greatest concentration of fluoro- 
chrome in its peripheral parts and the amount decreases gradu- 
ally towards the nucleus pulposus. In the vicinity of this no 
definite fluorescence could he observed. 

C. Bone. (Fig. 1 b, 2, 3 ) .  
The fluorochrome appears to have an appreciable affinity to 
bone tissue the fluorescence of which appears to be about equally 
strong 30 sec. and 3y2 niin. after the administration. 

D I S C U S S I O N  

Sodium-3-oxyyyrene- 5,8,10 - tri-sulphonate, even in rather large 
quantities, apparently does not hurt rabbits in experiments of short 
duration. It has a strong fluorescence. 



F i g .  8 .  

A somewhat oblique section of frozen lumho-sacral disc o f  a rahhit  killed 30 see. 
a f te r  injection of 100 m$ flotrrochrome. I n  thc  left part  of tlir disc t he  surface of 
the cut lies near  the hyaline cartilage plate. ?'hc fluoresccnce is strongcst in thc 

peripheral par t s  of the disc. 
1 = dorsally. 
2 = ventrally. 

Fiq.  5 .  

Sagittal cut o f  frozen lumhar  disc of a rahhit killed 15 sec. after injection of 100 mg 
fluorochromc. 'The fluorescence is strongest dorsally. Ko definite fluorescence can 

hc found in the nucleus ~ ~ u l p o s u s .  
1 = dorsally. 
2 = ventrall>-. 

As  cartilage lacks capillaries it must he assumed that nutriment is 
supplied through extravascular circulation. The spread of the fluoro- 
chrome in articular cartilage and intervertehral discs in the experiments 
described ahoye where a yery short time has elapsed between the admi- 
nistration of the fluorochrome intravenally and  the killing of the ani- 



niA, shoultl rcasona1)ly intlicatc from which dircction liquid ;inti sub- 
stances tlissolr.etl in i t  iwnetrate into the cartilages incntioncd. thus 
giving :I roiigli idc:i of the nutrition Iiaths. Postvit:d tliffusion o f  t l i t  
matter in the tissues has not hcen perccived in the iiiicrostopic cuts  
during an  obser\.ntion period of at least 20 iiiin.; neither 1i:is i t  been 
possible to register such sl)rentliiig when ~ii:icro-~iIiotogr:~~iliin# larger 
1)repar:itions at  I arious times. 

‘I’he esmiination of articular cartilage confirins the v ivw put 
forward 1357 other authors ( Ingelmark, Siiiif. ICkholin, Holiiitlalil) . 

Dr. J. G. Sordkn has been responsible for the microphotograiihing 
and has, in n i m y  other wags, been of great help during this in- 
yestig a t‘ 1011. 

s L- a1 JI .I R Y 

Th 1-0 ugh ex pe rim en t s with a f I uo resc en t con1 pound on rat) bits , the 
penetration of the compound into intervertebral discs and joint cartil- 
age is studied. The  coinpound penetrated the intervertebral discs partly 
from the periphery and partly, although to a more liinited degree, from 
the vertebral bodies. The coinpound penetrated the articular cartilage 
both from the articular surface and froni the epiphysis. 

H E  S C JI E 

D a m  des essais sur les lapins ayec des matikres fluorescentes. l’on a 
Ctudik la pPnCtration de la  substance dans les disques intervert6br:ius 
et les cartilages articulaires. 

La substance pkn&tre dans le disque intervertPbral en partie de la 
pCriphPrie et en partie, quoique dans uiie inoindre proportion, du corps 
de la 1-ertkbre. Dans le cartilage articulaire, la substance s’infiltre aussi 
bien de la siirface articulaire clue de 1’Ppiphyse. 

z I- s .I JI SI E s F .I s s I‘ s G 

Durch Versuche nlit fluoresziereuden Stoffen wurde a111 Kaninchen 
das Eindringen des Stoffes in die Z\\-ischen\\-irbelscheibell und den 
Gelenksknorpel untersucht. Der Stoff dringt teilweise yon der Peri- 
pherie und teilweise. aber in iiiinder@tii Ausluasse, 1-011 den Wirbel- 
korpern in die Z~~isclien~\.irbeIscIieiben ein. In  deli Gelenkkiiorpel 
dringt der Stoff sowohl yon der Geletilcoberfl~che a h  iiilch von der  
Epiphyse her, ein. 
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