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Distribution of Carbon after Intravenous Injection in the Normal  Rabbit. Leakage into the Synov ium 
but not Other Non-Reticuloendothel ia l  Tissues  

Carbon black (India ink) is wide ly  used as a t racer  to 
m a r k  sites of vascular  i n ju ryL  In  a recent  s tudy  of mon-  
key synovium,  carbon repea ted ly  leaked f rom normal  
synoviaI  venules3. Since such leakage in normal  animals  
wi th  the  doses used has prev ious ly  been considered to oc- 
cur  only  in re t iculoendothel ia l  t issues (liver, spleen, bone 
marrow) i, I have  compared  the  a m o u n t  of carbon label l ing 
in synov ium and a va r i e t y  of o ther  t issues in ano ther  ani- 
mal,  the  rabbi t .  

Seven hea l thy  New Zealand whi te  rabbi ts ,  weighing 
1.8-2.4 kg, were used. 2 rabbi ts  were l ight ly  anes the t ized  
wi th  i.v. sodium pen tobarb i t a l  (12-15 mg/lb).  The  others  
were injected while restrained.  Fi l tered carbon black 
(Giinther Wagner ,  Pe l ikan-Werke ,  Hannover ,  Germany)  
0.1 cm"/100 g was injected into an ear vein. An ima l s  were 
sacrificed 1 and 2 h la ter  by  overdosage of pentobarbi ta l .  
Knee  synovium,  skin over  the  abdomina l  wall, d iaphrag-  
mat ic  and gas t rocnemius  muscle, per i toneal  membrane ,  
mesentery,  spleen, liver, submaxi l l a ry  glands, pericar-  
dium, kidney,  lung, and rib cross section were p r o m p t l y  
excised and placed in i/2 s t rength  K a r n o v s k y ' s  para-  
fo rmaldehyde-g lu ta ra ldehyde  a. Por t ions  were then  divid-  
ed for e lec t ron microscopy  (EM), l ight  microscopy,  and 
clearing in glycerine for examina t ion  under  the  dissect ing 
microscope.  Tissues for e lectron microscopy were pro- 
cessed as previous ly  described 2. Quan t i t a t ion  was a t t e m p t -  
ed by  count ing  numbers  of leaks per  to ta l  capil laries and 
venules  seen by  electron microscopic and paraff in  sections. 
By  dissecting microscopy bo th  this measure  and number  
of leaking vessels per  area were calculated.  

No carbon was found by  any  technique  in muscle, me- 
sentery,  submaxi l l a ry  glands, per icardium,  per i toneum.  
Massive carbon deposi t ion was found by  all  t echniques  in 
the  re t iculoendothel ia l  tissues (liver, spleen and bone mar-  
row). Very rare leaks were seen in skin, k idney  and lung. 
In  the  skin carbon  was seen only  by  dissecting microscope 
(0.70 carbon leaks were seen per  10 cm~). I n  the  k idney  
0.75 carbon leaks were found per  10 cln 2 of renal  cor tex  by  
dissecting microscope. Only one ques t ionable  label  was 
seen on paraff in  section. I n  the  lung there  was an thracot ic  
p igment  t ha t  could no t  be d i f ferent ia ted  f rom the  carbon 
by l ight  microscopy. A few collections of carbon were seen 
in pu lmona ry  macrophages  by  EM. No EM evidence of 

carbon was seen in skin, muscle, submaxi l l a ry  gland or 
kidney.  

Synovia l  speciemens by  dissect ing microscope invari-  
ably  showed more carbon labelled vessels (Figure). These 
were focal and var ied f rom 1.0-7.0 per  cm ~ wi th  an aver-  
age of 1.8. Microscopic examina t ion  of paraff in  sections 
showed 5% of vessels to  be labelled. The  percentage  was in 
the  same range by  EM. The EM studies conf i rmed t h a t  
the  carbon was in endo the l ium or outs ide this  layer  and 
no t  jus t  p lugging the  lumens.  The  2 h in te rva l  af ter  car- 
bon inject ion allowed carbon to be largely cleared f rom the  
circulation. Leaking  vessels were a lmos t  all venules.  

These studies show considerably  more evidence of 
leakage of carbon from synovia l  vessels than  f rom vessels 
of any other  non-re t iculoendothel ia l  t issue studied. 
Al though  I have  presented some quan t i t a t i on  the  exac t  
magn i tude  of leakage are diff icult  to ascertain as tissues 
differ in thei r  degree of vascu la r i ty  and the  p redominan t  
type  of vessels. Sampl ing  error can also occur and because 
this would be greates t  wi th  EM t did not  t ry  to compare  
numbers  of leaks at  the  EM level. Suppor t  for the  con- 
cept  of greater  leakiness of synovia l  vessels comes f rom 
previous  studies 4, ~ tha t  have  suggested t h a t  bac ter ia  and 
proteins  pass more  readi ly  f rom the  vascular  sys tem into  
jo ints  t han  into several  other  body  cavi t ies  (cerebrospinal 
fluid and ocular  aqueous  humor).  The  250 ~ carbon leaks 
largely from venules.  I t  is f rom these vessels t h a t  carbon 
has been described to escape in chemical ly  media ted  vas- 
cular leakage while more seems to leak f rom capillaries af ter  
direct  in jury  6. Phagocytos is  of carbon by  synovia l  venu la r  
endothel ium is common  S a l though rare ly  described in 
o ther  normal  non-re t iculoendothel ia l  t issues after  s imilar  
doses of ca rbonL Thus synov ium handles  this i.v. 
in jected t racer  somewhat  as a re t iculoendothel ia l  tissue. 
The  reason for this  is not  clear b u t  for wha teve r  
reason this  leakage into the  synov ium and thence  into t he  
jo in t  space m a y  be i m p o r t a n t  in the  local iza t ion to  the  
jo in t  of the  ye t  unknown agent  or  agents  causing rheuma-  
toid and other  i n f l ammato ry  arthri t is .  

Rdsumd. Le charbon noir, adminis t r6  par  inject ion in- 
t raveineuse,  s '6chappe des v6nules synoviales  nor- 
males, mais  pas des v6nules de tissus non-r6t iculoendo- 
th61iaux. Cette  conclusion v ien t  ~ l ' appui  d 'au t res  6tudes 
qui  r6v616rent un plus hau t  degr6 de perm6abil i t6 des 
vaisseaux synoviaux,  quali t6 peut-6tre  impor tan te  pour  la 
localisation, dans l 'ar t iculat ion,  de l ' agent  (ou des agents) 
qui  causent  l ' a r th r i t e  rhumato ide  ou d 'au t res  ar thr i tes  in- 
f lammatoi res .  
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Glycerine cleared rabbit synoviai membrane. The dark marks 
(arrows) aIong the vessels indicate the many sites of carbon leakage 
into the vessel walt, found irk this specimen. 

1 G. MAJNO and G. PALADE, J. biophys bioehern Cytol. 77,571 (1961). 
H. R. SCHUMACHER, Arthritis Rheum. 72, 387 (1969). 

a M.J. t~ARNOVSKY, J. Cell Biol. 27, 441 (1956). 
G. A. B~NNET and M. F. SHAFFER, J. exp. Med. 70, 277 (1939). 
M. F. SHAFFER and G. A. BE~CNET, J. exp. Med. 70, 293 (1939). 

6 R. S. COTRA~ and G. MAJNO, Ann N.Y. Acad Sci. t16, 750 (1964). 
R. S. COTRAN, Expl. molec. Path. d, 217 (1965). 


