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Influence of PGA~ on cartilage growth 
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Summary. Using the  Fell t echnique  of organ cul ture of cart i lage in a chemical ly  defined medium,  it has  been shown 
t h a t  prostaglar idin A: a t  a concent ra t ion  of 25 ~zg/ml caused chondrocy te  dea th  in chick embryonic  l imb rudiments .  
An equimolar  concen t ra t ion  of PGE~ was no t  toxic to the  cells. 

In  m a m m a l i a n  t issues p ros tag land ins  (PG) are ubi- 
qui tous  2, d isplaying m a n y  pharmacologica l  act ions t h a t  
suggest  the  regulat ion of homeostasis3,  4. E i s e n b a r t h  and  
his colleagues 5,6 r epor ted  t h a t  PGA:,  P G B  1, PGA~ and 
P G B  2 inhibi ted  chick embryonic  cart i lage ma t r ix  syn-  
thesis ;  t h e y  suggested t h a t  this  effect  m i g h t  be indepen-  
den t  of the  usual mechan i sms  by  which  pros tag land ins  
al ter  cellular ac t iv i ty .  These mechan i sms  include the  
intracel lular  increase in cyclic A M P L  In  a search for an 
exp lana t ion  for the  influence of PGA 1 on cartilage, we 
have  ex t ended  E i s e n b a r t h ' s  sho r t - t e rm  inves t iga t ions  Of 
cart i lage f ragments  to a s t u d y  of cul tured  whole l imb 
rud imen t s  ma in t a ined  for 8 days.  
Methods. The technique  of Fell s-:~ was adop ted  for the  
s t u d y  of femoral  and  t ibial  bone rud imen t s  f rom 8-day 
chick embryos .  Tissue v iabi l i ty  was ensured by  perfusion 
wi th  H a n k ' s  ba lanced salt  solut ion lL The chemical ly  
def ined growth  m ed ium was t h a t  of F i t t o n - J a c k s o n  :2. 
E x p l a n t s  were cul tured in an a tmosphe re  of 5% CO~ in air. 
The g rowth  m ed ium was renewed on a l te rna te  days.  
Femora l  and  t ibial  bone rud imen t s  f rom one l imb of each 
embryo  were cul tured in control  med ium;  those  f rom the  
o the r  l imb were cul tured in med ium conta in ing  25 ~g/ml 
PGAp 
Control  and tes t  exp lan t s  suppor t ed  on 22 m m  • 18 m m  • 
2.5-3.0 m m  grids of s tainless  steel mesh  were placed in 
separa te  35 m m  Pet r i - s ty le  cul ture  dishes wi th in  a 90 m m  
Pet r i  dish. E x p l a n t  g rowth  was mon i to red  by  the  mea- 
su remen t  of tength  on days  0, 2, 4, 6 and  8. At  these  
t imes  m a tched  contro l  and t es t  sample  exp lan t s  were 
r emoved  and processed histologically.  Paraf f in  sect ions 
were s ta ined  wi th  h a e m a t o x y l i n  and eosin or wi th  alcian 
blue in 0.4 M YlgC12:3. 
Results and discussion. The g rowth  ra te  of femoral  ex- 
p lan ts  in med ium wi th  and wi thou t  PGA:  is shown 
(figure). Control  exp lan t s  appeared  morphological ly  simi- 
lar to those  depic ted  by  o ther  workers  :~ under  similar 
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Linear growth of control and of PGAl-treated bone rudiments, ex- 
pressed as mean length -~ 2 SEM. Number of observations in 
brackets. 0, control; �9 PGA:-treated (25 [xg/ml). + p > 0.10; 
t P < 0.001. 

condi t ions ;  exp lan t  length  increased f rom day  0 to day  8. 
The leng th  of P G A : - t r e a t e d  exp lan t s  did no t  increase 
af ter  day  2; t ibial  exp lan t s  behaved  in the  same way.  
The differences in g rowth  be tween  control  and PGA1- 
t r ea ted  explants ,  a f ter  2, 4, 6 and 8 days  of organ culture,  
were h ighly  s ignif icant  (p < 0.001). PGAl - t r ea t ed  bone 
rud imen t s  examined  a t  these  t i m e s  revealed m a n y  e m p t y  
ch0ndrocy te  lacunae.  The remaining  cells had  small  
dark ly-s ta in ing  nuclei  and deeply  eosinophilic cytoplasm,  
observa t ions  suggest ing cell injury.  PGAl - t r ea t ed  ex- 
p lan t s  con ta ined  m u c h  less alcian blue-posi t ive  mater ia l  
t h a n  un t r ea t ed  controls .  
This morphological  evidence helps to  subs tan t i a t e  the  
view t h a t  chondrocy tes  are suscept ible  in vi t ro  to the  
adverse  influence of PGAp Thymocy tes ,  L-929, Swiss 
3T3, Balb  3T3, 3T3 S V C l X  and chick embryo  f ibroblasts  
are known to  be similarly affected.  E i s e n b a r t h  et  al. 5 
considered the  poss ibi l i ty  t h a t  chondrocy te  d e a t h  migh t  
result  f rom PGA~ b u t  d ismissed this  exp lana t ion  for the i r  
observa t ions  because measured  chondrocy te  oxygen con- 
sumpt ion  was una l t e red  af ter  7 h incubat ion.  The presen t  
evidence,  however ,  is compat ib le  w i th  the  view t h a t  
PGAl- induced  cart i lage cell d isorder  is a result  of direct  
cell in jury  t h a t  m a y  include an act ion upon resp i ra to ry  
pa thways ,  a l though  no in format ion  is ye t  available on 
the  mechan i sm of PG A l -med i a t ed  cell dea th  of any  of the  
cell types  l is ted above.  F u r t h e r  evidence for the  na ture  of 
chondrocy te  cy to tox ic i ty  is now being sought  by  ZH-thy- 
midine  au to rad iog raphy  and  by  electron microscopy.  
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E i s e n b a r t h  and co-workers  ~ have  d e m o n s t r a t e d  t h a t  
PGAI inhibi ts  the  cellular incorpora t ion  of rad ioac t ive  
precursors  into the  proteoglycan,  protein,  R N A  and  DNA 
of a wel l -d i f ferent ia ted  ra t  chondrosa rcoma  and  of a 
poor ly-d i f fe ren t ia ted  mur ine  chondrocarcoma.  They  sug- 
gest  a po ten t i a l  t he rapeu t i c  role for PGA in cases of 
chondrosarcomaS,  ~, 16. The presen t  work shows the  cyto-  
tox ic i ty  of PGA~ for non-ma l ignan t  chondrocy tes  in 
organ cul ture and the  inhibi t ion of g rowth  of chick 
embryonic  l imb bone rud imen t s  in vi tro and, in one 
sense, suppor t s  the  proposal  t h a t  PGA may  possess selec- 
t ive  effects t h a t  act  aga ins t  cancer  cell metabol ic  pa th -  
ways.  
The presen t  observa t ions  m a y  also be re levan t  to the  
pa thogenes is  of h u m a n  connect ive  t issue disease. In  
rheumato id  ar thr i t i s  (RA) there  is progressive des t ruc t ion  
of per iphera l  ar t icular  car t i lagelL Signif icant  concent ra-  
t ions  of p ros tag land ins  (PGE) have  been recognised in 
RA synovial  fluid 18 and in te rp re ted  as ' reasonable  evi- 
dence for the  pos tu la te  t h a t  P G E  and/or  PGA are impor-  
t a n t  con t r i bu to ry  factors  to the pa thogenes is  of inf lam- 
m a t o r y  react ions in pa t i en t s  wi th  rheumat i c  diseases ' .  
I t  has  been shown t h a t  the  p r e d o m i n a n t  p ros tag land in  in 
rheuma to id  synovial  fluid is PGE219. In  an analogous 
expe r imen t  designed to t e s t  the effects of PGE~ on cart i-  

lage (25 ~g/ml) P G E  2 was found to  have no inh ib i to ry  
effect  on the  growth  of chick embryon ic  l imb rud imen t s  
in vitro,  assessed by  length  and weight  measurements ,  
dur ing  a 4-day-period.  No evidence of PGE2-induced 
chondrocy te  dea th  was found by  l ight  microscopy.  Com- 
m e n t  on the  significance of these  observa t ions  for the  
pa thogenes is  of rheumato id  a r th r i t i s  mus t  now awai t  ex- 
pe r imen ta l  da t a  on the  effects of p ros tag land ins  on h u m a n  
ar t icular  cart i lage in organ culture.  Consequent ly ,  al- 
t hough  we repor t  the  abi l i ty  of PGA 1 to cause chick 
embryonic  chondrocy te  dea th  and impaired cart i lage 
ma t r ix  synthesis ,  it  is not  ye t  known whe the r  damage  to, 
or dissolut ion of, marginal  ar t icular  cart i lage in rheuma-  
toid a r thr i t i s  is influenced by  the  local release of pros ta -  
glandins.  
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A l ight  m i c r o s c o p e  s t u d y  of f ibre d i a m e t e r  and s a r c o m e r e  l e n g t h  r e l a t i o n s h i p s  in r igor  
ske le ta l  m u s c l e s  

P. V. J. H e g a r t y  and C. E. Allen 

Departments o/Food Science and Nutrition, and Animal Science, University o/Minnesota, St. Paul 
(Minnesota 55108, USA), 9 April 1976 

Summary. Correlat ion coefficients be tween  fibre d iamete r  and sarcomere  length  were s ignif icant  in relaxed,  unf ixed 
muscles in rigor, indicat ing tha t  fibres wi th  large d iameters  had  shor t  sarcomeres  and fibres wi th  small  d i amete r s  had  
long sarcomeres.  No signif icant  correlat ions were ob ta ined  in muscles f rom limbs t h a t  en tered  rigor in a folded or s t re tch-  
ed position. 

Fibre  d iamete r  and sarcomere  length  are i m p o r t a n t  
pa r ame te r s  in de te rmin ing  g rowth  potential1,  2 and phy-  
siological proper t ies  1 of skeletal  muscles. In fo rma t ion  is 
no t  available on the  re la t ionship  be tween  the  d iamete r  of 
a fibre and the  length  of the sarcomeres  in individual  
skeletal  muscle fibres in the  pre-r igor  state.  Accura te  
de t e rmina t ion  of these d imensional  re la t ionships  is 
impossible because of t he  following proper t ies  of pre- 
r igor muscle:  exci tabi l i ty ,  thaw-r igor  changes  if the  
muscle was frozen in the  pre-r igor  state,  and pene t r a t i on  
proper t ies  of the  f ixative.  Therefore,  this  s tudy  on fibre 
d i ame te r  and sarcomere  length  was per fo rmed  on mouse 
and tu rkey  muscles t h a t  had  en tered  rigor morris.  The 
l imbs were in a folded, relaxed or s t re tched  posit ion,  
t he r eby  provid ing  muscles  a t  va ry ing  degrees of cont rac-  
t ion and relaxat ion.  Convent iona l  histological  me thods  
would involve separa te  t ransverse  and longi tudinal  
sect ions in order  to ob ta in  fibre d iamete r  and sarcomere  
length  values. Isolat ion of individual  muscle fibres pe rmi t s  
the  d imensional  measu remen t s  to be pe r fo rmed  on the  
same fibre. Pass ively  con t rac ted  ( 'kinked')  f ibres could 
be observed when  the  fibres were isolated. Some muscles  
conta in  a large number  of pass ively  con t rac ted  fibres a-5. 
A high p ropor t ion  of pass ively  con t rac ted  fibres would 
make  the  fibre d iamete r  measu remen t s  meaningless  6. 
The p ropor t ion  of pass ively  con t rac ted  fibres in these 
muscles  was small  i r respect ive  of the  s ta te  of re laxa t ion  
or con t rac t ion  of the  muscles. 

Methods. Adul t  female mice (30-35 g body  weight) were 
killed by  e ther  anesthesia .  Adul t  male tu rkeys  (7-8 kg 
body  weight) were exsangu ina ted  by  cu t t ing  the  carot id  
ar tery.  The tu rkeys  were placed in an inver ted  meta l  cone 
to p reven t  excessive l imb and  wing m o v e m e n t  dur ing 
exsanguina t ion .  Pass ively  shor tened  and s t r e t ched  biceps 
brachii  muscles f rom mice were ob ta ined  by  p inn ing  one 
fore-l imb inwards  maximal ly ,  and s t re tch ing  the  o ther  
fore-l imb ou twards  maximal ly .  The fully ex t en d ed  l imb 
was p inned  at  180 ~ f rom the  t runk.  S t re tched  semi ten-  
dinosus muscles in the  t u rk ey  were ob ta ined  by  securing 
the  l imb in a cephalad  posit ion.  Shor tened  semi tend inosus  
muscles were ob ta ined  by  flexing the  l imbs inwards  
max ima l ly  and  securing t h e m  in t h a t  posit ion.  All folding 
and s t r e tch ing  t r e a t m e n t s  were per formed immed ia t e ly  
pos tmor t em.  Soleus, s t e rnomas to ideus  and gas t rocnemius  
muscles in mice, and the  pectoral is  muscle in tu rkeys  
were ob ta ined  by  placing the  animals  in a res t ing posi t ion 
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