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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.  

16 G.S. Eisenbarth, D. K. Wellman and H. E. Lebovitz, Biochem. 
biophys. Res. Commun. 60, 1302 (1974). 

17 D. L. Gardner, in: The Pathology of Rheumatoid Arthritis, 
p. 7. Arnold, London 1972. 

18 D. R. Robinson and L. Levine, in: Prostaglandin Synthetase 
Inhibitors, p. 223. Ed. H. J. Robinson and J. R. Vane. Raven 
Press, New York 1974. 
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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 

1 R.I.  Close, Physiol. Rev. 52, 129 (1972). 
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Table 1. Correlations between fibre diameter and sarcomere length 
in relaxed mouse and turkey skeletal muscles in rigor mortis 

Muscle Fibre diameter Sarcomere length Correlation 
(p, In) ~ ([zln) b coefficient 

(r)~,o 

MOUSe 
Soleus 41.2 q- 0.78 2.68 4- 0.03 0.33** 
Sternomastoideus 58.7 • 1.03 2.61 • 0.02 -0 .25* 
Gastrocnemius 62.7 ~- 0.94 2.15 -E 0.01 -0 .23* 

Turkey 
Pectoralis 91.6 • 2.16 2.23 -E 0.02 - 0.19 (N.S.) 

�9 represent the mean of 80 fibres • SEM. bBetween fibre dia- 
meter and sarcomere length, oNS = non-significant correlations 
(p>  0.05); * = significant correlations (p<  0.05) (r > 0.22); ** = 
significant correlations (p < 0.01) (r > 0.29). Number of animals : 4. 

i m m e d i a t e l y  p o s t m o r t e m .  T h e  m o u s e  a n d  t u r k e y  m u s c l e s  
we re  a l l o w e d  to  go i n t o  r i go r  a t  20 ~ w h i c h  o c c u r r e d  4 h 
a n d  6 - 8  h p o s t m o r t e m ,  r e s p e c t i v e l y .  T h e s e  t i m e s  w e r e  
d e t e r m i n e d  f r o m  p o s t m o r t e m  a d e n o s i n e  t r i p h o s p h a t e  
( A T P ) ,  p H  a n d  e x t e n s i b i l i t y  m e a s u r e m e n t s  o n  m u s c l e s  
f r o m  m i c e  a n d  t u r k e y s  w h i c h  we re  k i l led  a n d  t r e a t e d  in  a 
s i m i l a r  m a n n e r  t o  t h o s e  of t h e  p r e s e n t  i n v e s t i g a t i o n  7. 
U n f i x e d  f ib res  w e r e  s e p a r a t e d  b y  h o m o g e n i z a t i o n <  
C o m p l e t e  c r o s s - s e c t i o n a l  s a m p l e s  we re  t a k e n  f r o m  t h e  
m i d - p o r t i o n  of al l  m u s c l e s  so as  to  a v o i d  t h e  v a r i a t i o n  in  
s a r c o m e r e  l e n g t h  t h a t  o c c u r s  n e a r  t h e  o r ig in  a n d  i n s e r t i o n  
of  t h e  m u s c l e  ". M e a s u r e m e n t  p r o c e d u r e s  for  f ib re  d i a m e t e r  
a n d  s a r c o m e r e  l e n g t h  a r e  o u t l i n e d  in  d e t a i l  e l sewhere1~  
Br ie f ly ,  t h i s  i n v o l v e d  m e a s u r i n g  t h e  s a r c o m e r e  l e n g t h  b y  
c o u n t i n g  t h e  n u m b e r  of  A - b a n d s  a l o n g  100 a m  of e a c h  
f ibre .  R e c e n t  u n p u b l i s h e d  o b s e r v a t i o n s  in  o u r  l a b o r a t o r y  
i n d i c a t e  t h a t  t h e  t e c h n i q u e  for  i s o l a t i n g  m u s c l e  f i b re s  
u s e d  in  t h i s  e x p e r i m e n t  m e a s u r e s  t h e  m a x i m u m  d i a m e t e r  
of  e a c h  f ibre .  T h e  s t a t i s t i c a l  a n a l y s e s  we re  c a l c u l a t e d  
a c c o r d i n g  to  p r o c e d u r e s  a n d  t a b u l a r  d a t a  g i v e n  b y  S t ee l  
a n d  T o r r i e  11. 
Results. T h e  c o r r e l a t i o n  of  f ib re  d i a m e t e r  w i t h  s a r c o m e r e  
l e n g t h  in  m o u s e  a n d  t u r k e y  m u s c l e s  t h a t  e n t e r e d  r igo r  in  
a r e l a x e d  p o s i t i o n  w a s  n e g a t i v e  ( t ab le  1). T h i s  i n d i c a t e s  
t h a t  l o n g  s a r c o m e r e s  a r e  a s s o c i a t e d  w i t h  f i b re s  of  s m a l l  
d i a m e t e r  a n d  s h o r t  s a r c o m e r e s  a r e  a s s o c i a t e d  w i t h  f i b re s  
of  l ong  d i a m e t e r s .  T h e  l eve l  of  s i g n i f i c a n c e  of t h i s  r e l a t i o n -  
s h i p  w a s  p < 0.01 for  s o l e u s  a n d  p < 0.05 for  s t e r n o -  
m a s t o i d e u s  a n d  g a s t r o c n e m i u s  o f  t h e  m o u s e .  T h e  p e c t o -  
ra l i s  of  t h e  t u r k e y  h a d  a c o r r e l a t i o n  t h a t  a p p r o a c h e d  
s i g n i f i c a n c e  (p < 0.07). S i m i l a r  a n a l y s e s  a r e  p r e s e n t e d  in  

t a b l e  2 for  m u s c l e s  w h i c h  e n t e r e d  r igo r  w i t h  t h e  l i m b s  in  
a f o lded  o r  in a s t r e t c h e d  p o s i t i o n .  F o l d i n g  p r o d u c e d  
l a r g e r  f ib re  d i a m e t e r s  a n d  s h o r t e r  s a r c o m e r e s  c o m p a r e d  
to  t h e  c o r r e s p o n d i n g  m u s c l e  in  t h e  s t r e t c h e d  l i m b .  
S a r c o m e r e  l e n g t h  w a s  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
t h e  f ib re  d i a m e t e r  of  a n y  of t h e  m u s c l e s  or  t r e a t m e n t s  in  
t a b l e  2. W h e n  t h e  v a l u e s  for  t h e  f o l d e d  a n d  t h e  s t r e t c h e d  
t r e a t m e n t s  we re  p o o l e d  for  e a c h  m u s c l e ,  t h e  c o r r e l a t i o n  
c o e f f i c i e n t  w a s  s i g n i f i c a n t  (p < 0.01) for  t h e  3 d i f f e r e n t  
m u s c l e s  e x a m i n e d .  T h i s  r e s u l t  w a s  e x p e c t e d  b e c a u s e  
p r e s u m a b l y  t h i s  p o o l i n g  of t h e  d a t a  f r o m  t h e  m u s c l e s  of  
t h e  f o l d e d  a n d  s t r e t c h e d  l i m b s  s h o u l d  l og i ca l l y  g ive  a 
r e l a t i o n s h i p  s i m i l a r  t o  t h e  m u s c l e s  f r o m  l i m b s  in  t h e  
r e s t i n g  p o s i t i o n  ( t ab le  1). 
Discussion.  N o  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  f ib re  
d i a m e t e r  a n d  s a r c o m e r e  l e n g t h  in  f o lded  o r  s t r e t c h e d  
l i m b s  s u g g e s t s  t h a t  t h e  c o n s t a n c y  of  v o l u m e  of  a s k e l e t a l  
m u s c l e  d u r i n g  c o n t r a c t i o n  1~ m a y  n o t  a l w a y s  a p p l y  to  t h e  
l e n g t h  a n d  d i a m e t e r  r e l a t i o n s h i p s  in  r igo r  m u s c l e s .  
M u s c l e  f ib re  d i a m e t e r  d e c r e a s e s  d u r i n g  r igor  d e v e l o p m e n t  
d u e  to  a m o v e m e n t  of  f lu id  i n t o  t h e  e x t r a c e l l u l a r  s p a c e  
r e s u l t i n g  f r o m  A T P  loss  a n d  p H  d e c l i n e L  T h u s ,  f i b re  
d i a m e t e r  in  m u s c l e s  in  r igo r  i s  d e t e r m i n e d  p a r t l y  b y  t h e  
s t a t e  of  c o n t r a c t i o n  of  t h e  m u s c l e  a n d  t h e  loss  of  i n t r a -  
ce l lu l a r  f lu id ,  w h e r e a s  d u r i n g  in v i v o  c o n t r a c t i o n  t h e  
loss  of  i n t r a c e l l u l a r  f lu id  is n o t  a f a c to r .  F u r t h e r m o r e ,  
s a r c o m e r e  l e n g t h  d e c r e a s e s  o n l y  in  m u s c l e s  f ree  to  
s h o r t e n  d u r i n g  t h e  d e v e l o p m e n t  of  r igo r  m o r r i s  18. I n  a 
l i m b  e x t e n d e d  m a x i m a l l y  d u r i n g  t h e  d e v e l o p m e n t  of  
r igor  t h e  s a r c o m e r e s  c a n n o t  s h o r t e n ,  b u t  t h e  loss  of  
i n t r a c e l l u l a r  f lu id  wil l  occu r .  T h e r e f o r e ,  in s t u d i e s  w i t h  
m u s c l e  in r igor ,  t h e  t r a n s v e r s e  d i m e n s i o n  is i n f l u e n c e d  
b y  f a c t o r s  o t h e r  t h a n  l i m b  p o s i t i o n ,  w h e r e a s  t h e  long i -  
t u d i n a l  d i m e n s i o n  is d e t e r m i n e d  b y  t h e  p o s i t i o n  of  t h e  
l imb .  T h e  m o u s e  b i c e p s  b r a c h i i  m u s c l e  is a g o o d  m o d e l  
for  s u c h  a n  i n v e s t i g a t i o n  b e c a u s e  t h e  f ib res  e x t e n d  f r o m  
or ig in  to  i n s e r t i o n 1 <  S ince  t h e  e n t i r e  f o r e - l i m b  of  t h e  
m o u s e  w a s  s e c u r e l y  p i n n e d  in  a s t r e t c h e d  p o s i t i o n  

7 J . J . A .  Heffron and P. V. J. Hegarty, Comp. Bioehem. Physiol. 
d9A, 43 (1974). 

8 P . V . J .  Hegarty and R. T. Naud6, Lab. Pract. 19, L61 (1970). 
9 G. Goldspink, J. Cell Sei. 3, 539 (i968). 
10 P . V . J .  Hegarty and A. C. Hooper, J. Anat. 110, 249 (1971). 
11 R . G . D .  Steel and J. H. Torrie, in: Principles and Procedures of 

Statistics. McGraw-Hill Book Company, Inc., New York 1960. 
12 B. C. Abbott  and R. J. Baskin, J. Physiol., Loud. 161, 379 

(1962). 
13 D . W .  Henderson, D. E. Goll and M. H. Stromer, Am. J. Anat. 

128, 117 (1970). 
14 R . W . D .  Rowe, Ph. D. Thesis, University of Hull, England. 

Table 2. Correlations between fibre diameter and sarcomere length in folded and stretched mouse and turkey skeletal muscles in rigor mortis 

Muscle Pre-rigor t reatment  Fibre diameter ([z) �9 Sarcomere length (~)~ Correlation coefficient (r) b, ~ 
Separate Combined a 

Mouse 
Biceps braehii Folded 45.t 4- 0.71 2.47 i 0.03 - 0.13 (NS) 0.33** 

Stretched 39.6-E 0.77 2.80 ~ 0.03 -0 .20  (NS) 
Turkey 
Senfitendinosus Folded 78.4 -E 1.67 2.47 j= 0.03 - 0.007 (NS) - 0.29** 

Stretched 68.5 i 1.39 3.29 -L 0.03 0.02 (NS) 

a Values represent the mean of 80 fibres --  SEM. b Between fibre diameter and sarcomere length. ~ NS = non-significant correlations (p > 0.05) ; 
** = significant correlations (p < 0.01) (r > 0.20). aCorrelations derived when folded and stretched fibres (n = 160) were statistically anal- 
yzed as a combined sample. Number of animals: 4. 
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immed ia t e ly  pos tmor t em,  t hen  all the  fibres in the  biceps 
brachi i  muscle wen t  into rigor mor t i s  in a s t re tched  
posit ion.  A recent  s t u d y  on only  the  mouse  biceps brachi i  
muscle t h a t  en te red  rigor morr is  in a s t r e t ched  posi t ion 
ind ica ted  a s ignif icant  nega t ive  correla t ion be tween  
muscle fibre d iamete r  and the  leng th  of the  sarcomeres  ]5. 
This obse rva t ion  was no t  conf i rmed by  the  p resen t  s t u d y  
on similarly t r e a t ed  skeletal  muscles f rom the  mouse and  
the  turkey.  

The results  of th is  s t u d y  d e m o n s t r a t e  the  impor t ance  of 
l imb posi t ion in de te rmin ing  the  length  of sarcomeres  and  
the  d i ame te r  of f ibres in rigor muscles.  This is an im- 
p o r t a n t  cons idera t ion  in the  appl icat ion o f  in format ion  
on the  d imens ions  of muscle fibres to  an u n d e r s t an d i n g  of 
the  ana tomica l  funct ion  of skeletal  muscles  and  in s tudies  
on muscle g rowth  and deve lopment .  

15 A.C. Hooper and J. P. Hanrahan, Life Sci. 16, 775 (1976). 

U l t r a s t r u c t u r a l  and  X - r a y  m i c r o p r o b e  c o m p a r i s o n  of g e r b i l  a n d  h u m a n  p i n e a l  a c e r v u l i  

R. Krst id  and J. Golaz 
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Summary .  Only a morphological  difference exists  be tween  gerbil  and the  h u m a n  pineal  acervuli .  Ne i the r  qua l i t a t ive  
nor  q u a n t i t a t i v e  differences in the  chemical  compos i t ion  be tween  b o t h  gerbil  and  h u m a n  bra in  sand have  been found,  
The mineral  of the  gerbil  pineal  acervuli  is, as in the  human ,  also h y d r o x y a p a t i t e .  

One of t he  character is t ics  of the  pineal  body  of Mongolian 
gerbils is a cons t an t  presence of calcareous deposi ts  (acer- 
vuli, corpora  arenacea,  concre t ions  or b ra in  sand) found  
in all animals  11 weeks old and more  1, 2. F r o m  this  po in t  
of view, the  pineal  body  of the  gerbil is ve ry  similar  to 

Fig. 1. Gerbil pineal calcification. A widely interspaced needle-like 
crystals can be seen. • 140,000. 

Fig. 2. Human pineal calcification. This material is composed of 
smaller and considerably more condensed crystals (arrows). 
• 140,000. 
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Fig. 3. X-ray microprobe analysis of gerbil ( - - - )  and human acervuli 
( ). Note an identically qualitative and quantitative composition. 
Aluminiuln peak corresponds to the specimen bolder. 

t h a t  of the  adul t  human .  The organic ma t r i x  of the  gerbil  
acervuli  is composed  of a ca rbohydra te ,  p ro b ab l y  an acid 
mucopolysacchar ide ,  complexed  to a protein1.  The peri-  
phe ry  of some calcif icat ions shows an acid p h o s p h a t a s e  or 
an esterase ac t iv i ty  1. S ta ined  wi th  alizarin red, the  gerbil  
concret ions  give a posi t ive react ion ind ica t ing  the  pres-  
ence of calcium sal ts  2. This l ight  microscopic f inding is in 
good ag reemen t  w i th  the  observa t ions  of Pal ladini  e t  al. a 
concerning the  h u m a n  pineal  acervuli.  
A surpr is ingly  grea t  morphological  and h i s tochemica l  
resemblance  be tween  h u m a n  and gerbil  p ineal  calcifi- 
ca t ion has encouraged J a p h a  et  al. 1 to suggest  t h a t  t he  
la t te r  should be used as an excel lent  model  to explore the  
p h e n o m e n o n  of pineal  calcification. In  order  to give more  
accuracy to th is  unexpec ted  oppor tun i ty ,  it  is necessary  
to compare  the  fine morpho logy  and the  mineralogical  
composi t ion  of the  h u m a n  bra in  sand wi th  the  gerbil  
pineal  acervuli.  
Material and methods. The pineal  bodies of 5 male Mon- 
golian gerbils (Merio unguiculatus)  weighing 80 g were 
fixed by  in t racard ia l  perfus ion wi th  2% g lu ta ra ldehyde  
and 1% formol  in 0.1 mol cacodyla te  buffer  (720 mosmol ;  
p H  7.2). Af te r  a brief  r insing in the  same buffer,  the  pineal  
bodies were pos t f ixed  in 1~ OsO4 and e m b e d d e d  in Dur-  
cupan.  U l t r a t h i n  sect ions were cut  wi th  a d i amo n d  knife, 
con t ra s t ed  wi th  uranyl  ace ta te  and lead c i t ra te  and  
observed in Zeiss EM 9A electron microscope.  For  the  
microprobe  analysis,  some pineal  bodies  were d e h y d r a t e d  
and emb ed d ed  w i t h o u t  OsO 4 t r e a t m e n t  in Durcupan .  The 
1000 A th ick  sect ions of these  blocks were m o u n t e d  on 
nylon  grids and analysed  for 600 sec a t  25 kV in a Hi t ach i  
HU-12 t ransmiss ion  e lec t ron microscope equ ipped  wi th  
a P r ince tone  G a m m a  Tech X - r a y  energy dispers ive  device.  
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