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Rabbit digastrie muscle sarcomere lengths (~zm) 
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Control 
(mean • SD) 

Experimental Exp./Cont. 
(mean 4- SD) (%) 

Immediate post-shortening 
2-3 weeks post-shortening 
12 months post-shortening 

2.75 = (4) 4- 0.06 3.06 (4) 4- 0.09 111 
2.67 b (12) • 0.13 2.52 (12) 4- 0.17 94 
2.62 (7) 4- 0.13 2.55 (7) 4- 0.12 97 

�9 p < 0.01. bp < 0.02. Number of muscles measured in parentheses. 

an ima l s  f ixed b y  a r t e r i a l  per fus ion  of 10% formal in .  The  
jaws  of t he  r a b b i t  were held  in the  closed pos i t ion  d u r i n g  
f ixat ion.  Sarcomere  l eng ths  were m e a s u r e d  d i rec t ly  f rom 
the  slides w i t h  a m i c r o m e t e r  eyepiece and  an  oil immers ion  
objec t ive .  Sarcomeres  were m e a s u r e d  in rows of 10. A t  
leas t  10 d i f fe rent  f ibres  in each  spec imen  were measured .  

Results. The  changes  in muscle  and  t e n d o n  l eng th  fol- 
lowing t e n d o n  s h o r t e n i n g  m a y  c o n v e n i e n t l y  be  cons idered  
as s h o r t - t e r m  and  long- te rm.  These  changes  were d e t e r m i n -  
ed b y  m e a s u r i n g  t h e  d i s t ance  b e t w e e n  t h e  i m p l a n t e d  
m e t a l  m a r k e r s  in ser ial  rad iographs .  T e n d o n  s h o r t e n i n g  
p roduced  a s ign i f i can t  sho r t  t e r m  increase  in t he  l eng th  
of t he  muscle  be l ly  (Figure).  W i t h i n  a day,  t he  d i s tance  
be tween  t he  t e n d o n  m a r k e r s  b e g a n  to  increase,  sugges t ing  
t h a t  t he  t e n d o n  was be ing  pul led  out.  T he  t e n d o n  con t in -  
ued  to l e n g t h e n  u n t i l  i t  h a d  reached  a l eng th  m u c h  g rea t e r  
t h a n  j u s t  p r io r  to  t e n d o n  shor ten ing .  The  l e n g t h e n i n g  of 
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Change in muscle marker distance expressed as a percent. Vertical 
bars are SEM, n ~ 7 for each point on thg graph. 

t he  t e n d o n  is ref lec ted  in t h e  s h o r t e n i n g  Of the  muscle  
be l ly  in  t h e  Figure.  Thus ,  t h e  sho r t  t e r m  s t r e t ch  p laced  
on  t h e  muscle  be l ly  b y  t e n d o n  sho r t en ing  is soon c o n v e r t e d  
in to  a m a r k e d  s h o r t e n i n g  of t he  muscle  belly.  Subse-  
quen t ly ,  t h e  muscle  be l ly  t e n d e d  to r e t u r n  t o w a r d  i ts  
l e n g t h  pr io r  to  t e n d o n  shor ten ing .  M e a s u r e m e n t  of 
muscle  sa rcomere  l eng ths  revea led  t h a t  t e n d o n  s h o r t e n i n g  
p roduced  a s ign i f i can t  s h o r t  t e r m  increase  in muscle  
sa rcomere  l e n g t h  w h e n  c o m p a r e d  to  sa rcomere  l eng ths  in  
t he  u n s h o r t e n e d  con t ro l  muscle  of t he  pa i r  (Table).  As 
t he  muscle  shor tened ,  t h e  m e a s u r e d  sa rcomere  l eng ths  
also ref lec ted  t h i s  change  (Table).  I n  t he  long- term,  how- 
ever,  muscle  sa rcomere  l eng th s  were n o t  s ign i f ican t ly  
d i f fe ren t  i r o m  the  controls ,  even  t h o u g h  the  muscle  
i tself  h a d  n o t  r e -es tab l i shed  i ts  or ig inal  length .  Th i s  
d i sc repancy  b e t w e e n  muscle  l e n g t h  and  muscle  sa rcomere  
l e n g t h  suggests  t h a t  a m e c h a n i s m  exis ts  to  res tore  muscle  
sa rcomere  l e n g t h  to a n o r m a l  or ideal  func t iona l  length .  
Such  a m e c h a n i s m  would  h a v e  to  add  or r emove  ser ia l  
sa rcomeres  as r equ i red  to a d j u s t  t o t a l  sa rcomere  n u m b e r  
to  t o t a l  musc le  length .  

Summary. T e n d o n  s h o r t e n i n g  in the  d igas t r ic  muscle  
of t h e  r a b b i t  resu l ted  in a s h o r t  t e r m  increase  in gross 
musc le  l e n g t h  and  sa rcomere  length .  Subsequen t ly ,  
muscle  and  sa rcomere  l eng th s  decreased to less t h a n  
con t ro l  values.  L o n g - t e r m  m e a s u r e m e n t s  suggested  t h a t  a 
r e t u r n  to con t ro l  sa rcomere  l e n g t h  m a y  h a v e  been ach ieved  
b y  a r educ t i on  in sa rcomere  n u m b e r .  
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Facil i tat ion by Imidazo l e  of the Aqueous  Flare R e s p o n s e  to a - M e l a n o c y t e  S t imula t ing  H o r m o n e  

The  eye re sponds  m o n o t o n o u s l y  to  b o t h  chemica l  a n d  
m e c h a n i c a l  local t r a u m a t a  w i t h  a b r e a k - d o w n  of t h e  
b lood  aqueous  ba r r i e r  1. The  r a b b i t  eye is especial ly  l iab le  
to  show impress ive  p e r m e a b i l i t y  d i s tu rbances .  E v e n  smal l  
t r a u m a t a  d i s t u r b  t e m p o r a r i l y  t he  b lood  aqueous  ba r r i e r  
a n d  t h e  increased  p r o t e i n  c o n t e n t  in  t he  aqueous  gives a 
f lare  w h i c h  can  be  m e a s u r e d  pho toe lec t r i ca l ly  w i t h o u t  
t o u c h i n g  t he  eye 3. 

Local  app l i ca t ion  of a r ach idon ic  acid (AA) a and  p ros ta -  
g l and in  (PG)4 gives a s imi la r  t r a u m a  react ion.  Aspi r in-  
like d rugs  a n d  i n d o m e t h a c i n ,  wh ich  i n h i b i t  t he  convers ion  
of A A  to  P G  ~, 5 are capab le  of b lock ing  t he  effect  of local  
t r a u m a t i c  agen t s  6. P G  is the re fore  suspec ted  of be ing  t he  

c o m m o n  m e d i a t o r  of t he  i n f l a m m a t o r y  r eac t ion  to differ- 
en t  t r a u m a t a  ~. 

A p a r t  f r om local ly  appl ied  agents ,  i t  h a s  also been  
s h o w n  t h a t  t h e  m e l a n o c y t e  s t i m u l a t i n g  h o r m o n e  (~-MSH) 
g iven  in m i c r o g r a m  doses s u b c u t a n o u s l y  is capab le  of 
p roduc ing  effects wh ich  are  i nd i s t i ngu i shab le  f rom those  
of a local  t r a u m a ,  even  h is to logica l ly  s, o. I n  an  unse lec ted  
m a t e r i a l  of p i g m e n t e d  rabb i t s ,  t i le  pe rcen t age  of pos i t ive  
aqueous  f lare responses  (#_FIR) to  ~-MSYI is a b o u t  40% 10. 
The  u l t i m a t e  reason  for th i s  v a r i a b i l i t y  in  r eac t ion  is 
u n k n o w n  b u t  is to  some e x t e n t  d e p e n d e n t  on  the  age of t h e  
animals .  

Tile effect  of ~ -MSH on t he  eye appea r s  to  be in accor- 
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dance  wi th  t he  t heo ry  t h a t  its ac t iv i ty  migh t  f u n d a m e n -  
ta l ly  consis t  of an ac t iva t ion  of m e m b r a n e - b o u n d  phos-  
pholipase.  This  releases u n s a t u r a t e d  free f a t t y  acids 
which  are rap id ly  t r ans fo rmed  into PG1L A n o t h e r  sug- 
ges ted effect  of a -MSH is its inhib i t ion  of cAMP phospho-  
diesterase ~2. As cAMP has  been  suggested as the  u l t ima te  
effector  of t he  pe rmeab i l i ty  d i s tu rbance la  ~-MSH m i g h t  
in th is  way  inf luence  the  blood aqueous barrier.  

Whicheve r  t he  i m p o r t a n t  mechan i sm m a y  be, it  should 
be of in te res t  to  inves t iga te  the  influence of subs tances  
which  block the  PG effect  or t h a t  of its precursor ,  
a rachidonic  acid, on the  M S H  action.  

Recen t  expe r imen t s  have  shown t h a t  t he  ~-MSH 
effect  is no t  b locked by  p r e t r e a t m e n t  w i th  indomethac in ,  
like the  t r a u m a  react ion to  o the r  agents ;  in fact  the re  
was a sl ight  increase of the  ~-MSH response in t he  indo-  
me thac in - t r e a t ed  eyes ~4. 

The presen t  repor t  deals w i th  the  abi l i ty  of imidazole to 
affect  the  aqueous  flare response (AFR) to e - M S H  in 
rabbi ts .  Imidazole  increases the  phosphod ies te rase  act iv-  
i ty  in vitro15 and  is supposed  to antagonize  the  effect  of 
AA 16 and PG ~ to  the  eye by  its lowering effect  on the  
in t raocular  concen t ra t ion  of cAMP. The course of the  
A F R  was followed by  quan t i t a t i ve  m e a s u r e m e n t s  of the  
aqueous  flare in the  in tac t  eye by  means  of a pho to -  
electrical i n s t r u m e n t  14. The A F  was measured  in arbi-  
t r a ry  uni ts  and  the  results  are given as 

maximum flare density after treatment 
Qmax = flare density before treatment 

P i g m e n t e d  rabbi ts ,  3-4.5 kg, were given 20 ag/kg 
e -MSH s.c. on the  1st day  of the  exper iment ,  a f te r  which  
the  A F  was measured  every  hal f -hour  unt i l  the  flare maxi-  
m u m  was covered.  There  was a s ignif icant  e levat ion (Qm,x 
_> 1.5) of the  aqueous flare in a t  least 1 eye in a b o u t  40% 
of the  rabbi ts .  In  those  cases where  a flare response  was 
elicited (8 rabbi ts) ,  the  Qm,,-values var ied be tween  1.5-- 
5.0 (ar i thmet ic  mean  2.8, s t a n d a r d  error  of the  mean  0.23). 
On the  2nd day  1 eye was t r ea t ed  topical ly  wi th  2 drops  
(50 txl) of imidazole (250 mg m1-1 saline) and 2 h la ter  20 
ag/kg ~-MSH was in jec ted  s.c. In  the  eyes p re t r ea t ed  wi th  
imidazole (9 eyes), there  was a modes t  to dense flare in 
100% and the  Qm,,-values var ied be tween  4 32 (mean 
12.8, SE 2.7). In  the  cont ra la te ra l  eye, there  was a 
posi t ive  A F R  in 7 out  of 9 eyes and  the  Q,~,~-values var ied 
be tween  1.0-30.0 (mean 6.0, SE 3.0). On the  3rd day, 
20 txg/kg e -MSH was given s.c. w i thou t  any  p r e t r e a t m e n t  
wi th  imidazole.  A posi t ive  A F R  was p roduced  in bo th  
eyes in 100% (9 rabbits) .  The Q,n,x-values of the  eyes t h a t  

were given imidazole  tile d a y  before var ied be tween  3,5-  
26.7 (mean 14.6, SE 2.5), and  in t he  cont ra la te ra l  eyes 
t he  Qm~x-values var ied  be tween  4.0-32.0 (mean 14.8, 
SE 2.8). 10 weeks af ter  these  exper iments ,  the  A F R  to 
e -MSH was again t e s t ed  w i t h o u t  repea t ing  the  appl ica t ion  
of imidazole in the  meanwhi le .  The Qmax-values of the  
eyes (4 rabbi ts)  t h a t  had  got  imidazole 10 weeks earlier 
var ied  be tween  8.7-61.5 (mean 33.7, SE 10.9) and  in t he  
cont ra la te ra l  eyes the  Qm,~-values var ied be tween  7.0-  
50.0 (mean 31.2, SE 8.9). In  all exper iments ,  the  flare 
m a x i m u m  occurred in b o t h  eyes 2-3 h af ter  s t imula t ion  
wi th  e -MSH and  the  aqueous  flare r e tu rned  to physiolog-  
ical values in 5-6 h. (A typ ica l  series of expe r imen t s  is 
shown in the  Figure).  

In  a control  series (6 rabbi ts) ,  only imidazole was given 
as in the  series ment ioned .  There  was no s ignif icant  
e levat ion of t he  A F  in e i ther  eye, t h o u g h  there  was  a 
modera t e  ex te rna l  i r r i ta t ion  wi th  vasodi la t ion  and  che- 
mosis of the  con junc t iva  in the  eyes t r ea t ed  wi th  imida-  
zole. 

I t  is r emarkab le  t h a t  s t rong A F R  to c~-MSIK was  
elicited in all cases p r e t r ea t ed  wi th  imidazole,  even in 
those  rabb i t s  which  did no t  give a s ignif icant  response  to  
e -MSH only. The effect  of imidazole seems to  be long- 
last ing and general,  t h o u g h  the  mode of admin i s t r a t i on  
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was local. The fact  t h a t  imidazole  does no t  inhibi t  b u t  
facil i tates and po ten t i a t e s  the  A F R  to e -MSH fu r the r  
suppor t s  the  suggest ion t h a t  the  effect  of a -MSH is no t  
d i rec t ly  med ia t ed  by  pros taglandins ,  as seems to be the  
case w i th  o the r  t r a u m a t i c  agents  to the  eye6,14. The 
act ion of e -MSH on the  d is rupt ion  of the  b lood-aqueous  
barr ier  migh t  join the  chain of react ions  af ter  pros ta -  
g landin synthesis .  I t  should be not iced,  however ,  t h a t  
the  effects of imidazole  on wa te r  pe rmeab i l i ty  1", calcium 
binding16,17, pH,  and osmolar i ty  17 migh t  also con t r ibu te  
to  its act ion on the  e -MSH effect. 

Pi locarpine  (2%), which  has  some chemical  s t ruc tures  
in c o m m o n  wi th  imidazole,  was tes ted  in a p re l iminary  

18 The synthetic ~:MSH was kindly put at our disposal by Ciba Ltd., 
Basel, Switzerland. 

s t u d y  (5 rabbits)  for its possible  effect  on the  A F R  to 
e-MSH. A faci l i ta t ion and po t en t i a t i on  of the  A F R  to 
e-MSH, similar  to t h a t  of imidazole,  was foundlK 

Summary. MSH, like t r a u m a t a  to the  eye, cause a 
pe rmeab i l i t y  d i s tu rbance  in rabbi ts ,  w i th  pro te in  leakage 
into t he  aqueous.  The M S H  effect  was enormous ly  in- 
creased by  ins t i l la t ion of imidazole or pi locarpine.  The 
M S H  effect  seems to engage a d i f ferent  mechan i sm t h a n  
the  p ro s t ag l an d i n -d ep en d en t  ac t ion  of o the r  agents.  

ELISABETH BENGTSSON and  C. E. T. KRAKAU 

Department o/Experimental Ophthalmology, 
University Eye Clinic, S-221 85 Lund (Sweden), 
d March 7975. 

T h e  Effect  of I n d o m e t h a c i n  on  T o o t h  E x t r a c t i o n  W o u n d  H e a l i n g  in  R a t s  

I n f l a m m a t i o n  is an essent ial  feature  in wound  healing. 
Many  studies  indica te  t h a t  an t i - i n f l ammato ry  agents  
affect  the  wound  healing.  According to some s tudies  
i ndomethac in  r e t a rds  t he  heal ing of exper imenta l  skin 
wounds  in the  ra t  1, 3. However ,  STRUCK and  HERNA-NDEZ- 
RICHTER a observed  qua l i ta t ive  and  quan t i t a t i ve  im- 
p r o v e m e n t  in the  heal ing  of wounds  af ter  local subcu-  
t aneous  appl ica t ion  of indomethac in .  PENNERS 4 s t a t ed  in 
his clinical r epor t  t h a t  i ndomethac in  has  a favourable  
effect  on the  heal ing of surgical  wounds .  

As there  are b o t h  posi t ive  and  negat ive  views on the  
effect  of i ndome thac in  on wound  healing, we wan t ed  to  
inves t iga te  how indome thac in  affects the  heal ing of 
t o o t h  ex t rac t ion  wounds .  In  th is  k ind of inves t iga t ion  i t  
is possible to de te rmine  w h a t  k ind  of effect  i ndomethac in  
has on heal ing in epi thel ia l  tissue, subepi thel ia l  connect ive  
t issue and  bone. 
Materials and methods. A to ta l  n u m b e r  of 51 male Sprague-  
Dawley  ra ts  was s tudied.  The age of the  animals  a t  the  
beginning of the  s t u d y  was  50 days  and  the i r  average 
weigh t  was 160 g. The t o o t h  ex t rac t ions  were carried out  

under  sl ight  e ther  anaesthesia .  The gingival  t issue was 
first  loosened ve ry  carefully f rom all molars  on the  left  
side w i t h  a sharp  ins t rument .  The t ee th  were then  care- 
fully r o t a t e d  wi th  modif ied  forceps and  t h e n  ex t r ac t ed  
wi th  a s t rong ver t ica l  pull. R o o t  f rac tures  were uncom-  
mon  and,  if a n y  were observed,  t he  ra t  was excluded f rom 
the  trial.  The  to ta l  ex t r ac t ion  t ime  was never  more  t h a n  
1 rain per  rat .  I m m e d i a t e l y  af ter  ex t rac t ions  the  ra t s  
were conscious and in good cortdition. Af te r  ex t rac t ions  
they were kept without food for 4 h, but they received 
water ad libitum. 

Then 26 rats (test animals) were given indomethacin 
2 mg/kg p.o. twice daily by gastric catheter in a carboxy- 
methyl-cellulose suspension. The remaining 25 rats 

1 j .  j .  p. MORTON and M. H. MALONE, Archs int. Pharmacodyn. 
Th6r. 196. 117 (1972). 

2 t~. H. LEE and T. G. TONG, J. Pharm. Sci. 59, 1036 (1970). 
3 H. STRUCK and H. J. HERN**~NDEZ-RICHTER, Arzneimitt.-Forsch. 

(Drug Res.) 21, 1840 (1971). 
4 R. PENNERS, Arzneimitt.-Forsch. (Drug Res.) 27, 1842 (1971). 

Fig. 1. 14-day-old extraction 
wound of the control rat. The 
wound is fully covered by the 
epithelium. New bone (NB) can 
be seen in the bottom half of the 
socket. The zone of bone forming 
cells (arrows) is clearly visible 
between new bone and connective 
tissue (CT). H. E., • 


