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L o n g i t u d i n a l  S t r e s s  R e l a x a t i o n  i n  t h e  C a n i n e  A o r t a  

As a resu l t  of in v ivo  and  in v i t ro  s tudies  t he  a r te r ia l  
vascu la r  wal l  is cons idered  to  be  a visco-elast ic  mater ia l .  
One cha rac t e r i s t i c  of m a n y  visco-elast ic  ma te r i a l s  ex- 
h ib i t ed  b y  t he  a r te r ia l  wal l  is t he  progress ive  fall  in s t ress  
fol lowing t he  app l i ca t ion  of a c o n s t a n t  s t r a in  : t h i s  change  
of a r te r ia l  mechan ica l  p roper t i e s  w i t h  t i m e  is called delay-  
ed compl iance  or s tress  re laxa t ion .  I n  non-biological  
ma te r i a l s  the  p h e n o m e n o n  depends  upon  t he  s t r u c t u r a l  
coupl ing  and  re la t ive  modu l i  of t he  elast ic  a n d  viscous 
e l ement s  of t he  m a t e r i a l L  

I n  t he  case of t he  a r t e r i a l  wall,  t h e  s tress  r e l a x a t i o n  is 
p r o b a b l y  r e l a t ed  to  the  re la t ive  p ropor t i ons  of t he  const i -  
t u e n t  e l emen t s :  collagen, e last in ,  s m o o t h  muscle  and  t he  
mucopolysacchar ides ,  t he  mechan ica l  p roper t i e s  of these  
e lements ,  t oge the r  w i t h  t he i r  a r ch i t ec tu re  and  s t r u c t u r a l  
coupling.  

P rev ious  s tudies  h a v e  d e m o n s t r a t e d  t h a t  a r t e r ia l  s t ress  
r e l axa t ion  p r e d o m i n a t e s  in  t he  t a n g e n t i a l  d i rect ion,  
compared  w i th  t he  long i tud ina l ,  a t  leas t  in t he  can ine  
femora l  a r t e r y  ~; b u t  t h a t  s igni f icant  degrees of l ong i tud ina l  
s t ress  r e l axa t ion  can  be d e m o n s t r a t e d  in t he  can ine  ab- 
domina l  ao r t a  8. 

F u r t h e r  e x p e r i m e n t s  h a v e  been  pe r fo rmed  upon  a r te r ia l  
sect ions t a k e n  f rom 5 aor t ic  si tes a n d  some of the  m a i n  
aor t i c  d i s t r i b u t i n g  ar ter ies  to  eva lua t e  t he  degree of 
l ong i tud ina l  s t ress  r e l axa t ion  a t  these  sites. 
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Fig. 1. Difference between the induced arterial stress immediately 
following step input of longitudinal strain TA, and the stress 
remaining after 3 min of stress decay TB, as a function of the applied 
strain/I [/Io; for 8 arterial sites. 

Methods.  Arte r i a l  sect ions  f rom 7 si tes were r emoved  
f rom 12 mongre l  dogs of average  body  we igh t  22.3 + 1.1 
kg. The  appa ra tu s ,  t e c h n i q u e  to  m a i n t a i n  a r te r ia l  seg- 
m e n t s  in  a v iab le  s ta te ,  and  t he  procedures  to  o b t a i n  the  
s t ress - s t ra in  r e l a t ionsh ip  Mong t he  l ong i tud ina l  axes  of the  
vessels h a v e  p rev ious ly  been  descr ibedK Abso lu t e  mea-  
sures of s tress  r e l a x a t i o n  were o b t a i n e d  b y  s u b t r a c t i n g  t he  
t en s ion  induced  in t he  a r te r ia l  s egments  i m m e d i a t e l y  
fol lowing app l i c a t i on  of s t r a in  (T,)  f rom the  t ens ion  
r e m a i n i n g  a f te r  3 m i n u t e s  of t ens ion  decay,  (TB). These  
differences  were ca lcu la ted  for s t r a i n  i n c r e m e n t s  of 0.05 
for l o n g i t u d i n a l  s t r a ins  of 0.05 to  0.45, where  t he  s t r a in  is 
def ined as t he  change  in l e n g t h  (A1) d iv ided  b y  t he  
or ig ina l  l e n g t h  (lo) of the  b lood  vessel  segment .  

Results.  Figure  1 shows t h e  s t ress  r e l a x a t i o n  (TA-TB) as 
a func t ion  of l ong i tud ina l  s t r a in  for 5 aor t ic  si tes t o g e t h e r  
w i t h  t he  rena l  and  super ior  mesen te r i c  ar ter ies .  Values  for 
t he  f emora l  a r te ry ,  t a k e n  f rom ATTINGER 2, are inc luded  
for  compar ison .  Al l  ar te r ia l  s i tes cons idered  showed stress  
r e l a x a t i o n  in t he  l ong i tud ina l  d i rect ion,  and,  w i t h  t he  
excep t ion  of the  a scend ing  aor ta ,  t he re  was a progress ive  
increase  in s tress  r e l axa t ion  up  to t he  l imi t s  of l ong i tud ina l  
s t r a in  u n d e r  inves t iga t ion .  The  f igures in  pa r en the se s  
fol lowing t he  aor t ic  s i tes  in  the  key  ind ica te  the  degree of 
r e s t ing  aor t i c  l ong i tud inM s t ra in  as measu red  in t he  dog 
in  v ivo  b y  APTER et  al. 4 us ing  a r e t r a c t i o n  t echn ique .  
D a t a  are expressed  as t he  m e a n s  1 1  s.c. S t a n d a r d  errors  
of t he  s t r a in  are v e r y  smal l  and  h a v e  been  omi t t ed .  Also 
severa l  s t a n d a r d  errors  in t he  ver t i ca l  d i r ec t ion  h a v e  been  
o m i t t e d  ill t h e  in te res t s  of clar i ty .  

Discussion.  F r o m  the  q u a n t i t a t i v e  differences  be tween  
s t ress  r e l a x a t i o n  in h u m a n  umbi l i ca l  a r t e r y  (a lmost  100% 
s m o o t h  muscle)  a n d  can ine  ca ro t id  a r t e r y  ( a p p r o x i m a t e l y  
30% s m o o t h  muscle),  ZATZMAN et  al. s conc luded  t h a t  
s t ress  r e l a x a t i o n  was a p h e n o m e n o n  associa ted  p r i m a r i l y  
w i t h  t he  s m o o t h  muscle  c o m p o n e n t  of the  a r te ry .  F u r t h e r  
ev idence  of t he  i m p o r t a n c e  of s m o o t h  muscle  a n d  i ts  
s t a t e  of c o n t r a c t i o n  was  d e m o n s t r a t e d  b y  ATTINGER 2, 
who  d e m o n s t r a t e d  a large increase  in s t ress  r e l a x a t i o n  
w h e n  femora l  a r t e r y  s m o o t h  muscle  was c o n t r a c t e d  b y  
top ica l  no rep inephr ine ,  a n d  i ts  d i m i n u t i o n  fol lowing 
pha rmaco log ica l  i n a c t i v a t i o n  of the  s m o o t h  muscle.  
GOTO a n d  KIMOTO ~, us ing  a un ive r sa l  t ens i le  t e s t i ng  
i n s t r u m e n t ,  o b t a i n e d  s t ress  r e l a x a t i o n  curves  for t o a d  
ao r t ae  wh ich  t h e y  d iv ided  in to  3 phases  f rom the  d i s t r ibu-  
t i on  func t ion  of t i le  r e l a x a t i o n  curves.  T h e y  enzyma t i ca l l y  
r e m o v e d  col lagen a n d / o r  e las t in  and  r epea t ed  t he  s tudies :  
t he  resul t s  suggested  t h a t  ill t h e  course of s t ress  r e l a x a t i o n  
col lagen loses i ts  t ens ion  first ,  s m o o t h  muscle  next ,  and  
e las t in  last .  

W h a t e v e r  the  p r i m a r y  d e t e r m i n a n t  of s tress  re laxa t ion ,  
because  a r t e r i a l  compos i t i on  a n d  a r r a n g e m e n t  v a r y  w i t h  
site, t he  degree and  d i rec t ion  of s tress  r e l axa t ion  should  
also be  a func t i on  of a r t e r i a l  site. For  a g iven  site, i t  m a y  
be the  degree of l ong i tud ina l  a l i g n m e n t  of a r te r ia l  wall  
c o n s t i t u e n t s  which  c o n t r i b u t e s  to  t he  degree of s tress  
r e l a x a t i o n  ill a l ong i t ud ina l  di rect ion.  
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Histological  evidence for some degree of smoo th  muscle 
o r ien ta t ion  in the  longi tudinal  d i rec t ion  has been demon-  
s t r a t ed  in t he  super ior  mesenter ic  a r t e ry  7 and some aort ic  
sect ions s. These si tes showed a re la t ively  high degree of 
longi tudinal  s tress re laxa t ion  compared  wi th  the  femoral  
ar tery.  As the  longi tudinal  s tress increases,  the  propor-  
t ion  of longi tud ina l ly  al igned smoo th  muscle and/or  
connec t ive  t issue c o m p o n e n t s  p r e sumab ly  increases. 

If the  p ropor t ion  of the  longi tudina l  a l ignment  of 
smoo th  muscle  f ibres is a func t ion  of the  smoo th  muscle 
con ten t  for all ar ter ia l  sites, t hen  we would expec t  smoo th  
muscle to re late  to  longi tudina l  s tress re laxa t ion  as mea-  
sured by  TA-TB. However ,  no correla t ion was found 
be tween  values  of aort ic  s tress re laxa t ion  at  the  initial  
longi tudinal  s t ra in  of 0.05 and the  smoo th  muscle aort ic  
conten t ,  t aken  f rom FISCHER and  LLAURADO 9, der ived by  
sub t rac t ion  of the  collagen and elast in  percen tage  con ten t  
f rom 100%. 

The physiological  longi tudinal  s t ra in  along the  aor ta  is 
no t  equal  a t  all sites. However ,  even if we consider  the  
stress re laxa t ion  at  the  res t ing physiological  longi tudinal  
s t ra ins  as given by  Ap te r  et  al. 4 for the  canine aorta,  there  
is stil l  no corre la t ion wi th  the  smoo th  muscle con ten t  at  
these  sites. 

I t  has  been shown t h a t  a t  and above physiological  
pressures  collagen plays  a grea ter  t ens ion  bear ing  role in 
the  ar ter ia l  wall  t h a n  o ther  ar ter ia l  cons t i tuents ,  whereas  
e las t in  p r edomina t e s  in th is  funct ion  at  lower t h a n  
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Fig. 2. Difference between the induced arterial stress immediately fol- 
lowing step input of longitudinal strain Ta, and stress remaining after 
3 rain of stress decay TB as a function of the sum of smooth muscle and 
collagen content for 5 aortic sites. 

physiological  pressures  t0. F r o m  the  above and the  work of 
GOTO and KIMOTO 6 it would be expec ted  t h a t  a funct ion  
of ar ter ial  wall  cons t i tuen t s  which correlates  well wi th  
stress re laxa t ion  at  physiological  s t ra ins  would include an 
express ion of e i ther  collagen con ten t  or its var ia t ion  wi th  
respect  to  elast in content ,  t h a t  is t he  collagen-elast in 
rat io C/E 9. Consequent ly  a t  res t ing  physiological  s t ra ins  
longi tudinal  s tress re laxa t ion  in the  aor ta  was considered 
as a funct ion  of b o t h  the  sum of s mo o t h  muscle and colla- 
gen con ten t  and the  p roduc t  of the  s mo o t h  muscle con- 
t e n t  and  the  C/E ratio.  Bo th  these  var iables  gave a ve ry  
good correlat ion wi th  longi tudinal  s tress relaxat ion,  par t i -  
cularly the  sum of s mo o t h  muscle and  collagen content .  
This re la t ionship  is shown in Figure 2. 

Co~clusion. A signif icant  degree of longi tudinal  stress 
re laxat ion  occurs in the  var ious  regions of t he  canine 
aorta,  renal  and  superior  mesenter ic  arteries.  The magni-  
tude  of such stress re laxa t ion  is s t ra in  d e p e n d e n t  and 
differs f rom site to site. At  longi tudinal  s t ra ins  equivalent  
to those  exis t ing in vivo, longi tudinal  stress re laxat ion  in 
the  aort ic  sites considered increases progress ively  in a 
caudal  d i rect ion and  correlates  well wi th  the  sum of 
collagen and s mo o t h  muscle known to exis t  a t  these  sites. 

Rdsumd. On a mesur6 chez le chien la re laxat ion  de la 
tens ion  longi tudinale  en fonct ion de la d6format ion  dana 
l 'aorte ,  l 'ar t6re r6nale et  l 'ar t6re m6sent4r ique sup6rieure. 
Dana lea d6format ions  6quivalent  & celles du vaisseau in 
vivo, la re laxa t ion  de la tens ion  longi tudinale  eat raise en 
re la t ion avec les effets combin6s de la t eneur  en collag6ne 
et  des muscles  lisses. 
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B o b i e r r i t - N e w b e r y i t - K o n k r e m e n t e  in den Dri isensf ickchen des V o r m a g e n s  yon L a m a  lama 

Im  Gegensatz  zum S t ruv i t  k o m m e n  die Magnes ium- 
o r thophospha t -Mine ra l e  Bobier r i t  und  Newbery i t  nu t  
sehr  sel ten als K o m p o n e n t e n  pa tho log ischer  Konkre-  
men te  vor  t. Bei der  Sekt ion eines 12j~thrigen Lamaheng-  
stes, der  wegen seni lem Marasmus  ge th te t  worden  war, 
wurden  in den  sog. Dr i i sensgckchen des ers ten Vormagen-  
abschn i t t e s  (cranialer und  caudaler  'Pansen ' -Sack)  
zahlreiche jeweils solit&re, erbsen-  bis kastaniengrosse,  
unregelm~ssig ges ta l te te  K o n k r e m e n t e  gefunden  (Figur 
a und  b), die an der  Oberfl~iche pf lanzl icher  F u t t e r b e s t a n d -  
tei le bzw. versch iedener  F r e m d k 6 r p e r  zur Absche idung  
gelangt  waren.  Die im Inne ren  dieser  K o n k r e m e n t e  locker 

gefiigten, kris tal l in inkrus t i e r t en  Pf lanzenfaserba l len  wa- 
t en  aussen yon einer un te rsch ied l ich  d icken  k o m p a k t e n  
Minera lschicht  umgeben.  

Die r6n tgend i f f rak tomet r i sche  Un te r suchung  ergab als 
kr is tal l ine tKomponenten:  im Inneren  der  K o n k r e m e n t e :  
Newbery i t  M g t l P O  4 - 3H90; als d ich t  geffigte Schale: 
Bobier r i t  Mga (PO4) 2 �9 8H~O. Der  k o m p a k t e  Bobier r i t -  
Antei l  be s t and  aus faserigen Aggregaten  yon ~0 ,01  m m  
bis zu 0,1 m m  dicken nach  [0011 ges t reck ten  Kris tal len.  
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