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Two Directional Delayed Compliance in the Canine 

W i t h  respec t  to s t r u c t u r e  a n d  m e c h a n i c a l  b e h a v i o r  t h e  
a b d o m i n a l  ao r t a  ha s  c e r t a i n  d i s t i nc t i ve  f ea tu res :  t he  
h ighes t  c o n n e c t i v e  t i ssue  c o n t e n t  of t h e  aor t ic  s i tes  w i t h  
a c o n s e q u e n t  r educ t i on  in complianceS,  ~ t o g e t h e r  w i t h  a 
nega t i ve  l ong i t ud ina l  s t r a in  d u r i n g  card iac  systole  3. I n  
v iew of these  cha rac te r i s t i c s  a n d  t he  p a u c i t y  of inves t iga -  
t ions  of t he  t i m e  d e p e n d e n c e  of a r t e r y  wal l  compl iance  
in more  t h a n  one d i rec t ion  a, i n -v i t ro  e x p e r i m e n t s  h a v e  
been  pe r fo rmed  to  e v a l u a t e  t he  a b d o m i n a l  aor t i c  wal l  
s t ress  i nduced  b y  l o n g i t u d i n a l  a n d  t a n g e n t i a l  s tep  func-  
t ions  of s t r a i n  e n c o m p a s s i n g  t he  r anges  of s t r a i n  ex i s t ing  
in-v ivo .  F r o m  these  r e l a t i onsh ips  a m eas u r e  of t he  de layed  
compl i ance  was der ived  as a f unc t i on  of s t ra in .  

Methods. Sect ions  of a b d o m i n a l  a o r t a  cauda l  to  t he  re- 
na l  a r te r ies  were r e m o v e d  f rom 10 mongre l  dogs of aver-  
age we igh t  20.0 :k 1.1 kg. The  a r t e r i a l  s egmen t s  were re- 
m o v e d  seconds a f t e r  t he  d e a t h  of the  a n i m a l  v ia  a c ap t i ve  
bol t ,  avo id ing  m o d u l a t i o n  of va scu l a r  p roper t i e s  b y  a ge- 
nera l  anes the t ic .  The  a p p a r a t u s ,  t r e a t m e n t  of a r t e r i a l  seg- 
men t s ,  t he  p rocedures  to  o b t a i n  t h e  s t r e s s - s t r a in  re la t ion-  
ships  a n d  to  m a i n t a i n  t he  a r te r ia l  s egmen t s  in  a v iab le  
s ta te ,  h a v e  been  p rev ious ly  descr ibed  in de ta i l  4. 

F r o m  the  resu l t ing  s t ress - s t ra in  r e l a t ionsh ips  for each  
expe r imen t ,  s t resses  were t a b u l a t e d  a t  s t r a i n  i n c r e m e n t s  
of 0.05, t h a t  is, 5% for s t r a in s  of 0.05 to  0.70. The  s ta t i c  
e last ic  modu l i  were ca lcu la ted  as t he  s ecan t  m o d u l i  over  
t he  a b o v e  s t r a i n  i n c r e m e n t s  a n d  t a b u l a t e d .  De layed  com- 
p l iance  was assessed b y  t he  ra t io  of the  s t ress  i nduced  in 
the  a r t e r i a l  s egmen t s  i m m e d i a t e l y  fol lowing t he  appl ica-  
t i on  of s t r a i n  (Ta) to  t h e  s t ress  r e m a i n i n g  a f t e r  3 m i n  of 
s t ress  decay  (TB). 

Results. The  s ta t i c  e last ic  modu l i  of t he  a b d o m i n a l  a o r t a  
in t he  l ong i t ud ina l  a n d  t a n g e n t i a l  d i rec t ions  are shown in 
F igure  1 for ranges  of s t r a i n  co r re spond ing  to those  found  
in-vivo.  The  m a x i m u m  l ong i t ud i na l  m e a n  s t r a in  ex i s t ing  
in -v ivo  ha s  been  e s t i m a t e d  as be ing  a p p r o x i m a t e l y  0.475. 
The  pulsa t i le  r educ t i on  of t he  m e a n  s t r a in  d u r i n g  card iac  
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systole  is smal l  3, w i t h  l i t t l e  ex tens ion  d u r i n g  increases  of 
m e a n  i n t r a - ao r t i c  p ressure  6, t h u s  t he  r ange  of i n - r i v e  lon- 
g i t u d i n a l  s t r a i n  was t a k e n  to be  0.47 :~ 0.05. 

F r o m  re l a t ionsh ips  r e l a t i ng  a r t e r i a l  stresses,  geome t ry  
and  pressure  p rev ious ly  descr ibed  T, i t  call be  ca lcu la ted  
t h a t  t he  r ange  of m e a n  b lood pressure  of 60 to  170 m m  H g  
cor responds  to t a n g e n t i a l  wal l  s t resses  of 462 to 1309 g/ 
cm e. F r o m  the  e x p e r i m e n t a l  s t r ess - s t ra in  re la t ionsh ips  
in  t he  t a n g e n t i a l  d i rec t ion  t he  s t r a ins  co r re spond ing  to t he  
above  s t ress  a n d  pressure  ranges  were a p p r o x i m a t e l y  
0.325 to 0.575; co r r e spond ing  to a r ange  of s t r a i n  of 
0.470 :J: 0.050 for t h e  l ong i t ud ina l  d i rect ion.  Over  these  
ranges  of s t r a i n  t he  s ta t i c  e last ic  m o d u l u s  is h igher  in t he  
t a n g e n t i a l  d i rec t ion :  inc reas ing  w i t h  increas ing  s t r a in  
in  b o t h  direct ions.  

The  degree of de layed compl iance  increases  w i t h  t he  
level  of in i t ia l  s t ra in ,  be ing  g rea te r  in t he  t a n g e n t i a l  di- 
rec t ion.  The  ra t io  Ta/TB as a func t ion  of s t r a in  is shown in 
F igure  2 for t he  two  direct ions.  This  ra t io  is g rea te r  in  t h e  
t a n g e n t i a l  d i rec t ion  for al l  s t r a i n  levels b u t  in  b o t h  direc- 
t ions  decreases  to  an  a s y m p t o t i c  level :  be ing  approx i -  
m a t e l y  1.2 and  1.3 in t he  respec t ive  l ong i t ud ina l  and  t an -  
gen t i a l  di rect ions.  I n  t he  l a t t e r  d i rec t ion  TA/TB becomes  
a s y m p t o t i c  a t  a h ighe r  s t r a in  level  t h a n  in the  l ong i tud ina l  
d i rect ion.  
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Fig. 1. Relationship between strain and the static elastic modulus for 
levels of longitudinal and tangential strain corresponding to those 
found in rive. The solid lines represent the static elastic modulus 
immediately following step functions of strain; the broken lines 
3 min after the application of strain. 
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Fig. 2. Ratio of the tension developed in abdominal aortic segments 
immediately following the application of longitudinal and tangential 
step functions of strain, TA, to the tension 3 min after the application 
of strain, TB, as a function of the applied strain. 
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Discussion. Figure  2 shows t h a t  t he  de lay  in compl iance  
as assessed b y  TA/TB becomes  a s y m p t o t i c  a t  s t r a in  levels 
co r respond ing  a p p r o x i m a t e l y  td t h e  u p p e r  l imi t s  of s t r a in  
found  in -v ivo  in t h e  two  direct ions .  For  h igh  f requencies  
t h e  r a t io  TA/TB can  be  shown  to  be e q u i v a l e n t  to  t he  r a t io  
of t he  d y n a m i c  elast ic  m odu l us  (E*)' to  t he  s ta t i c  elast ic  
modu lus  (E), namely ,  t h e  m odu l us  ra t io  s. 

The  d y n a m i c  elast ic  m odu l us  E*  can  be  expressed  in 
t e r m s  of t he  s ta t i c  e last ic  m o d u l u s  ~. 

(1 + Ass) (1 + ~ 4 s ) . . .  (1 + ~ s )  
E* = E .  (1 + J%ls) (1 -t- ttss) (1 -~ Xn_l S) 

where  Sx-- ~ are  c o n s t a n t  coeff icients  and  s r ep resen t s  t he  
Lap lace  opera tor .  Fo r  zero f r equency  

E * =  E*(o) = E .  

Fo r  inf in i te  f r equency  

E*(~c) 

E *  (oo)  
- -  - -  k 

�9 �9 E 

where  k is a cons t an t ,  Whose m a g n i t u d e  depends  u p o n  t he  
level  of t h e  in i t ia l  s t r a in  (el). I n  th i s  i n v e s t i g a t i o n  t he  t en -  
sion (T) r e su l t i ng  f rom a s tep  i n p u t  of s t r a i n  c an  be  re- 
l a t ed  to  t h e  s t ra in ,  t h a t  is: 

1 
T(s) : E* ~ {e(t)} = 7 " E*(s). 

F o r  func t ions  of t i m e  (t) where  t -~ oo t h e n  b y  t he  final-  
va lue  t h e o r e m  10, 

lim./(t) = lim. s�9 F(s) 
t-+Go s--~O 

1 
�9 . - - . ~ * ( 0 ) = E .  T( t -~oo)  = T B  = s "  s 

S - + 0  

Simi la r ly  for a f unc t i on  of t i m e  where  t -+ 0, t h e n  b y  t he  
in i t ia l  va lue  t h e o r e m  1~ 

lim. f(t) = liln. s . .  F(s) 
t -+  0 + s-+Oo 

1 
�9 . - -  �9 E* (oo) = E* (o~) T ( t -+0 )  = T A  = S '  S 

T~ E* ( ~ )  
- -  - - k .  

�9 �9 TB - -  E 

The only error in equating these ratios is the extent to 
which T(oo) equals TB, the latter being the residual ten- 
sion 3 min after the application of strain. It was found that 
the decay of tension from t = 2 rain to t = 3 rain represent- 
ed less than 2% of the tension decay from t = 0 to t = 

2 rain. 
Thus, the ratio TA/TB becomes equivalent to the mo- 

dulus ratio E*/E when the frequency becomes suffi- 
ciently high such that E* approximates E*(oo). 

The  de layed  compl iance  in t h e  a b d o m i n a l  ao r t a  was  
g rea te r  in t h e  t a n g e n t i a l  d i rec t ion  t h a n  r epo r t ed  for t he  
f emora l  a r t e r y  4 b u t  in  c o n t r a s t  to  t he  l a t t e r  was  more  pro-  
nounced  in t he  l ong i t ud ina l  d i rect ion.  This  is cons i s t en t  
w i t h  t he  concep t  of a p r e p o n d e r a n c e  of ser ial  a r range-  
m e n t s  be tween  t he  elast ic  a n d  viscous  e l emen t s  of t he  ar- 
t e r i a l  wal l  in  t he  t a n g e n t i a l  d i r ec t ion :  wi th ,  however ,  a 
s ign i f ican t  f r ac t ion  of para l le l  a r r a n g e m e n t s  in  t he  longi-  
t u d i n a l  di rect ion�9  These  f ind ings  coincide w i t h  t h e  h is to-  
logical  obse rva t ions  of BENNINGHOFF 11 a n d  ATTINGER 5 
who  found  t h a t  a b d o m i n a l  aor t i c  cross sect ions  of recoi led 
samples  showed,  a t  t h e  ou te r  b o r d e r  of t h e  media ,  evi- 
dence of s m o o t h  muscle  bund l e s  wh ich  were cu t  t r a n s -  
versely.  Conversely,  l o n g i t u d i n a l  sect ions  showed  longi- 
t u d i n a l l y  o r i en ted  muscle  bund l e s  which  changed  direc- 
t i on  to r u n  c i rcumferen t ia l ly .  

Conclusion. The  s ta t i c  e las t ic  m o d u l u s  a n d  de layed  
compl icance  of t he  can ine  a b d o m i n a l  ao r t a  were f o u n d  to 
be  a func t i on  of t a n g e n t i a l  a n d  l ong i t ud ina l  s t r a i n ;  b o t h  
va r i ab le s  be ing  g rea te r  in  t he  t a n g e n t i a l  d i rect ion.  The  de- 
l ayed  compl i cance  was shown  to .be  e q u i v a l e n t  to  t he  mo-  
du lus  r a t io  for h igh  f requencies  12. 

Rdsumd. Le modu le  s t a t i q u e  61astique et  l ' ex tens ib i l i t6  
(compliance)  r e t a rd6e  de l ' ao r t e  a b d o m i n a l e  du  chien  est  
une  fonc t ion  des t ens ions  t angen t i e l l e  et  l ong i tud ina le ;  
ces deux  va r i ab le s  p r 6 d o m i n a n t  darts la  d i rec t ion  t a n g e n -  
tielle.  On a cons t a t6  que  l ' ex tens ib i l i t6  @taft 6gale au  rap-  
p o r t  du  modu le  pou r  les f r6quences  61ev6es. 
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R 6 1 e  d u  g a n g l i o n  f r o n t a l  s u r  l e  r y t h m e  c a r d i a q u e  c h e z  Locusta migratoria L. 

Le gangl ion  f ron ta l  (GF) est  c l a s s iquemen t  connu  pou r  
i n t e r v e n i r  sur  une  r6ac t ion  nu t r i t i onne l l e ,  p a r a i s s a n t  dif- 
f6rente  s u i v a n t  les esp@ces, e t  sur  une  r6ac t ion  o v a r i e n n e  
un i fo rme  1. Ces r6act ions ,  6tudi6es en  d6ta i l  chez Locusta ~-7 
m e t t e n t  en  cause  les co rpora  a l l a t a  (CA)s, 9 et  les cellules 
neuros6cr6t r ices  de la  pa r s  in t e rce reb ra l i s  (PI)s ,  1% Con- 
n a i s s a n t  l ' i m p o r t a n c e  de Fac t ion  des CA sur  la  v a l e u r  du  
r y t h m e  c a r d i a q u e  chez  Locusts  migratoria n- i s  nous  
env i sageons  ici l ' e f fe t  de l ' a b l a t i o n  du  G F  sur  le r y t h m e  
du  coeur de cet  Insec te .  

L ' a b l a t i o n  du  GF,  qu i  est  une  op6ra t ion  facile, se solde 
I r 6 q u e m m e n t ,  dans  nos  cond i t ions  exp6r imenta les ,  p a r  

une mortalit6 61ev6e, plus sp6cialement en fonction de 
l'~poque de l'intervention. 

Le Tableau I indique qu'il est pr~f6rable d'attendre au 
moins le premier jour de la vie imaginale (c'est-g-dire plus 
de 24 h apr@s la m6tamorphose) pour r6aliser l'ablation de 
GF si l'on veut avoir des chances de survie raisonnables 
jusqu'g J 15. L'op6ration est donc effectu6e ~ J 1 ou J 2 
sur des males et des femelles adultes et le rythme car- 
diaque mesur6 5, I0 et 15 jours apr@s l'op~ration. 

Les r6sultats, indiqu6s dans le Tabeau II, donnent des 
diff6rences significatives ~ la fois chez les males et les 
femelles, ~ une exception prSs (chez les ingles, 15 jours 


