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Altered response in vitro of the human 
umbilical artery to sera of neonates with 
respiratory distress syndrome and other 

hypoxic conditions
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A s tu d y  w as m ade  o f th e  reac tio n  o f  th e  h u m a n  um bilical a r te ry  an d  
th e  iso lated  ra b b it  au ricu la r a r te ry  to  p ro te in -free  u ltra f iltra te s  o f  n o rm al 
and  hypox ic  se ra  o rig in a tin g  from  n eo n a te s  suffering  from  R D S or o th e r  
acu te  m e tabo lic  d is tu rb an ce s . W hile a  n o rm a l se ru m  u ltra f i ltra te  caused a n  
enhanced  c o n tra c tio n  o f  th e  um bilical a r te ry , hy p o x ic  sera  exerted  a  w eaker 
p resso r a c tiv ity . A t th e  sam e tim e , on th e  r a b b i t ’s iso lated  au ricu la r a r te ry  
th e  hy p o x ic  se ra  e x h ib ite d  a  h ig h er p resso r a c tiv ity . T he phenom enon is in  
ag reem en t w ith  th e  clinical obse rv a tio n  t h a t  spon tan eo u s closure o f  th e  
um bilica l vessels is delayed  in th e  case o f  fe ta l h y pox ia .

S tudy  of the co n trac tility  and  re­
laxation  o f the um bilical a rte ry  is 
o f fundam ental im portance in neo­
n a ta l pathology. P o s tn a ta l closure 
o f th e  um bilical arteries is one o f the 
m ost significant and  freq u en t phenom ­
ena o f the  ad ap ta tio n  to  ex trau te r- 
ine life. U nder in trau te rin e  condi­
tions, regulation o f vascu lar resi­
stance is a v ita lly  im p o rtan t m echa­
nism  for the  fetus.

In te re s t in the  reac tiv ity  o f the 
um bilical a rte ry  has been prom oted 
by  the circum stances th a t  a hum an 
organ p rep ara tio n  can be stud ied  
which does n o t contain  nervous ele­
m ents [11], and  the constriction  of 
which is regu lated  solely by vaso­
ac tive substances and  m etabolic ef­
fects. A characteristic featu re  o f the 
um bilical a rte ry  is its sensitiv ity  to  
changes of the p 0 2; to  its  elevation

the a r te ry  responds with con trac tion - 
The response is p o ten tia ted  by  hum o­
ral m ediato rs; experim ental studies 
have revealed  the  possible role in it o f 
acetylcholine, serotonin, noradrenali­
ne an d  b rad y k in in  [9, 12]. R ecently , 
the p rostag land ins have come into 
the cen tre  o f a tten tio n , afte r it had  
been show n th a t  the  um bilical a r te ry  
responds sensitively to  the p ro s ta ­
glandin endoperoxides, and  th a t these 
vasoactive substances are produced 
in the  vascu lar wall itself in the course 
of co n trac tio n  under the effect o f 
0 2 [13, 16].

The reac tiv ity  of the um bilical 
a r te ry  has m any features in com m on 
with th e  ductus arteriosus. B o th  
types o f vessel have been the sub ject 
of ex tensive investigations [10, 15]. 
The clinical observations of D esm ond 
e t al. [6] and  our anim al experim ents
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hav e  revealed  th a t closure o f th e  
um bilica l a rte ry  is p ro trac ted  post- 
n a ta lly  following fe ta l hypoxia [3] 
an d  even  fails to  occur afte r oxygeni- 
za tio n  o f the blood following p ro ­
longed  hypoxia. Failure of th e  fe ta l 
vessels to  con tract is therefore a  con­
sequence o f a hum oral effect. The 
aim  o f th e  presen t investigation was 
to  s tu d y  w hether th e  hum oral effect 
due to  hypoxia would affect th e  
um bilica l arteries under conditions 
i n  v i tr o .

M a t e r ia l s  a n d  Meth o d s

S tu d y  o f  th e  h u m o ra l effect o f  se ru m  
d e v e lo p in g  in  consequence o f  h y p o x ia  
w as c a rr ie d  o u t w ith  u ltra f i ltra te s  o f  se ra  
o f  h e a l th y  b lood donors o f  n eo n a te s  w ith  
R D S  (10 cases), an d  o f  in fan ts  a n d  ch ild ren  
w ith  life -en d an g erin g  cond itions (10 cases). 
B lood  w as u su a lly  o b ta in ed  b y  h e a r t  
p u n c tu re  im m ed ia te ly  a f te r  d e a th , w hile  
in  5 cases i t  w as ta k e n  d u rin g  life in  a  g rav e  
co n d itio n . T he sep e ra ted  sera  w ere freed  
fro m  p ro te in  b y  u ltra f i lt ra t io n  th ro u g h  a  
U M -2 m em b ran e  on  a n  A m icon  D iaflo  
a p p a ra tu s ,  an d  ad ju s te d  to  p H  7.4 im ­
m e d ia te ly  before  use. T he um b ilica l co rd s 
w ere p lace d  a f te r  b ir th  in to  m o d ified  
K re b s  so lu tio n  a t  room  te m p e ra tu re , a n d  
u sed  w ith in  one h ou r. C om position  o f  th e  
m o d ified  K re b s  so lu tion  w as N aCl, 6.90 g/1; 
N aH C O j, 1.90 g/1; KC1, 0.20 g/1; K H 2P 0 4, 
0 .10 g/1; C aC l2, 0.20 g/1; M gS 04, 0.13 g/1; 
a n d  g lucose , 1.00 g/1. T he p H  w as a d ju s te d  
w ith  HC1 to  7.4 before u se . I n  o rd e r  to  
av o id  d am ag e  an d  tr a c tio n  o f th e  a r te ry , 
m a te r ia l  ta k e n  from  th e  c en tra l p a r t  o f  
th e  u m b ilic a l cord  w as su spended  in  a n  
o rg a n  b a th  a t  37 °C an d  th e n  ex am in ed  in  
a  p e rfu s io n  sy s tem  b y th e m e th o d  dev e lo p ­
ed b y  K o v a lc ik  fo r th e  re a c tiv ity  o f  th e  
d u c tu s  a r te r io su s  in  ex p erim en ta l an im a ls  
[10]. A  s tre a m  o f  m odified  K rebs so lu tio n ,

m o s t freq u en tly  w ith  a  p 0 2 o f  150 m m  H g, 
co rrespond ing  to  a tm o sp h e ric  a ir , w as 
passed  over th e  o rgan  a t  a  r a te  o f  4 m l/m in . 
T he vascu la r reac tio n  w as s tu d ied  b y  m eas­
u re m e n t o f  th e  p e rfu sio n  p re ssu re  w ith  
a  H eilige e lec tro m an o m eter, a n d  reco rded  
w ith  a  K u tesz  co m p en so g rap h . A fte r  th e  
p ressu re  h ad  becom e c o n s ta n t follow ing 
th e  perfusion , th e  re a c t iv i ty  o f  th e  vessel 
w as ju d g ed  b y  its  response  to  50 fig  o f 
ace ty lcho line . S u b sequen tly , a lw ay s a f te r  
te s tin g  w ith  n o rm al se ru m  u ltra f i l t ra te , 
th e  sam e am o u n ts  o f  p a th o lo g ic a l serum  
u lt ra f i l t ra te  w ere ad d ed  to  th e  sy s tem  for 
co m p ara tiv e  pu rposes. 0 .2  — 0.5 m l q u a n ­
ti tie s  o f  th e  serum  u lt r a f i l t ra te s  w ere in ­
je c ted  in to  th e  perfu sion  flu id  a t  th e  site  
o f  in f lu x  in to  th e  o rgan . T he re a c t iv i ty  o f 
sev era l m a te ria ls  w as in v e s tig a te d  o n  one 
p re p a ra tio n . A fte r th e  te s ts , th e  re a c tiv ity  
o f  th e  vessel to  n o rm al se ru m  u lt ra f i l t ra te  
a n d  to  acety lcholine w as ag a in  checked.

I n  o rd e r to  com pare th e  effec ts ex e rted  
o n  th e  um bilical a r te ry , th e  sam e m a te ria ls  
w ere te s ted  on  a  system ic  a r te ry . I n  these  
te s ts , th e  p lasm a p re sso r a c t iv i ty  w as 
o bserved  on  th e  iso la ted  r a b b i t  au ricu la r 
a r te ry  ob ta in ed  b y  th e  m e th o d  o f  de la  
L an d e  [5].

S ta tis tic a l analysis w as p e rfo rm ed  by  
W ilcoxon  analysis an d  b y  th e  sing le­
sam p le  t te s t.

R esu lts

R esults are shown in F ig. 1. I t  
can  be seen th a t  the  no rm al serum  
u ltra filtra te  regularly  ex e rted  a  p res­
so r ac tiv ity  on the  um bilical a rte ry . 
The ex ten t of its con traction  induced 
b y  norm al serum  u ltra filtra te  varied  
w ith in  wide lim its, b u t even  when 
th is  was taken  into account, the 
serum  o f RDS p a tien ts  h a d  a  m uch 
w eaker effect. The difference was 
significant sta tis tica lly  (P <C 0.05).
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F i g . 1. Increase  in  perfusion  pressure in  th e  h u m a n  um bilical a r te ry  an d  th e  iso la ted  
ra b b i t  cen tra l au ric u la r  a rte ry  u n d e r  th e  effec t o f  p ro te in -free  u lt ra f i lt ra te s  o f  se ra  
o rig in a tin g  from  n o rm a l neonates (I), n eo n a te s  w ith  R D S  (II) an d  p a tie n ts  w ith  o th e r

hypox ic  co n d itio n s  (I II)

F i g . 2. R ecorded  cu rve  o f pressure ch an g es  in  th e  um bilical a rte ry , due to  0.6 m l se rum  
u ltra f i l t ra te  from  n o rm a l individuals (1 a n d  6), a  n eona te  w ith  R D S  (4), a n d  p a tie n ts  
w ho w ere hypox ic  as a  consequence o f  m a lig n a n t trach eo b ro n ch itis  p n e u m o n ia  (2 and  
3). M odified K reb s so lu tion  p H  7.45, w ith  a  p 0 2 o f  150 m m  H g, passed  a t  a  r a te  o f  

4 m l/m in . P erfu sion  p ressu re  change  due  to  50 fig  o f  acety lcho line (5)
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T he effect of o th er hypoxic serum 
u ltra f iltra te s  was also weak, although 
to  a  lesser ex ten t th a n  th a t  of RDS 
serum . This difference too was signif­
ic an t (P  << 0.05).

T he pressure curve recorded in a 
ty p ic a l te s t is p resen ted  in Fig. 2.

On the rab b it au ricu la r artery  
p rep a ra tio n , the sam e serum  u ltra ­
f iltra te s  had  an opposite effect. N or­
m al serum  u ltra filtra te  o ften  failed 
to  cause constriction while RDS 
serum  u ltra filtra te s  h a d  an enhanced 
p resso r effect. The change was signif­
ic an t s ta tistica lly  (P  <  0.05). The 
effec t of serum u ltra filtra te s  from 
o th e r  hypoxic p a tien ts  was no t signif­
ic a n tly  different from  th a t  of norm al 
seru m.

D isc u ssio n

I t  is characteristic o f  th e  um bilical 
a r te ry  th a t it reac ts  w ith  intensive 
co n trac tio n  to  norm al serum  u ltra ­
f i ltra te . The vasoactive p ro p e rty  of 
n o rm al serum  [9] is well-know n. Some 
o f th e  reactive m ateria ls are bound 
to  d ialysab le substances o f low m o­
lecu la r weight, which are intensely 
p o te n tia te d  by p ro te ins. In  order 
to  exclude this la tte r  effect, we carried 
o u t th e  te s t with pro tein -free u ltra ­
f iltra te s . I t  appears th a t  th e  umbilical 
a r te ry  is very sensitive to  the vaso­
ac tiv e  substances in  norm al serum 
a n d  it was therefore particu larly  
s trik in g  th a t its co n trac tility  de­
creased  under the effect o f hypoxic 
serum  u ltra filtra te . This was unex­
p ec te d  as in agreem ent w ith  Halden

e t al. [7] we found th a t  hypoxic serum  
exh ib its  and  increased ac tiv ity  on 
system ic arteries. The te s t on th e  
iso lated  ra b b it auricular a rte ry  m eas­
ures a  catecholam ine effect [5]. On 
th e  um bilical a rte ry  which otherw ise 
reac ts  intensely to  noradrenaline and  
adrenaline, the response was w eaker 
to  hypoxic serum, irrespective of 
its high catecholam ine content.

T he phenom enon observed m ay 
b« exp lained  by m etabolic effects. 
I t  has been shown th a t if the vascular 
reac tio n  is perform ed with d ifferent 
m ediators, cGMP increases consider­
ab ly  in th e  contracted  vessel while in 
the  d ila ted  vessel the cAMP con ten t 
increases [4]. As a  result, p ro stag lan ­
dins are produced; of these, only 
P G E  ex e rts  a  re laxan t effect.

A n o th er possibility is the redox 
effect o f hypoxic serum. The redox 
p o ten tia l of the m edium  exerts  a 
m ark ed  effect on the reac tiv ity  of 
iso lated  organs [14]. A t the  sam e 
tim e, an  increase of cGMP in the  
iso lated  um bilical a rte ry  could he 
induced  w ithout any oxygen, m erely 
w ith e lec tron  acceptors, i.e. ox idan t 
substances [4]. In  connection w ith 
these observations we refer to  our 
earlier stud ies [1] which revealed an  
enhancem ent of the reducing ac tiv ity  
o f hypoxic sera and their an tio x id an t 
p roperties , among others. T ogether 
w ith th e  p resen t results, these ex am ­
ina tions give a deeper pathological 
in te rp re ta tio n  of the justification  and  
m ode o f action of peritoneal dialysis 
which we have introduced in  the  
tre a tm e n t of RDS [2].
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