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SUMMARY 

Materna l  and  fe ta l  plasma concentrat ions o f  arg in ine vasopress in  
(AVP)  d u r i n g  asphyx ia l  and  hypoxemic episodes were ascertained between 130 
and  140 days  o f  gesta t ion i n  chron ica l ly  catheter ized sheep. D u r i n g  an acute 
a s p h y x ~ a l  s t ress,  i.e., decreased Pa0 and  pHa a n d  increased PaCO , mater- 
nal AVP  i n  p l a s m a y a s  unal tered,  wh i reas  fetal a r t e r i a l  plasma conc2ntrat ions 
rose f rom 1.6-2.2 uU1ml t o  34-385 uU/ml  and  were associated w i t h  massive 
expuls ion o f  meconium i n to  t he  amniot ic f luid. Mi ld  hypoxemia. induced whi le  
t he  mother breathed a gas m ix tu re  cons is t ing o f  85% n i t r ogen  and  15% oxygen,  
d i d  no t  a f f ec t  e i t he r  maternal o r  fetal plasma AVP concentrat ions. T h e  use  of 
10% insp i r ed  oxygen  resu l ted i n  60% and  50% reduct ions i n  maternal and  fetal 
Pa0 , respect ive ly  ( P  < 0.05). I n  t h i s  instance, t he  maternal plasma A V P  
levefs were unchanged, whereas t h e  fe ta l  plasma A V P  concent ra t ion rose f rom 
a mean of 2.61 2 0.14 (SE) t o  10.2 t 2.59 uU/ml  ( P  < 0.025) w i t h i n  30 min. 
Expuls ion o f  meconium i n to  t h e  amniot ic f l u i d  d i d  no t  occur .  No evidence of  
e i t he r  fetal-maternal placental t r ans fe r  o r  fetal-placental clearance of plasma 
AVP was obtained. A l t hough  hypoxemic s t ress resu l ted i n  an elevation o f  
fetal plasma AVP concentrat ion, it does not  appear t o  be  t he  sole factor 
responsible f o r  AVP  release d u r i n g  i n t r au te r i ne  s t ress.  I t  i s  suggested t ha t  
substant ia l  elevations i n  fetal plasma A V P  concentrat ions may p lay  an i n teg ra l  
ro le  i n  t he  fetal expu ls ion o f  meconium i n to  t he  amniot ic f lu id .  

SPECULATION 

Elevations i n  fetal plasma concent ra t ions o f  a rg i n i ne  vasopress in  a re  
re f lec t ive  o f  i n t r au te r i ne  s t ress and  may be  representat ive  o f  a n  adapt ive 
mechanism whereby t he  f e tus  responds t o  hypoxemia and  asphyxia. Measure- 
ment o f  fetal plasma a rg in i ne  vasopressin, e., c o r d  plasma levels, may serve 
as an ind icator  o f  t he  degree o r  seve r i t y  of i n t r au te r i ne  s t ress.  Moreover, 
increases i n  a rg i n i ne  vasopress in  d u r i n g  fetal asphyx ia  cou ld  b e  impor tant  in 
t h e  fetal expulsion o f  meconium i n to  t he  amniot ic sac, t he reby  estab l ish ing t h e  
s i tuat ion necessary f o r  meconium asp i ra t ion.  

INTRODUCTION 

Several invest igators  have shown tha t  d u r i n g  human a n d  ov ine  
p a r t u r i t i o n  t he re  i s  release o f  a rg i n i ne  vasopress in  (AVP)  b y  t h e  f e tus  (1, 
4.7.13.14.21.28). O the rs  have observed elevated plasma concentrat ions o f  
A V P  i n  t he  fetal lamb a f t e r  maternal hypoxemia (2,241, fetal hypovolemia 
(3.11.31 1, occlusion o f  t h e  umbil ical co rd  (9 ) .  and  in fus ion o f  hype r ton i c  
sal ine t o  t he  fe tus  (5.30). 

We recent ly  observed a h i ghe r  concent ra t ion o f  AVP  i n  a r t e r i a l  as 
well  as venous co rd  plasma from human in fants  who were subjected t o  va r i ous  
t ypes  o f  i n t r au te r i ne  s t ress d u r i n g  pregnancy,  labor, a n d / o r  de l i ve r y  t han  i n  
a r t e r i a l  o r  venous co rd  plasma f rom i n fan t s  who were no t  s t ressed (10) .  T h i s  
re la t ionsh ip  was observed in i n fan t s  de l ivered p r i o r  t o  t he  onset o f  labor  as  
well  as a f ter  t h e  onset  of labor. I n  an e f for t  t o  ident i fy  t he  specif ic mecha- 
nisms invo lved i n  t h i s  apparent  stress-induced release o f  AVP  i n  t he  human 
i n fan t ,  we have conducted s tud ies i n  t he  chron ica l ly  ins t rumented p regnan t  
ewe and  fe tus.  We sought  t o  ascer ta in  whether  asphyx ia ,  i.e., t h e  presence 
o f  hypoxemia w i t h  acidosis a n d l o r  hypercapnea, was a s s o c i s d  w i t h  AVP  re -  
lease i n  t h e  sheep fe tus and, hav ing  establ ished th is ,  t o  s t udy  one component 
o f  asphyx ia ,  v iz . ,  hypoxemia, t o  determine whether  hypoxemia was responsi- 
b le  f o r  t he  A V i r e l e a s e  seen i n  associat ion w i t h  asphyx ia l  s t ress.  

MATERIALS AND METHODS 

Seven ewes o f  mixed b reed  were used i n  t h i s  invest igat ion.  T h e  
s tud ies were per formed between t h e  130th a n d  140th days  o f  gesta t ion ( t e rm  
145-150 days)  of ewes bear ing s ing le ton fetuses. T h e  surg ica l  procedures 
per formed o n  t he  ewe a n d  f e tus  f o r  t he  conduct  o f  these s tud ies have been 
descr ibed i n  deta i l  b y  Rosenfeld e t  al.  (17.18). B r i e f l y ,  a f t e r  i nduc t i on  o f  
spinal anesthesia, t he  u t e r u s  wasPx l j bsed  t h r o u g h  a midl ine abdominal inc i -  
sion, and  one h i n d  leg o f  t he  fe tus  was de l ivered t h r o u g h  a small u t e r i ne  
~ n c i s i o n .  Po l yv i ny l  catheters  (0.9 mm i d  x 1.4 mm od )  were inser ted (a )  6.5 
cm i n to  t he  femoral a r t e r y ,  t h e  t i p  l y i n g  i n  t h e  lower aorta, ( b )  12.0 cm i n to  
t he  femoral ve in ,  t he  t i p  l y i n g  i n  t he  vena cava, and ( c )  2.0 cm i n to  one 
umb~ l i ca l  ve i n  near  t he  inser t ion o f  t he  u m b ~ l i c u s  i n to  t he  abdominal wal l  o f  
t he  fetus, t h e  t i p  l y i n g  w i t h i n  t he  common umbil ical ve in .  T h e  umbil ical ve in ,  
I n  cont rast  t o  t h e  femoral a r t e r y  and  femoral ve in ,  was no t  l igated i n  o rde r  t o  
avo id  obs t ruc t i on  o f  fetal placental venous r e t u r n  i n  t he  catheter ized vein. 
Another  catheter  was placed i n  t h e  amniot ic sac, and  ampic i l l in  (250 m g l  was 
ins t i l led  i n  t he  amniot ic cav i t y .  T h e  leg o f  t he  lamb was replaced i n  t he  
amniot ic sac, and  t he  u t e r u s  was t hen  closed and  r e t u r n e d  t o  t he  abdomina4 
cav i t y  o f  t he  ewe. 

Electromagnetic flow probes (Micron Ins t ruments ,  Inc . ,  Los A n -  
geles, C A I  were implanted a round  b o t h  main u te r i ne  ar ter ies  (17). and  a 
p o l y v ~ n y l  catheter  was inser ted i n to  t he  main u te r i ne  ve in  o f  t he  p regnan t  
h o r n  v i a  a per iphera l  t r i b u t a r y  ve in .  A l l  ca theters  a n d  flow p robe  leads were 
exter ior ized t h r o u g h  a stab wound i n  t h e  abdominal fascia of t he  ewe and  h e r  
abdomen closed. T h r o u g h  separate incisions i n  t he  gro ins ,  catheters  were 
inser ted 15 cm i n to  b o t h  maternal femoral a r t e r l es  so t ha t  t he  open ends lay 
j us t  d ~ s t a l  t o  t he  ao r t i c  t r i f u r ca t i on ,  and  30 cm In to  b o t h  maternal femoral 
ve ins  so t ha t  t he  t i p s  lay jus t  below the  d iaphragm i n  t he  in fer ior  vena cava. 

T h e  flow p robe  leads a n d  a l l  ca theters  were b r o u g h t  o u t  t o  t he  f lank t h r o u g h  
a subcutaneous t unne l  and  placed i n  a canvas pouch attached t o  t he  s k i n  w i t h  
steel p ins .  T h e  catheters  were f lushed da i ly  w i t h  0.15 M NaCl conta in ing 
hepar in  (250 U /m l )  and  sealed w i t h  s ter i le  metal p ins .  T h e  ewes were g i ven  
penic i l l in  C (500,000 U )  a n d  s t reptomycin  (0.5 gm) o n  t he  day  of s u r g e r y  and  
on each o f  t he  nex t  2 days. T h e  fe tus was g i ven  ampici l l in (50 mg, i v )  
eve ry  o the r  day.  

A f t e r  t he  operation, each ewe was maintained i n  a stal l  i n  t he  lab- 
o ra to r y  and  g i ven  feed and  water @ @. Th roughou t  t he  s tudy ,  h e r  body  
weight  remained constant  o r  increased. T h e  animals were s tud ied on ly  a f ter  
t hey  were cons idered t o  have recovered f rom t h e  trauma o f  su rge ry  and  anes- 
thesia, as judged b y  a normal response o f  u te r i ne  blood f low t o  176-estradiol 
(1 u g l k g ,  i v )  (19) .  No animal was s tud ied before t he  6 th  day a f t e r  su rge ry  
and  u n t i l  24-48 hr a f t e r  es t rogen treatment. 

Asphyx ia  exper iments  -- 

I n  4 sheep (G roup  I ) ,  fetal asphyx ia  was induced b y  t he  i v  admin- 
i s t r a t i on  o f  sodium pentobarb i ta l  t o  t he  ewe. A f t e r  a cont ro l  per iod o f  20 
min, pentobarb i ta l  (900 mg)  was in jec ted as a bo lus i n t o  t he  ewe v i a  a femoral 
v e i n  catheter ,  caus ing r a p i d  unconsciousness and  a prec ip i tous fal l  in b lood 
pressure and  u te r i ne  blood f low. Nine minutes la ter ,  a second bo lus of 
pentobarb i ta l  (900 mg)  was injected, sho r t l y  a f t e r  which t he  ewe was k i l l ed  
w i t h  a lethal dose o f  pentobarb i ta l .  

Mean a r t e r i a l  pressure (MAP) i n  t h e  lower abdominal aor ta  o f  t he  
ewe and  fetus was monitored cont inuous ly  t h rough  in terpo la ted p ressu re  
t ransducers  ( t y p e  4-327-0109, Be l l  and  Howell, Pasadena, C A I ,  and t he  
signals were recorded o n  a two-channel pen-recorder  (B rush ,  model 220, 
Could, Inc . ,  Cleveland, OH).  Hear t  ra tes  were obtained a t  i n t e r va l s  f rom a 
d i r ec t  record ing o f  t h e  phasic s igna l  f rom these t ransducers .  U te r i ne  b lood 
f low was monitored w i t h  square-wave electromagnetic flowmeters (model 1000, 
Micron Ins t ruments ,  Inc.,  Los Angeles, C A I  a n d  recorded on a second two- 
channel r eco rde r  electronical ly in tegrated w i t h  t he  measurements o f  MAP and  
hea r t  ra te .  Heparinized b lood samples f o r  A V P  and  b lood gas analys is  were 
col lected f rom the  a r t e r i a l  ca theters  o f  t h e  ewe a n d  t he  fe tus d u r i n g  t h e  
cont ro l  pe r i od  and  a t  1. 3, 6. 11. and  14 m in  a f t e r  t h e  i n i t i a l  admin is t ra t ion 
of pentobarb i ta l .  In some animals, samples o f  blood also were col lected f rom 
the  u te r i ne  and  umbil ical ve i n  catheters  f o r  AVP  determination. 

Hypoxemia exper iments  

I n  3 animals (C roup  Ill, several episodes o f  cont ro l led maternal 
hypoxemia were induced b y  de l i ve r i ng  pre-mixed gas conta in ing e i t he r  158 o r  
10% oxygen  i n  n i t r ogen  i n to  a large t r anspa ren t  po lyethy lene bag f i t t ed  over  
t h e  ewe's head. T h e  gas m ix tu re  was de l ivered a t  a b r i s k  f low ra te  t o  p re -  
v e n t  carbon d iox ide accumulat ion i n  t he  bag. Th ree  exper iments  were pe r -  
formed o n  each animal, us i ng  15% oxygen  in one exper iment  and  10% oxygen  i n  
two  experiments. A recove ry  pe r i od  o f  24 h r  was al lowed a f t e r  exposure t o  
15% oxygen  and  48 hr a f t e r  exposure t o  10% oxygen.  A t  no time d i d  t he  ewes 
become exc i ted whi le  t h e  a i r  bag was i n  posit ion. 

P r i o r  t o  exposure of t h e  ewe t o  t h e  exper imenta l  gas m ix tu re ,  t he re  
was a 30-min cont ro l  pe r i od  d u r i n g  wh i ch  t he  ewe breathed room a i r  o r  com- 
pressed a i r  de l ivered t o  t h e  head bag ( con t ro l  per iod) ,  a f ter  which t he  ewe 
was exposed t o  t he  experimental gas m ix tu re  for  30 min (exper imenta l  pe r i -  
od) .  A t  t he  end  o f  t h i s  per iod,  t he  ewe again was al lowed t o  breathe room 
a i r  ( r ecove ry  per iod) .  Fetal and  maternal MAP and  hea r t  r a te  and  maternal 
u te r i ne  b lood flow were monitored cont inuous ly  as  descr ibed above. Hepar in-  
ized a r t e r i a l  b lood samples f o r  AVP  and  b lood gas analys is  were col lected from 
t h e  ewe and  f e tus  a t  30 and 15 m in  before,  a t  5, 10, 15, and  30 min d u r i n g ,  
and  a t  5, 15, 30, and  60 min a f t e r  t he  pe r i od  o f  b rea th i ng  t h e  experimental 
gas mix ture .  I n  these exper iments ,  t he  packed r e d  cells, obta ined af ter  
cen t r i f uga t i on  o f  t h e  b lood samples, were reconst i tu ted t o  t h e  or ig ina l  volume 
w i t h  s ter i le  isotonic sal ine and  in fused i n to  t he  fe tus and  ewe before t he  nex t  
sample was t aken  (18) .  T h i s  p reven ted  s ign i f icant  changes i n  c i r cu la t i ng  
b lood volume d u r i n g  these experiments, pa r t i cu l a r l y  i n  t h e  fe tus .  

Assays 

Blood samples (3.0 ml) were col lected i n  hepar in ized p las t ic  sy-  
r i nges  and  immediately t r ans fe r red  t o  s ter i le  p las t ic  cen t r i f uge  tubes (1.9 
ml ) .  A f t e r  cent r i fugat ion a t  10,000 x q f o r  60 sec i n  a Beckman microfuge, 
t he  plasma was removed, and  a 1-ml a l iquot  was mixed w i t h  2 ml of co ld  
acetone. T h e  plasma-acetone mix ture ,  i n  wh i ch  we have found AVP t o  b e  
stable f o r  a t  least 4 wk ,  was cen t r i f uged  a t  3,000 x q f o r  20 min t o  prec ip i -  
ta te  t h e  denatured prote ins .  T h e  supernatant  f l u i d  was removed and  ex t rac t -  
ed w i t h  d i e thy l  e the r  us i ng  a modif icat ion o f  t h e  procedure o f  Rober tson e t  
al.  (22) .  T h e  aqueous phase was evaporated t o  d r yness  unde r  a stream 5 
ni t rogen.  T h e  res idue was d isso lved i n  400 u1 o f  0.15 M phosphate buf fer ,  
p H  7.2, and  100 u1 o r  less o f  t h e  so lu t ion was assayed' for  AVP. T h e  mean 
recove ry  of AVP  from sheep plasma was 70% d u r i n g  a l l  phases of these expe r -  
iments. T h e  recovery  was t aken  i n to  considerat ion i n  t he  calculat ion of t he  
resu l ts .  

AVP  in plasma ex t rac t s  was measured us ing  a radioimmunoassay 
procedure descr ibed b y  Skowsky e t  al.  (26)  as  modif ied b y  Weitzman et  al.  
(29). Ant iserum to  AVP, R-71 ( a  g i f t  from Dr .  R ichard E. Weitzman, Ha rbo r  
General Hospital,  T o r r a w ,  C A I ,  was used a t  a f inal d i l u t i on  o f  1:150,000. 
A radlolabel led t racer ,  I-AVP, was prepared from synthet ic  AVP  (Bachem 
Inc. ,  Tor rance,  CA)  and  p u r i f i e d  b y  ion-exchange chromatography as de- 
scr ibed b y  Weltzman et  al.  (291. Bov ine poster ior  p i t u i t a r y  ex t rac t  (suppl ted 
b y  D r .  Aub rey  S. A Z s F h o r n ,  Uni ted States Pharmacopia, Rockvi l le, MD) was 
used as t he  re ference preparat ion.  T h e  lower l imi t  o f  sensitivity of  t he  assay 
was 0.2 UU of AVP, and  1.5 uU o f  AVP  caused a 50% displacement o f  rad io-  
label led l igand. T h e  coef f ic ient  o f  var ia t ion o f  t he  in terassay va r i ab i l i t y  was 
7.9%. T h e  coef f ic ient  o f  var ia t ion o f  t h e  in t ra-assay variability was 8.9%. 

Serial amniot ic f l u i d  samples (3 m l l  were w i t hd rawn  f rom the  cathe- 
t e r  in the  amniot ic sac in 7 o f  t h e  9 hypox i c  studies. These samples were 
examined macroscopical ly f o r  meconium. 

A r t e r i a l  blood samples (0.5 ml )  f o r  b lood gas and  acid-base deter -  
minations were obta ined in hepar in ized glass sy r i nges  and  kep t  on Ice u n t i l  
analyzed us ing  a b lood gas analyzer  (model 113, Ins t rumentat ion Laboratory ,  
Wilmington, MA) .  T h e  hematocri t  was measured on these samples b y  t he  
method o f  Wintrobe. 

Data analysis -- 

T h e  pai red Student 's  t tes t  and  analysis o f  var iance w i t h  repeated 
measures (ANOVA) followed b y  Duncan 's  h lu l t ip le  Range tes t  were used i n  t he  



sta t is t ica l  analysis o f  t h e  data. Data are  presented as t he  mean t one s tand-  
a r d  e r r o r  o f  the mean (SE] .  

RESULTS 

Effect o f  acute asphyx ia l  s t ress on AVP release - - - - - - - 

I n  each o f  t he  4 animals s tud ied i n  C roup  I ,  t he  i v  adm~n i s t r a t i on  
i n to  t he  ewe o f  a la rge dose of sodium pentobarb i ta l  resu l ted i n  Immediate 
unconsciousness and  marked hypovent i la t ion.  Within 1 min a f t e r  t he  in jec t ion 
o f  sodium pentobarb l ta l .  maternal MAP and  u te r i ne  blood flow were less t han  
50% o f  t he  pre in jec t ion values. The  fe tus a t  t h i s  t ime e x h i b ~ t e d  mild-to-mod- 
era te  b radyca rd ia  and  hyper tens ion.  A f u r t he r  decrease i n  MAP and  u te r i ne  
b lood flow fol lowed t he  second dose of pentobarb i ta l  w i t h  on l y  minimal add i -  
t ~ o n a l  card iovascu lar  changes i n  the fe tus .  The  ar ter ia l  oxygen tension i n  
the ewe fell p rogress ive ly  u n t i l  t he  exper iment  was terminated a t  10 min w i t h  
t he  last dose o f  pentobarb i ta l .  I n  cont rast ,  t he  maternal ar ter ia l  PC0 was 
unchanged,  36 t 6 mm Hg  in i t ia l ly  and  34 t 1 mm Hg  jus t  p r i o r  t o  death. 
The  acute placental hypoper fus ion and  maternal ar ter ia l  hypoxemia were 
associated w ~ t h  a more gradual ,  ye t  progress ive fall i n  b o t h  fetal ar ter ia l  PO 
and  pH  ( F ~ g u r e  1 I ,  and  a r i se  i n  ar ter ia l  PC0 f rom 42 r 3.7 mm Hg  t o  84 1 
7.7 mm Hg.  I n  al l  cases, a massive expuls ibn o f  meconium was observed 
before fetal demise. 

P r l o r  t o  t he  maternal admin is t ra t ion o f  sodium pentobarb i ta l ,  the 
a r t e r i a l  plasma concentrat ions o f  AVP  i n  t he  4 ewes and  t h e i r  fetuses ranged 
f rom 1.4-2.0 and  1.6-2.2 uU/ml, respect ive ly .  A f t e r  t he  admin is t ra t ion o f  
pentobarb i ta l ,  t he re  was l i t t l e  change I n  t he  maternal a r t e r i a l  plasma concen- 
t r a t i on  o f  AVP, r ang ing  from 1.7-4.0 "Ulml .  However, t he re  was a marked 
Increase i n  t he  fetal ar ter ia l  plasma concent ra t ion o f  AVP, rang ing from 
34-385 ~ U l m l .  The  re la t ive  t ime course of t he  t yp i ca l  changes i n  t h e  a r t e r i a l  
plasma concent ra t ion o f  AVP In the fetus and  i t s  mother is  i l lus t ra ted i n  
F i gu re  1. 

Ef fec ts  o f  acute hypoxemia on AVP release - - - - - - - 
T o  s t u d y  one component o f  asphyx ia l  s t ress i n  t he  release o f  AVP  

i n  t he  fe tus ,  experimental hypoxemia was induced b y  hav ing  the ewe breathe 
a m ix tu re  of oxygen  and  n i t r ogen  of known  composition (C roup  I l l .  I n  
F i gu re  2, we have i l l u s t r a ted  t he  sequential changes observed i n  maternal and 
fetal Pa0 , a r t e r i a l  plasma concent ra t ion o f  AVP, a r t e r i a l  blood pH, hear t  
ra te ,  and2mean a r t e r i a l  b lood pressure i n  re la t ion t o  t he  per iod when t he  ewe 
breathed a gas m ix tu re  cons is t ing o f  15% oxygen  and 85% n i t r ogen  f o r  30 min. 
Th ree  such exper iments  were performed. D u r i n g  t he  experimental per iod,  
maternal Pa0 rap id l y  fe l l  ove r  5 min from 94.8 t 5.84 t o  55.2 ? 2.62 mm Hg  
(ANOVA,  P f 0.051 and  was unchanged at  30 min (52.5 t 2.08 mm Hg) .  T h e  
reduct ion i n  fe ta l  Pa0 was nea r l y  propor t iona l  t o  t ha t  i n  maternal blood, a 
decrease from 19.9 ? 21.40 t o  13.8 t 1.36 mm Hg  a t  30 m in  (ANOVA,  P < 
0.051. D u r i n g  t he  recove ry  period, the maternal and  fetal Pa0 qu i ck l y  
r e t u r n e d  t o  values seen d u r i n g  t he  cont ro l  per iod.  The  cont ro l  21evels o f  
a r t e r i a l  plasma AVP f o r  t he  fe tus  and  ewe were similar, 2.9 t 0.42 "Ulml  and  
2.8 ? 0.32 ~ U l m l ,  respect ive ly .  The re  was no change i n  t h e  plasma concen- 
t r a t i on  of AVP  associated w i t h  t he  changes I n  e i t he r  t he  maternal o r  fetal 
b lood Pa0 values. Moreover, no appreciable change was seen i n  a r t e r i a l  pH  
and PC0  (Table  I ) ,  hematocrl t ,  MAP, o r  hear t  r a te  i n  e i ther  t he  ewes o r  
fetuses, i n d  t he re  was no change i n  u te r i ne  b lood f low. 

These same animals ( C r o u p  I I )  were s tud ied again us i ng  t he  exper i -  
mental pro toco l  out l ined above, b u t  w i t h  a gas m ix tu re  cons is t ing o f  10% oxy -  
gen  and  90% n i t r ogen  ( N  = 61. The  resu l t s  of these s tud ies a re  i l l u s t r a ted  i n  
F i gu re  3. A more marked fa l l  i n  b o t h  maternal and  fetal Pa0 was observed 
at  5 min, decreases from 92.6 t 2.6 and 20.5 f 0.57 mm H g  to242.5 r 1.6 and  
12.9 ? 0.96 mm Hg ,  respect ive ly  (ANOVA,  P < 0.001 I .  As  i n  t he  prev ious 
experiments, t he  values remained re la t ive ly  s tab le  thereaf ter ,  and  a t  30 min 
were 35.9 ? 1.74 and  10.2 t 0.75 mm Hg ,  respectively. D u r i n g  t he  episode 
o f  hypoxemia. t he  mean fetal plasma A V P  concentratton g radua l l y  rose f rom 
2.6 t 0.14 t o  10.2 t 2.59 uUIml  (ANOVA,  P = 0.025) w i t h i n  30 min a f t e r  t he  
induct ion o f  hypoxemia. The re  was no s ign i f icant  change i n  t he  maternal 
plasma AVP concentrat ion. Associated w i t h  t he  r a p i d  fall i n  fetal Pa0 was a 
simultaneous tncrease i n  fetal MAP f rom 46.8 t 1.78 t o  53.2 t 4 . 0 2 ~ m m  H g  
(ANOVA,  P = 0.001) a n d  a fa l l  I n  fetal hear t  r a te  f rom 166 + 4.4 t o  144 f 12 
beats p e r  min (ANOVA,  P < 0.025). The re  were no s ign i f icant  changes i n  
e i ther  fetal ar ter ta l  p H  o r  PC0  (Table  I1 o r  hematocri t ,  and  t he re  was no 
evidence o f  meconium release b y  t he  fetus i n t o  the amniot ic f l u i d  e i ther  
d u r i n g  o r  a f t e r  t he  hypoxemic episodes. Maternal MAP and  u te r i ne  b lood flow 
were una l tered,  whereas hea r t  r a te  rose s ign i f icant ly  a t  5 min (ANOVA,  P < 
0.005) and  remained elevated t h roughou t  t he  experimental per iod.  D u r i n g  t he  
recovery  per iod,  al l  var iab les  re tu rned  t o  values similar t o  those seen i n  the 
cont ro l  per iod.  

Employing t he  data obta ined i n  t h e  experiments descr ibed above, we 
have compared t h e  fe ta l  Pa0 w i t h  the simultaneous fetal a r t e r i a l  plasma con- 
cent ra t ions of AVP  obta ined f n  t he  cont ro l  per iod and  at  15 and  30 min i n  t h e  
experimental period. These data a re  presented i n  F i gu re  4. I t  i s  o f  in terest  
t ha t  t he re  was essential ly no change i n  t he  fetal a r t e r i a l  concentrat lons of 
AVP  o f  those fetuses who exper ienced p u r e  hypoxemia, i.e., a low Pa0 
w ~ t h o u t  simultaneous a l tera t ions i n  e i ther  pHa o r  PaCO , u X l  t he  Pa0 fed 
below 12 mm Hg; then,  the h ighest  observed va lue &as 18.7 u ~ l m l ?  I n  
cont rast ,  those fetuses who exper ienced an asphyx ia l  episode, i.e., hypox -  
emia associated w i t h  acidosis a n d / o r  hypercapnea. no t  on l y  G d  elevated 
plasma concentrat ions o f  AVP  at  oxygen tensions >I2  mm Hg ,  b u t  also had  
s ign i f icant ly  greater  plasma concentrat ions o f  AVP a t  lower oxygen  tensions 
(F igu re  4 ) .  I t  also i s  ev ident  from the  f i gu re  that  the re la t ionsh ip  between 
t he  a r t e r i a l  plasma concent ra t ion o f  AVP  and  oxygen  tension i n  t he  hypoxem~c  
fetuses i s  non l inear .  

Wlth the placement of catheters  i n  t he  maternal and  fetal compart- 
ments as described, we were abie t o  obta in  simultaneous serial b lood samples 
representat ive  o f  t he  umbil ical a r t e r y  and  ve in  and u te r l ne  a r t e r y  and  ve in  
(181. permitting u s  to s tudy  the fetal-placental clearance and fetal-maternal 
t r ans fe r  o f  AVP. D u r i n g  t he  cont ro l  per iod of t he  hypoxemia studies, the 
AVP concent ra t lons i n  a l l  4 sampling sites were no t  s ta t is t ica l ly  d i f f e ren t  
(umbilical a r t e r y  = 2.7 t 0.15 uU In l ;  umbil ical ve in  = 3.6 t 0.92 pU/ml; u t e r -  
Ine a r t e r y  = 2.8 t 0.29 uU/ml; u te r i ne  ve in  = 2.8 t 0.47 uU lm l ) .  I n  3 h y -  
poxemia exper iments  performed I n  one fetus. we were able t o  analyze 30 
pa i red s e r ~ a l  samples representing the umb i l ~ca l  a r t e r y  and  ve ln .  T h e  mean 
fetal-placental ar ter lovenous d i f ference was -0.033 t 0.21 uUiml  ( P  > 1 .0) .  
The re  also was no s ign i f icant  maternal-placental ar ter iovenous concentrat ion 
dif ferences observed I P  > 1.0) when a similar analysis o f  pa i red u te r i ne  
a r t e r i a l  and  venous samples was performed. I n  add i t ion,  we d i d  not  observe 
any  evidence of  fetal-maternal t ransfer  of AVP  (Ftgures 1 and  3) .  

DISCUSSION 

I n  the fetal lamb, the presence of AVP  i n  the p i t u i t a r y  g l and  and  
i n  plasma from ear ly  gesta t ion t o  term has been observed b y  Skowksy g 2. 

(25, 27). A lexander  e t  al. (41 found a s ign i f icant  elevation i n  t h e  plasma 
concent ra t lon o f  bioassayaEle AVP  i n  t h e  fetal lamb p r l o r  t o  the ln l t ia t ion o f  
pa r t u r i t i on .  However, S ta r k  e t  al. (28) observed an elevated concent ra t ion 
o f  AVP I n  plasma o f  t he  f e t a r l a x b  on l y  a f t e r  the onset o f  labor; i n  some 
fetuses exposed t o  antepar tum asphyx ia ,  these invest igators  found a n  increase 
i n  the plasma concent ra t ion o f  AVP  wh i ch  was i nve rse l y  re la ted t o  t he  fetal 
ar ter ia l  oxygen  tension. I t  i s  notewor thy t ha t  s ign i f icant  elevations of AVP  
i n  umbil ical co rd  plasma of human i n fan t s  also have been demonstrated 
(7.13.14.21). I n  a d d i t ~ o n ,  we (10) have noted a s ignf icant ly  h i ghe r  concen- 
t r a t i on  o f  AVP i n  co rd  plasma from i n fan t s  who were bel ieved t o  have been 
subjected t o  i n t r au te r i ne  s t ress than from those who were be l ieved not  t o  
have been subjected t o  such s t ress.  

I n  t he  present  invest igat ion,  we observed that  pentobarbt ta l - in -  
duced maternal hypovent i la t ion and u te r i ne  hypoper fus ion resu l ted i n  fe ta l  
asphyxia, &. , hypoxemia. acidosis, a n d  hypercapnea. I n  t h i s  circumstance, 
t he re  was a marked increase i n  t he  plasma concent ra t ion o f  AVP  I n  t he  fe ta l  
lamb qu i t e  similar i n  magnitude t o  t he  concent ra t ion o f  AVP  observed i n  t h e  
co rd  plasma o f  human i n fan t s  subjected t o  i n t r au te r i ne  s t ress d u r i n g  p reg -  
nancy, labor, a n d l o r  de l i ve r y  (10.13). Therefore ,  we sought  t o  def ine t h e  
specif ic st imuli  wh i ch  cause t h i s  apparent  asphyx ia  s t ress- induced release o f  
A V P  i n  the fetus. 

I t  i s  genera l ly  bel ieved t ha t  fetal hypox ia  causes t he  release of 
AVP. Indeed, Ru rak  (24) and  o the rs  (2.28) have demonstrated a re la t ionsh ip  
between fetal plasma AVP concent ra t ion and  t he  a r t e r i a l  oxygen  tension. 
However, i n  these s tud ies it appears t ha t  t he  hypoxemia-induced release o f  
AVP  i n  the fetus was confounded b y  t he  presence o f  o the r  fac tors  such as 
acidosis o r  hypercapnea. I n  fact,  Ru rak  (24) c lear ly  showed t ha t  the r i se  i n  
fetal AVP  was best  re la ted t o  t h e  changes i n  b o t h  ar ter ta l  p H  and  PO2. T h e  
hypoxemic paradigm ;n  o u r  invest igat ion produced ne i ther  acidosis n o r  hype r -  
capnea, and on ly  t he  most severe p u r e  hypoxemic s t ress p rovoked  s ign i f icant  
elevation o f  plasma AVP concentrat ions i n  t he  fe tus .  However, t he  r i se  i n  
plasma AVP concent ra t ion i n  t h i s  instance was markedly  less t han  t ha t  seen i n  
association w i t h  a similar degree o f  hyoxemia i n  t he  context  o f  asphyx ia  
(F i gu re  4). These f i nd ings  are suppo r t i ve  o f  t he  thes is  t ha t  hypoxemia i s  
no t  t he  sole fac tor  responsible f o r  t he  release o f  AVP  i n  t he  fe tus  d u r i n g  
i n t r au te r i ne  stress. I n  fact,  wh i le  t he  exact  set o f  circumstances which 
resu l t s  i n  the exaggerated release o f  plasma AVP b y  t h e  fe tus remains ob-  
scure, it most p robab l y  invo lves a c o n d i t ~ o n  t ha t  would  inc lude no t  on l y  
hypoxemia b u t  also acidosis, hypercapnea. o r  even hypotension. From these 
observations, i t  would  appear t ha t  ex t remely  h i g h  fetal plasma levels o f  AVP  
at  b i r t h  are  ind icat ive  o f  s ign i f icant  degrees o f  fetal d is t ress.  Moreover, it 
i s  l i ke l y  that  i n  t he  major i ty  o f  instances these episodes a re  so b r i e f  o r  
t rans ient  t ha t  the Apga r  score o r  even scalp ve in  p H  values do  not  cor re la te  
well  w i t h  AVP concentrat ions, a fact noted b y  Pol in and  co-workers  (211. We 
would  suggest t ha t  t he  co rd  AVP concent ra t ion may be  a be t t e r  re f lec t ion o f  
t he  degree o f  fetal s t ress exper ienced i n  u t e r o  t han  t he  Apga r  score. 

I t  i s  notewor thy that ,  i n  t he  human adul t ,  hypoxemia caused e i t he r  
n o  change o r  a reduct ion i n  plasma AVP concent ra t ion (8.12). On  t he  o the r  
hand,  i n  acutely s tud ied adu l t  dogs unde r  phenobarb i ta l  anesthesia, moderate 
hypox ia  resu l ted i n  on l y  s l i gh t  increases i n  plasma AVP concentrat ions (6 ) .  
D u r i n g  the present  experiments, ne i t he r  t he  asphyx ia l  n o r  hypox i c  s t ress re-  
su l ted i n  a r ise  i n  maternal AVP. I n  t h e  case o f  t he  former, t h e  absence o f  
an elevation i n  plasma A V P  i s  best  exp la ined b y  t he  rap id i t y  o f  t he  exper i -  
mental protocol and  i t s  termination. 

I n  ou r  ear l ie r  s tud ies o f  t h e  human newborn (101. meconium-stained 
amniot ic f lu id  usual ly was associated w i t h  t he  greatest  elevations i n  co rd  plas- 
ma AVP concentrat ions. I n  t he  s tud ies repo r ted  here, meconium passage i n to  
the amniot ic sac was observed d u r i n g  asphyx ia l  s t ress and  i n  associat ion w i t h  
the qreatest  increases i n  fetal plasma AVP. b u t  no t  d u r i n ~  o r  a f t e r  Dure 
hypoxemic stress. ~ h a r m a c o l o ~ i c '  doses of vasopressin, w h e n  administer& t o  
humans, o f ten cause st imulat ion o f  gast ro in test ina l  smooth muscle w i t h  t he  
expuls ion of g u t  contents. Fur thermore,  in fus ions of vasopress in  i n t o  t he  
fetal lamb have been shown t o  a f fec t  gast ro in test ina l  per fus ion (15) .  We 
speculate t ha t  intra-amniot ic passage of meconium i n  b o t h  t he  sheep and  
human fetus may be  mediated b y  a n  increase i n  AVP  concent ra t ion st imulated 
b y  i n t r au te r i ne  asphx ia l  s t ress.  I n  t h i s  context ,  Molteni e t  al.  (20) noted 
t ha t  acute metabolic acidosis produced pro longed gasp ing reSp i ra t~ons  b y  t he  
sheep fetus for  24-36 h r  a f t e r  recovery .  Thus,  we postu la te  t ha t  asphyx ia l  
s t ress may be  a suf f ic ient  st imulus t o  cause AVP release b y  a compromised 
fetus w i t h  resu l tant  passage o f  meconium i n to  t he  amniot ic cav i t y  fol lowed b y  
gasp ing respirat ions. Th i s  cascade of events  might  t hen  resu l t  i n  a s i tuat ion 
conduc ive t o  t he  i n t r au te r i ne  asp i ra t ion of meconium, a s i tuat ion t ha t  appears 
t o  occur  i n  o u r  ins t i tu t ion 3 o r  4 times each year .  

I n  t he  human. t he re  i s  a sianif icant fetal-olacental ar ter iovenous 
concent ra t ion d i f ference ' in t he  plasma concent ra t ton o f  'AVP, umbil ical a r t e r i a l  
concent ra t ion qreater  t han  umbil ical venous (7.10.13.21 1. Fur thermore,  t he re  
i s  no evidenc; o f  fetal-to-maternal t ransp lacenta l  t r ans fe r  o f  AVP.  Thus ,  i t  
would  appear t ha t  i n  t he  human the  placenta serves as a site o f  AVP  metab- 
o l ~ s m  and  clearance. A l t hough  we found no evidence i n  t he  sheep of  t r ans -  
placental t r ans fe r  o f  AVP  f rom the  fetal t o  t h e  maternal compartment, conf i rm-  
i n g  prev ious repor ts  (4.5.24.28). we d i d  not  f i n d  a s ign i f icant  concent ra t ion 
g rad ien t  across the fetal placenta. T h i s  is  i n  cont rast  t o  the repo r t  o f  Jones 
and  Rurak l 16 ) ,  who, i n  s tud ies o f  3 ex ter ior ized,  acute ly  s tud ied lamb 
fetuses, repor ted that  t he  plasma concent ra t ion o f  AVP  i n  t he  umbil ical v e i n  
was consistently lower t han  t ha t  i n  t he  umbil ical a r t e r y .  However, i t  shou ld  
be noted t ha t  t he  mean concent ra t ion g rad ien t  found b y  these i nves t i ga to r s  
was 0.83 ! 0.26 mU/ml, and  t h i s  was determined us ing  a bioassay f o r  t he  
measurement of AVP, a method less sens i t ive  and  less accurate  than t he  
radioimmunoassay employed i n  o u r  studles. Since bo th  o u r  data a n d  those of  
Jones and Ru rak  (16) were obta ined f rom stressed animals, i n  cont rast  t o  t he  
data obtained f rom the metabolic s tud ies o f  o the rs  (5.23) wh i ch  are suggest ive 
o f  a role for  t he  placental clearance o f  AVP, the quest ion o f  ov lne placental 
clearance o f  AVP  i n  t he  fetus remains unanswered at  t h i s  time. 
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Tab le  I .  Materna l  and  fetal ar ter ia l  blood gas values d u r i n g  t he  
cont ro l  pe r i od  and  a f t e r  30-min exposure t o  t he  exper i -  
mental gas m ix tu re  (mean + SE) 

Pa02 PaC02 P H ~  

Materna l  (Fi02 = 0.15)* 

Con t ro l  94.8 f 5.84 26.6 t 1.59 7.52 + 0.04 
30 min 52.5 t 2.08 23.8 t 1.47 7.52 + 0.06 

Materna l  (FiD2 = 0 .10 l t  

Cont ro l  92.6 + 2.60 32.4 t 0.94 7.51 f 0.01 
30 min 35.9 2 1.74 29.0 f 0.55 7.53 + 0.02 

Fetal (F i02 = 0.15)* 

Cont ro l  19.9 + 1.40 37.2 + 1.39 7.47 f 0.03 
30 min 13.8 i 1.36 35.7 f 2.73 7.46 + 0.03 

Fetal (Fi02 = 0.10)+ 

Cont ro l  20.5 + 0.57 41.6 + 0.91 7.43 z 0.01 
30 min 10.2 + 0.75 38.2 t 1.49 7.42 + 0.04 

*N = 3 
+N = 6 

PENTOBARBITAL 

FETUS 

MINUTES 

F igu re  1, Typ i ca l  effect of acute asphyxia1 s t ress on ov ine  fetal ( 0 )  and  
maternal ( 0 )  plasma a rg in i ne  vasopress in  concentrat ions. 

BP HR pH AVP MATERNAL PoOe 
(mmHg) (beats/min) (pU/ml) (mmHg) 

(mmHg 
FETAL PaOe 

F igu re  2. Effect o f  maternal b rea th i ng  o f  15% insp i r ed  oxygen  o n  fe ta l  ( @ )  
and  maternal (0) a r te r i a l  oxygen  tension, plasma a rg in i ne  vasopressin, and  
o the r  parameters. Mean f SE a re  presented ( N  = 3) .  Sta t is t ica l  ana lys is  i s  
noted i n  t he  tex t .  


	MECHANISM OF ARGlNlNE VASOPRESSIN RELEASE IN THE SHEEP FETUS
	INTRODUCTION
	MATERIALS AND METHODS
	Animals
	Asphyxia experiments
	Hypoxemia experiments
	Assays
	Data analysis

	RESULTS
	Effect of acute asphyxial stress on AVP release
	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES




