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Summary. I somet r ic  tens ion  was  measured  in ar ter ia l  s t r ips  f rom neona ta l  l ambs  and  adul t  sheep, af ter  s t imula t ion  b y  
angio tens in  II .  Dur ing  the  ear ly  m a t u r a t i o n  per iod immed ia t e ly  following b i r th  (3 weeks) there  was a progressive 
increase in sens i t iv i ty  to  t he  agent .  

The m a m m a l i a n  cardiovascular  sys t em is charac te r ized  
by  rapid  ana tomica l  and  func t iona l  d e v e l o p m e n t  dur ing  
the  ear ly  neona ta l  period.  Func t iona l  aspects  have  been 
inves t iga ted  mos t ly  f rom the  po in t  of v iew of de t e rmin ing  
the  level of reflex contro l  in the  newborn  (MOTTO; 
SHINEBOURNE et  al. s) and  in general,  r epor t s  ind ica te  t h a t  
t he  adrenergic  and  chol inergic  recep tor  sys tems,  b o t h  
neura l  and  humora l ,  are p re sen t  a t  b i r th ,  b u t  t h a t  t h e y  
opera te  a t  a lower level t h a n  in the  adul t .  The  response  

Table I. The effect of angiotensin II on arterial strips from neonatal 
lambs and adult sheep (Mean + SEM) 

Group Threshold EDG0 Maximal tension 
(mg/ml) (mg/ml) (g) 

I 2.36 :J= 0.15 • 10 -4 9.16 -4- 0.44 X 10 a 1.28 -4- 0.33 
II 1.62 ~ 0.10 • 10 .4 2.30 • 0.27 x 10 .4 1.39 -I- 0.07 
III 5.25 • 0.20 x 10 .5 2.97 -b 0.64 x 10 .4 2.73 -t- 0.61 
IV 1.57 -4- 0.55 x 10 -5 1.53 q- 0.39 • 10 -4 7.88 -4- 1.18 

Table II. The effect of norepinephrine on arterial strips from neo- 
natal lambs and adult sheep (Mean ~2 SEM) 

Group Threshold EDs0 Maximal tension 
(mg/ml) (mg/ml) (g) 

I 6.00 -4- 1.35 x 10 .5 6.47 ! 0.96 • 10 .4 2.02 -b 0.34 
II 1.59 • 0.50 • 10 -a 2.55 :L 0.44 x 10 -4 2.57 212 0.35 
III 1.10 -b 0.24 • 10 -5 1.78 4- 0.13 • 10 -4 4.63 -b 0.73 
IV 1.10 • 0.05 • 10 .5 1.76 • 0.12 • 10 .4 10.40 i 1.48 
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Effect of angiotensin II on carotid artery strips of neonatal Iambs 
and adult sheep. The line for each group connects the threshold 
concentration (point near the x-axis, tension is only 2 % of maximal) 
and EDs0 (concentration corresponding to the half-maximal tension). 
There is a steady decrease in both values and a consequent increase 
in the slope of the lines with age (except for the large increase in 
group II). I, first 24 h; II, 2-8 days of age; III, 14-22 days of age; 
IV~ adult ewes, 

charac ter i s t ics  to  o the r  vasoac t ive  agents  have  no t  been  
s tudied  as extensively ,  so t he  p resen t  in v i t ro  s t u d y  at-  
t e m p t s  to  descr ibe the  m a t u r a t i o n  of vascular  r eac t iv i ty  
to  angio tens in  in neona ta l  l ambs  dur ing  the  immed ia t e  
pos tna t a l  period.  

Methods. Carot id ar ter ies  f rom neona ta l  l ambs  and  
adu l t  ewes (Group I :  up to 24 h old;  I I :  2-8 days  old;  
I I I :  14-22 days  old;  IV:  adults) were cu t  into helical  
s tr ips,  2 cm long by  2 m m  wide,  and  suspended  under  
t ens ion  in a 10 ml  organ b a t h  of Krebs  b ica rbona te  
solut ion bubb led  wi th  95 % 02/5 % CO 2. A force t r ansduce r  
above the  b a t h  measured  developed (isometric) tens ion  
in the  str ip.  Af te r  90 min of equi l ibra t ion  angio tens in  
(conc. range of 2.5 • 10 -7 to  8 • 10-~ mg/ml)  was added  
to the  b a t h  in 0.05 ml volumes,  in cumula t ive  steps.  Log 
dose-response curves were p lo t t ed  f rom the  da t a  and  
th resho ld  (cone. p roduc ing  a 2% max i ma l  response) and 
ED~0 (concent ra t ion  cor responding  to  the  ha l f -max imal  
response) were de te rmined .  21 animals  were s tudied  wi th  
2-4 s t r ips /an imal  used in each s tudy .  

Results. Vascular  s t r ips  f rom animals  in all groups  
(I, I I ,  I I I ,  IV) responded  to the  add i t ion  of angiotens in  
b y  cont rac t ion .  The d a t a  f rom the  log dose-response 
curves  are compi led  in Table  I and  in the  Figure (Mean 
and  SEM for threshold ,  EDs0, and  max i ma l  tension) .  
W i t h  increasing age there  is an increase in sens i t iv i ty  of 
ar ter ia l  s mo o t h  muscle  to  angiotensin ,  as ind ica ted  by  
the  s t eady  decrease in th resho ld  and  EDs0 (except  for a 
s l ight  increase in ED~0 f rom group II  to  group I I I ,  which  
is no t  significant) f rom the  day  of b i r t h  up to  the  adul t  
stage.  Dur ing  the  3 week neona ta l  per iod unde r  s t u d y  
the  th resho ld  decreased by  76.5% and  the  EDs0 by  
70.8%. In  t h a t  same per iod the  max ima l  tens ion which  
the  s t r ips  were able to develop more  t h a n  doubled.  
Fol lowing t h a t  3 week per iod there  were fu r the r  changes  
which  occurred before adul t  values  were a t ta ined ,  the  
th resho ld  decreased b y  70%, the  EDs0 b y  48%, and  the re  
was a fu r the r  1.8-fold increase in m a x i m a l  tension.  

For  purposes  of compar ison ,  d a t a  f rom ano the r  s t u d y  
on adrenergic  responses  in newborn  lambs  is inc luded here. 
In  Table I I  response  da t a  for norep inephr ine  are compiled,  
and  it can be seen t h a t  there  is also a progress ive  increase 
in deve loped  tens ion  (1.3-fold) and  a s t e ad y  decrease in 
th resho ld  (81.6%) and EDs0 (72.4%) values  dur ing  the  
f irs t  3 weeks of life. However ,  there  was ve ry  l i t t le change  
ill r eac t iv i ty  af ter  the  3 week per iod (a l though max i ma l  
t ens ion  con t inued  to  rise), co n t r a ry  to  w h a t  is seen wi th  
angio tens in  which  cont inues  to  change.  

1 This study was supported by the Golden Empire Chapter of the 
American Heart Association and the United States Publie Health 
Service, grant No. PHS HL 14780-03. 

2 j .  C. MOTT, Br. reed. Bull. 22, 66 (1966). 
3 E. a.  SHIIqEBOURNE, E. K. VAPAAVOURI, R. L. WILLIAMS, M. A. 

HEYMAi~ and A. M. RUDOLPH, Circulation Res. 31, 710 (1972). 



15.3. 1976 Specialia 351 

Discussion. The da ta  indicate  t h a t  there  are significant  
changes in ar ter ial  responsiveness to angiotensin I I  
dur ing the  ear ly  neonata l  period in lambs, jus t  as has 
been found wi th  ~-adrenergic agents  ( K N I G H T  and McGRE- 
GOR4; DE CHAMI'LAII~ et  al.5; GRAYe). The  smooth  muscle 
ceils become more sensit ive to this po lypept ide  molecule 
dur ing ear ly  matura t ion ,  a l though at  the  end of the  
end of the  3 week period under  s tudy,  the  vessels are still  
less sensit ive than  comparable  vessels from the  adul t  
animal  and t h e y  are capable of developing only about  
~/3 the  max ima l  tension. In  contrast ,  norepinephrine 
sensi t iv i ty  changes dras t ical ly  dur ing the  3 week period 
b u t  does not  change ve ry  much  after  tha t ,  even  though  
there  is still a large change in tension occurr ing after  t ha t  

period. In  the  Figure  there  is a progressive change in 
slope (except for group I I  which showed a large change 
in slope) of the  curves depict ing the  relat ionship be tween 
threshold,  ED50, and tension. This  is an indicat ion t h a t  
the  threshold concentra t ion  (which s t imulates  ti le most  
responsive cells in the  populat ion)  changes a t  a s l ight ly 
different  ra te  t han  the  EDs0 (which is re la ted to the  reac- 
t i v i t y  of the  ma jo r i ty  of cells) dur ing the  process of 
matura t ion ,  even though  bo th  are decreasing. 

4 A. KNIGHT and D. D. McGREGOR, Blood Vess. 11, 212 (1974). 
5 J .  DE CHAMPLAIN, T. MALMF6RS, CH. SACHS, Ae ta  phys io l ,  seand .  

80, 276 (1970). 
6 S. D. GRAY, in  press  (1975). 

The Effect of Intraventricular Thyroxine Administration on Body Temperature in Dogs  at Rest and 
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Summary. Infusion of 1 vg thyrox ine  into the  left  cerebral  ventr ic le  of the  dog did not  change body  t empera tu re  a t  
rest, bu t  i t  caused signif icantly higher  increases ill Tre during physical  exercise. 

I t  has been found ill this  l abora to ry  1 t h a t  in dogs wi th  
excess of thyro id  hormones  tempera ture ,  responses to 
exercise are much  higher  t han  in control  animals.  I t  was 
also demons t ra ted  t h a t  the  thyro id-hormone- induced  
exercise hype r the rmia  cannot  be a t t r ibu ted  exclusively 
to the  metabol ic  hea t  product ion  2. Another  possible ex- 
p lanat ion  of this phenomenon  is t h a t  thyro id  hormones  
exer t  their  act ion on centra l  nervous  s t ructures  involved  
in t empera tu re  regulation.  An effect of thyrox ine  on the  
the rmoregu la to ry  centres has recent ly  been described in 
the cat  3. 

The purpose of the  present  work  was to follow up the  
effect of in t raven t r icu la r  infusion of thyrox ine  on deep 
body  t empera tu re  in dogs a t  rest  and dur ing physical  
exercise. 

Material and methods. 6 mongre l  dogs (18-22 kg b.wt.)  
were used. They  were deprived of food for 18-20 h before 
the  experiments ,  bu t  had  free access to water .  A t  least 
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Time of experiment 
Effect of intraventricular infusion of I btg thyroxine OH rectal 
temperature (Tre) of a dog at rest and during 1 h physical exercise. 

2 weeks before the  exper iments  s ta r ted  eacll dog had a 
stainless steel  guide cannula  implan ted  into the  left  
la teral  ventricle.  The  opera t ion  was per formed under  
Na-heksobarb i ta l  anaesthesia  (45 mg/kg  i.v.).  

Control experiments. Dogs t ra ined to s tand quie t ly  on 
a s tand were infused in t ravent r icu la r ly  wi th  the  art if icial  
cerebrospinM fluid (ACSF) a t  a ra te  of 40 ~l /min for 
60 mill. Af te r  the  end of the  infusion, the  dogs remained  
on the  s tand for a fur ther  50 rain. Then,  t h e y  were t rans-  
ferred to an electrical  t readmil l ,  where they  began a 1 h 
physical  exercise (slope of t readmil l  of 12 ~ speed 1.2 m/sec). 
A thermocouple  (Ellab, Copenhagen) was inserted 12 t o  

15 cm deep into the  rectum.  Rec ta l  t empera tu re  was 
read every  2 mill  th roughou t  the  exper iment ,  and at  
5 rain in tervals  af ter  t e rmina t ion  of exercise unt i l  Tre 
re turned  to ti le pre-exercise value: 

Expe r imen t s  wi th  thyrox ine  were performed on the  
same dogs according to the  scheme described above,  bu t  
thyrox ine  (Light  and Co, England)  in a to ta l  a m o u n t  of 
1 ~g/dog was added to the  A C S F  infused. 

In  bo th  series of exper iments ,  venous blood samples 
were t aken  at  the  beginning of infusion, immedia te ly  be- 
fore exercise, and af ter  its te rminat ion ,  for hematocr i t  
and plasma free f a t t y  acid (FFA) level de te rmina t ions ' ,  5. 
The  da ta  were analyzed wi th  the  S tuden t ' s  t-test for 
paired samples. 
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