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Influence of beta-receptor stimulation on 
catecholamine and phospholipid concentrations 

in lungs of fetal rabbits
J U r b a n , Krystyna D z i e n i s

In s t i tu te  o f  O b ste tric s  a n d  G ynaecology, M edical School, B ia ly sto k , P o lan d

I t  w as s tu d ied  w h e th e r th e  b e ta -re c e p to r  s t im u la tin g  feno tero l had  
an y  in fluence  o n  endogenous ca techo lam ines in  th e  lung  tissue  o f  fetuses. 
O n th e  23rd , 2 7 th  an d  31st days o f  p reg n an cy , c o n c e n tra tio n s  o f  n o rad ren a lin e  
an d  do p am in e  in  th e  lung  hom ogenate  o f  m a tu re  an d  im m a tu re  ra b b it 
fe tuses w ere d e te rm in ed  b y  flu o ro m etry , a n d  th e  basic  su r fa c ta n t com ponen ts 
to ta l  ph o sp h o lip id s an d  lec ith in  b y  co lo rim e try , in  a  g ro u p  receiv ing  be ta - 
m im etic  t r e a tm e n t  an d  in  a  co n tro l g ro u p  rece iv ing  physio log ical s a lt  so lu ­
tion . T he c o n c e n tra tio n  o f  n o rad rena line  d ecreased  w ith  th e  progression  of 
p reg n an cy  b u t  th e  co n cen tra tio n  o f  do p am in e  d id  n o t change  sign ifican tly . 
A p p lica tio n  o f  feno te ro l caused an  increase  in  to ta l  p h o spho lip id s an d  lec ith in  
in  th e  lungs o f  23 an d  27 d a y  old r a b b i t  fe tu ses a n d  d ecreased  th e  co n ­
c e n tra tio n  o f  ca techo lam ines, especially  o f  n o rad ren a lin e . T he  d ru g  h ad  no 
such  e ffec t in  m a tu re  (31 day) fetuses.

Insufficiency of surfactant, anoxia 
and coagulation disturbances are es­
sential factors determining the inci­
dence of idiopathic respiratory distress 
in premature babies [2, 3, 9, 10, 20, 
27]. Anoxia and subsequent tissue 
acidification inhibit lecithin synthesis 
[16, 28] on the one hand and on the 
other evoke a release of catecholami­
nes, especially noradrenaline [20, 21] 
which increases resistance of the pul­
monary vessels [1, 5]. Anoxia and the 
high circulatory resistance enhance 
the permeability of blood vessels for 
proteins and plasma, and result in 
protein-rich exudate in the lung.

Synthesis of surfactant is realized 
by stimulation of adrenergic beta- 
receptors [13, 24], hence all beta- 
mimetics intensify the process. Clini­
cal and experimental examinations

have confirmed the beneficial inf lui 
ence of beta-receptor stimulating 
drugs on maturation of the lung tissue 
[4, 6, 7, 8, 14, 22, 23, 30].

The aim of the present experiments 
was to clarify the influence of feno­
terol on the behaviour of phospho­
lipids and catecholamines in the lungs 
of fetal rabbits.

M a t e r ia l  a n d  M et h o d s

E x a m in a tio n s  w ere c a rr ied  o u t on 
176 B elg ian  r a b b i t  fe tu ses o b ta in ed  from  
22 fem ales. D ead  fe tu ses w ere excluded  
from  th e  ex am in a tio n s . D u ra tio n  o f  p reg ­
n a n c y  w as c a lc u la ted  fro m  th e  d a te  o f 
fem ale covering . E x a m in a tio n s  w ere c a r­
ried  o u t o n  th e  23rd , 27 th  a n d  31st d ay s 
o f  p reg n an cy . T he  ra b b its  w ere d iv ided  
in to  tw o  g ro u p s  (T able  I). T he ex p erim en ta l 
g ro u p  in c lu d ed  11 p re g n a n t ra b b its  w hich

Acta Paediatrica Hungarica 26,1985 
Akadémiai Kiadó, Budapest



128 J  Urban, K  Dzienis: Betamimetics in jetai rabbit

T a b l e  I

G ro u p in g  o f  ra b b its

Examined subjects Controls

Day of gestation Number Number

pregnant rabbits fetuses pregnant rabbits fetuses

23 4 34 4 35

27 4 30 4 31

31 3 2 2 3 2 4

re c e iv e d  0.1 m g/kg  body  w e ig h t o f  feno- 
te ro l in  in trav en o u s  d rip  in fu s io n . T he 
c o n tro l g ro u p  consisted  o f  11 p re g n a n t  r a b ­
b its  w h ic h  received  physio log ica l so lu tio n  
in tra v e n o u s ly . T hen  24 h o u rs  a f t e r  a d ­
m in is tr a t io n  o f  th e  la s t dose o f  fen o te ro l 
a ll th e  fe tu se s  w ere ta k e n  o u t in  g en era l 
a n a e s th e s ia  I n  th is  w ay , 86 fe tu se s  w ere 
o b ta in e d  in  th e  ex p erim en ta l g ro u p  a n d  
90 fe tu se s  in  th e  con tro l g roup .

A f te r  rem o v in g  th e  lungs, th e y  w ere 
d rie d  o n  W h a tm a n  p ap er, w eighed , a n d  
su b s e q u e n tly  hom ogenized in  ice  b a th .

T o ta l phospho lip id s a n d  le c ith in  in  e x ­
t r a c ts  o f th e  lung  tissue  w ere d e te rm in ed  
b y  m ean s o f  th e  co lo rim etric  m e th o d  o f 
Y osh ida  e t  al. [31]. E x tra c t io n  o f  p h o sp h o ­
lip ids an d  lec ith in  fro m  th e  lungs w as c a r ­
ried  o u t b y  th e  m e th o d  o f  F o lch  e t  al. [15]. 
T he o b ta in ed  re su lts  w ere  an a ly sed  using  
S tu d e n t’s t te s t.

C atecho lam ines (n o rad ren a lin e  an d  d o ­
pam ine) in  lu n g  tissue  h o m o g en a tes  w ere 
d e te rm in ed  b y  th e  flu o rim e tr ic  m e th o d  o f  
Spano  and  N e ff [29] a n d  C hang  [11], 
respective ly .

2 5 -f Phospholipids

r b

■ + 1

31 day of 
pregnancy

F i g . 1. C oncen tra tio n  o f  to ta l  p h o sp h o lip id s  a n d  lec ith in  in  lu n g  h o m o g en a tes  before 
(con tro l g ro u p ) a n d  a f te r  feno tero l a d m in is tra tio n
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R e s u l t s

Total phospholipids and lecithin

Concentration of total phospho­
lipids and lecithin in fetal lung homo­
genates was found to increase with the 
age of pregnancy (Fig 1).

In 23 day fetuses, mean concentra­
tion of total phospholipids in the lung 
amounted to 5.78 ±  0.319 /xmol/g and 
lecithin to 3.93 ±  0.30(3 /xmol/g. On 
the 27th day of pregnancy, the mean 
value of total phospholipids was 
9.51 ±  0.452 /xmol/g and of lecithin 
5.34 ±  0.411 /xmol/g. In mature fetu­
ses i.e. on the 31st day of pregnancy, 
total phospholipids in the lung homo­
genate amounted to 20.10 ±  0.876 
/xmol/g and lecithin to 14.50 ±  0.495 
/xmol/g tissue.

After administration of fenoterol, 
in 23 day fetuses the level of total 
phospholipids amounted to 6.84 ±

0.553 and the level of lecithin to 
4.80 ±  0.396 /xmol/g. In 27 day fetuses 
the mean of total phospholipids was 
10.66 ±  0.155 and of lecithin 5.97 ±  
0.170 /xmol/g. The increase was sta­
tistically significant in both groups. 
In the mature fetuses, however, feno­
terol caused no change, total phospho­
lipids amounted to 20.29 d: 0.598 and 
lecithin to 14.68 ±  0.354 /xmol/g.

Catecholamines ( noradrenaline and 
dopamine )

The behaviour of catecholamines 
was different from that of phospho­
lipids and lecithin. The concentration 
of noradrenaline in the lung homo­
genates decreased with the age of 
pregnancy while the dopamine con­
centration was unchanged (Fig 2).

On the 23rd day of pregnancy, 
noradrenaline amounted to 1.27 ±  
0.197 and dopamine to 1.09 ±  0.23
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F io . 2. C o n cen tra tion  o f  n o rad ren a lin e  an d  d o p am in e  in  lung ho m o g en a tes  before 
(co n tro l g roup) an d  a f te r  fen o te ro l a d m in is tra tio n
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nmol/g. In 27 day fetuses the con­
centrations were 0.452 ±  0.06 nmol/g 
and 1.150 ±  0.156, respectively, while 
in mature fetuses 0.450 ±  0.06 and 
1.0 dr 0.156 nmol/g respectively. After 
administration of fenoterol, concen­
tration of dopamine and noradrena­
line on the 23rd and 27th days of 
pregnancy was lower than in the 
control group, while in the lungs of 
mature fetuses i.e. on the 31st day 
of pregnancy no significant changes 
occurred in the concentration of 
catecholamines (Fig 2).

Discussion

The examinations showed that the 
concentration of total phospholipids 
and lecithin increases whereas the 
concentration of noradrenaline de­
creases in the lungs of the fetal rabbit 
in the course of pregnancy. The dop­
amine content, on the other hand, 
showed no change. These results have 
confirmed the findings of other re­
ports on the role of the adrenergic 
system in maturation of pulmonary 
tissue [13, 17]. It should be empha­
sized that our lecithin values did not 
differ considerably from the data of 
other workers who used alternative 
techniques of lecithin estimation [18, 
19]. Similar observations were done 
by Hallman and Raivio [18] and 
Hayden et al [19] in lungs of rabbit 
fetuses on the 27th and 30th days of 
gestation, respectively. Administra­
tion of betamimetics was found to 
intensify the observed changes, i.e. to 
stimulate the maturation of lung 
tissue.

Decrease of noradrenaline concen­
tration when the dopamine concen­
tration is relatively high, improves 
the blood supply to the lungs. Like in 
the placenta, dopamine decreases the 
blood vessel resistance and thus in­
creases the pulmonary blood flow 
[26]. High concentrations of dopamine 
when the noradrenaline content is 
low, are observed in placenta and lungs 
i.e. the organs where the blood flow 
plays an essential part. Improvement 
of the blood supply in the lungs 
ensures the adequate metabolism of 
the lung tissue which is reflected by 
an increased concentration of total 
phospholipids. The decrease of the 
noradrenaline concentration may be 
explained by the effect of fenoterol 
on the endogenous inhibitor of dopa­
mine, beta-hydroxylase [25].

The obtained results confirmed the 
hypothesis that application of beta­
mimetics in the treatment of pre­
maturity simultaneously serves the 
prevention of neonatal respiratory 
disturbances.

R efekences

1. A dam sons, K , M uelle r-H eubach  E , 
M eyers R E :  P ro d u c tio n  o f  fe ta l a s p h y ­
x ia  in  th e  rh e su s  m o n k ey  b y  a d m in i­
s tra tio n  o f  ca tech o lam in es to  th e  
m o th e r. A m  J  O b ste t G yneco l 109: 
248, 1971

2. A m brus CM, W e in tra u b  D H , D u n p h y  
D , D ow d J E ,  P ic k re n  JW , N isw an d er 
K R , A m b ru s  J L :  S tud ies o n  h y a lin e  
m em b ran e  d isease. I . T he fib ry n o ly s in  
sy s tem  in  pa th o g en esis  a n d  th e ra p y . 
P e d ia tr ic s  32:10, 1963

3. A very  M E , M ead J :  S urface p ro p e r tie s  
in  re la tio n  to  a te lec ta s is  a n d  h y a lin e  
m em b ran e  d isease. A m  J  D is C hild 
97:517, 1959

4. B a r re t t  CT, S evan ian  A , L a v in  N ,

Acta Paediatrica Hungarica 26,1685



J  Urban, K  Dzienis : Betamimetics in fetal rabbit 131

K a p la n  SA: R o le  o f  adenosine  3’,5 ’- 
n io n o p h o sp h a te  in  m a tu ra t io n  o f  fe ta l 
lungs. P e d ia tr  R es 10:621, 1976

5. B e rk  J L , H ag en  J F ,  T ong  R K , L evy  
M L, M artin  P J :  T he ro le o f  ad renerg ic  
s tim u la tio n  in  th e  p a th o g en esis  o f 
p u lm o n a ry  insu ffic iency . S u rg ery  82: 
366, 1977

6. B erg m an  B, H e d n e r  T , L u n d b o rg  P : 
P ressu re-vo lum e re la tio n sh ip  an d  flu id  
c o n te n t in  fe ta l r a b b i t  lung  a f te r  be ta - 
recep to r-s tim u la tin g  d ru g s . P e d ia t r  R es 
14:1067, 1980

7. B erg m an  B , H e d n e r  T : A n te p a rtu m  
a d m in is tra tio n  o f  te rb u ta l in e  an d  th e  
inc idence  o f hy a lin e  m em b ran e  disease 
in  p re te rm  in fan ts . A c ta  O b s te t G yne­
col S cand  57:217, 1978

8. B oog  G, B rah im  M B, G a n d a r  R : B eta- 
m im etic  d rugs an d  possib le p rev en tio n  
o f  re sp ira to ry  d is tre ss  synd rom e. B rit 
J  O b s te t G ynaecol 82:285, 1975

9. B ru m ley  GW , H odson  W A , A v e ry  M E: 
L u n g  phospho lip ids a n d  su rface  ten s io n  
co rre la tio n s in  in fa n ts  w ith  an d  w ith ­
o u t h ya line  m em b ran e  d isease a n d  in  
a d u lts . P ed ia tric s  40:13, 1967

10. B ru m s P D , C ooper W E , D rose  V E : 
M atern a l-fe ta l oxygen  an d  ac id -base  
an d  th e ir  re la tio n sh ip  to  h y a lin e  m em ­
b ran e  disease in  th e  n ew born  in fan t. 
A m  J  O bste t G ynecol 82:1079, 1961

11. C hang  CC: A sen s itiv e  m e th o d  fo r 
sp ec tro p h o to flu o rim e tric  a ssay  o f  c a te ­
cholam ines. I n t  J  N eu ro p h a rm aco l 3: 
643, 1964

12. C om line R S, S ilver IA, S ilver M: F a c ­
to rs  responsib le  fo r th e  s t im u la tio n  o f 
th e  ad ren a l m ed u lla  d u rin g  a sp h y x ia  
in  th e  foetal lam b . J  P hysio l (Lond) 
178:211, 1965

13. D iv e rs  W A , B ab ak n ia  A , H o p p e r B R , 
W ilkes MM, Y en SSC: F e ta l lu n g  m a tu ­
ra t io n : am n io tic  flu id  ca techo lam ines, 
phospho lip id s a n d  co rtiso l. A m  J  
O b s te t G ynecol 142:440, 1982

14. E n h o rn in g  G, C h am b erla in  D , C o n tre ­
ra s  C, B urgoyne R , R o b e rtso n  B : 
Iso x su p rin e -in d u ced  re lease  o f  p u l­
m o n a ry  su r fa c ta n t in  th e  ra b b it  fe tus. 
A m  J  O b ste t G ynecol 129:197, 1977

15. F o lch  J ,  Lees M, S lo an -S tan ley  G H : 
A  sim ple  m e th o d  fo r iso la tion  and  
p u rif ic a tio n  o f to ta l  lip ids from  an im al 
tissues. J  Biol C hem  226:497, 1957

16. G luck  L , K u lov ich  MV, E id e lm an  A I, 
C ordero  L, K h a z in  A F : B iochem ical 
d ev e lo p m en t o f  su rface  a c tiv ity  in 
m am m alian  lung. IV . P u lm o n a ry  leci­
th in  sy n th es is  in  th e  h u m a n  fe tu s  and  
n ew b o rn  and  etio logy  o f  th e  re sp ira to ry  
d is tre s s  syndrom e. P e d ia t r  R es  6:81, 
1972

17. G ould  J B , G luck  L , K u lo v ich  MV : 
T he  re la tio n sh ip  b e tw een  accelera ted  
p u lm o n a ry  m a tu r i ty  a n d  accelera ted  
neuro log ical m a tu r i ty  in  c e r ta in  ch ron ­
ica lly  stressed  p reg n an c ies . A m  J  
O b s te t G ynecol 127:181, 1977

18. H a llm an  N , R a iv io  K I :  F o rm a tio n  of 
d is sa tu ra te d  lec ith in  th ro u g h  th e  lyso- 
lec ith in  p a th w a y  in  th e  lu n g  o f th e  
develop ing  ra b b it.  B io l N eo n a te  27: 
329, 1975

19. H a y d e n  W , O lson E B  J r ,  Z achm an 
R D : E ffe c t o f  m a te rn a l isoxsuprine 
o n  fe ta l r a b b i t  lung  b io ch em ica l m a tu ­
ra tio n . A m  J  O b s te t G yneco l 129:691, 
1977

20. H essler J R ,  E itz m a n  D V , D onnelly  
W H , C alderw ood H , C assin  S: The in ­
fluence  o f  a c u te  p e r in a ta l  a sp h y x ia  on 
th e  d ev e lo p m en t o f  h y a lin e  m em brane 
d isease (H M D ). P e d ia t r  R es  9:397, 
1975

21. Jo n es  CT, R o b in so n  R O : P la s m a  c a te ­
cho lam ines in  fo e ta l a n d  a d u lt  sheep. 
J  P hysio l (L ond) 248:15, 1975

22. K a n ja n a p o n e  V, H a rtig -B e e c k e n  I, 
E p s te in  M F: E ffe c t o f  isoxsup rine  on 
fe ta l lung  s u r fa c ta n t in  ra b b its . P ed i­
a t r  R es 14:278, 1980

23. K ero  P , H irv o n en  T , V ä lim äk i I: P re ­
n a ta l  an d  p o s tn a ta l iso x su p rin e  and 
re sp ira to ry  d is tre ss  sy n d ro m e . L an ce t 
2:198, 1973

24. M oaw ad A H , R iv e r  L P , K ilp a trick  
S J  : T he effec t o f  e s tro g en  an d  p roge­
s te ro n e  on b e ta -a d re n e rg ic  re cep to r 
a c tiv ity  in r a b b i t  lu n g  tis su e . A m  J  
O b s te t G ynecol 144:608, 1982

25. O rc u tt JC , M alino ff P B : E ndogenous 
in h ib ito rs  o f  d o p am in e  B -h y d ro x y lase : 
se p a ra tio n  o f  m u ltip le  fo rm s an d  access 
to  th e  enzym e. J  P h a rm a c o l E x p  202: 
590, 1981

26. R a p in  M, L em aire  F , R e g n ie r  В , Tele­
seire  В : Inc rease  o f  in tra p u lm o n a ry  
sh u n tin g  induced  b y  d o p am in e . P roc  
R o y  Soc Med 70: S u p p l 2 :71, 1977

27. S inger A D , T h ib e a u lt D W , H obel C J, 
H e in e r DC: Serum  p lasm in o g en  and 
lung  s u r fa c ta n t in  th e  re s p ira to ry  d is­
tre ss  syndrom e. P e d ia t r  R e s  11:119, 
1977

28. S m ith  B T, T o rd ay  J S :  F a c to r s  a ffec t­
ing lec ith in  sy n th es is  b y  fe ta l lung  cells 
in  cu ltu re . P e d ia tr  R e s  8:848, 1974

29. Spano  P F , N e ff N H : P ro c e d u re  fo r th e  
s im u ltan eo u s  d e te rm in a tio n  o f  d o p a­
m ine, 3 -m ethoxy -4 -h y d ro x y -p h en y l- 
ace tic  acid  (H V A ) a n d  3 ,4 -d ihyd roxy - 
ph en y lace tic  ac id  (D O PA C ) in  b ra in . 
A nal B iochem  42:113, 1971

30. W yszogrodsk i I , T aeu sch  H W , A very
M È : Iso x su p rin e -in d u ced  a lte ra tio n s

A da Paediatrica Hungarica 26, 1985



132 J  Urban, K  Dzienis : Betamimetics in fetal rabbit

o f  p u lm o n a ry  p ressu re -v o lu m e  re la ­
t io n sh ip s  in  p rem a tu re  r a b b i ts .  A m  J  
O b s te t  G ynecol 119:1107, 1974

31. Y o sh id a  Y , F u ru y a  E , T a g a w a  K :

A d ire c t co lo rim e tric  m e th o d  fo r th e  
d e te rm in a tio n  o f  phospho lip id s w ith  
d ith io c y a n a to  iro n  reag en t. J  B iochem  
88:463, 1980

Received 25 M arch 1984

Prof J U r b a n  MD 
M. Sklodowskiej-Curie 24a 
15-276 Bialystok, Poland

Acta Paediatrica Hungarica 26, 1985


	2. szám
	J. Urban-K. Dzienis: Influence of beta-receptor stimulation on catecholamine and phospholipid concentrations in lungs of fetal rabbits

	Oldalszámok������������������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������


