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The content of adrenalin, noradrenal in and dopamine was studied in the kidneys, hear t ,  and 
adrenals  of human fetuses and adults. The catecholamine level changes substantiaIly f rom 
the 12th to the 40th week of fetal development. It reaches  its highest level at 13-16 weeks 
and its lowest 33-36 weeks of autenataldevelopment. Dopamine accounts for between 82 and 
92% of the total content of catecholamines throughout development. The total content of 
catecholamines in the organs is highest by the end of the antenatal period. The content of 
catecholamines in the fetal heart  and kidneys at the 13th-16th week is close to its level in the 
adult. 

One of the principal factors reflecting the function of the sympathico-adrenal system is the content 
of mediators of this system in the tissues. In the modern view catecholamines, before they perform the 
role of mediators, function as special hormones playing an active role in the regulation of embryogenesis 
[1-3]. In this connection, an interesting aspect of the study of the biochemical basis of human antenatal 
development is the examination of the quantitative catecholamine dynamics in the tissues of the developing 
fetus. 

Data in the l i tera ture  on the t issue catecholamine levels in human fetuses are  scarce  and highly con- 
t radictory.  In some repor t s  it is  stated that noradrenalin is present  and adrenalin absent in human fetal 
t i ssues  [15, 17]. According to West et al. [18] noradrenalin accounts for approximately 90% of the 
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Fig. 1. Content of catecholamines in myocardium of human fetuses and adults. Here  
and in Fig, 2: 1) adrenalin; 2) dopamine; 3) noradrenalin.  

Fig. 2. Content of catecholamines in kidneys of human fetuses and adults .  
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adrenal catecholamines. Most workers state that during the de- 
velopment of mammals and birds the content of adrenergic sub- 
stances is constantly changing [7, i0, ii]. 

To fill in the gaps in our knowledge of the catecholamine 

dynamics in the tissues of the developing organism, in the investi-  
gation described below the content of adrenalin, noradrenalin, and 
dopamine was determined in the kidneys, heart,  and adrenals of 
human fetuses in the course of development. 

E X P E R I M E N T A L  M E T H O D  

The t i s s u e s  of  human  adu l t s  and f e t u s e s  f r o m  the 12th to the 
40th w e e k  of  d e v e l o p m e n t  w e r e  i n v e s t i g a t e d ;  the f e t u s e s  w e r e  
d iv ided  into s even  age  g r o u p s ,  wi th  not l e s s  than e igh t  in each  
g roup .  A w e ighe d  s a m p l e  of t i s s u e  w a s  h o m o g e n i z e d  in the co ld  
wi th  10 mg EDTA and 20 m l  0.4 N p e r c h t o r i c  acid.  The e x c e s s  of 
p c r c h l o r i c  a c id  w a s  n e u t r a l i z e d  wi th  5 N p o t a s s i u m  c a r b o n a t e  
so lu t ion  and the p r e c i p i t a t e  w a s  s e p a r a t e d  by  cen t r i fuga t ion .  The 
s u p e r n a t a n t  w a s  r e n d e r e d  a l k a l i n e  wi th  1 N a m m o n i a  so lu t ion  to 
pH 8.5 and t r a n s f e r r e d  quan t i t a t i ve ly  to a c h r o m a t o g r a p h i c  column.  
E lu t ion  was  c a r r i e d  out  wi th  0.25 N a c e t i c  ac id .  F o r  d e t e r m i n a -  
t ion of  n o r a d r e n a l i n  and a d r e n a l i n  the s a m p l e s  w e r e  o x i d i z e d  wi th  
0.1 ml  0.25% p o t a s s i u m  f e r r i c y a n i d e  so lu t ion ,  and fo r  d e t e r m i n a -  
t ion of dopamine ,  they  w e r e  o x i d i z e d  wi th  0.2 ml 0.02 N i o d i n e  s o l u -  
t ion [8]. F l u o r e s c e n c e  w a s  m e a s u r e d  wi th  the ]~F-~M f l u o r o m e t e r  
wi th  the i m p r o v e m e n t s  s u g g e s t e d  by  Es ikov  [4]. 

EXPERIMENTAL RESULTS 

The Myocardium. Between the 13th and 36th weeks of 
development the adrenalin content was virtually unchanged and lay 
between 0.02 and 0.03 t~g/g fresh tissue, while during the last 4 
weeks it rose to 0.06 /~g. The noradrenalin content in the 13th- 
16th weeks of development was 0.21 ~g, falling to 0.06/tg in the 
17th-20th week, and then rising again to 0.13 b~g between the 20th 
and 28th weeks. This was followed by a gradual decrease in the 
noradrenalin level (Fig. i), and by the end of the intrauterine 
period it was too low to be determined by the instrument used in 
the investigation. The dopamine level in the 13th-16th weeks of 
development was 3.10 ~g/g fresh tissue, and by the 40th week it 
had fallen to 0.8 /~g. More than 90% of the total quantity of cate- 
eholamines in the myocardium throughout the antenatal period of 
development was accounted for by dopamine. Positive correla- 
tion (r =+0.83) was established between the concentrations of 
dopamine and noradrenalin. This means that the increase in the 
dopamine content in the myocardium determines the increase in 
the noradrenalin content. 

The Kidneys .  The  a d r e n a l i n  l e v e l  in the k i d n e y s  w a s  v i r -  
t ua l ly  unchanged  f r o m  the 12th unt i l  the  40th  w e e k s  of d e v e l o p m e n t ,  
and  i t s  m e a n  v a l u e  w a s  0.03 ~ g / g  f r e s h  t i s s u e .  The n o r a d r e n a l i n  
conten t  in  the  13 th-16 th  w e e k s  w s s  0.09 ~tg, f a l l ing  to 0.04 ~g by  
the 29th week .  Dur ing  the l a s t  12 w e e k s  of d e v e l o p m e n t  s h a r p  
f l u c t u a t i o n s  w e r e  o b s e r v e d  in the n o r a d r e n a l i n  content :  f r o m  0.07 
~g  in  the 29 th -32nd  w e e k s  i t  f e l l  to 0 in the 3 3 r d - 3 6 t h  w e e k  and 
then r o s e  aga in  to 0.07 Mg in the 37 th -40 th  w e e k  (Fig.  2). The dop -  
a m i n e  conten t  w a s  h ighes t  in the 13 th -16 th  w e e k s  of  d e v e l o p m e n t  
(3.48 ~g) ,  a f t e r  which  i t  f e l l  to r e a c h  0.7 ~g  by  the 40th week .  
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Positive correlation (r = + 0.66) was found between the dopamine and noradrenalin levels, but it was 
below the limits of significance. 

The Adrenals. The adrenals in human fetuses are large and their relative weight is 10-20 times more 
than in the adult. The change in the content of adrenalin, noradrenalin,and dopamine in the adrenals during 
development takes place stepwise with maxima at the 13th-16th, 25th-28th, and 37th-40th weeks (Table 1). 
The adrenalin content in the adrenals is slightly higher than in the noradrenalin content. This ratio bet~veen 
the catecholamines is characteristic of the adrenals only. Dopamine accounted for between 82 and 92% of 
the total catecholamine content. Positive correlation was found between the noradrenalin and adrenalin 
content (r =+ 0.89). Significant correlation also was found between dopamine and noradrenalin (r =+0.79). 
The increase in the level of the precursor in the mechanism of amine synthesis thus determines an in- 
crease in the concentration of the product. 

The results eonfirmthose obtained by Greenberg and Lind [14], who found that adrenalin and noradren- 
alin are present in human fetal tissues during the first 3 months of development, but who were unable to 
demonstrate the presence of dopamine. 

The highest content of catacholamines in the myocardium and kidneys was thus observed in the 13th- 
16th weeks of antenatal development of the fetus and it fell toward the end of pregnancy. A similar de- 
crease in the catecholamine concentration during development has been observed in the myocardium, spleen, 
and other tissues of the chick embryo [7]. The dynamics of hormonal activity of the fetal adrenals revealed 
by the present investigation is in agreement with results obtained by other workers who have studied thy- 
roid function in the guinea pig and sheep [9] and pituitary function in rat fetuses [12, 13]. They show that 
the endocrine glands of fetuses in the early stages of development pass through a stage of increased activity, 
which is replaced by reduced function by the time of birth. The results may also be explained by some 
degree of mismatching between the rates of accumulation of catecholamines in the organ and the rate of 
growth of the organ: in the period studied, from the 12th to the 40th weeks of development, the weight of 
the human fetal heart increases by about 40 times, the kidneys by 45 times and the adrenals by 22 times. 
This view is confirmed in the literature [6, 16]. The total content of catecholamines in the organs is highest 
at birth. Comparison of the eatecholamine content in the heart and kidneys of human fetuses and adults 
shows that in the fetus at 13-16 weeks the noradrenalin and adrenalin contents are close to their levels in 
the adult, while the dopamme level is about three times higher than in the adult (Figs. 1 and 2). The con- 
tent of catecholamines in the adrenals is much lower in the fetus than in the adult (Table i). 

It can be concluded from these results that the human sympathico-adrenal system is functioning in 
the early stages of development. The concentration of catecholamines in the fetal tissues is constantly 
changing during antenatal development. The levels of these substances in the fetal tissues andorgans evi- 
dently depend not only on the degree of maturity of the fetus, but also on the demands of the developing or- 
ganism for these substances at the different periods of development. For example, the human fetal testis, 
which produces the hormones necessary for morphogenesis of the genital tract along male lines, loses all 
trace of secretory activity by the 20th-21st week of development and thereafter remains in that state until 
the period of sexual maturity [5]. It may be that the developing organism also has different requirements of 
catecholamines, which depend on the degree to which these substances participate in morphological and 

functional differentiation of the tissues. 
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