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Trace elements in the serum of mothers and
their children
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T he serum  copper, zinc a n d  iro n  levels, iron  b ind ing  c a p a c ity  a n d  
C oeruloplasm in a c tiv ity  w ere d e te rm in ed  in  28 m a te rn a l an d  co rd  b loods 
an d  in  50 in fan ts  and  ch ild ren . A t th e  end  o f  th e  g es ta tio n  period  th e  se ru m  
copper level increased , iron  co n c e n tra tio n  rem ained  unchanged  w hile th e  
level o f  zinc decreased s ig n ifican tly  a s  com pared  to  th e  values fo r h e a lth y , 
n o n -p reg n an t w om en. Iro n  an d  z inc  co n cen tra tio n s a t  b ir th  were s ig n ific an tly  
h ig h er in  th e  new born  th a n  in  th e  m o th e r , w hereas th e  copper level a m o u n te d  
on ly  to  20%  o f th e  m a te rn a l va lue . S ubsequen tly , th e  copper level increased  
to  reach  th e  low er lim it o f  h e a lth y  a d u lts  in  th e  f irs t to  second y e a r  o f  life. 
T he rem ark ab ly  high n e o n a ta l z inc  concen tra tio n  fell s ig n ifican tly  in  th e  
f i rs t  2 to  4 weeks o f life an d  decreases to  th e  no rm al a d id t level a t  one y e a r  
o f  age.

T he changes in  th e  tra c e  e lem en t co n cen tra tions m ay  be d u e  to  
q u a n ti ta t iv e  differences in  th e  tr a n sp o r t in g  p ro te in s, v a ria tions in p la c e n ta l 
p e rm eab ility  and  in  th e  fu n c tio n  o f  tra n sfe r  p ro te in s.

Severe, chronic m etabolic d is tu rb ­
ances m ay result from deficiency o f 
certa in  trace  elem ents. Their hom ­
eostasis [7] is scarcely know n, in 
spite of d a ta  on the  p articu la r im ­
portance o f iron, copper and  zinc 
ions [2, 4, 5], especially in th e  fetus 
and  the new born child.

In  an  earlier paper we have rep o rt­
ed on changes in the  transferrin  level 
and  iron binding capacity  of the  sera 
o f hea lthy  newborns, infants and  
children [3]. The presen t s tudy  has 
been aim ed a t  determ ining iron, iron 
binding capacity , copper, Coerulo­
plasm in and  zinc in m aternal and 
cord blood and  to  study  the  serum  
concentration o f zinc and  copper in 
infancy an d  childhood.

M a t e r i a l  a n d  M e t h o d

T he m a te ria l consisted  o f 28 m a te rn a l  
(M) an d  cord blood (C) sam p les co l­
lec ted  im m ed ia te ly  a f te r  de livery  an d  o f  
those  o f  50 ch ild ren  free from  a n y  c u r re n t 
d isease . S am pling  w as m ade  on a n  e m p ty  
s to m ach  w ith o u t th e  use o f  a n tic o a g u la n t; 
se ra  w ere o b ta in ed  b y  c e n tr ifu g a tio n . 
T h e  in fa n ts  an d  ch ild ren  w ere d iv id ed  in to  
fou r g roups. T he f i rs t consisted  o f  8 in ­
fa n ts  from  2 w eeks to  1 m o n th  o f  age (I). 
T he  second  g roup  (II)  included 18 in fa n ts  
from  6 w eeks to  10 m o n th s  o f ag e . I n  th e  
th ird  g roup  ( I I I )  th e re  were 10 ch ild ren , 
from  1 to  2 y ea rs ; an d  in  th e  fo u r th  (IV ), 
14 ch ild ren  o f 2 to  7 years .

C opper w as d e te rm in ed  by  th e  B o eh rin - 
g e r k i t  a n d  b y  its  m od ifica tion  e la b o ra te d  
b y  us fo r th e  B eckm an  — Spinco a p p a ra tu s  
w ith  th e  use o f 200 /il serum . C om p ariso n  
o f  th is  m icrom ethod  w ith  a to m ic  a b so rp ­
tio n  sp ec tro p h o to m etry  gave co m p arab le
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photometry

F i g . 1 . C opper va lues e s tim a ted  b y  a to m ic  
a b so rp tio n  p h o to m e try  a n d  th e  m icro  B oeh- 
r in g er m e th o d . D o ts  in d ica te  values o b ta in ­
ed  b y  p a ra lle l m easu rem en ts  o f  th e  sam e 
se ru m  sam ples. E q u a tio n  o f  regressive 
cu rv e : Y  =  3.0557 +  0.9979 X ; co rre la tion  
coeffic ien t: 0.9903. M ean values y ielded b y  
th e  tw o  m e th o d  a re  in d ica ted  in  th e  F igu re

re s u lts  (F ig. 1) e x c e p t in  th e  case o f  lipae- 
m ic  sam p les  w here th e  m icrom ethod  y ie ld ­
ed  s ig n ific a n tly  h ig h e r  values.

Z inc  c o n c e n tra tio n  w as m easu red  w ith  
a  V a rio n  A ty p e  a to m ic  ab so rp tio n  
sp ec tro p h o to m e te r , in  serum  sam ples d i­
lu te d  5fold w ith  d is tilled  w ate r.

I ro n  co n c e n tra tio n  an d  iron  b in d in g  
c a p a c i ty  w ere s tu d ie d  b y  S c a rla ta  an d  
M o o re’s p ro ced u re  [11] a d a p te d  to  th e  
B eck m an  — Spinco a p p a ra tu s . C oeru lo­
p la sm in  a c tiv ity  w as m easu red  by  R a v in ’s 
m e th o d  [9].

R e s u l t s

Serum copper level

Serum  copper concentration  was 
low est (43.4 jUg/dl) in cord blood; 
th e  value was one fifth  of the  m ate r­

F ig . 2. S erum  copper level. T he h e ig h t o f 
th e  co lum ns rep resen ts  th e  m ean  co p p er 
c o n cen tra tio n , v e rtica l lines in d ica te  S . E . ;  
fig u res  w ith in  th e  colum ns re fe r to  th e  
n u m b e r  o f  cases, p  above th e  co lum ns 
rep re sen ts  th e  s ta tis tic a l sign ificance o f  
th e  d ifference betw een  th e  g iven  a n d  th e  
p reced in g  colum ns. Sym bols: M =  m a te r ­
n a l  se ru m ; C =  cord serum ; 1 =  2 w eek-1 
m o n th  o ld  g roup ; I I  =  6 w eek-10 m o n th s  
o ld  g ro u p ; I I I  =  1-2 years  old g ro u p ;

IV  =  2 1/2-7 years  old group

nal one, bu t the la tte r  was significantly 
h ig h er (249 /tg/dl) th an  in norm al, 
no n -p reg n an t females (mean, 160 
jug/dl) [7]. In  the  2 to  4 week-old 
in fan ts  (Group I), copper concen tra­
tio n  was alm ost double of the  value 
found  in cord blood. The level rose 
w ith  age and  in Group I I I  approached  
th e  ad u lt value. There was no fu r th e r 
rise in Group IV.

Serum Coeruloplasmin concentration

Coeruloplasm in am ounts to  93%  
o f th e  serum  copper level, th e  re s t is 
b ound  to  album in which can be re ­
garded  as a  fraction  of tran s ien t 
charac te r. Copper intake resu lts in 
an  im m ediate rise in the  blood
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T a b l e  I

Coeruloplasmin in m aternal and  cord blood

Coeruloplasmin
activ ity M can ±  S. D. V

M aternal blood 0.551 ±0 .034 l  0.005
Cord blood 0.078±0.012

copper concentration which will d e ­
crease exponentially  parallel with its 
accum ulation in th e  liver [6]. Table I  
shows th a t the p-phenylenediam ine 
oxidase ac tiv ity  of co rd  blood is only 
14%  of m aternal serum  activ ity . 
These results also im ply th a t  the ra tio  
of copper and  Coeruloplasmin levels 
are nearly  identical in m aternal and  
fe ta l sera.

Serum zinc level

As it is shown in F ig . 3, in the 28 
m others exam ined th e  mean zinc 
concentration  was 58 £  4 pg/dl, abou t 
45%  less th an  in non-pregnan t wo­
m en. In  the new borns, the  mean se-

F i g . 3. Serum  zinc level. F o r sym bols, 
see F ig . 2.

rum  zinc level was significantly h igh­
er, 85 ±  9 pg/dl, closely correspond­
ing to  th e  lower lim it of the adult 
level. In  2 to  4 week-old infants, the 
level was lower h u t between 2 and  
10 m onths it reached  the  concentra­
tion  m easured a t  b irth  and  in the 
firs t year o f life it a tta in ed  the norm al 
ad u lt value.

Iron concentration and iron binding
capacity

Iro n  concen tra tion  was higher in 
cord blood (151 ^  10 pg/dl) th an  in 
m aternal blood (Fig. 4) in agreem ent 
w ith  our earlier d a ta  [3]. The blood

F ig . 4. S erum  iro n  level. F o r  sym bols, 
see F ig . 2.

iron level was always high (120-140 
pg/dl) in the  new borns, to  decrease 
to  its low est level betw een 3 and  
4 m onths w hen the value w7as only 
h a lf o f th a t  m easured a t b irth . L ater, 
iron concen tra tion  increased again.

Iron  b inding capacity  was signifi­
can tly  lower in cord blood th an  in 
m aternal blood (Fig. 4), and  the lowest 
in the new born babies.
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D is c u s s io n

L ittle  is know n concerning th e  
m echanism s regulating th e  concen­
tra t io n  o f essential trace  elem ents. In  
th e  fe tu s  their level depends on th e  
ra te  o f p lacental tran sp o rt an d  of 
th e ir  incorporation by  the tissues.

I n  th e  ra t  large am ounts o f iron 
a n d  copper are sto red  by th e  fe ta l 
liver. S torage is p rom oted  b y  th e  
specia l proteins fe rritin  an d  m ito- 
chondrocuprein . The hepatic  stores 
a re  u tilized  in the  firs t perio d  of 
p o s tn a ta l  life, m other’s m ilk being 
poor in  iron and  copper. S im ultane­
ously, th e  new-born r a t ’s iron b inding 
cap ac ity  begins to  decrease to  the  
a d u lt  level and  the copper is g radually  
in co rp o ra ted  into Coeruloplasmin [8].

T h e  p re se n t find ings o b ta in e d  in  
h u m a n s  h av e  show n th a t  th e  co p p er 
c o n c e n tra tio n  in  m a te rn a l se ru m  e x ­
ceeds t h a t  found  in  n o n -p re g n a n t 
w o m en  (F ig . 2), confirm ing  th e  o b ­
s e rv a tio n  th a t  th e  C oeruloplasm in 
leve l increases in  th e  course o f  p re g ­
n a n c y  to  a lm o st doub le  o f  th e  n o rm a l 
(n o n -p re g n a n t)  level [7]. T h e  low  
c o p p e r  a n d  C oeruloplasm in levels 
in  c o rd  b lood  in d ica te  a  h ig h  in ­
c o rp o ra tio n  ra te  in to  th e  liv er, 
b ra in , h e a r t  a n d  k id n ey  [13, 14]. 
C o n sid erin g  th e  s tru c tu ra l  id e n t i ty  
o f  C oeru loplasm in  in  n ew b o rn s a n d  
a d u lts  [15], th e  low  C oeruloplasm in 
a c t iv i ty  suggests  th a t  th e re  a re  less 
co p p e r tra n sp o r tin g  p ro te in s  in  e a r ly  
in fa n c y  th a n  a t  la te r  age. F in a lly , 
th e  d iffe ren ces in  th e  copper leve l o f  
m a te rn a l  a n d  cord  se ra  su g g est t h a t  
th e  p e rm e a b ili ty  o f  p la c e n ta  fo r  co p ­

p er is slight, and  the  increase of th e  
copper level during pregnancy  is a  
sign of physiological regulation. An 
increase of the  concen tration  g rad ien t 
is indispensable to  ensure th e  neces­
sary  copper in take o f the fetus during 
in trau terine  life.

The zinc level was significantly  
higher in cord blood th a n  in m aternal 
blood (Fig. 3), to  decrease signifi­
can tly  by  2 to  4 weeks a fte r b irth . 
This was in p a r tia l agreem ent with 
the  earlier observation o f a 20 to  
25%  fall of the p lasm a zinc con­
cen tration  a t  term  [1].

Thus, considerable am oun ts o f zinc 
m ay accum ulate in  the  fe tus owing 
to  the  b e tte r  perm eab ility  of the  
p lacen ta  for zinc th a n  for copper. 
This also follows from  th e  observa­
tio n  th a t  the  zinc level m ay reach 
300 (Ug/dl in  the  4 m onth  fe tus, th re e ­
fold of the  m aternal serum  zinc 
concentration  [1]. D uring  fe ta l devel­
opm ent, the p lasm a concentration  
o f zinc decreases, p resum ably  because 
o f its  accum ulation in  th e  tissues. 
The process continues for a  tim e afte r 
b irth , as shown by  th e  fac t th a t  the  
zinc level is higher in  th e  blood 
o f pre te rm  th an  o f te rm  newborns. 
Two factors m ay be o f p a rticu la r 
im portance in decreasing th e  zinc 
concentration. One is th e  rap id  zinc 
incorporation into red  blood cells afte r 
b ir th  w ith a parallel increase o f th e ir 
carboanhydrase ac tiv ity . On the  o ther 
hand , the  in fan t’s zinc in tak e  origi­
nates en tire ly  from  m ilk an d  while 
th e  zinc con ten t o f colostrum  is 
2 m g/dl or higher, m atu re  m o ther’s 
m ilk contains only 30 /ig/dl o f zinc.
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