
Marmara Medical Journal Volume 9 No:4 October 1996

ELEMENTAL VARIATIONS IN PREECLAMPSIA

(Received 14 February, 1996)

N. Askar, M.D.** / C. Coker, M.D.*** /  H.H. Aydın, M.D****
B. Ersöz, M.D.* /  T. Ateş, M.D.*****

'  Professor, D epa rtm e n t o f  B iochem is try , F acu lty  o f  M ed ic ine , Ege U n ive rs ity , İzm ir, Turkey.
• • A ssocia te  Professor, D e p a rtm e n t o f  O b s te tr ics  a n d  G ynecology, F acu lty  o f  M ed ic ine , Ege U n ive rs ity , İzm ir, 

Turkey.
* * *  S pecia list, Research Labora to ry, F acu lty  o f  M ed ic ine , Ege U n ivers ity , İzm ir, Turkey.

* * * '  Resident, D e p a rtm e n t o f  B iochem is try , F acu lty  o f  M ed ic ine , Ege U n ivers ity , İzm ir, Turkey.
.........  Resident, D ep a rtm e n t o f  O bs te trics  an d  G ynecology, F acu lty  o f  M ed ic ine , Ege U n ive rs ity , Izm ir, Turkey.

ABSTRACT

Objective: T h e re  are  a lte ra tio n s  in e le m e n ta l 
m etabo lism  due to  p hys io log ica l and pa tho log ica l 
p ro c e s s e s  in p re g n a n c y . In th is  s tu d y , the  
phys io log ica l d is tribu tion  of e lem en ts  betw een the 
m other and the fe tus is investigated  a long w ith  the 
varia tions in the e lem enta l s ta tus o f the m aterna l- 
fe ta l-p lacen ta l unit in pregnanc ies com plica ted  w ith 
preeclam ptic toxem ia.

Methods: Cu. Zn, Fe, Mg and Ca levels in p lacenta l 
tissue, m aternal and fe ta l p lasm a and feta l red blood 
c e lls  in th e  h e a lth y  in d iv id u a ls  (n = 9 ) and  
preeclam ptics (n=10) are de te rm ined  by inductive ly  
coupled plasm a atom ic em ission spectrom etry.

Results: W ith in  th e  c o n tro l g ro u p , s ig n if ic a n t 
differences between m aternal and feta l p lasm a have 
been de tected  w ith  respec t to  Cu (p< 0 .001 ) and 
Fe(p<0.05) levels. C om paring the preeclam ptics w ith 
the controls, the m ost marked variation is observed in 
Zn status w ith s ign ificantly  decreased concentra tions 
in m aternal and feta l p lasm a (p<0.05) and fe ta l red 
blood cells (p<0.01). S ign ifican t va ria tions are also 
determ ined for Cu in fetal red blood cells (p<0.05), Ca 
in p la ce n ta l tis s u e  (p < 0 .0 1 ) and fe ta l p la sm a  
(p<0.05).

Conclusion: This s tudy points out the d is tu rbances 
in the elem enta l status of the m aternal-fe ta l-p lacenta l 
unit in preeclam psia.

K ey W o rd s: P re g n a n cy , P re e c la m p s ia ,
Placenta, T race e lem ents, Ca, Mg

INTRODUCTION

The d is tribu tion  of m ajor and trace  e lem ents betw een 
the  m other and the fe tus  and a lso  the  a lte ra tions  in 
the  e le m e n ta l s ta tu s  due  to  p h y s io lo g ic a l and 
p a tho log ica l p rocesses  in p re g n a n cy  have recen tly  
ga ined  in te res t (1 -4). T he  e le m e n ta l s ta tu s  o f the 
m o th e r w ith  p re e c la m p tic  to x e m ia  has  b een  
in v e s tig a te d  by v a r io u s  a u th o rs  (5 -7 ). T o  o u r 
know ledge, there  is no study on p reec lam ptic  toxem ia  
w hich eva luates the e lem enta l s ta tus of the fe tus and 
the  p la c e n ta  a long  w ith  the  m o th e r in o rd e r to 
u n d e rs ta n d  how  p re e c la m p s ia  in te ra c ts  w ith  the  
e lem enta l m etabolism .

The o b je c tiv e  o f th is  s tu d y  is to  d e te rm in e  the  
d is tribu tion  o f essen tia l tra ce  e le m e n ts  Cu, Zn, Fe 
a long w ith C a and Mg in the m aternal, feta l, p lacenta l 
u n it in  o rd e r  to  e v a lu a te  th e  v a r ia t io n s  in 
preeclam psia.

MATERIALS AND METHODS

T h is  s tduy  w as ca rr ie d  o u t by the  D e p a rtm e n t o f 
O b s te tr ic s  a n d  G y n e o c o lo g y , D e p a rtm e n t o f 
B iochem is try  and C lin ica l B iochem is try  and C lin ica l 
R esearch  L a bo ra to ry  o f Ege U n ive rs ity , S choo l o f 
M e d ic in e  b e tw e e n  S e p te m b e r 1 9 9 4 -Ju n e  1995. 
A pprova l w as obta ined  from  the  E thical C om m ittee  of 
Ege U n ivers ity , S choo l o f M ed ic ine . A ll the  pa tien ts  
invo lved in the study w ere  in form ed about the con ten t 
o f the study and w ritten  consen t w as obta ined.

The con tro l g roup  cons is ted  o f 9 fu ll term  bab ies and 
th e ir  m o th e rs  w ith  no m a te rn a l o r p e r in a ta l
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co m p lic a tio n s . F o r the  d ia g n o s is  o f p re e c la m p tic  
to x e m ia , (n= 10 ) th e  p a tie n t sh o u ld  ha ve  b lood  
p re ssu re  14 0 /9 0  m m  Hg o r an in c re a s e  above  
base line  o f 30  m m  Hg in systo lic  p ressure  o r 15 mm 
Hg in d ias to lic  p ressure . G ene ra lized  edem a and /o r 
p ro te in u r ia  w e re  use d  as a d d itio n a l d ia g n o s tic  
crite ria . M o the rs  w ith  d iabe tes, ch ron ic  u rinary trac t 
in fec tion , live r d ise a ses , ch o rio a m m io n itis , ch ron ic  
h y p e rte n s io n  w ith  s u p e r im p o s e d  to x e m ia  and  
sm okers  w ere  exc luded . The con tro l g roup  and the 
p re e c la m p tic  g roup  d id  no t d iffe r s ig n if ica n tly  w ith  
respect to  m ate rna l age (28±3 .4  vs. 31.1 ±5.7) o r the 
b irthw e igh t (3214±513 g vs 3175±620  g). The babies 
had an A pgar score  o f > 7 at 1 m in. and 10 at 5 min. 
a fte r d e liv e ry  and  d id  no t m a n ife s t sym p to m s of 
d isease or s igns o f m alfo rm ation .

B lood  w a s  d ra w n  fro m  th e  u m b ilic a l co rd  ve in  
im m e d ia te ly  a fte r d e liv e ry  and  from  the  m o the rs  
w ith in  an hour o f de live ry  into acid  rinsed (soaked in 
10%  HNO g fo r 12 hours) p o lyp ro p y le n e  te s t tubes 
con ta in ing  lith ium  heparinate. Fo llow ing centrifugation  
(10 m in, 1500 g) p lasm a sam ples w ere  sto red  at 
-20°C  un til a n a lys is . For the  d e te rm in a tio n  o f the 
e lem enta l content, p lasm a sam ples w ere  d ilu ted 1 :10 
w ith  0.1 N HCI. P re tre a tm e n t fo r red b lood  ce lls  
(R BC) w as p e rfo rm ed  a cco rd ing  to  M a runghu i and 
M ahler (8,9).

P lacenta l tissue  sam p les ob ta ined  from  the  m id -d isk 
reg ion w ere  pe rfused  w ith  0 .9%  co ld  sa line  so lu tion  
w ith in  tw o  hou rs , m e m b ra n e s  and  ve sse ls  be ing  
exc luded . T issu e  sam p les  w ere  then  w e ig h e d  and 
w e t d ig e s te d  in 15 ml o f H N 0 3 : H C I0 4: H2 S 0 4

m ix tu re  (3 :1 :1 ) (v :v ). E le m e n ta l a n a ly s is  w as 
pe rfo rm e d  by IC P -A E S  (Job in  Y von  JY  24). The 
w ave leng ths w ere  213.768 nm  fo r Zn, 324.754 nm for 
Cu, 2 3 8 .2 0 4  nm  fo r Fe, 2 8 0 .2 7 0  nm  fo r M g and 
393 .366  nm fo r Ca.

RESULTS

D ata  fo r the  co n tro l g ro u p  and the  p re e c la m p s ia  
g roup  inc lud ing  the concen tra tion  o f Cu, Zn, Fe, Mg 
and C a in p lacen ta , m a te rna l and fe ta l p lasm a and 
fe ta l R BC  a re  p re s e n te d  in T a b le s  I, II and III 
respective ly . In the  con tro l group, m aterna l and feta l 
p la s m a  le v e ls  o f C u and  Fe s h o w  s ig n if ic a n t 
d iffe rences  (p<0.001 and p<0 .05). Fetal p lasm a Cu 
le ve ls  a re  13 .4%  o f m a te rn a l p la sm a  Cu. Feta l 
p lasm a Fe leve ls  are s ign ifican tly  h igher than tha t of 
m aterna l p lasm a. In the  p reec lam ps ia  g roup the only 
e lem ent w hich show s a s ign ifican t d iffe rence between 
m a te rn a l and  fe ta l p la sm a  is Cu (p< 0 .001 ). The 
d iffe re n ce  obse rved  in Fe leve ls  is not s ta tis tica lly  
s ign ificant.

C om paring  the p reec lam ptics  to  the  hea lthy contro ls 
revea ls tha t Zn leve ls in m ate rna l (p<0.05) and feta l 
p lasm a (p<0.05) as w e ll as in fe ta l RBC (p<0.01) are 
s ig n ifica n tly  low er. In fe ta l RBC Cu leve ls  are also 
s ig n if ic a n tly  d e c re a s e d  (p < 0 .0 5 ). An in c re a se d  
concentra tion  o f p lacenta l C a in preeclam ptic  group is 
accom pan ied  by a decrease  in fe ta l p lasm a Ca, both 
b e in g  s ta t is t ic a lly  s ig n if ic a n t (p < 0 .0 1 , p < 0 .0 5  
respective ly).

Table I : P lacenta l tissue  concen tra tions o f Cu, Zn, Fe, Mg, and Ca in preec lam psia  (n=10) and contro l (n=9) 
g roups

PREECLAMPSIA CONTROL

Mean 1 SEM Range Mean 1 SEM Range

Cu (nm ol/g) 7.08 ±1 .1 1 4 .1 7 -  13.32 5 .3 8 1 0 .5 9 2.58 - 8.25

Zn (pm ol/g) 0.16 1 0 .0 2 0.11 - 0.28 0 .1 8 1 0 .0 3 0 .0 8 -0 .3 7

Fe (pm ol/g) 1 .0 7 1 0 .1 3 0.51 - 1.37 1 .2 4 1 0 .1 2 0 .7 9 -  1.92

Mg (pm ol/g) 1.63 1 0 .27 1.11 - 3 .49 1 .6 5 1 0 .1 9 0 .8 8 -3 .0 2

C a (pm ol/g) 6 .29 1 0 .6 1 * 4 .3 7 -8 .4 8 3.11 ± 0 .4 4 1.09 - 4.31

* p<0.01
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Table II : M aternai and feta l p lasm a Cu, Zn, Fe, Mg, and Ca levels in preec lam psia  (n=10) and contro l (n=9) 
groups.

PREECLAMPSIA CONTROL

Maternal Plasma Mean ± SEM Range Mean ± SEM Range

Cu (pmol/L) 32.59 ± 4.94 20.0 - 50.55 35 .59 ±  2.20 24 .09 - 46.45

Zn (pmol/L) 9.17 ± 0.76* 6 .8 8 -  11.01 17.28 ± 2 .7 5 9.78 - 36.08

Fe (pmol/L) 24.91 ± 5 .3 6 1 4 .1 6 -4 4 .9 8 32 .97 ± 6.99 12.54 - 73.48

Mg (m mol/L) 0.59 ± 0.09 0.43 - 0.98 0.66 ±  0.02 0.58  - 0.83

Ca (m mol/L) 2.22 ±  0.09 2.01 - 2.47 2.62 ±  0.08 2.26 - 3 .04

Fetal Plasma Mean ± SEM Range Mean ±SEM Range

Cu (pmol/L) 5.48 ± 1,46a 1.41 -1 1 .3 4 4.76 ± 0 .28a 3.46 - 5.98

Zn (pmol/L) 11.16 ± 1.07* 7 .3 4 -1 5 .5 9 14.98 ±  1.64 8 .7  - 22.78

Fe (pmol/L) 35.48 ± 7.88 12.54 - 66.30 48 .56 ± 8 .1 b 25 .98 - 80.42

Mg (m m ol/L) 0.57 ± 0 .0 9 0.28 - 1.02 0.67 ± 0 .0 4 0.39 - 0.79

Ca (mmol/L) 1.87 ± 0 .1 6 * 1 .3 8 -2 .5 1 2.45 ± 0 .1 5 1.73 - 2.93

*p<0.05, (C om parison between preeclam psia and contro l groups). 

ap<0.001, ^><0.05 (Com parison between m aternal and feta l plasm a).

Table III: Cu, Zn, Fe, Mg, and Ca concentrations in Fetal Red Blood C ells (RBC) in p reec lam psia  (n=10) and 
control (n=9) groups.

PREECLAMPSIA CONTROL

Mean ± SEM Range Mean ± SEM Range

Cu (pimol/L) 4.72 ± 0.50* 3.46 - 6.29 6.77 ± 0.62 2 .6 8 -9 .7 6

Zn (pm ol/L) 22.48 ± 1.57 ** 1 7 .4 3 -2 5 .9 9 49 .84 ± 5.81 23 .24  - 82.56

Fe (pm ol/L) 170.61 ± 34.32 114.69 - 283.15 153.94 ± 2 5 .9 8 7 2 .0 4 -3 1 5 .7 7

Mg (m m ol/L) 0.69 ± 0.06 0.55 - 0.83 0.94 ± 0 .1 6 0 .3 5 -1 .5 6

Ca (m m ol/L) 0.27 ± 0.03 0.20 - 0.34 0.44 ± 0 .1 0 0 .1 2 -0 .9 4

* p<0.05, **p<0 .01
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DISCUSSION

In th is  study, the  e lem en ta l d is tribu tion  be tw een the 
m o the r and the  fe tu s  a long  w ith  the  p lacen ta  has 
been investiga ted  in phys io log ica l p regnancies. It has 
been p re v io u s ly  repo rted  th a t Cu in co rd  b lood at 
term , is abou t 1/5 o f m aterna l b lood (10,11). C ontrary 
to reported high Zn leve ls in neonate  w hen com pared 
to  m a te rna l p la sm a  (12), o u r n eona te  p lasm a  Zn 
leve ls  are  fou n d  to  be s lig h tly  lower. In th is  s tudy, 
fe ta l p lasm a Fe levels are s ign ifican tly  e levated w hich 
is cons is ten t w ith  a lready pub lished data.

It is po in ted  ou t tha t to ta l o r ion ized  leve ls  in fe ta l 
p la s m a  e x c e e d  m a te rn a l p la s m a  le v e ls  (13 ). 
H ow ever, in o u r s e rie s  no s ig n if ic a n t d iffe re n ce s  
could be de tected w ith respect to  these  e lem ents.

C o m p a ris o n  o f th e  p re e c la m p tic s  w ith  h e a lth y  
con tro ls  revea ls  th a t the  m ost p rom inen t e lem en ta l 
v a r ia tio n  is in Zn w ith  s ig n if ic a n tly  d e c re a s e d  
concen tra tion  in m aterna l and fe ta l p lasm a as w e ll as 
in fe ta l R BC . T h is  m a rke d  lo w e rin g  in Zn is in 
a cco rd a n ce  w ith  L a ze b n ik  et. al. w ho  re p o rt th a t 
p la s m a  Z n  is 19%  lo w e r in p a r tu r ie n ts  w ith  
p reeclam ptic  toxem ia  (5). B assiouni also po in ts to  low 
Zn in m a te rna l p lus um b ilica l b lood of p reec lam p tic  
ca se s  (14 ). T he  d e c re a s e d  m a te rn a l Zn leve ls  
poss ib ly  respons ib le  fo r the  con co m ita n t low ering  in 
fe ta l Zn suggest the po ten tia l ro le o f Zn de fic iency as 
an u n d e r ly in g  c a u s e  o f p re g n a n c y  in d u c e d  
hypertension (15).

D ata re la ted  to  p lasm a Cu are con tra d ic to ry . Both 
e levated and low ered leve ls are reported (6,12). As to 
ou r fin d in g s , w ith  re s p e c t to  m a te rn a l and fe ta l 
p la s m a  C u no s ig n if ic a n t d iffe re n c e  c o u ld  be 
de tected. The reason fo r the  decreased  Cu leve ls  in 
fe ta l RBC in ou r p reec lam ptic  g roup  rem ains unclear. 
Fe d e fic ie n c y  has been  c o n s id e re d  as a fa c to r 
c o n tr ib u tin g  to  p re e c la m p s ia  (15). In o u r se rie s  
suppo rting  th is  v iew , m a te rna l and fe ta l p lasm a Fe 
leve ls are noted to  be low er a lthough  not s ta tis tica lly  
sign ificant.

In p reec lam ps ia  Mg and C a are the e lem en ts  w hich 
have been  in ve s tig a te d  m ost ex tens ive ly . In these  
ca s e s , th e  a lte ra t io n s  in C a  h o m e o s ta s is  are  
a ttr ib u te d  e ith e r to  d iso rd e s  in ca lc iu m  reg u la tin g  
horm ones o r to changes in k idney function  (16, 17). 
W h ile  som e au th o rs  e s tim a te  de c re a se d  m a te rna l 
p la sm a  C a (4, 6, 18), o th e rs  in d ic a te  th a t no 
d iffe rences  in C a leve ls  e x is t be tw een hype rtens ive  
and n o rm o te n s iv e  p re g n a n t w om en  (16). In o u r 
p re e c la m p tic  g roup , a lthough  m a te rna l p lasm a Ca 
leve ls  are not a ffec ted , the  low ering  in fe ta l p lasm a 
C a and  the  e le v a tio n  in p la c e n ta l C a  a re  s till 
in d ic a tiv e  o f d is tu rb a n c e s  in C a  m e ta b o lis m  in 
preeclam psia.

A s to  M g, th o u g h  no t s ta t is t ic a l  s ig n if ic a n t, a 
decrease  is noted in m ate rna l and fe ta l RBC as well 
as p la c e n ta l tis su e . T h e re  is e v id e nce  th a t Mg 
d e fic ie n c y  m ig h t be an e tio lo g ic a l fa c to r in the 
pa thogenes is  of p reeclam psia , how ever its exact role 
still rem ains to be e lucidated.

In conc lus ion , th is  s tudy p rov ides som e ev idence for 
p e r tu rb a tio n s  in th e  e le m e n ta l s ta tu s  o f the  
fe to p la c e n ta l u n it in p re e c la m p s ia . In o rd e r to 
e lu c id a te  the  ro le  o f d is tu rb e d  e le m e n ta l s ta tus  in 
toxem ia , s tud ies in la rger series shou ld  be continued.
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