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Binding of Iron by Rat Placental  Tissues  

Severa l  s tud ie s  p rov ide  ev idence  t h a t  t h e  r a t  chorio- 
a l lanto ic  p l a c e n t a  is t h e  m a i n  or exc lus ive  rou te  for  i ron 
m o v e m e n t  to t h e  fe tus  ~, % while  o the r  s tud ie s  sugges t  t h a t  
t he  yo lk  sac p l a c e n t a  ha s  a m i n o r  t r a n s m i s s i o n  role 3 ~. 
GARRETT et  al. 6 o b t a ined  resu l t s  wh ich  ind ica te  t h a t  t he  
yo lk  sac pa r t i c ipa t e s  s ign i f i can t ly  in t r a n s m i t t i n g  i ron  to  
t he  f e tus  on g e s t a t i on  d a y  16, b u t  no t  on d a y s  14, 18 
a n d  20. GLASSER et  al. ~ conc luded  t h a t  t l ie p l a c e n t a  ac t s  
as  an  i n d e p e n d e n t  c o m p a r t m e n t  b e t w e e n  t he  f e tus  a n d  
the  m a t e r n a l  p l a sm a ,  and  t h a t  p l acen t a l  a c c u m u l a t i o n  of 
i ron  t ak e s  place w h e n  t he  fe tus  is r emoved .  The  ob jec t  of 
the  p r e s e n t  s t u d y  was  to c o m p a r e  t he  i ron -b ind ing  
p rope r t i e s  of chor ioa l lan to ic  a n d  yo lk  sac t i s sues  on d a y  
16 of p r e g n a n c y .  D a t a  were ob t a ined  in in v i t ro  exper i -  
m e n t s .  I ron  was  ava i l ab le  in 2 forms,  FeC19 a n d  iron 
b o u n d  to  t r a n s f e r r i n  in s e rum.  Also the  effects  of m e t a -  
bolic i nh ib i t i ng  a n d  proteolykic  a g e n t s  on i ron -b ind ing  
w e r e  observed .  

Grav id  Sp rag u e  D a w l e y  r a t s  of the  H o l t z m a n  s t r a in  
were t h e  e x p e r i m e n t a l  an ima l s .  The  s p e r m - p o s i t i v e  da te  
supp l i ed  ( H o l t z m a n  Co., Madison,  Wis.)  was  de s igna t e d  
d a y  one of p r e g n a n c y .  T h e  e x p e r i m e n t  was  c o n d u c t e d  on 
d a y  16. Surgical  open ing  of t he  a b d o m e n  was  m a d e  u n d e r  
p e n t o b a r b i t a l  anes thes ia .  The  chor ioa l lan to i s  a n d  yo lk  
sac of each  f e t a l -p l acen ta l  un i t  were d e t a c h e d  a n d  
sepa ra t ed .  T h e  chor ioa l lan to is  was  sl iced in to  10 p a r t s  b u t  
t h e  yo lk  sac was  left  in tac t .  E a c h  sliced or i n t a c t  s t r u c t u r e  
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Uptake of iron by chorioallantoic (CA) and yolk sac (YS) tissues from 
iron (4.5 ~M) available as FeC1 a or iron-transferrin in rat serum. The 
mean values • SEM represent 10 to 20 paired organs (5 to t0 for 
each simultaneous time point). 

was  p laced  in to  an  ice-cold f lask  w h ic h  c o n t a i n e d  modi f ied  
Ringer-Tris so lu t ion  (NaC1, 130 m M ;  KCI, 3 mM; MgCI~, 
l m M ;  CaC12, 1 m M ;  Tris E2-amino- 2- ( h y d r o x y m e t h y l ) -  1,3- 
propanediol ] ,  19 m M ;  a n d  glucose 0.02%).  T h e  to t a l  vol-  
u m e  in each f lask  was  10 ml  of w h ic h  I m l  was  a d d e d  as 
a so lu t ion  of FeC1 a or as s e r u m  f rom female ,  n o n - p r e g n a n t  
ra ts .  The  sa l t  was  a dde d  to s u p p l y  2.5 ~g of iron, t he  
q u a n t i t y  a s s a y e d  in 1 m l  of r a t  s e r u m  7. T h e n  2 ~Ci of  
59FeCla (Specific a c t i v i t y  16 ~Ci/~g; N e w  E n g l a n d  
Nuclear)  were a d d e d  w h ic h  r e su l t ed  in a f inal  4.5 ~ M  
c o n c e n t r a t i o n  of i ron in each  f lask.  

The  s e r u m  s tood 1 h a t  23~ for comple t e  b ind ing  of 
t he  59Fe to t r a n s f e r r i n  w h ic h  was  con f i rmed  b y  gel 
c o l u m n  c h r o m a t o g r a p h y .  The  p H  was  a d j u s t e d  to  7.2-7.4.  
The  p H  a n d  c o n c e n t r a t i o n  of i ron  were w i th in  r a nge s  t h a t  
h a v e  been  show n  to yield c omple t e ly  soluble  h y d r o l y z e d  
p r o d u c t s  s,9. T h e  f lask  p r e p a r a t i o n s  were a g i t a t e d  in a 
r o t a r y  sha ke r  w a t e r  b a t h  (50 r ev /min)  a t  37~ Af ter  
i n c u b a t i o n  t he  t i s sue  was  w a s h e d  5 t i m e s  in t he  buf fe red  
sa l t  so lu t ion  to  r each  c o n s t a n t  r ad ioac t ive  coun t .  59Fe was  
c o u n t e d  in a N a I  (T1) c rys t a l  wel l - type  sc in t i l l a t ion  
c oun t e r  (Nuclear-Chicago) .  D a t a  are expressed  on a we t  
t i s sue  we igh t  basis .  The  me tabo l i c  i nh ib i t i ng  a nd  pro teo-  
lyric a g e n t s  a n d  the i r  f lask  c o n c e n t r a t i o n s  are p r e s e n t e d  
in t he  Table.  

The  m e a n  we igh t s  of t he  r a t  c ho r ioa l l a n to i c  a n d  yo lk  
sac o rgans  were 336 ~ 13 m g  a nd  33 4- 1 m g  respec t ive ly .  
T h u s  on d a y  16 of p r e g n a n c y  t he  r a t  chor ioa l l an to i s  was  
a b o u t  10 t i m e s  larger  t h a n  t he  yolk  sac a nd  n e a r l y  t he  
we igh t  of t he  fetus,  343 • 10 mg.  

U p t a k e  d a t a  are p lo t t ed  in t he  Figure .  T i s sues  f r om 
b o t h  p l acen ta l  o rgans  b o u n d  a g rea t e r  q u a n t i t y  of i ron 
f r o m  FeCla t h a n  f rom se rum.  The  c u rve s  show  nea r  
l inear  de pe nde nc e  w i th  t ime.  T h e  s e r u m - y o l k  sac cu rve  

t j .  DAvIEs, E. B. BROWN JR., D. STEWART, C. W. TERRY and 
J. SISSON, Am. J. Physiol. 197, 87 (1959). 

2 S. R .  GLASSER, C. WRIGHT a n d  R.  M. HEYSSEL, A m .  J .  P h y s i o l .  
215, 205 (1968). 
N. KAUFraAX and J. C. WYLLIE, Br. J. Haemat. 19, 515 (1970). 

4 G.  MAGNUSSON, I .  BERGSTROM a n d  E .  ODELBLAD, A e t a  rad io l .  ,t3, 
227 (1955). 

5 G. NYLANDER, Acta physiol, stand. 29, Suppl. 107, 1 (1953). 
6 R.  J .  B .  GARRETT, N.  ]~. GARRETT a n d  J .  W .  ARCHDEACON, L i fe  Sci .  

II Part II, 1 (1972). 
7 D. S. FISHER and D. C. PRICE, C]in. Chem. 10, 21 (1964). 
8 J .  E. SINGELY and A. P. BLACK, J. Am. War. Wks. Ass. 59, 1549 

(1967). 
9 j .  E. SINGELY and J. H. SULLIVAN JR., J .  Am. Wat. Wks. Ass. 61, 

190 (1969). 

In vitro effects of chemical agents on iron uptake by the chorioaltantois (CA) and yolk sac (YS) from the 16 days pregnant rat 

Treatment Number of organs Iron source �9 Iron (pg/mg wet tissue) uptakein 1 h 
CA YS CA YS 

Control 10 11 FeCIa 980 4- 210 b 1710 -4- 130 
Sodium arsenite (5 • 10-SM) 7 5 FeC13 1060 • 120 1380 ~= 140 
Control 10 10 Serum~ 31 -4- 6 876 ~- 132 
Sodium arsenite (5 • 10-3M) 6 6 Serum 43 4- 5 48 i 18 
Ethacrynic acid (1 • 10-*M) 12 10 Serum 28 ~ 5 474 • 54 
Rotenone (1 • 10-4M) 6 5 Serum 27 -L 5 158 4- 54 
Trypsin (0.01%) 6 5 Serum 19 ~= 3 306 -4- 51 
Chymotrypsin (0.01%) 6 6 Serum 24 ~ 3 621 d= 135 
Papain (0.01%) 6 6 Serum 22 d: 3 204 -4- 142 

2.5 lzg iron available for uptake, b SEM. ~ Non-pregnant rat serum. 
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shows tha t  the  yolk sac bound iron from serum near ly  as 
well  as from FeC13. The bo t tom curve  in the  Figure  
shows t h a t  chorioal lantoic tissue had low capaci ty  to 
bind iron f rom serum. In  1 h yolk  sac tissue had bound 
0.90 ng /mg  iron while chorioal lantoic t issue had bound 
only 0.03 ng/mg. This  discr iminat ion did not  appear  
be tween the  2 p lacen tM tissues when iron was t aken  up 
f rom FeC13. 

The effects of metabol ic  inhibi tors  on in v i t r o  iron 
binding from rat  serum by  chorioal lantoic and yolk sac 
tissues are shown in the  Table.  In  one set of exper iments  
FeC13 was subst i tu ted  for serum. Yolk sac binding was 
reduced by  sodium arsenite,  ro tenone and e thacrynie  
acid 95% (P  < 0.001) 82% (P  < 0.001) and 46% 
( P <  0.001) respectively.  1Rotenone and e thacrynic  acid 
did not  affect binding signif icantly in chorioal lantoic 
tissue and sodium arsenite produced an unexpected  390/o 
increase (P  < 0.01). E thac ryn ic  acid and rotenone were 
dissolved in 0.4% ethyl  alcohol. This  concent ra t ion  of 
alcohol did not  s ignif icantly modi fy  control  values.  Yolk  
sac iron binding f rom FeC13 decreased somewhat  (19%) 
wi th  sodium arsenite, bu t  chorioal lantoic  binding was 
re la t ive ly  unaffected. 

The  effects of pro teoly t ic  enzymes on in v i t ro  iron 
binding f rom serum are shown also in the  Table.  Tryps in  
reduced binding in chorioal lantoic and yolk sac tissues 
39% (P  < 0.01) and 65% (P  < 0.001), and papain  
reduced binding 29% (P  < 0.025) and 77% (P < 0.001), 
respect ively.  Chymot ryps in  was the  least  effective, 
reducing binding in chorioal lantoic and yolk sac tissues 
23% (P  < 0.05) and 29% (P  < 0.025). I t  is not  l ikely 
t h a t  the  enzymes produced thei r  effects th rough  prote-  
olysis of t ransferr in  since AZARI and FEENY 1~ have  
show n tha t  t ransferr in  is res is tant  to t ryps in  and chymo-  
t rypsin.  Al though  iron and iron-transferr in have  been 
repor ted  to chelate  wi th  several  compounds  n, no work  
has shown tha t  i ron-transferr in chelates wi th  metabol ic  
inhibi t ing or pro teoly t ic  agents. T h e  responses to these 
agents  by the  y01k sac resembles the  process which has 
been described for the  re t iculocyte  by  JANDL et  al 1~. 
These have  been used as a rguments  for cellular recept ion 
of iron from irontransferr in  as being a process requir ing 
metabol ic  energy and a protein receptor.  

Previous  in v ivo  exper iments  indicate  t ha t  the  ra t  yolk  
sac on days 14, 16, 18 and 20 has a re la t ive ly  short-span 
capabi l i ty  of t r ansmi t t ing  i ron to the  fetus (42% of 
in t racardiac  injected iron on day ~6 only)s.  There was no 

appreciable storage of iron ei ther  in the  yolk sac or 
chorioal lantois  on those days. The  present  in v i t ro  
exper iments  demons t ra te  t ha t  yolk  sac tissue has a high 
binding aff in i ty  for iron on day  16. This  m a y  be related 
to the  apparent ,  abi l i ty  of the  organ to t ransfer  iron to the  
fetus on t h a t  day. The binding seems to be metabol ica l ly  
sensi t ive and is decreased by  pro teo ly t ic  enzymes,  
indicat ing the  possibil i ty of a receptor  relationship.  

Chorioal lantoic tissue on day 16 has a low binding 
aff ini ty  for iroli f rom serum. The binding is metabol ical ly  
insensi t ive and is only mi ld ly  affected by  proteoly t ic  
enzymes.  Nevertheless ,  the  chorioallantois,  as pre- 
viously shown on day 16, still  apparen t ly  conveys the  
major  por t ion  of iron to the  fetus (58%). At  this t ime  the  
physical  size or bulk of the  chorioal lantois  is about  
10 t imes  greater  t han  the  yolk sac. These results are made  
more interes t ing in l ight  of the  recent  suggestion of 
MANSOUR et al. 13 tha t  an iron t ranspor t  sys tem matures  
in the  ra t  p lacental  cell membrane  be tween days 14 and 17 
and becomes efficient  by  day  20. 

Zusammen/assung. Nachweis,  dass das Eisenbindungs-  
verm6gen der Dot te r sackp lacen ta  bedeu tend  gr6sser ist 
als bei der  chorioal lantoiden P lacen ta  und dass diese auch 
un te r  der E inwi rkung  yon den Stoffwechsel  beeinflussen- 
den Stoffen ein verschiedenes Verha l ten  zeigt. 
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Unte r  hypoxischen Bedingungen t re ten  Anderungen  
im Prol i fera t ionsverhal ten  chinesischer Hamster f ibro-  
blasten in v i t ro  auf. Autoradiographische  Unte rsuchungen  
der Flussra ten yon einer Zyklusphase zur anderen ergaben, 
das s  such  die Ver te i lung der Zellen auf die einzelnen 
Zyklusphasen verschoben wird. Mit  Hilfe der Impuls-  
zy tophotomet r ie  kann die Verte i lung der Zellpopulat io n 
a u f  d i e  verschiedenen Zel lzyklusphasen nach zunehmen-  
den Zei ten der Hypox ie  gemessen werden. 

Material und Methode. Chinesische Hamsterze l len  v o m  
S t a m m  /3-14 wurden  als Monolayer  in Glas-Vierkant-  
flaschen (Schott) kul t ivier t .  Das N/ ihrmedium bestand 
aus Eagle ' s  MEM und 10% K~lberserum. 

Zur Hers te l lung der hypoxischen Bedingungen  wurden  
die Zel lkul turen konfinuier l ich mi t  einem wasserdampf-  
gesAtt ig ten  St ickst0ff-Kohlendioxid-Gasgemisch begast. 

H a m s t e r f i b r o b l a s t e n  u n t e r  c h r o n i s c h e r  H y p o x i e ,  

Zur Messung des DNS-Geha l tes  der  Zellen im Impuls-  
zy topho tomete r  wurden  die Zellen zun~ichst v o m  Boden 
der Kul turf laschen du tch  Tryps ine inwirkung abgel6st, 
abzentr i fugier t  und mi t  0, 9 %iger  NaC1-L6sung gewaschen 
(Zentr ifugat ion bei 200 g fiir 5 min). Ca 106 bis 108 Zellen 
wurden  dann durch Ein t ropfen  in 20 ml  absoluten Alko- 
hols fixiert .  Dabei  wurde die Probe zur Vermeidung  yon 
Zel lverk lumpungen appara t iv  geschfittelt .  Nach  20 min  
wurden  die Zellen durch Zentr i fugat ion v o m  Alkohol  
ge t rennt  und wieder  mi t  physiologischer I4ochsalzl6sung 
gewaschen. Anschliessend erfolgte eine Resuspension und 
ls t i indige Inkuba t ion  der Zellen in 10 ml  einer 0,1%igen 
RNase-LSsung (50 E /mg,  I)Nasefrei)  bei 37 ~ im Wasser-  
bad. Nach  erneuter  Waschung  der  Zellen mi t  physiolo- 
gischer Kochsalz!6sung wurden die Zellen in 10 ml  einer 
0,001%igen gepuffer ten E th id iumbromid l6sung  gef&rbt. 


