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I t  has been suggested that heme may pre- 
dispose the newborn to kernicterus ( 1 ) .  
High concentrations of heme pigments in am- 
niotic fluid or in the serum of erythroblastot- 
ic infants are known indicators of severe he- 
molytic diseases (1-3). ?vloreover, heme, like 
bilirubin, depresses the uptake of oxygen by 
rat brain in v i tvo  and is lethal to newborn 
rats when injected intraperitoneally (4). 
Several investigators have demonstrated that 
heme also represses or inhibits the function 
of various serum and tissue-bound proteins 

Two heme-binding proteins, hemowxin3 
and albumin, protect the organism from the 
toxic effects of heme. Both accept heme si- 
multaneously. but the p-globulin H x  has the 
greater affinity for this pigment (10) and is 
responsible for its transfer to the liver (1  1 ) .  
There it is converted enzymatically to 
bilirubin ( 1 2 ) .  Although Hx is synthesized 
by the fetal liver (13 ) ,  its serum levels are 
low in fetuses (13) and nevborns (14) .  Hx is 
also present in human amniotic fluid, where 
its concentration decreases in the presence of 
fetal hemolytic disease (15) , indicating that 
an intrauterine disposal mechanism exists for 
the heme-Hx complex. 

(5-9) .  
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I t  is not known whether heme or Hx crosses 
the materno-fetal barrier. The present 
study concerns materno-fetal transport of 
these two molecules. Also, normal values in 
pregnant, postpartum, and neonatal rabbits 
are given. The  rabbit was utilized in this 
investigation, since the function and metabo- 
lism of Hx and heme have been studied exten- 
sively in this species (1  1, 16, 1 7 ) .  

illaterials and Methods. Perinatal H x  val- 
ues. Serum Hx concentrations were deter- 
mined by radial immunodiffusion (14) in 11 
female New Zealand white rabbits a t  various 
times before and after delivery of their litters 
and in 38 of their progeny. Blood was ob- 
tained from the neonates by intracardiac 
puncture. serially when possible. Serum Hx 
levels were also measured in pooled sera ob- 
tained from two litters upon hysterotomy 3 
and 1 days prior to estimated date of deliv- 
ery. 

TransplacentaJ transfer o j  heme and H x .  
jgFe- and 14C-hemin were prepared from 
duck erythrocytes as described elsewhere 
( 1 6 ) .  Rab'bit and human @-fractions and 
RHx were purified according to a modifica- 
tion of the method previously described for 
HHx (18) .  The RHx was labeled with lZ5I 
through the courtesy of Dr. F, J. Dixon, J r .  
( 19 ) .  Hysterotomies were performed either 
following terminal exsanguination of the doe 
(Expt. 1 )  or after intravenous sodium pen- 
tothal anesthesia (Expts. 2 and 3 ) .  Blood 
samples were obtained by intracardiac punc- 
ture, and those from fetuses were pololed. 
Tissues and whole fetuses (Expt. 2 )  were 
homogenized in 3 to 8 vol of sucrose-P04 
solution, final p H  7.8, and the supernatants 
were separated from crude cartilaginous, ten- 
donous, and bony debris by centrifugation a t  
1 ', Radioactivity of the cloudy supernatants 
was measured in a well scintillation counter 
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FIG. 1. Serum hemopexin values for mother rabbits ( 0  ) ; and their offspring (0) at various 
times before and after delivery. The shaded area represents normal values for adult male rabbits 
within 2 SD of the mean. 

and results are expressed as percentage of 
injected radioactivity per 10 g (for tissues), 
per 10 ml (fluids) or per total tissue, when 
passible. RHx and HHx were assayed as 
above ( 14) using species-specific antibodies. 
The following experiments were performed : 

Expt. 1: A 4.4-kg pregnant rabbit (27th 
day of gestation) was given 116 pg of 1251- 
RHx (sp act = 23 pCi/mg) intravenously. 
Two hr later, following a hysterotomy, radi- 
oactivity was determined in maternal plasma, 
liver, lung, kidney, spleen, and bone marrow, 
as well as in fetal serum, placentas, and livers. 

Expt. 2 :  59Fe-heme (sp act = 5.4 pCi/p- 
mole), previously incubated with human 
p-fraction containing 80 mg of HHx, was 
administered intravenously to a rabbit 2 1 
days pregnant. Grouped fetuses (2 to 4 a t  a 
time), amniotic fluid, and the respective pla- 
centae basales and fetal placentas were re- 
moved every 20 to 30 min over a 2-hr period. 
Fetal and maternal sera were assayed for 
HHx and radioactivity. The 59Fe content of 
amniotic fluid and maternal serum was mea- 
sured, as well as that of supernatants from 
fetuses, fetal placentas, and placentae basales. 

Expt. 3:  Two pregnant rabbits (27th day 
of gestation) were injected intravenously 
with 0.15 or 0.16 mg of l*C-hemin (sp act = 
2.5 pCi/pmole) , previously incubated with 2 
ml of plasma for 30 min at  37". Fetal and 
maternal serum radioactivity was measured 

between 30 and 150 min postinjection. Re- 
sults, in this instance, were expressed as per- 
centage of injected radioactivity per milliliter 
of serum. 

Observations and Discussion. Fetal, new- 
born, and juvenile rabbits, like humans (13, 
14), had much lower serum Hx levels than 
their mothers (Fig. 1). Values gradually in- 
creased and usually approached those of nor- 
mal adults by age 30 to 60 days (Figs. 1 and 
2). There was no difference between Hx 
levels of males and females (Fig. 2). Mater- 
nal values before delivery were. generally in 
the normal range but several were increased 
or diminished; most decreased during lacta- 
tion (Fig. 1 ) .  During the first 48 hr after 
birth the mean maternal Serum Hx concen- 
tration was 7.8 times that of the neonates. 
These results suggest that either fetal synthe- 
sis of Hx, its transport across fetal mem- 
branes, or both are inefficient in immature 
animals ; alternatively, consumption of the 
protein is increased in the perinatal period. 

In  Exp. 1 (Table I) over 72% of the 
injected radioactivity was recovered from the 
total maternal and fetal tissues, with the 
exception of crude debris and af amniotic 
fluid, the total volume of which was not mea- 
surable. The greatest portion of organ- 
deposited 1251 was found in the doe liver. 
Since in maternal liver the total radioactivity 
was % of that seen in estimated total plas- 
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FIG. 2. Representative sequential serum hemopexin values for four newborn or juvenile rabbits: 
(0) female; (0, a) males; ( A )  sex unknown. 

ma, contamination by intrahepatic blood can- 
not be ruled out. However, studies currently 
in progress indicate that blood contamination 
is minor and previous observations have in- 
dicated that the liver is a major site of re- 
moval of Hx (11) 

Expt. 1 also demonstrates that in rabbits 
small amounts of homologous Hx (RHx) 
pass from the mother to amniotic fluid and to 
fetal placenta, serum, and liver. 1251-RH~ 
was detected in fetal plasma, although in 
much smaller amounts than in that of the 
mother (maternal: fetal ratio of radioactivity 
12.0: 1.0). Substantial amounts of 1251-RH~ 
were found in homogenates of fetal placenta, 

while lesser quantities were seen in fetal liver 
and plasma, as well as in amniotic fluid. 
Fetal liver contained a total radioactivity 15 
times that estimated as circulating in fetal 
plasma. This finding suggests that there is 
greater intrahepatic deposition of Hx in fetal 
than in maternal liver and, additionally, that 
plasma contamination was obviously an insig- 
nificant factor in fetal hepatic radioactivity. 
Placental radioactivity exceeded that of ma- 
ternal lung, kidney, spleen, and bone mar- 
row. 

On the other hand, the heterologous pro- 
tein HHx does not pass the rabbit placenta1 
barrier. In  Expt. 2, HHx was found neither 

TABLE I. Expt. 1. Distribution of Radioactivity Following Injection of 1251-Rabbit Hemo- 
pexin into a Pregnant Doe.a 

Maternal Fetal  

Per  10 g or Per 1 0  g olr 
Tissue 10 ml of tissue I n  total tissue 10 ml of tissue I n  total tissue 

Plasma 
Liver 
Lung 
Kidney 
Spleen 
Bone marrow 
Amniotic fluid 
Plaoen ta 

3.40 
1.20 
0.51 
0.85 
0.28 
0.39 
- 

~~ 

5O.7Ob 0.28 0.126 
12.70 0.075 1.79 

- - 0.73 
1.77 
0.48 

-- - 
- - 
- - 

- 0.32 
0.70 5.04 

a Percentage of injected radioactivity 2 hr after injection. 
Results for  maternal and fetal plasma are approximateda using an estimated plasma volume 

of 34 ml/kg. 
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in fetal sera nor in amniotic fluid, although it 
was present in significant amounts (above 
96 pg/ml) in maternal plasma throughout 
the observation period. Thus, transmission of 
RHx to amniotic fluid is apparently favored 
over that of the heterologous protein. In rab- 
bits, no distinction has previously been noted 
between the entry of homologous versus 
heterologous proteins into amniotic fluid, al- 
though preferential transport of homologous 
proteins to fetal sera is known to occur ( 2 0 ) .  

Definitive knowledge of the transport of 
serum proteins from mother to fetus is 
meager and principally concerns immuno- 
globulins. Gitlin et a,?. ( 2  1 ) ,  in a study of the 
transplacental passage of radioiodinated pro- 
teins in human pregnancies, demonstrated 
that only small amounts of transferrin, 1 9  S 
globulin and fibrinogen are transported, while 
variable amounts of albumin and large 
quantities of 7 S globulin pass to the fetus. 
Similar observations have been made in mon- 
keys ( 2 0 ) .  

I n  rabbits, whose placental and fetal mem- 
branes differ from those of man and monkey, 
significant transmission of immunoglobulins 
to fetal blood occurs via the yolk sac splanch- 
nopleure rather than directly across the pla- 
centa ( 2 0 ) .  Recently, it has been shown that 
small amounts of transferrin, a p-globulin 
with a molecular weight similar to that of Hx 
( 2 2 ) ,  pass to the fetus ( 2 3 ) ,  and that 
the fetal placenta binds maternal transferrin 
avidly ( 2 3 ) .  Similarly, in Expt. 1, maternal 
I”1-RHx appeared in significant amounts in 
the placenta (Table I) .  The minimal 
amounts of radioactivity found in maternal 
kidney suggest that only a little lZ5I dissoci- 
ated from RHx and was excreted during the 
experimental period. 

Small quantities of heme were also trans- 
ported across the rabbit materno-fetal barri- 
er. Six percent of the total 14C-heme injected 
into the maternal circulation was detected 30 
to 60 rnin later in sera of fetuses removed at  
that time (Expt. 3 :  Table 11, litter 1 ) .  After 
2.5 hr, only 0.8% of the injected radioactivi- 
ty was found in fetal plasma while 7% re- 
mained in maternal plasma. The more rapid 
elimination of 14C-heme from fetal serum sug- 
gests an accessory mechanism for clearance 

TABLE 11. Expt. 3. Passage of 14C-Henic across 
the Rabbit Materm-Fetal Barrier. 

After % of injected 
injection radioactivity 

Rabbit and litter 110. (rnin) per ml of plasma 

1 a. Mother 30 15 
b. Litter (8  fetuses) 30-60 6 

2 a. Mother 120 7 
b. Litter (6 fetuses) 130-150 0.8 

~~~ 

of the molecule, as could occur with bidirec- 
tional passage across the placenta. Similarly, 
in Expt. 2 the 59Fe content of maternal 
plasma decreased only slightly between 30 
and 120 min (Fig. 3 A ) ,  while radioactivity 
was detected only in the first fetal supernate, 
obtained at  28 rnin (Fig. 3 B ) .  In contrast, 
“Fe was found in every specimen of 
placenta basalis and fetal placenta (Fig. 3 C )  
but never in amniotic fluid. Significantly, ra- 
dioactivity decreased in both placental super- 
nates between 30 and 90 rnin postinjection, 
and rose at  least to the earlier levels by 1 1 0  
min. Although transport of uncoupled 69Fe 
cannot be excluded, these results suggest that 
heme passes from mother to fetus directly 
across the placenta rather than by way of the 
yolk sac splanchnopleure, or amniotic fluid. 
Moreover, bidirectional passage of heme may 
occur, similar to that seen with several mol- 
ecules, including bilirubin ( 2 4 )  and albumin 
(20) - 

Low levels of Hx may render the neonate 
more susceptible to the toxic effects of heme 
and related compounds. While transfer of 
heme to the amniotic fluid is excluded, its 
transport from the fetus back to the mother, 
as suggested by our results, may protect the 
fetus in utero from injury by heme in a 
manner similar to that seen with bilirubin 
( 2 4 ) .  In addition, inadequate materno-fetal 
transport of the protein appears to be one 
factor contributing to low fetal and neonatal 
serum Hx concentations. 

Summary. Sera from fetal, newborn, and 
juvenile rabbits were found to have lower Hx 
levels than those of their mothers but ap- 
proached the normal adult range by 30 to 60 
days of age. Inadequate materno-fetal trans- 
port of Hx contributed to low fetal and ne- 
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onatal serum levels, since only small amounts 
of homologous 1251-H~ passed from the ma- 
ternal circulation to fetal serum and tissues. 
However, substantial amounts were found in 
fetal and maternal placentae. Heterologous 
HHx did not pass. Small amounts of 14C- and 
59Fe-heme also crossed the materno-fetal 
barrier of rabbits, probably directly across 
the placmta. Furthermore, our findings sug- 
gested bidirectional transplacental passage of 
heme. 
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