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The Placenta as a Compensatory lodine Storage Organ

Robert Burns,' Colm O'Herlihy,"? and Peter P.A. Smyth'

Background: The production of iodine-containing thyroid hormones necessary for brain development in the
fetus depends not only on maternal dietary intake but also on placental iodine transport. The optimum level of
iodine nutrition during pregnancy and the proportion of the pregnant population reaching this level have
previously been evaluated. Little information exists on the ability of the placenta to either accumulate or store
iodine. This study aims to investigate iodine uptake and tissue iodine content within placental tissue obtained
from women delivering at term.

Methods: Samples (~1cm’) obtained from placental cotyledons (1 = 19), thyroid (1 = 4), and uterine myometrial
(n=4) tissue were incubated for 6 hours with '*I in the presence and absence of potassium perchlorate. To
account for variation in tissue composition, results were expressed in cpm I/ ug DNA.

Results: Placental uptake of '*I (375 cpm/ug DNA) was significantly higher than that of control myometrial
tissue (226 cpm/ug DNA) (p <0.05) and was ~25% that of thyroid tissue (1702 cpm/ug DNA). Uptake of 1257
could be partially blocked in the thyroid and placenta, respectively, by potassium perchlorate (100 uM), which
had no effect on uptake by myometrial tissue. Iodine content of tissue samples measured using an alkaline
ashing technique with Sandell-Kolthoff colorimetry gave a mean value for total iodine of 30.4ng/g placental
tissue (range 21-50ng/g), 1.74ng/g myometrial tissue, and 1037 ng/g thyroid tissue.

Conclusions: Placental iodine content was only ~3% that of the thyroid, but on the basis that neonatal iodine
stores are very low and highly sensitive to fluctuations in maternal iodine supply, we postulate that placental
iodine bioavailability makes a significant contribution to protection against neonatal hypothyroidism. These
findings suggest that the placenta has a role not only in uptake but also in storing iodine as a possible means of
protecting the fetus from inadequacies in maternal dietary iodine intake.

Introduction

THE DELIVERY OF IODINE to the fetus depends not only on
the availability of an adequate maternal dietary iodine
supply but also on the presence of a functioning placental
transport system (1). Although many studies have investi-
gated dietary iodine status in the mother and the fetus/
neonate, little data are available on the role of the placenta
in iodine transport and storage (2,3). Because no functioning
fetal thyroid tissue is present for the first 13-15 weeks of
gestation (4), there is no fetal requirement for iodine; first-
trimester thyroid hormone-related psychoneurological de-
velopment is entirely dependent on maternal hormone pro-
duction (5). Even after the fetal thyroid develops, its iodine
content is extremely low (40-300 ug depending on population
iodine status) (6) in comparison with ~10-20 mg in the adult
thyroid. Nevertheless, daily thyroid hormone (T4) require-
ments of the adult and neonate are much closer (neonate

50 ug; adult 150 pg) (7). Neonatal iodine turnover is therefore
much more rapid (~17% at birth vs. 1% in adults) and can
reach 125% in areas of severe iodine deficiency (5). The iodide
transporters, sodium iodide symporter (NIS), and Pendrin
have recently been identified in both placental cytotropho-
blasts and syncytiotrophoblasts (8-10). These transporters
have been shown to accumulate iodide in placental cell lines
(11-13) and can be upregulated by the presence of human
chorionic gonadotrophin (11). In the thyroid, uptake of iodide
by NIS can be inhibited by the perchlorate anion (14-16), and
a study of the BeWo choriocarcinoma found placental iodide
uptake to also be inhibited by perchlorate (13). The deiodi-
nases D3 and, to a lesser extent, D2 have also be found to be
present in placenta and to have a role in iodine supply to the
fetus (17). Upregulation of NIS in both fetal and placental
tissue has also been demonstrated in rats on low-iodine diet
(18), suggesting the existence of an adaptive mechanism when
iodine intake is inadequate to ensure that the fetus receives
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sufficient iodine during development. Although the question
of a role for the placenta in compensating for inadequate in-
take or even as a possible iodine storage organ has been
postulated (3,18,19), this has not as yet, however, been dem-
onstrated experimentally. Possible increased placental iodide
transport or storage functions were suggested by our recent
findings of low urinary iodine excretion (median 51 ug/L)
among Irish pregnant women, without any evidence of either
maternal or neonatal thyroid hypofunction (20), thus posing
the following questions:

1. Can the placenta store iodine?
2. Is such storage sufficient to compensate for inadequate
iodine intake?

In this study, we aimed to investigate iodine uptake and
tissue content in placental tissue at term (>37 weeks) gesta-
tion, to determine the relative rate of placental iodide uptake
and the ability of the placenta to store a supply of iodine.

Materials and Methods
Tissue collection

Placentas (1 =9) were obtained from a random group of
euthyroid women undergoing prelabor caesarean section at
term. All sections were carried our after 38—40 weeks and
were elective with no associated pathology and none were in
labor. Ages ranged from 26 to 39, and eight were multiparous
and one primiparous. There was one twin pregnancy, a di-
chorionic twin from which only one placenta was harvested.

Women being treated with anti-thyroid drugs were ex-
cluded from the study. Mean/median age of the women was
30.7/31.4 years (range 21.7-38.7) and mean/median parity
was 2 (range 1-5).

To establish optimum 1251 uptake times, three segments
were cut from three placentas (n=9) and incubated for 7
hours at 37°C. A 4-hour incubation time was subsequently
selected for uptake experiments. Similarly, the optimum
concentration of potassium perchlorate, a known inhibitor of
the NIS, was established as 100 yuM. When optimum condi-
tions had been established, nine placentas were used for tissue
iodine uptake and studies. Segments ~1cm? were cut from 2
to 3 cotyledons per placenta (1 =19). Due to the complexity of
the procedures only three placentas were chosen for '*°I efflux
studies. To enable comparisons, the same number of thyroid
(n=23) and myometrium (n = 3) served as controls. A total of
nine segments (three for each time point) were taken from
each placenta with the same number from thyroid and myo-
metrium.

The same placentas were used for studying tissue iodine
content. Six cotyledons were selected from different locations
within each placenta for tissue iodine content studies (n =54
in total).

Thyroid tissue for iodide uptake studies (1=4) and for
iodine content (n=6) (mean/median age=49.4/51.2) was
obtained from euthyroid patients undergoing partial or total
thyroidectomy due to nodular goiter, and myometrial sam-
ples serving as controls (1 =4) were obtained from premen-
opausal women undergoing hysterectomy for benign disease
(mean/median age =42.6/41.4). Tissue iodine content was
also measured in other extrathyroidal control samples [fat
(n=3) and placental amniotic (7 =2) and chorionic (1 =2)
membranes]. Fat samples were obtained from healthy women
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undergoing reduction mammoplasty. Amniotic and chorionic
membranes were obtained from the same subjects as the
placental cotyledons.

Tissue iodine uptake studies

Approximately 1cm? portions of each tissue type were wa-
shed in buffered Hanks balanced salt solution before incuba-
tion. Incubation times with '**Twere ranged from 1 to 7 hours to
establish the time at which optimum iodide uptake occurs.
Uptake studies were carried out in the presence or absence of
potassium perchlorate (100 um), a known inhibitor of the NIS.
This concentration was selected as that which produced a pla-
teau in blocking "I uptake (see Fig. 2). After the incubation
period, surface adhering radioactive iodide was then removed
by rinsing twice with ice-cold phosphate-buffered saline (PBS),
and '®T activity in tissue recorded as cpm was counted on a 7
counter. To account for variation in tissue composition, results
were expressed in cpm/ug DNA with DNA content being
measured using Quaigen DNA Extraction kit.

Tissue efflux studies

After preincubation with '*I, samples were counted and
then placed in PBS. The tissue was moved to fresh PBS every 5
minutes and the original PBS was counted on a y counter to
determine the rate of efflux from the different tissue types.

Tissue iodine content

Tissue iodine content was determined in 54 cotyledon
samples from 9 placentas, 6 thyroid, 4 myometrium, 4 pla-
cental membranes, and 3 samples of fat. Samples were washed
with 0.9% NaCl solution and weighed. Approximately three
volumes of 50 mM KH,PO, were then added to each sample.
Samples were then dried overnight and incinerated for 3 hours
at 600°C before colorimetric analysis in the Sandell-Kolthoff
reaction. Results were expressed as ug 1/g tissue.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
software (version 4.0; GraphPad Software Inc., San Diego,
CA). Paired Student’s {-tests were used to compare differences
between the perchlorate blocked and untreated tissue sam-
ples. Results are expressed as cpm/ g DNA and p < 0.05 was
considered significant. Wilcoxin’s Rank sum test was used to
compare differences in iodine content between different tissue

types.

Results

The rate of '*°I uptake in placental tissue samples over a
period of 7 hours in the presence and absence of perchlorate

(100 M) is shown in Figure 1. Placental tissue exhibited sat- € F1

urable uptake of radioiodide, which increased steadily for the
first 4 hours of incubation to a peak of 6210 cpm in the test
sample but only 3940 cpm in the perchlorate blocked sample.
Thereafter, further uptake was minimal remaining relatively
constant in both test (6286-6234 cpm) and perchlorate blocked
samples (4080-4121cpm). At a maximum uptake of '*°I
(6234 cpm) perchlorate blockade was 34%.

The concentration-dependent nature of perchlorate block-
ade of '*°I uptake by placental tissue (7=23) is shown in
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FIG. 1. Rate of in vitro placental '*I uptake in placental
cotyledons (1 =3) in the presence and absence of potassium
perchlorate. Perchlorate (100 uM)-treated tissue showed no
increase in uptake over the time course of 7 hours, whereas
untreated cotyledons exhibited saturable uptake of iodide
reaching a peak after ~4 hours time course. Error bars rep-
resent the SD from the mean. SD, standard deviation.

Figure 2, which correlates iodide uptake with a range of
perchlorate concentrations. Uptake in the placenta could be
inhibited by the presence of perchlorate in a dose-dependent
manner with uptake inhibited 4%, 13%, 24%, and 31% by 1,
10, 50, and 100 um K5ClOy, respectively.

Figure 3 shows the median '*’I uptake for placental, thy-
roidal, and myometrial. Tissues were incubated with 25 fora
total of 4 hours. The test placental samples exhibited a higher
mean uptake than myometrium but a much lower uptake
than that of thyroid (~20% of thyroid uptake). Mean pla-
cental uptake was 375 cpm/ug DNA in the placental samples
of which 30% of this uptake could be blocked by 100 uM
perchlorate (a similar degree of blockade to that of thyroid)
(p <0.005). Thyroid tissue exhibited the highest rate of uptake
of the different tissue types studied. The test thyroid samples
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FIG. 2. Inhibition of iodide uptake within placentas (1 =3)

by varying concentrations of potassium perchlorate. Uptake
is measured as cpm/ug DNA on the y-axis, whereas the
range of perchlorate concentrations from 0 to 100uM is
shown on the x-axis. Data are displayed as average uptake,
with error bars representing the range of values obtained.
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FIG. 3. '®I uptake in placenta, thyroid, and control myo-

metrium in the presence and absence of potassium perchlo-
rate. Different tissue types in the presence and absence of
perchlorate (100 uM) are shown on the x-axis, with the up-
take in cpm '*I/ ug DNA on the y-axis. Data are displayed
as mean uptake, with error bars representing the SD from the
mean. There were significant differences in uptake between
perchlorate-treated and untreated tissue in both thyroid
(p=0.004) and placental (p =0.002) tissue.

had a mean uptake of 1702 cpm/ ug DNA of which 38% could
be blocked in the perchlorate-treated sample. This difference
in uptake between test and perchlorate-treated samples was
highly significant (p < 0.005). Mean myometrial tissue uptake
was 226 cpm/ g DNA in the test samples and could not be
blocked with perchlorate, the mean for the perchlorate-treated
samples being identical (231 cpm/ug DNA).

Figure 4 illustrates the rate of iodide efflux from placental,
thyroidal, and myometrial tissues. Tissues were preincubated
with '?°I before commencement of efflux studies, which lasted
for 1 hour. Initially, all tissues had a fast rate of efflux with

—4#—Placenta
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= &= Myometrium

% Activity Remaining
& 8 8 3 3

0 5 10 15 20 25 30 35 40 45 50 55 60
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FIG. 4. Efflux of iodide from placental (1n=3), thyroid
(n=3), and myometrial (1=3) tissue over a period of 60
minutes. Activity in percentage of activity remaining is
shown on the y-axis, with time measured in 5-minute inter-
vals shown on the x-axis. Each time point was expressed as
percentage activity remaining as compared to the initial ac-
tivity present in each sample. Results are shown as
mean £ SD. Error bars represent the SD.
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loss of ~20% activity in the first 5 minutes. For the next
15 minutes, the rate of efflux from placenta and thyroid tissue
was faster than that of myometrial tissue. Thyroid tissue ini-
tially showed slightly faster efflux than placenta, but after
25 minutes their efflux values were virtually superimpose-
able. Thereafter, the rate of efflux from all three tissue types
remained relatively constant. After 1 hour of efflux, only 6%,
4%, and 13% of activity remained within placenta, thyroid,
and myometrium, respectively. The t;,, for thyroid was
fastest at 12.13 minutes; placenta had a t; ,, of 14.28 minutes,
whereas the t; /, for uterus was considerably slower at 21.80
minutes. Although overall efflux rates were not significantly
different between the three tissues over the 60 minutes test
period, placenta and thyroid showed significantly greater loss
than myometrium over the first 30 minutes (p < 0.01).

The scattergraph in Figure 5 shows the variation in iodine
content between the different tissue types but also between
different placentas. The iodine content of the control tissue
was the lowest of all tissue types, with median tissue iodine
content of only 1.58 ng I/ g tissue (range 0.38—4.12 ng 1/ g tissue).
Thyroid tissue had the highest median tissue iodine content
of 1031ng I/g tissue (range 750-1299ng 1/g tissue), whereas

TABLE 1. MEAN, STANDARD ERROR, AND MEDIAN
JopINE CONTENT OF THE PLACENTA, THYROID,
AND OTHER Ti1ssut TYPES

Tissue Iodine (mean &+ SE) Median (range)
Thyroid 1037 106 1031 (750-1299)
Placenta 304+9.2 27.0 (21-50)

Other tissue types 1.74+0.36 1.58 (0.38—-4.12)

Other tissue types are uterus, fat, and placental amniotic and
chorionic membranes.

placental iodine content was intermediate, but median placen-
tal iodine content was 27.0ng I/g tissue (range 21-50ngl/g
tissue) and varied very little within an individual cotyledon
(CV =9.1%). However, the variation in iodine content between
different cotyledons from the same placenta was greater with
inter-cotyledon CV ranging from 4.5% (range 30.47-34.47
ng I/g tissue) to as much as 87% (range 0-81.06 ng I/g tissue).
These data are shown in tabular form in Table 1. Whereas me-
dian placental cotyledon iodine content was only ~3% that of
the thyroid, it was significantly higher than the other tissue
types examined (p < 0.005; Wilcoxon’s Rank sum test).

Discussion

Iodine supply to the fetus depends not only on maternal
iodine intake but also on the ability of this iodine to cross the
placenta and become available for incorporation into fetal
thyroid hormones (4). Not only do these results strongly
suggest a role for the placenta in uptake of iodine, but they
also indicate the hitherto unreported possibility that the pla-
centa may act as a storage site supplying iodine to the fetus.

Although placental iodine uptake was significantly less
than that of the thyroid (by a factor of 4.5), the mechanism of
this uptake appears similar to that in thyroid (21) in terms of
both rate of uptake and known inhibitors of uptake. Our
findings demonstrate that the placenta exhibits saturable up-
take of iodine, a characteristic shared with the thyroid as
shown in previous reports (21). The iodide transporter NIS has
been demonstrated in placental tissue (8-10), and our work
supports these earlier findings, uptake of iodide being par-
tially blocked by potassium perchlorate, a known inhibitor of
NIS. Indeed, the level of blockade of iodide uptake in placenta
was similar to that of thyroid (30% and 38%, respectively).
Iodide efflux patterns also showed similarities between the
two tissue types, with the control myometrial tissue showing a

4TI
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slower rate of efflux. Overall, whereas thyroid has a demon-
strably greater capacity to take up iodide, the placenta and
thyroid do appear to share mechanisms of uptake and efflux.

One of the main strengths of this study is that it was per-
formed on fresh tissue from healthy term placentas sampled
before labor onset to most closely represent normal physio-
logical conditions in late pregnancy. The findings, neverthe-
less, do pose a number of further questions. All placentas used
were from term pregnancies, and it remains to be determined
if placentas at earlier gestations would have a similar iodine
content. The variability in inter-cotyledon iodine content and
between cotyledons within one placenta may represent dif-
fering proportions of trophoblastic and connective tissues at
samples sites. We assume that where the predominant tissue
samples was nonvillous, the iodine content would be lower.
An alternative explanation might be differences in tissue NIS
content, and although the distribution of NIS has been shown
to vary within syncytioblasts [Manley et al. (13)], there is not,
as far as the authors are aware, any data on NIS distribution
within cotyledons. While it might be expected that more ac-
tive cotyledons within the placenta might contain more io-
dine, no definite histological locations for increased iodine
content could be identified within our results.

Our findings, therefore, suggest a possible homeostatic
placental role in compensating for deficient maternal dietary
iodine intake through maintenance of fetal iodine supply in
women with inadequate dietary iodine intake. The thyroid
has a well-established ability to store iodine, and our results
show that the placenta also appears to share this capability,
though with a much smaller cellular storage capacity than
that of thyroid tissue although balanced by a much greater
tissue volume. Nonetheless, considering the relative size of
the placenta (our findings demonstrate that an average pla-
centa has the capacity to store between 12 and 50 ug iodine),
such storage may play a significant role in supplying iodine to
the fetal thyroid. Rapid turnover of iodine from a low volume
fetal thyroid may result in the entire iodine content of the fetal
thyroid having to be renewed daily (4). Considering that
neonatal iodine stores are very low and highly sensitive to
fluctuations in maternal iodine supply, the bioavailability of
this placental iodine store could, nonetheless, make a signifi-
cant contribution to protection against fetal and neonatal
hypothyroidism (22). The authors are aware that the findings
of I uptake and higher iodine content do not confirm the
presence of a hitherto undescribed iodine storage organ. They
do, however, offer the possibility of placental iodine content
acting as a compensatory source of iodine to the fetus in the
event of inadequate maternal iodine intake. The form in
which iodine may be stored or if stored, the mechanism
through which it might be made available to the fetus, re-
mains to be elucidated.
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