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Inner-ring Deiodination of 3,5,3'-Triiodothyronine in the
In Situ Perfused Guinea Pig Placenta

Maria 1. Castro, Lewis E. Braverman, Sharon Alex, Chih-Fang Wu, and Charles H. Emerson
Division of Endocrinology and Metabolism, Department ofMedicine, University
ofMassachusetts Medical School, Worcester, Massachusetts 01605

Abstract Introduction

Broken cell preparations of rat and human placentas contain an
inner (tyrosyl)-ring iodothyronine deiodinase enzyme with great-
est activity when the substrate is 3,5,3'-triiodothyronine (T3).
This report describes the deiodination of T3 in the intact placenta
and the effect of sodium iopanoate (IA) and propylthiouracil
(PTU) on T3 deiodination. Under nembutal anesthesia, the pla-
centa of 60-65-d-old pregnant guinea pigs was surgically exposed,
a single umbilical artery and the umbilical vein were cannulated,
and the fetus was removed. In a temperature-controlled chamber
(37°C), the fetal side of the placenta was perfused through the
umbilical artery at a rate of 1 ml/min with 3% bovine serum
albumin Krebs-Henseleit buffer containing 0.14 nM outer ring
labeled 1'"IJT3. Placenta effluent fractions were collected at timed
intervals from the umbilical vein canulla throughout a 120-min
perfusion period. The contents of the perfusion buffer and the
various effluent fractions were analyzed for their iodothyronine
content by high pressure liquid chromatography. In five exper-
iments, the percent composition of '25I-labeled iodothyronines
in the perfusion buffer and placenta effluent was 95.3±1.0
(mean±SE) and 70.2±2.1 for T3 (P < 0.01), 2.5±0.7 and
20.1±1.8 for 3,3'-T2 (P < 0.01), and 0 and 8.2±0.9 for
3'-Ti. There was no difference between the percent 1125I]iodide
in the perfusion buffer and in the placenta effluents. When pla-
centas were perfused with IA and 112511T3, after perfusion with
1125IJT3 alone, there was a significant increase (P < 0.01) in the
percent 1125Jlr3 in the placenta effluents, and a significant decrease
in ['25I]3,3'-T2 (P < 0.01) and 125 113'-T, (P < 0.01). In contrast,
PTUdid not affect the composition of labeled iodothyronines in
the placenta effluents, despite the fact that the addition of PTU
significantly (P < 0.001) inhibits the inner-ring deiodination of
1125IT3 in human or guinea pig placenta microsomes in the pres-
ence of low (0.25 mM) concentrations of dithiothreitol. The
present studies demonstrate that T3 is actively deiodinated in
the inner ring to 3,3'-T2 by the intact guinea pig placenta. A
portion of 3,3'-T2 is further deiodinated in the inner ring to gen-
erate 3'-TI. No outer ring deiodination of T3 was seen under the
conditions employed. IA, but not PTU, inhibits T3 deiodination
in the placenta perfused in situ. Weconclude that the placenta
is probably a site for fetal T3 metabolism.
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Metabolism, University of Massachusetts Medical School, Worcester,
MA01605.
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The placenta receives a large percentage of the fetal cardiac out-
put (1), and, as we and others have reported (2-7), contains
enzymes that deiodinate thyroid hormones. These observations
support the possibility that the placenta is an important site for
fetal thyroid hormone metabolism. Deiodination of the iodo-
thyronines can occur in the phenolic (5' or outer) or in the tyrosyl
(5 or inner) rings. These deiodinative pathways play a major
role in the metabolism of thyroxine (T4),' generating the met-
abolically active iodothyronine, 3,5,3'-triiodothyronine (T3), and
the metabolically inactive iodothyronine, 3,3',5'-triiodothyronine
(rT3). Deiodination is also the principal pathway for the metab-
olism of T3, which results in the formation of the inactive diio-
dothyronines, 3,3'-T2 and 3,5-T2, as well as the inactive mono-
iodothyronines, 3'-T, and 3-T1. Thus, placental deiodination is
potentially an important mechanism for the modulation of fetal
thyroid hormone action. While detailed studies of deiodination
have been performed in placenta homogenates and subcellular
fractions (6, 8), there is little information on iodothyronine
deiodination in the intact placenta (9).

In this study, we discovered the metabolic fate of T3 when
perfused through the fetal side of the guinea pig placenta in situ.
Since previous studies employing placenta homogenates have
shown an inhibitory effect of propylthiouracil (PTU) and sodium
iopanoate (IA) on T4 deiodination (8), the effect of these drugs
on T3 metabolism in the intact placenta was evaluated.

Methods

Pregnant guinea pigs were obtained from Davidson Mill Farms (James-
burg, NJ) and were studied after 60 d of gestation. Papavarin hydro-
chloride was purchased from Eli Lilly Co. (Indianapolis, IN) and PE60
polyethylene tubing was obtained from Fisher Scientific Co. (Medford,
MA). Nonradioactive 3'-T,, 3,3'-T2, and 3',5'-T2 were obtained from
Hennig Berlin GMBH(Berlin, Federal Republic of Germany). Nonra-
dioactive T3, T4, reverse T3, 3,5-T2, and PTUwere obtained from Sigma
Chemical Co. (St. Louis, MO). 121I-T3 was purchased from NewEngland
Nuclear (Boston, MA) and from Cambridge Medical Diagnostics (Bil-
lerica, MA). Its specific activity ranged from 1,133 to 2,000 gCi/gg. Io-
panoic acid powder was a gift from Sterling Winthrop Research Institute
(Renselear, NY) and the sodium salt (IA) was produced by dissolving
iopanoic acid powder in sodium hydroxide.

Surgical procedure. One-pass placenta perfusions were performed
using a technique modified from Kihlstrom and Kihlstrom (10). Pregnant
guinea pigs were studied after 60 gestational days and anesthesia was

1. Abbreviations used in this paper: DTT, dithiothreitol; HPLC, high
performance liquid chromotography; IA, sodium iopanoate; KH, Krebs-
Henseleit buffer, PTU, propylthiouracil; rT3, 3,3',5'-triiodothyronine; T1,
monoiodothyronine; T2, diiodothyronine; T3, 3,5,3'-triiodothyronine;
T4, thyroxine.
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induced with an i.p. injection of nembutal (40 mg/kg). If necessary,
further injections of 5-10 mg nembutal were administered during the
perfusion. After induction of anesthesia, a laparotomy was performed
and a single fetus was exposed through a small uterine incision. Both
uterus and placenta were left within the maternal abdominal cavity to
minimize hemodynamic changes in the maternal circulation to the pla-
centa. The fetal umbilical arteries and vein were cleared of fetal mem-
branes. To facilitate cannulation, we caused the dilation of vessels by
the topical application of 4% papavarin. The umbilical vein and one
fetal artery were cannulated with PE60 polyethylyne tubing with an in-
ternal diameter of 0.03 in and external diameter of 0.048 in. The re-
maining vessels leading to the fetus were tied off and the fetus was re-
moved. The fetal side of the placenta was then perfused at a rate of 1.0
ml/min through the umbilical artery from a reservoir containing 3%
bovine serum albumin (BSA) in Krebs-Henseleit (KH) buffer (0.1 10 M
NaCl, 2.4 mMCaCl2, 4.4 mMKCl, 1.1 mMKH2PO4, 1.1 mM
MgSO4' 7H20, and 25.0 mMNaHCO3, pH 7.4). Placental pressure was
monitored with a string-gauge transducer and catheter positions were
adjusted to maintain a placental pressure between 20-40 mmHg. The
uterine opening was covered with gauze that had been soaked in 0.9%
saline to keep the cannulated placental vessels moist.

Experimental procedure. A 20-min preperfusion of the placenta with
KH buffer was performed before the start of each experiment to ensure
stabilization of the placenta. During the preperfusion as well as during
the experimental period, the dam and the perfusion reservoir were kept
in a plexiglass chamber thermostatically maintained at 37°C. During
the experimental period, ['25I]T3 was added to the perfusion reservoir to
obtain a concentration of 0. 104 to 0.121 gCi/ml. Depending on its specific
activity, the total T3 concentration in the perfusion buffer ranged from
0.08 to 0.14 nM. The percent-free T3 in the perfusion buffer was
0.4±0.01% (mean±SE) determined by equilibrium dialysis as previously
described in our laboratory (1 1). Thus, the free [1251I]T3 that perfused the
placenta ranged from 0.32 to 0.56 pM. The placenta effluent samples
were then collected at timed intervals and the iodothyronine content of
the perfusion buffer and placenta effluent samples was analyzed by high
pressure liquid chromatography (HPLC) (see below).

In five experiments, the placenta was perfused with ['25I]T3 alone for
120 min. In other experiments, placentas were perfused with ['lI]T3
alone for 40 min. At 40 min, the perfusion buffer was changed to one
that contained 251I-T3 and a substance to be tested for inhibition of pla-
centa inner ring deiodinase activity; this perfusion was continued for
another 40 min. The pH of the perfusion buffer did not change when
any of the test substances were added to the perfusion buffer. Finally,
for the remaining 40-min period the placenta was perfused with ['12I]T3
alone. Thus, in experiments in which a putative inhibitor was tested, the
40-min perfusion of the test substance was preceded and followed by
40-min periods during which ['"l]T3 alone was perfused. Placenta effluent
fractions were collected and analyzed for iodothyronine content during
the last 20 min of the three 40-min perfusion periods. In our perfusion
system, 20 min elapsed before steady-state conditions were observed in
placenta effluent samples after the onset of perfusion. Similarly, a 20-
min "wash-out" elapsed before effluent content reached background levels
after discontinuation of perfusion. Thus, the sampling times employed
ensured that samples were not taken during times in which the perfusion
conditions were changing.

Analysis of samples. Placenta effluent samples and perfusates were
analyzed for iodothyronine content by HPLC. Aliquots (2 ml) of effluent
and perfusate samples were lyophilized and iodothyronines were extracted
from the lyophilized material with 2.5 ml of 1% NH40H in methanol.
Samples were then centrifuged at 3,000 rpm and the supernatants were
decanted and dried under an air stream. The dried samples were recon-
stituted in 0.5 ml HPLC mobile phase (48% MeOH, 52% 49 mM
NaH2P04, and 25 mMH3PO4). In this extraction procedure, the recovery
of T3 relative to the recovery of 3,3'-T2 was 92%, and the recovery of
3'-T, relative to the recovery of 3,3'-T2 was 106%. The final calculations
did not take into account these small differences in relative recovery.
Aliquots of the samples containing between 35,000 and 50,000 cpm
were subjected to HPLCusing a C18 microbondapak column (Millipore/

Waters Chromatography, Milford, MA). Samples were injected, in the
presence of HPLCmobile phase, containing 30 ,g of nonradioactive T3,
3,3'-T2, and 3'-T, markers. lodothyronines were separated and eluted at
an operating pressure of 2,600 p.s.i. and a flow rate of 1.7 ml/min. The
iodothyronine markers were detected at a wavelength of 254 nm and
were used as reference points for 1251 radioactivity eluting from the col-
umn. Table I shows the retention times for ['25Iliodide and stable 3'-TI,
3,3'-T2, 3',5'-T2, 3,5-T2, T3, and T4. HPLCeluate fractions were collected
every 0.6 min and counted in a gammacounter.

Effect of PTUon T3 deiodination in placenta microsomes. Wepre-
viously showed that in the presence of suboptimal dithiothreitol (DTT)
concentrations PTU inhibits the inner-ring deiodination of T4 in human
placenta microsomes (8). When DTT concentrations were optimal, no
inhibition of inner ring deiodination was observed. Since T4 rather than
T3 was employed as the substrate for these studies (8), we considered it
important to confirm that PTU, in the presence of low DTT concentra-
tions, also inhibits T3 deiodination by placenta microsomes. For these
studies, human and guinea pig microsomes were prepared as previously
described (8) and incubated with outer-ring-labeld [121jT3, DTT, and
PTUor PTUdiluent. The specific activity of the [1251I]T3 was 1,120 MCi/
,ug. The volume in the incubation tube was 0.45 ml and the final con-
centrations of ['25I]T3 and DTTwere 4.13 nMand 0.25 mM, respectively.
Guinea pig microsomal protein was present in a concentration of 1.8
mg/ml and human microsomal protein was present in a concentration
of 0.9 mg/ml. Incubations were performed at 37°C for 30 min and ter-
minated by the addition of 2 vol of 95% ethanol per incubation tube.
The incubation products were analyzed and quantitated by paper chro-
matography in a hexane/tertiary amyl alcohol/2 Nammoniumhydroxide
(1:5:6) solvent system as previously described (5).

Statistical analyses. Data were analyzed by a two-way analysis of
variance with a repeated measures design using the BMDPstatistical
software package from Stanford University, Palo Alto, CA. Student-
Neuman-Keuls multiple range comparison test was used to determine
which test substances significantly changed placenta effluent iodothy-
ronine composition. Significance was established at the 95% confidence
level or better.

Results

Placental metabolism of [125I]T3. Fig. 1 illustrates the compo-
sition of placenta effluent from a typical experiment in which
the placenta was perfused with [1251]T3 in 3% BSA-KH buffer
for 100 min. Steady-state levels of radioactivity were reached in
the placenta effluent by the end of the 10-20-min collection

Table I. Retention Times for Iodide and
Various Iodothyronines Employing HPLC*

Substance n Retention timet

min

Thyroxine (T4) 11 38±0.6
3,3',5'-Triiodothyronine (rT3) 13 30±0.4
3,5,3'-Triiodothyronine (T3) 23 18.5±0.2
3,3'-Diiodothyronine (3,3'-T2) or

3',5'-diiodothyronine (3',5'-T2) 11 12.4±0.4
3,5-Diiodothyronine (3,5-T2) 4 7.3±0.2
3'-Monoiodothyronine (3'-T,) 5 6.1±0.4
Iodide 10 2.9±0.1

* A C-1 8 reverse phase microbondapak column (Millipore/Waters
Chromatography, Milford, MA) was employed. HPLCwas performed
under isocratic conditions at an operating pressure of 2,600 p.s.i. and
a flow rate of 1.7 ml/min. The mobile phase was 48% methanol, 52%
sodium phosphate, pH 3.1-3.4.
t Mean±SE.
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Figure 2. Metabolism of ['25I]T3 during 120-min perfusions of guinea
pig placenta. The results of five perfusion experiments in which con-
stant conditions were maintained throughout each perfusion are
shown.

Figure 1. Results of a typical guinea pig placenta perfusion experiment
with 120,000 cpm/ml [1251I]T3. (A) The concentration of total radioac-
tivity in the perfusion reservoir and in placenta effluent fractions. (B)
The percent composition of each iodothyronine in the perfusion reser-
voir and in the placenta effluent fractions as determined by HPLC.

period. However, in other experiments steady-state radioactivity
was not reached until the end of the 20-30-min collection period.
In this experiment 98.8% of the labeled material in the perfusion
reservoir buffer could be identified and consisted of 94.4%
['25I]T3, 2.0% ['251I]iodide, and 2.4% [1251]3,3'-T2. In contrast,
the placenta effluent samples contained substantially less ['251I]T3,
more [1251]3,3'-T2, and measurable amounts of [1251]3'-T1. These
findings indicate that a fraction of T3 underwent inner-ring
deiodination in the perfused placenta to generate 3,3'-T2. A por-
tion of this 3,3'-T2 was further deiodinated in the inner ring to
generate 3'-T.

Fig. 2 illustrates the results of five perfusion experiments in
which the perfusion conditions were held constant for the entire
120 min of perfusion. Each point represents the mean±SE for
five separate guinea pig placenta perfusion experiments. In each
experiment, three replicate samples were collected during the
final 20 min of each 40-minute period. This format was also
used for the studies shown in Figs. 3-5. It is evident that the
percent composition of labeled iodothyronines was constant
during the entire 120 min of perfusion, indicating a steady state
of deiodination of T3 to 3,3'-T2 and 3,3'-T2 to 3'-TI. The com-

position of 125I-labeled compounds in the perfusion buffer that
could be identified by HPLCwas 95.3±1.0% T3 and 2.5±0.7%
3,3'-T2. As compared to the percent iodothyronines in the per-
fusion buffer, the mean composition of labeled iodothyronines
in the placenta effluent samples for all time periods was

70.2±2.1% T3 (P < 0.01), 20.1±1.8% 3,3'-T2 (P < 0.01), and
8.2±0.9% 3'-Tj (P < 0.01). In these five experiments, 84±8.8%
of the total amount of radioactivity that perfused the placenta
was recovered in the placenta effluent samples. Some radioac-
tivity (3,000 cpm/ml or less) could be identified in maternal

serum at the end of the perfusions. However, this amount of
radioactivity was insufficient for analysis of the labeled sub-
stances. Some radioactivity also appears to be withheld within
placental tissue or placental microcirculation, given that the ra-
dioactivity in placenta effluents logarithmically decreases to
background levels during the first 20 min after discontinuation
of perfusion with ['25I]T3.

Effect of IA on the placental metabolism of ['25I]T3. Fig. 3
illustrates the results of perfusion experiments in which 1 mM
IA was introduced into the perfusion medium during the 40-
80-min period of the study. It is apparent that the composition
of ['251]T3 in the placenta effluent was significantly increased
(P < 0.01) during the time in which IA was perfused as compared
with the base line (i.e., the 0-40-min perfusion period). The
percentage of ['251I]3,3'-T2 and [1251I]3'-Tj in the effluent also sig-
nificantly decreased (P < 0.01 for both labeled metabolites).
After IA was removed from the perfusion buffer, the percent
composition of [1251I]T3 in the placenta effluent significantly de-
creased (P < 0.01) and the ['25I]3,3'-T2 content of placenta ef-
fluent samples significantly increased (P < 0.01). The iodothy-
ronine composition of the placenta effluent during IA infusion
was similar to the perfusion buffer, which suggests that the in-
hibition of deiodinase activity was nearly complete. It is apparent,
therefore, that 1 mMIA acutely inhibited the inner-ring deiod-
ination of [1251]T3 in the intact placenta. IA also inhibited the
inner deiodination of 3,3'-T2 to 3'-TI. However, recovery from
this inhibitory effect during the final 40 min was not complete,
since [1251]3'-T1 remained undetectable in the placenta effluent
and there was less conversion of [1251I]T3 to [125I]3,3'-T2 as com-

pared to the first 40 min of perfusion (P < 0.05).
Effect of PTUon the placental metabolism of [25I] T3. Fig.

4 demonstrates the results of three perfusion experiments in
which 3 mMPTUwas introduced into the perfusion buffer dur-
ing the 40-80-min period. The percent composition of labeled
iodothyronines was similar during all periods. Thus, PTU had
no significant effect on inner-ring deiodination of T3 in the intact
placenta perfused in situ. In contrast, the addition of PTU to
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Table II. Effect of PTUon Inner-ring Deiodination
of ['25I] T3 in Placenta Microsomes

Species PTU (3 mM) n 3,3'-T2 + 3'-T, (production)

pmol/tube*

Guinea pig 0 6 1.46±0.03
Guinea pig + 6 1.02±0.04t

Human 0 6 1.36±0.01
Human + 6 0.62±0.01 t

Final concentration of DTTwas 0.25 mM.
* Mean±SE.
* P < 0.001 for the comparison of 3,3'-T2 + 3'-TI production in the
presence and absence of PTU.
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Figure 3. Effect of IA on the metabolism of ['25I]T3 in the perfused
guinea pig placenta. Shown is the percent composition of '25I-labeled
iodothyronines in placenta effluent fractions during perfusion with
[125I]T3 alone (0-40 min), during perfusion with ['2lI]T3 and I mMIA
(40-80 min), and after the perfusion was continued with ['12I]T3 alone
(80-120 min). n = 5; *, P < 0.01 vs. IA.

human and guinea pig placenta microsomes in the presence of
0.25 mMDTTsignificantly inhibited the inner-ring deiodination
of T3 (P < 0.001) (Table II).

Effect of nonradioactive T3 on the placental metabolism of
['25I]T3. Fig. 5 illustrates studies in which the T3 substrate con-
centration perfusing the placenta was increased from 0.14 to
140 nM during the 40-80-min period of perfusion (in these
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studies, specific activity of [1251]T3 used was 1,133 sCiG/tg). Dur-
ing perfusion with 140 nMT3 (40-80 min), the percent [1'25I]T3
in the placenta effluent fractions was significantly increased (P
< 0.05) and the percent ['251]3,3'-T2 was significantly decreased
(P < 0.05) as compared with values during the 0-40-min period
(0.14 nM T3). While the absolute rate of deiodination of T3
increased from 38 fmol/min to 21 pmol/min, the fractional rate
of deiodination of [251]T3 decreased from 27.3% to 15.4%. Dur-
ing the last 40 min of the perfusion (80-120 min), when the
perfusing concentration of ['251I]T3 was again 0.14 nMT3, there
was some increase in the percent ['251]T3 that underwent inner-
ring deiodination.

Outer ring deiodination of [25I]7T3. The percent ['251]iodide
in the perfusion buffer and the placenta effluent samples for all
the experiments reported in Figs. 2-5 is summarized in Table
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Figure 4. The metabolism of ['"I]T3 in the perfused guinea pig pla-
centa in the presence and absence of PTU. Shown is the percent com-

position of '25I-labeled iodothyronines in placenta effluent fractions
during perfusion with ['"lI]T3 alone (0-40 min), during perfusion with
['"lI]T3 and 3 mMPTU (40-80 min), and after the perfusion was con-

tinued with ['2"I]T3 alone (80-120 min). n = 3.

1251-T3 T34.125- T3 X251T.._,...._.I
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Figure 5. The metabolism of ["1I]T3 in the perfused guinea pig pla-
centa in the presence of different concentrations of stable T3 (0.14 and
140 nM). During the 0-40- and 80-120-min periods, high specific ac-
tivity (1,120 ACi/yg) ['IlI]T3 was perfused in a concentration of 0.14
mM. During the 40-80-min period, low specific activity (1 ,uCi)
["'I]T3 was perfused in a concentration of 140 nM. n = 4; *, P < 0.05
vs. T3.
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Table III. ['25I]Iodide in Guinea Pig Placenta

['5I]Iodide as percent of total cpm

Experimental PE: 0-40 PE: 40- PE: 80-
groups* PB min 80 min 120 min

I 0.8±0.2 0.8±0.2 1.1±0.3 1.4±0.3
II 1.4±0.4 0.9±0.3 1.3±0.3 0.6±0.2
III 3.2±2.2 2.4±1.5 2.3±0.7 2.0±0.4
IV 3.0±1.7 4.7±2.5 3.3±1.4 3.2±1.2
Mean 2.0±0.6 2.3±0.8 2.0±0.5 1.8±0.4

The percent composition of ['25I]iodide in perfusion buffer (PB) and
placenta effluent (PE) samples in studies in which ['lI]T3 was per-
fused through the guinea pig placenta.
* Experimental groups I to IV refer to the studies reported in Figs. 2-
5, respectively. Group I, constant infusion of 0.14 nM ['"lI]T3. Group
II, ['lI]T3 + iopanoic acid. Group III, ['121]T3 + PTU. Group IV,
['12I]T3 at concentrations of 0.14 and 140 nM.

III. The ['12I]T3 that was employed in these studies was contam-
inated with small amounts of ['251I]iodide (2.0±0.6%, mean±SE).
The percent ['251]iodide was similar in perfusion buffer and pla-
centa effluent samples, indicating no demonstrable generation
of ['251]iodide from ['12I]T3 in perfused placenta.

Discussion

The rat and human placenta contain relatively large amounts
of an iodothyronine tyrosyl deiodinase enzyme (4, 5, 7). The
enzyme has been localized to the microsomal fraction of placenta
homogenates and has an absolute requirement for sulfhydryl
reducing agents regardless of the purity of the preparation (8).
Microsomal preparations of placenta tyrosyl ring deiodinase are
inhibited by various pharmacological agents, including IA and
PTU (8). However, there are no reports on the effects of these
agents on iodothyronine tyrosyl deiodinase in the intact placenta
in vivo. In fact, information on iodothyronine metabolism in
the intact placenta is limited. Cooper et al. (9) have studied the
metabolism of labeled T4 and rT3, but not T3, in the perfused
guinea pig placenta. They observed no tyrosyl ring deiodination
of rT3 when rT3 was perfused into the fetal side of the placenta,
but did note tyrosyl ring deiodination of T4 when this iodothy-
ronine was perfused. However, the magnitude of T4 tyrosyl ring
deiodination was very small, being <0.4% in a single pass through
the placenta.

To determine the nature and magnitude of T3 deiodination
in the intact placenta and the influence of IA and PTU, we
employed a guinea pig perfusion system adapted from the
method of Kihlstrom and Kihlstrom (10). It was identical in
terms of perfusion buffer, flow rate, perfusion pressure, albumin
concentration, and temperature, and it used a thermostatically
controlled chamber to maintain constant temperature (10). This
system has been used in many previous studies of placenta phys-
iology (12); it is ideal for studies of species with hemochorial
placentation, as in, for example, man and rodents. Although
most published studies on placental deiodination have been per-
formed with rat and human homogenates, the use of these species
for perfusion of the intact placenta presents certain limitations.
The umbilical vessels of the rat are too small to cannulate and
the perfusion models for the human placenta are less physio-

logical because, unlike the guinea pig perfusion system, the ma-
ternal relationships to the placenta are disrupted.

The ['"I]T3 used in these studies was labeled in the 3'-po-
sition. Therefore, the labeled products of T3 inner-ring deiodin-
ation are ['251]3,3'-T2, and [251I]3'-T,. ['25I]Iodide is the only
possible labeled product of T3 outer-ring deiodination. Pla-
centa effluents in the present studies contained small amounts
of [251I]iodide. However, since the percent [251I]iodide in the
placenta effluent samples was similar to that in the perfusion
buffer, no outer-ring deiodination of T3 during placenta perfusion
was evident. Cooper et al. (9) also did not observe outer-ring
deiodination of T4 or rT3 when these compounds were perfused
through the fetal side of the placenta. This is in contrast to the
recent report of Kaplan and Shaw (6) that rat and human pla-
centa contains an outer-ring deiodinase when either T4 or rT3
were employed as substrates. In their study, outer-ring deiodinase
activity could only be detected at low substrate concentrations,
which consisted of 2 nM in the case of rT3 or 0.15 nM in the
case of T4. They did not report results using T3 as substrate. It
is possible that the failure of Cooper et al. (9) to observe outer-
ring deiodination of T4 in the intact placenta was due to the fact
that they employed higher T4 substrate concentrations of 46
nM. However, no outer-ring deiodinase activity was noted when
rT3 was perfused in tracer concentrations (specific activity was
not specified). Kaplan and Shaw (6) also noted that the activity
of outer-ring deiodinase in the placenta was greatest in the zone
immediately adjacent to the uterine wall. Therefore, iodothy-
ronines that circulate in the fetal side of the placenta may have
limited access to the outer-ring deiodinase enzyme described by
Kaplan and Shaw (6).

Although we could not detect outer-ring deiodination of T3
in the perfused placenta, tyrosyl or inner-ring deiodination of
T3 was clearly demonstrated under conditions in which 0.14 nM
T3 was perfused. Approximately 27% of the T3 was deiodinated
to 3,3'-T2 and 3'-T, in a single pass through the placenta. When
140 nMT3 was perfused, the fractional conversion of T3 to 3,3'-
T2 and 3'-T, was 15%. These results for T3 are much higher than
the fractional conversion rate of 0.4% observed by Cooper et al.
(9) when T4 was perfused at a concentration of 46 nM, and are
compatible with our previous observations that T3 is the preferred
substrate for the inner-ring deiodinase enzymes in rat and human
placentas (4, 5). In contrast to Cooper et al.'s study, the [125I]-
T3 concentration employed in our study approximated serum
T3 concentrations in the term fetal guinea pig. Total serum T3
levels at term at 0.4±0.03 nMand free T3 levels are 1.64±0.13
pM (mean±SD, n = 6) (13). Thus, our results indicate that the
guinea pig placenta is capable of substantial T3 metabolism at
physiologic concentrations. The rapid rate of T3 deiodination
by the placenta may provide a partial explanation for the ob-
servation that severance of the umbilical cord is associated with
an increase in plasma T3 concentration at the time of delivery
(14). Since the plasma concentration of a hormone is equal to
its production rate divided by its metabolic clearance rate (15),
cutting the umbilical cord would likely have an important impact
in decreasing the metabolic clearance rate of T3 by eliminating
a major and rapid site for T3 deiodination. This, in turn, would
result in an increased plasma T3 concentration. In fact, metabolic
clearance rates of T3 have been shown to be much higher in
fetal sheep than in adults (16, 17). The ratio of T3 production
in the fetal circulation as compared with the maternal circulation
is not precisely known due to lack of sensitivity of the methods
(16, 17).
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T3, because of its rapid deiodination, is an ideal substrate
for the study of acute drug effects under conditions similar to
those obtained in vivo. The present study shows that IA has a
rapid and reversible inhibitory effect on iodothyronine inner-
ring deiodinase in the intact placenta. Wehave previously re-
ported that PTU inhibits the tyrosyl-ring deiodination of T4 by
human and rat placenta homogenates and microsomes when
incubations are carried out in the presence of low DTTconcen-
trations, but not when DTT is present in concentrations that
are optimal for enzyme activity. As shown in the present study,
PTU also inhibits T3 tyrosyl-ring deiodination in human and
guinea pig microsomes incubated in the presence of low DTT
concentrations. The observation that PTUdoes not inhibit T3
tyrosyl ring deiodinase activity in the in situ perfused placenta
suggests that, under in vivo conditions, the placenta may have
a relatively abundant supply of endogenous cofactors required
for T3 deiodination. It is also possible that intracellular concen-
trations of PTU in vivo were too low to produce enzyme inhi-
bition. However, since PTUcrosses the placenta (18), it seems
likely that some PTUdoes enter the thin layer of trophoblastic
cells that separates the fetal and maternal circulations.

Obviously, the perfused guinea pig placenta is of limited use
for detailed kinetic studies of deiodination, studies that involve
comparison of multiple perturbations, or those that require pro-
longed longitudinal observations. These limitations are due to
the fact that, ideally, all observations must be made within a
relatively short period of time. However, the present studies show
that information can be obtained that is in many ways more
physiologically and clinically relevant than that obtained in dis-
rupted cell and organ preparations or in cultured cells. PTU is
administered to pregnant women with hyperthyroidism and is
known to traverse the placenta and to reach the fetal circulation
(18). IA is generally not administered to pregnant women, but
recent studies have suggested that this class of compounds may
be useful in treating Graves' Disease (19). It is possible that the
administration of IA-but not PTU-to pregnant womencould
affect placental tyrosyl deiodination of T3, although the extent
of this effect and its clinical relevance remains unclear. Further
studies on the effects of maternally administered IA and PTU
on placenta inner-ring deiodinase activity may yield information
on this point.

In summary, the present study demonstrates that T3 is very
actively deiodinated in the tyrosyl ring by the intact guinea pig
placenta. It suggests that the placenta is a major site of T3 disposal
in the fetus. Therefore, the activity of the placenta deiodinase
may influence fetal serum T3 concentrations. Despite the fact
that PTUinhibits inner-ring deiodinase in placenta homogenates,
the present studies suggest that PTU may not affect inner-ring
deiodinase in the intact placenta. Therefore, it is possible that
its use in pregnant womenmay not be associated with impaired
placental deiodination of fetal T3. Iopanoate and related com-
pounds, however, are likely to impair placental tyrosyl ring
deiodination of the iodothyronines and affect fetal thyroid hor-
mone metabolism.
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