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ABSTRACT

Propylthiouracil (PTU) is widely believed to cross the placenta less
freely than methimazole (MMI) and is therefore regarded as the
preferred drug for treatment of hyperthyroidism in pregnancy. Clin-
ical studies comparing the two drugs show, however, no differences
in maternal or fetal thyroid function. We investigated transfer from
the maternal to the fetal circuit in the isolated perfused term human
placental lobule of low and high doses of PTU (4 pug/mL and 40 pug/mL)
and MMI (1.5 pg/mL and 15 pg/mL) in protein-free perfusate and low
doses of both drugs with addition of 40 g/L of bovine albumin. Both
drugs readily crossed the placenta, reaching equilibrium in all ex-
periments in about 2 h. Drug concentrations in the two circuits fitted
a two compartmental model. Transfer kinetics for the two drugs were

similar, nonsaturable, and unaffected by addition of albumin. Clear-
ances (mLmin~'g ™!, means + sD) of PTU from maternal to fetal
circuits were: 0.229 *+ 0.110, 0.216 *+ 0.065, and 0.170 = 0.032; and
for transfer of MMI: 0.165 =+ 0.025, 0.232 *+ 0.153, and 0.174 = 0.009
(for low doses without, low doses with, and high doses without albu-
min, respectively). Clearances of PTU from fetal to maternal circuits
were: 0.147 = 0.072,0.109 + 0.014, and 0.116 *+ 0.028; and for transfer
of MMI: 0.095 + 0.029, 0.122 = 0.088, and 0.12 *+ 0.005 (in the same
experiments). There was no significant difference between drugs or
drug doses and no effect of addition of albumin. We conclude that PTU
and MMI have similar placental transfer kinetics. (J Clin Endocrinol
Metab 82: 3099-3102, 1997)

PREGNANT hyperthyroid women are at risk of miscar-
riage and premature labor, whereas in those whose
hyperthyroidism is caused by Graves’ disease, transplacental
passage of thyroid-stimulating antibodies also may cause
fetal and/or neonatal hyperthyroidism (1). The thionamide
antithyroid drugs, either carbimazole (CMI, or its active me-
tabolite methimazole, MMI) or propylthiouracil (PTU) are
widely used in pregnant thyrotoxic women. Although these
drugs freely cross the placenta and can cause fetal and neo-
natal hypothyroidism, an early study (2) suggested that the
placenta, at least in the first half of pregnancy, is less per-
meable to PTU than to MMI. PTU is regarded accordingly as
the preferred drug in pregnancy. Despite this, no differences
have been demonstrated between MMI and PTU treatment
(3, 4) in terms of maternal and fetal thyroid function. We
report here studies, in the isolated perfused term human
placental lobule, which show similar transfer of MMI and
PTU from the maternal to fetal circuit.

Materials and Methods
Placental perfusions

Perfusion method. These studies were approved by the Royal Women's
Hospital Research Ethics Committee. The placentas used were from
normal women without a history of drug ingestion, delivered at term by
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cesarean section. The indication for this form of delivery was a previous
cesarean section. Perfusions were established within 20 min of delivery.

The perfusion techniques, materials, conditions, and the viability of
the perfused isolated human placental lobule have been described pre-
viously (5). Briefly, a fetal circuit was established by cannulation of a
paired chorionic artery and vein supplying a lobule. A maternal circuit
was achieved by piercing the chorionic plate to allow arterial inflow to
the maternal sinusoids. Venous outflow was collected by gravity from
the maternal surface of the lobule. The maternal perfusate was recir-
culated at 25 mL/min and the fetal perfusate at 3 mL/min.

Experimental design. Nine perfusions were carried out. In three, PTU and
MMI were together added to maternal perfusate at the beginning of
perfusion in doses calculated to produce concentrations similar to those
found in plasma after ingestion of the drugs (PTU final concentration:
4 pg/mL, MMI final concentration: 1.5 ug/mL) and samples taken from
the maternal and fetal circuits at 30-min intervals for 6 h for measure-
ment of PTU and MMI levels and for measurement of pO,, pH, lactate,
and B hCG levels (indices of tissue viability). This experiment was
repeated with 10-fold higher drug concentrations to test for saturability
of transfer (PTU final concentration: 40 ug/mL, MMI final concentra-
tion: 15 ug/mL). In the final three perfusions, of 3-h duration, PTU (final
concentration: 4 ug/mL) and MMI (final concentration: 1.5 ug/mL)
were again used with BSA (final concentration: 40 g/L, Sigma Chemical
Company, St. Louis, MO) added to maternal and fetal perfusate. BSA,
rather than human serum albumin, was used because of the high cost
of the human material. An average of 21.3 mL perfusate was removed
from the maternal circuit and 27.7 mL from the fetal circuit during the
course of a perfusion.

Drug assays

PTU. PTU, (6-propyl-2-thiouracil), was measured in perfusate by selec-
tive liquid chromatography, after chloroform extraction, using 5-propyl-
2-thiouracil as an internal standard, as previously described (6).

PTU; protein binding. Binding of PTU to the BSA used in the perfusions
and, for comparison, to human serum albumin (Sigma Chemical Com-
pany) was measured by ultrafiltration. Then 4-ug/mL solutions of PTU
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were prepared in maternal perfusate solutions containing: 1) no albu-
min; 2) 40 g/L BSA; and 3) 40 g/L human serum albumin. Then 400 uL
of each solution was placed in a Millipore Ultrafree-MC Low Binding
Membrane Unit, 10K nominal molecular weight limit (Millipore Prod-
ucts Division, Bedford, MA) and centrifuged at 6,500 rpm for 15 min or
at 13,000 rpm for 5 min (results identical) in an MSE Microcentrifuge
(MSE Scientific Instruments, Crawley, UK). PTU was measured in the
ultrafiltrates. Absorptive loss of PTU to the filter was about 3%. Protein
leak across the membrane, measured by a biocinchoninic acid technique
(BCA Protein Assay Reagent Kit, Pierce Chemical Company, Rockford,
IL) was negligible. The unbound fraction of PTU was calculated as the
ratio of the concentration of PTU in ultrafiltrate from protein containing
perfusate, to the concentration of PTU in the ultrafiltrate from protein-
free perfusate.

MMI. MM, (1-methylimidazole-2-thiol), in perfusate was measured by
gas chromatography-mass spectrometry (GCMS) using a method
adapted from that of Floberg et al. (7). MMI was obtained from Sigma
Chemical Company and the internal standard, [1-CD;]-MMI, was a
generous gift from Professor B. Lindstrom (National Board of Health
and Welfare, Uppsala, Sweden). Isotopic purity of the deuterated methyl
on the internal standard was determined as 98.7%. N, O-bis(trimethyl-
silyl)-trifluoroacetamide, and silylation-grade acetonitrile were ob-
tained from Pierce Chemical Company.

The GCMS system consisted of a Hewlett Packard model 5985B mass
spectrometer and model 5840 gas chromatograph (Hewlett Packard,
Palo Alto, CA), equipped with a 12.5-m HP1 capillary column (0.2-mm
inside diameter, 0.25-um stationary phase thickness). The ion source
temperature of the mass spectrometer was 200 C, the ion source pressure
was 3 X 107° torr, and the direct capillary inlet transfer line was main-
tained at 290 C. The instrument was calibrated with perfluorotribu-
tylamine and operated in electron impact mode (70 electron volts). The
GC was operated in a split injection mode (10:1), with the compounds
separated, using helium gas at a flow rate of 1 mL/min.

Perfusate samples (1 mL), to which the internal standard (50 ng) had
been added, were shaken gently with chloroform (2 mL) for 5 min,
centrifuged (700 (times] g) for 5 min, the organic phase separated, and
the chloroform evaporated (60 C) under a gentle stream of nitrogen. The
residue was dissolved in N,O-bis(trimethylsilyl)-trifluoroacetamide (50
L) and acetonitrile (50 uL), and the mixture heated at 100 C for 1 h. This
solution was analyzed directly by GCMS.

Complete mass spectra were acquired over the range 50-500 atomic
mass units. Quantitative analyses were performed using selected ion
monitoring (MMI, m/z 186; internal standard, m/z 189) with a dwell
time of 100 msec/ion. The injection port temperature was set at 250 C.
The column oven was programmed from 90-290 C (10 C/min for 5 min
followed by 15 C/min to 290 C). Peak area ratios of MMI to internal
standard in samples and standards were measured from selected ion-
monitoring spectra. Both MMI and the internal standard produced sig-
nificant molecular ions (approximately 50% relative abundance) in total
ion mass spectra as the trimethylsilylated derivatives. MMI concentra-
tions were determined from a calibration curve derived from the cor-
responding ratios for a series of standards.

The assay was linear for concentrations of MMI ranging from 10
ng/mL to 2 ug/mL, whereas extraction recovery, tested at 50 and 500
ng/mL, averaged 25%. The specificity of the assay was investigated by
extracting samples of perfusates collected from placental perfusion ex-
periments not containing MMI. In addition, two samples of perfusate
were prepared, containing a range of drugs used in pregnancy at the
upper limit of their respective therapeutic concentrations, one sample
being spiked with MMI and an aliquot of each sample extracted and
analyzed, as described above, for any interference. Analysis of used
perfusate and perfusate containing the drugs showed no interference
caused by coelution or production of ions at either m/z 186 or 189.

The lower limit of detection, determined as the concentration of MMI
which gave a signal to noise response of 2:1 for selected ion monitoring
at an m/z of 186 Dalton, was 5 ng/mL. Intraassay coefficients of vari-
ation at concentrations of 20 and 150 ng/mL were 7.2 * 1.5 and 4.1 +
6.3%, respectively, and the corresponding interassay coefficient of vari-
ation for a concentration of 50 ng/mL was 5.6%.
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Mathematical analyses

ANOVA. Drug levels in maternal and fetal circuits, expressed as a
percentage of the initial concentration in the maternal circuit and cal-
culated elimination-rate constants with and without addition of albumin
to the perfusion medium, were compared by a two-way repeated-mea-
sures unbalanced ANOVA using banded covariance with BMDP Pro-
gram 5V (BMDP Statistical Software, Los Angeles, CA) (8). The model
included change in drug concentration with time, type of drug, presence
or absence of albumin, and interaction of drug and albumin. A prob-
ability value less than 0.05 was regarded as significant.

Compartmental analysis. Drug concentration data were fitted to a two-
compartment model (maternal and fetal circuit) by solving differential
equations (dM/dt — change in maternal compartment and dF/dt —
change in fetal compartment drug concentrations with time) using the
BMDP program AR (9). In the equations below, the elimination rate
constants k1 and k2 represent transfer from the maternal to fetal circuit
and transfer from the fetal to maternal circuit. Mconc and Fconc refer to
initial concentrations of drug in the maternal and fetal circuits, respec-
tively: dMconc/dt = —k1-Mconc + k2-Fconc; dFconc/dt = k1-Mconc —
k2-Fconc.

Quality of fit of the two-compartment model was measured by the
pseudo R-square (1.0 — ratio of the weighted residual sum of squares
to (N-1) times the weighted variance). Clearances were calculated from
the product of the elimination-rate constants (normalized for perfused
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Fic. 1. PTU and MMI levels (*SD), expressed as a percentage of
initial concentration in maternal (circles) and fetal (¢riangles) circuits
of the perfused human placental lobule. Panel A, initial concentration
PTU (4 pg/L) and MMI (1.5 pg/L), without added albumin; panel B,
initial concentration PTU (4 ug/L) and MMI (1.5 pg/L) with 40 g/L
BSA; and panel C, initial concentration PTU (40 pg/L) and MMI (15
ng/L) without albumin.
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TABLE 1. Maternal and fetal elimination rate constants and clearances, normalized to lobule weight, derived from a two-compartment
model of thionamide transfer in the perfused human placenta

Maternal Fetal
Kl(hrt-g™} CL (ml - min~1'-g™1 K2 (hrt-g™ b CL (ml min~t-g™ 1)

PTU A 0.103 = 0.048 0.229 = 0.110 0.111 += 0.046 0.147 = 0.072

B 0.088 = 0.021 0.216 = 0.065 0.093 = 0.019 0.109 = 0.014

C 0.071 = 0.013 0.170 = 0.032 0.074 = 0.018 0.116 = 0.028
MMI

A 0.075 = 0.011 0.165 = 0.025 0.073 = 0.017 0.095 = 0.029

B 0.095 = 0.062 0.232 = 0.153 0.104 = 0.074 0.122 = 0.088

C 0.072 = 0.004 0.174 = 0.009 0.071 += 0.003 0.112 = 0.005

Initial maternal circuit thionamide concentrations of (A) 4 ug/L PTU and 1.5 ug/LL MMI without albumin, (B) 4 ug/L PTU and 1.5 ug/L MMI
with 40 g/L. BSA, and (C) 40 ug/L PTU and 15 ug/L without BSA. There is no significant difference, by two-way, repeated-measures ANOVA,
between drugs or drug dose and no effect of addition of albumin. There were three placentas in each group. Mean lobule mass was 12.5 = 4.4 g.

Values are means * SD.

lobule wet weight) and the mean circuit volume over the course of a
perfusion

Results

Maternal circuit perfusate thionamide levels fell, and fetal
perfusate thionamide levels rose in a biexponential manner,
reaching equilibrium between 120-180 min (Fig. 1). ANOVA
revealed that while maternal circuit levels fell, and fetal
circuit levels rose, in a highly significant manner with time
(maternal and fetal P < 0.0001); there were no significant
differences between maternal circuit PTU and MMI levels or
between fetal circuit PTU and MMI levels within or between
the three groups. There was no significant effect of albumin
or statistical interaction between drug and albumin.

Maternal and fetal circuit thionamide levels fit well to a
simple two-compartmental model, with mean pseudo
R-squares ranging from 0.948-0.996 (mean 0.982). Mean
drug elimination rate constants and clearances (Table 1) did
not differ significantly between PTU and MMI within or
between the three experimental groups.

The binding of PTU (mean * sp) to BSA was 94.5 = 0.2%
(n = 11) and to human serum albumin, 60.6 * 2.4% (n = 12).

Discussion

This study was done using sensitive and specific drug
assays and a well-established model of drug transfer
across the human placenta. The results show no difference
between the transfer of MMI and PTU across the isolated
perfused-term human placental lobule. They differ, there-
fore, from the data of Marchant and co-workers, which
were derived from administration of a single dose of ra-
diolabeled drug to a small group of women before preg-
nancy termination (2) and suggested less transfer of PTU
than MMI. Unfortunately, such single-dose studies may be
misleading, because the maternal-fetal distribution of a
drug at steady state is not determined by the ratio between
the postdistribution maternal and fetal plasma drug levels
after a single dose of drug (10). Marchant and co-workers
invoked differences in drug binding to protein to explain
their results. Unlike MMI, which does not bind to plasma
proteins, PTU is reported to be about 67% albumin bound,
using an equilibrium dialysis technique (11). We used BSA
in this study for cost reasons and found significantly

greater binding of PTU to bovine than to human serum
albumin (94% vs. 61%). Although protein binding of PTU
might be expected to reduce its placental clearance, in our
study, addition of 40 g/L BSA to perfusate had no sig-
nificant effect on PTU transfer, suggesting that there is a
short dissociation time from albumin and relatively effi-
cient placental extraction of the drug (12). Addition of a
10-fold higher dose of PTU or MMI did not alter clearance,
indicating that transport is not saturable.

The present study does not confirm relatively limited pla-
cental transfer of PTU and helps explain the failure to find
a difference in fetal outcome between maternal PTU and
MMI treatment of hyperthyroidism in pregnancy (3, 4).
Other arguments for preferring PTU in pregnancy, however,
have been invoked. Maternal MMI treatment may be asso-
ciated with the very rare condition, aplasia cutis congenita,
although the causality is not certain (13). Even though low
maternal doses of MMI do not seem to cause significant
hypothyroidism in a suckling infant, less PTU than MMI is
excreted into breast milk (14). Although there may be rea-
sons, therefore, to prefer PTU over MMI in pregnancy, the
choice should not be based on the belief that the placenta is
relatively impermeable to PTU.

Acknowledgments

We gratefully acknowledge the assistance of staff of the Royal Wom-
en’s Hospital. Professor B. Lindstrom generously provided deuterated
MMIL

References

1. Roti E, Minelli R, Salvi M. 1996 Management of hyperthyroidism and hy-
pothyroidism in the pregnant woman. J Clin Endocrinol Metab. 81:1679-1682.

2. Marchant B, Brownlie BEW, McKay Hart D, Horton PW, Alexander WD. 1977
The placental transfer of propylthiouracil, methimazole and carbimazole.
J Clin Endocrinol Metab. 45:1187-1193.

3. Momotani N, Noh J, Oyanagi H, Ishikawa N, To K. 1986 Antithyroid drug
therapy for Graves’ disease during pregnancy: optimal regimen for fetal thy-
roid status. N Engl ] Med. 315:24-28.

4. Wing DA, Millar LK, Koonings PP, Montoro MN, Mestman JH. 1994 A
comparison of propylthiouracil vs. methimazole in the treatment of hyper-
thyroidism in pregnancy. Am ] Obstet Gynecol. 170:90-95.

5. Cannell GR, Kluck RM, Hamilton SE, Mortimer RH, Hooper WD, Dickinson
RG. 1988 Markers of physical integrity and metabolic viability of the perfused
human placental lobule. Clin Exp Pharmacol Physiol. 15:837-844.

6. Cannell GR, Williams JP, Yap AS, Mortimer RH. 1991 Selective liquid
chromatographic assay for propylthiouracil in plasma. ] Chromatogr.
564:310-314.

220z 1snBny |z uo 1senb A £21.9982/660€/6/28/2101E/Wad(/wod dno-olwspese)/:sdjy Wolj papeojumoq



3102

7.

10.

Floberg S, Lanbeck K, Lindstrom B. 1980 Determination of methimazole in
plasma using gas chromatography-mass spectrometry after extractive alky-
lation. ] Chromatogr. 182:63-70.

. Dixon WJ, Merdian K. 1992 ANOVA and regression with BMDP 5V. Los

Angeles: Dixon Statistical Associates. p 81-98.

. Landaw E, Elashoff JD, Gornbein J. 1988 Technical report no. 85. Fitting

pharmacokinetic models with program AR: new instructions for PCs and
mainframes. Los Angeles: BMDP Statistical Software Inc.

Szeto HH. 1982 Pharmacokinetics in the ovine maternal-fetal unit. Annu Rev
Pharmacol Toxicol. 22:221-243.

MORTIMER ET AL.

11.

12.

13.

14.

JCE & M « 1997
Vol 82 « No 9

Cooper DS, Saxe VC, Maloof F, Ridgway EC. 1981 Studies of propylthiouracil
using a newly developed radioimmunoassay. ] Clin Endocrinol Metab.
52:204-213.

Pardridge WM. 1986 Transport of plasma protein-bound drugs into tissues in
vivo. In; Tillement JP, Lindenlaub E, eds. Protein binding and drug transport.
Stuttgart: F.K. Shattauer Verlag; 277-292.

Mandel SJ, Brent GA, Larsen PR. 1994 Review of antithyroid drug use during
pregnancy and report of a case of aplasia cutis. Thyroid. 4:129-133.

Cooper DS. 1987 Antithyroid drugs: to breast-feed or not to breast-feed. Am J
Obstet Gynecol. 157:234-235.

220z 1snBny |z uo 1senb A £21.9982/660€/6/28/2101E/Wad(/wod dno-olwspese)/:sdjy Wolj papeojumoq



