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Abstract. Sumatriptan (Imitrex,), a selective 5-hydroxytryptamine receptor agonist, 
has been found to be of therapeutic benefit in the acute management of migraine. 
There is no information on the transfer of this agent across the human placenta. 
Accordingly, the current study assessed the transport of this drug across the normal 
term human placenta, using the isolated perfused single cotyledon technique. 

We found that only about 15% of a single dose of the agent placed in the maternal 
reservoir crossed into the fetal compartment over 4 hr. Given the average elimination 
half-life of 2 hr for sumatriptan, it is evident that only very small amounts of the agent 
will cross from mother to fetus after single doses of Imitrex,. Only the parent drug 
entered the fetal compartment. Metabolites were not detected in the perfusates, but 
there was evidence of some metabolism of sumatriptan in the placenta. The nature of 
the metabolites has not been determined. The mechanism of transfer of the drug 
across the placenta is passive (i.e., the clearance is similar to L-glucose which is 
passively transported), the rate of transfer is equal in both directions (maternal to fetal 
and in the reverse), and the drug does not cross into the fetus against a concentration 
gradient. This passive transport of sumatriptan across the placenta is consistent with 
its molecular weight, its water solubility, and its slow penetration across the blood- 
brain barrier in experimental animals. [P.S.E.B.M. 1995, Vol 2101 

umatriptan (Imitrex,) is a selective 5-hydroxy- 
tryptamine receptor agonist which has been S found to be a valuable therapeutic agent for mi- 

graine (1, 2). Migraine is predominantly a disorder of 
young women in the childbearing years, and sumatrip- 
tan is not presently recommended for patients over the 
age of 65 and under 18 (3). Sumatriptan is classified in 
category C regarding its usage in pregnancy (i.e., the 
benefits of its use have to justify possible risks). Data 
on embryo lethality and teratogenicity of sumatriptan 
in experimental animals have varied with the species 
and manner of drug administration (4). No data are 
available in pregnant women. 

Moreover, there appears to be no information on 

' To whom requests for reprints should be addressed at Division of Gastro- 
enterology and Nutrition, University of Texas Health Sciences Center at San 
Antonio, San Antonio, TX 78284-7878. 

Received February 10, 1995. [P.S.E.B.M. 1995, Vol 2101 
Accepted July 10, 1995. 

0037-9727/95/2 103-02 13$10.50/0 
Copyright 0 1995 by the Society for Experimental Biology and Medicine 

human transplacental transfer of this agent (3). Theo- 
retically, a drug like sumatriptan (3-[2-(dimethyl- 
amine)et hyl] -N-met hyl- 1 H-indole-5-me t hane sulfona- 
mide butane-l,4-dioate[ 1: l]), with a molecular weight 
of 413.5 and significant water solubility, may cross the 
placenta only slowly, unless it is transferred by a car- 
rier system. By comparison, glipizide, an oral antidi- 
abetic agent with similar molecular weight, crossed the 
human term placenta at about 30% of the antipyrine 
rate in our recent studies (5). Indeed, sumatriptan 
crosses the normal blood-brain barrier very slowly de- 
spite only modest drug binding to plasma proteins (6, 
7), presumably because this is a lipid barrier. Our aim 
in this study was to determine the rate and mecha- 
nism(s) of sumatriptan transfer by the normal term hu- 
man placenta. 

Materials and Methods 

All placentas were obtained from women with a 
normal term delivery, via spontaneous vaginal deliv- 
ery or by Cesarian section. The study had the approval 
of the Institutional Review Board for the protection of 
human subjects. We employed the single cotyledon 
perfusion model described earlier by others (8) and 
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utilized by us extensively (9-15). In essence, a freshly 
obtained human placenta was perfused immediately 
with heparinized Krebs-Ringer buffer and was then 
mounted in a chamber with the maternal surface point- 
ing up. The fetal vessels supplying a single cotyledon 
were cannulated with polyethylene catheters and the 
maternal surface was perfused by two or three needles 
placed in the intervillous space. The perfusate con- 
sisted of Krebs-Ringer buffer, at pH 7.4, with human 
albumin at a concentration of 2 g/l. Addition of eryth- 
rocytes was found not to improve active transport of 
test substances in preliminary studies. The pressure in 
the system was kept at 40-60 mm Hg, and the temper- 
ature at 37°C. The system was oxygenated with 21% 
02/5% C02 on both sides of the placenta. The fetal 
flow was 2-4 ml/mm, depending on the size of the 
perfused cotyledon and the maternal flow was 20 ml/ 
min. Viability of the system was previously estab- 
lished by absence of leakage of reservoir fluid to the 
opposite compartment during the study implying no 
tissue tears, predictable transfer rates of passively dif- 
fusible and actively transported reference markers, 
L-glucose or antipyrine and cycloleucine or thiamine, 
respectively, and in some instances, measurement of 
lactate production, glucose consumption, and oxygen- 
ation. In this series of studies, absence of tissue tears, 
selected studies of lactate production and glucose con- 
sumption, and transport rate of four markers were em- 
ployed as an index of tissue viability. 

Three types of perfusions were used. The first was 
a recirculating, closed system wherein both the mater- 
nal (250 ml) and fetal (100 ml) reservoirs are recircu- 
lated for 4 hr. By placing sumatriptan initially in either 
the maternal or fetal compartments and assessing its 
transfer into the opposite reservoir, the rate of transfer 
of slowly transported substances versus known mark- 
ers as well as the formation of any metabolites can be 
determined. This protocol resembles the normal ma- 
ternal/fetal relationship. The second system was an 
open one. Both reservoirs were open, permitting 
steady state infusion of the sumatriptan and frequent 
measurements of clearances across the placenta ver- 
sus known markers. 

The first system permitted the calculation of a 
transfer ratio or percent of initial dose transferred, as 
described by us earlier (9, 10). Sumatriptan transfer 
was compared at the same time intervals to reference 
markers, in this case L-glucose, a substance trans- 
ported slowly by passive diffusion. 

The second system permitted the use of clearance 
calculations, with nine 10-min clearances averaged for 
each perfusion and the data expressed as the ratio of 
clearance of sumatriptan versus two known reference 
markers, antipyrine and L-glucose. Antipyrine was 
used in a concentration of 100 kg/ml and L-glucose as 
7 ng/ml. Antipyrine, in contrast to L-glucose, is a rap- 

idly equilibrated and transferred substance (12). Clear- 
ance was calculated as follows: 

a. MaternaVfetal clearance = 

Fetal outflow (ng/ml) 
Fetal flow rate (ml/min) - 60 min Maternal concentration (60 ng/ml) 

b. FetaVmaternal clearance = 

Maternal outflow (ng/ml) * 

Maternal flow rate (ml/min) 
’ - 60 min Fetal concentration (60 ng/ml) 

Each value is divided by placental lobule weight, in 
grams, for greater uniformity. More detail on these 
measurements is given elsewhere (5). 

The third system assessed drug transfer against a 
concentration gradient. In this approach, the maternal 
side was perfused by a constant concentration of the 
drug and the same concentration was placed in the 
recirculating fetal compartment. Accumulation of drug 
in the fetal compartment against such a concentration 
gradient (i.e., a ratio greater than 1.0) is consistent 
with active transport. Data for each placenta were 
compared with a known reference marker which was 
transferred against a concentration gradient. 

In this perfusion system, a well-demarcated coty- 
ledon was used and verified by blanching or staining. 
As the size of the cotyledon and pressure/flow char- 
acteristics vary somewhat and there may be some dif- 
ferences in the matching of the two perfused compart- 
ments (maternal and fetal), it is customary to decrease 
this variability by the use of a freely permeable marker 
(i.e., antipyrine) as a reference (16). This is the proce- 
dure followed here. 

For transport studies we utilized 14C-sumatriptan 
succinate, kindly supplied by Dr. Michael H. Tarbit, at 
Glaxo Research and Development (United Kingdom). 
The label was in position two of the heterocyclic in- 
dole (Figure 1) and the drug was pure (single peak) as 
determined by a modification of a high-performance 
liquid chromatography (HPLC) procedure described 
earlier (16). Briefly, our HPLC analysis was carried 
out by using a 250 mm by 4.6 mm 5 IJ. Supelcosil LC- 
18s stainless steel column purchased from Supelco 
Chromatography Products. Detection was by UV with 
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Figure 1. Structure of sumatriptan and position of 14C label. 
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Figure 2. Transfer of sumatriptan from (A) maternal to fetal (M to F) and (B) fetal to maternal (F to M) compartments compared with 
L-glucose. This is a 4-hr recirculating system. n = 4 for each set of studies. This mean 2 SEM for each time point is shown. Details 
of the procedure and statistics are in the text. 
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Figure 3. Analyses of maternal and fetal recirculating perfusates for the presence of sumatriptan metabolites. At various time point 
of the perfusion (given in the plots), radioassay of ''C-s~matriptan was compared with assay of sumatriptan by HPLC (18) as 
determined initially for sumatriptan standard. Coincidence of label and HPLC in a single sharp peak implies lack of significant 
metabolism. This was shown for both maternal perfusate (A) and fetal perfusates (B). Representative sequential peaks during 
perfusion are shown. 
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I The 14C-sumatriptan had a specific activity of 137 pCi/ 
100 L 

I 
mg. For transport studies we utilized a sumatriptan 
concentration of 60 ng/ml, approximately the maxi- 
mum level seen on injection of 6 mg of the drug to a 70 50. 

reflected only the parent compound (and not any me- 
tabolites also), sequential perfusion and placental sam- 
ples were studied by both scintillation spectrometry 
and HPLC to determine the correspondence (identity) 
of these peaks. 

Because some perfused placental samples showed 
more than one isotopic peak, in vitro studies with hu- 
man placental homogenate were carried out. In these 
studies 14C-sumatriptan was incubated with term hu- 
man placental homogenate. Briefly, two 10-g portions 
of fresh placenta were minced and homogenized each 
in 10 ml of PBS, pH 7.4, with a Brinkman homoge- 
nizer. One homogenate was heated to a boil for 20 min 
to inactivate the enzymes, and served as a control. To 
each beaker with homogenate was added 0.0458 ml of 
70% Dextrose (final concentration 1.6 mg/ml) and 16.5 
p1 of 14C sumatriptan succinate which had been diluted 
100-fold from a stock solution with a specific activity 
of 137 pCi/mg. The homogenates were incubated at 
37°C for 2 hr. Samples from each were taken in 1-ml 
aliquots at 0, 10, 20, 30, 45, 60, 90, and 120 min. The 
reaction was stopped by chilling the sample on ice. 
Two centrifugations were conducted at 4°C in a micro- 
centrifuge at maximum speed for 10 min, the final su- 
pernatants were decanted into microfuge tubes and 
stored at -20°C for HPLC analysis and radioassay. 
The active and boiled homogenates were compared. 

''C-sumatriptan and 3H-L-glucose transport was 
measured by scintillation spectrometry. Antipyrine 
was assayed by HPLC (17). Sumatriptan was also as- 
sayed by HPLC, essentially as was described earlier 
(18). 

Statistical analysis involved the nonparametric 
Mann-Whitney U test, suitable for small numbers as it 
does not assume a normal distribution. Statistical sig- 
nificance was defined as P < 0.05 (two-tailed). 

4 i 
-I 

I 

I 

1 
I 

Results 
In the studies reported here, there was no leakage 

of reservoir fluid from one compartment to another, 
the reference markers were transferred at a rate con- 
sistent with their transport characteristics and prior 

Figure 4. Analyses of perfused placental lobules for sumatriptan 
metabolites. At the end of various perfusions, the individual per- 
fused lobules were analyzed for radioactivity and by HPLC for 
sumatriptan, as described in Figure 3 for the placental perfus- 
ate. The presence of a shoulder on the peak implies the pres- 
ence of metabolites, in addition to the parent compound. Anal- 
yses of two representative lobules are given. 

data (9) and lactate production was 0.58 ? 0.16 
pmoles/g/min and glucose consumption 0.51 2 0.10 
pmoles/g/min, similar to data reported by others (16). 

As is shown in Figure 2A, sumatriptan was trans- 
ferred slowly from the maternal to fetal compartments 
over 4 hr of perfusion in a recirculating system. The 
percent transfer (see Materials and Methods) was 
slower than for the passively transported L-glucose, it 
was essentially linear for both substances over the first 
100 min and then tended to equilibrate (became curvi- 
linear) between the two compartments. Calculation of 
the surnatriptanll-glucose transfer ratio at 45 and 60 
min (in the middle of the linear phase of transport) 
yielded values of 0.616 2 0.01 (mean * SEM) and 
0.618 * 0.02, respectively, for four studies. Thus, 
sumatriptan transfer was about 62% that of L-glucose. 
As is shown in Figure 2B, similar findings for the rel- 
ative rates of transfer of these two substances were 
seen when fetal to maternal sumatriptan transfer over 
4 hr was examined. The sumatriptadl-glucose trans- 
fer ratios at 45 and 60 min (linear transfer plot) were 
0.538 2 0.08 and 0.568 * 0.08, respectively, for four 
studies. Thus, sumatriptan transfer in this study was 
about 56% that of L-glucose. While the transfer ratio 
from maternal to fetal compartments appears to be a 
little more rapid than in the opposite direction, the 
differences lack statistical significance ( P  > 0.05). 
Most importantly, thus measured, only about 10% 
14% of a single dose of sumatriptan crosses the pla- 
centa into the opposite compartment in 4 hr. Very sim- 
ilar data (not shown) were obtained when the transfer 
was calculated in terms of initial drug dose (10). This 
means that little isotope was retained in the placenta at 
the end of the study. Indeed, excellent recovery of the 
initial isotope used was obtained from the composite 
of maternal and fetal perfusates. The recovery, thus 
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Figure 5. Analyses of placental homogenates incubated with sumatriptan for sumatriptan metabolites. ''C-sumatriptan was incu- 
bated with term human placental homogenates, as described in Materials and Methods. Label (measured by scintillation spectrom- 
etry) was compared to HPLC analyses, as for sumatriptan standard. Any discordance (shoulder) on the peak obtained, implies the 
presence of metabolites. Boiled (inactivated) and active homogenate is compared. The presence of a small peak in the 0 time 
(nonincubated) specimen, likely represented a rapid metabolic reaction as chilling took about 15 sec. 
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calculated, in three maternal to fetal closed studies 
was 93.6%, 98.5%, and 103.3%. 

As is shown in Figure 3,  A and B, early and late 
analyses of perfusate in the fetal compartment in ma- 
ternal to fetal sumatriptan studies (Fig. 3A), as well as 
of maternal compartment perfusate in fetal to maternal 
studies (Fig. 3B) showed only one isotope peak which 
coincided with the sumatriptan standard on HPLC. 
Thus, there appeared to be no metabolite(s) of suma- 
triptan in either perfusate. This validates the use of 
label as an index of the parent drug in the perfusates. 
The sensitivity of this approach is attested by full re- 
covery of labelled sumatriptan originally placed on the 
column from the single perfusate peak, which coin- 
cided with the standard. By contrast, in the perfused 
placental lobules, obtained at the end of various per- 
fusions, a shoulder (second peak) was apparent in 
some studies (Fig. 4). This suggests the presence of a 
metabolite. The nature of this is unknown, but placen- 
tal sumatriptan concentration per  se clearly cannot be 
safely defined from isotopic quantitation only. As in- 
dicated above, however, little isotope was retained in 
the placenta at the end of 4 hr. Moreover, as shown in 
Figure 5 ,  in some (but not all) studies utilizing placen- 
tal homogenates, several peaks, likewise, were noted 
during the incubation, again suggesting the presence of 
sumatriptan metabolites retained in the tissue. This 
was not usually evident with prior boiling of the ho- 
mogenate and presumed inactivation of the relevant 
enzymes. 

As is shown in Table I, the sumatriptadl-glucose 
clearance ratio (n  = 4) from maternal to fetal compart- 
ments was 1.023 * 0.012 (mean ? SEM) (i.e., essen- 
tially the same for both substances). The clearance 
ratio in the fetal to maternal compartments (n  = 3) was 
0.914 2 0.026, again basically the same. Thus, the 
clearance of passively transferred L-glucose and 
sumatriptan did not differ. The clearance ratio from 
the maternal to fetal direction seems to be a little 
higher, but this does not quite reach statistical signif- 
icance for this number of studies ( P  = 0.056). By con- 
trast, the sumatriptan/antipyrine clearance ratio ( n  = 
4) was only 0.205 k 0.042 in the maternal to fetal di- 

Table 1. Clearances of Sumatriptan across the 
Human Placenta 

Maternal to Fetal to 

ratio (n  = 4) 
fetal clearance maternal clearance 

ratio (n = 3) 

Sumatriptad 

Sumatriptad 
L-glucose 1.023 2 0.012" 0.914 ? 0.026* 

antipyrine 0.205 ? 0.042 0.170 2 0.069" 

a Mean .t SEM. 
* P = 0.056 versus maternal to fetal clearance ratio. 

P = 0.400 versus maternal to fetal clearance ratio. 

rection and 0.170 * 0.069 from the fetal to maternal 
compartments (n  = 3). This means that sumatriptan 
crosses the placenta at only a 17%-20% rate of the 
rapidly diffusible marker, antipyrine. The clearances 
of sumatriptan/antipyrine were similar in both direc- 
tions (P  > 0.05). The individual clearance rates (mll 
min/g) of sumatriptan, L-glucose and antipyrine from 
maternal to fetal compartments were 0.958 * 0.509, 
0.959 ? 0.515, and 3.710 * 0.927, respectively. The 
clearance rates of these substances in the opposite di- 
rection were 1.461 & 0.535, 1.584 ? 0.574, and 7.576 * 
1 S61, respectively. 

Figure 6, A and B, depicts the transfer of suma- 
triptan from maternal to fetal compartments against a 
concentration gradient. In Figure 6A, leucine, which is 
known to be transported actively (12), is used as a 
positive control. In Figure 6B, thiamine, likewise 
known to exhibit active transport (13), is used as a 
positive control. While both leucine and thiamine (to a 
lesser and more variable extent) accumulated as ex- 
pected in the fetal compartment with a fetaYmaternal 
ratio exceeding unity, sumatriptan was not concen- 
trated and its values were at about unity. Thus, with 
this experimental technique there was no evidence of 
active transport of sumatriptan. 

Discussion 
Sumatriptan (Imitrex,) is a new effective agent for 

the therapy of migraine. This disorder is common in 
women of child-bearing age. As there is no informa- 
tion on either transplacental transfer of this drug in 
such patients or any possible mutagenic effect, caution 
is presently advised about the use of this drug in 
pregnancy. 

This study defines the rate and nature of sumatrip- 
tan transport by the term human placenta. First, our 
data show that in this system after a single dose of the 
agent only very small amounts of the drug cross the 
placenta to the fetus, about 15% of the administered 
dose over 4 hr. Considering that the average terminal 
elimination half-life of the drug in adults is only about 
2 hr (with a correspondingly high clearance), the fetus 
should be exposed to only a minor quantity of the drug 
(3), especially when administered as single doses. At 
steady state, to be sure, greater transfer of the drug 
will occur, but at present a single dose of the drug in a 
24-hr period is usually recommended (4). The small 
transfer of sumatriptan across the placenta is consis- 
tent with its high molecular weight of 413.5 and its 
water solubility, as well as its slow transfer across the 
blood-brain barrier in animal models ( 10). Similar find- 
ings regarding human placental transfer have been re- 
ported by us with single doses of oral hypoglycemic 
agents of comparable molecular weight (5).  Moreover, 
only small quantities of sumatriptan have been found 
to cross the rat or rabbit placenta (19). 
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Figure 6. Maternal to fetal transport of sumatriptan in an open/closed system. Transfer of sumatriptan versus leucine (A) and 
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tration of the drug is placed in the fetal compartment. Accumulation of the drug in the fetal compartment with time (fetaVmaternal 
concentration greater than one) implies a concentrative (active) transport process. Concentration of leucine (A) and of thiamine (B) 
as positive controls and no concentration of sumatriptan are shown. The data are shown as the mean 2 SEM of three studies in each 
panel. The concentration of sumatriptan was 60 ng/ml, of leucine 100 pM, and of thiamine 50 nM. 

Second, we show here that no metabolites of 
sumatriptan can be identified over 4 hr of recirculation 
in the placental perfusate. Thus, apparently only the 
parent drug reaches the fetus. By contrast, a metabo- 
lite of sumatriptan, albeit in small quantities, seems to 
be retained in the placenta. This is shown both in the 
perfusion studies and in placental homogenate. The 
nature of this metabolite is uncertain. In adults, how- 
ever, sumatriptan is metabolized in the liver by a 
monoamine oxidase (20) to an indole acetic acid analog 
which is then excreted in the urine both free and as an 
ester glucuronide (3). It is known that human term 
placenta contains high levels of monoamine oxidase 
(21), hence similar metabolites may be generated. Fur- 
ther studies are needed, however, to identify the me- 
tabolite(s) of sumatriptan in the placenta. 

Finally, the mechanisms of sumatriptan transfer 
across the placenta has been defined as passive trans- 
port. The evidence for this is as follows: (i) Clearance 
of the drug approximated passively transferred L-glu- 
cose in both directions, but was only about 17%-20% 
of rapidly equilibrated antipyrine. (ii) Calculated as 
percent transfer, sumatriptan transport was only about 
60% that of L-glucose. The lower relative transfer of 
sumatriptan in this system than with clearance is prob- 
ably accounted for by the different conditions in these 
two types of perfusion. Clearance calculations are for 
a short-term (10-min) transfer and the concentration of 
the drug given is constant. In the recirculating system 
the concentration of the drug in the initial compart- 
ment is falling. Still, in both systems transfer is very 
slow and similar. (iii) Transport of sumatriptan is es- 
sentially equal in both directions, maternal to fetal and 

the opposite, implying lack of selective directional car- 
rier. (iv) Transport of the drug does not occur against 
a concentration gradient. In contrast, leucine and thi- 
amine as positive controls in the same perfusion sys- 
tem are actively transported. It should be emphasized 
that this perfusion system tests transfer across placen- 
tal membranes and not any effect of placental blood 
flow. However, in view of the very slow placental 
transfer of sumatriptan, tissue transfer seems to be 
rate limiting and changes in flow are unlikely to play a 
quantitatively significant part. Moreover, binding of 
sumatriptan in plasma is very low (6), hence the per- 
fusion system used without physiological protein con- 
centration is reasonable. However, our data relate 
only to transport across the normal, term placenta, 
and do not necessarily define transfer rates in early or 
abnormal pregnancy. 

In summary, sumatriptan crosses the human term 
placenta very slowly and by passive transfer. Only 
very small quantities of the agent are likely to make an 
impact on the fetus after single doses of the drug, and 
these are in the form of the parent drug. Small amounts 
of metabolites may be retained in the placenta, but 
their nature requires further study. 

ADDENDUM: Since submission of this paper, 
sumatriptan has also become available in the U.S. as 
oral tablets. The recommended adult dose is a single 
25 mg tablet and the maximum single dose recom- 
mended is 100 mg. The mean maximum plasma con- 
centration after a single 100 mg oral dose is 51 ng/ml. 
This is actually a little lower than the 60 ng/ml con- 
centration used in our studies and is based on an in- 
jection of 6 mg SC to a 70 kg patient (1.3). Thus, we 
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believe that our study applies also to oral sumatriptan 
use. 

This work was supported by Glaxo Pharmaceuticals. 
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