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Distribution and excretion of sumatriptan in human milk 
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The excretion of a 6 mg subcutaneous dose of sumatriptan in breast milk was 
studied in five lactating volunteer subjects with a mean age of 27.6 years and 
a mean body weight of 75 kg. Drug concentrations in milk and plasma over 
the ensuing 8 h were measured by high-performance liquid chromatography. 
The mean mi1k:plasma ratio estimated from the areas under the milk and 
plasma concentration-time curves (AUC) was 4.9 (95% CI 4.1-5.7), indicating 
a significant transfer of sumatriptan into the milk compartment. 
The mean total recovery of drug in milk was estimated to be only 14.4pg 
(95% CI 6.1-22.7 pg), or 0.24% of the 6 mg administered dose. On a weight- 
adjusted basis this corresponded to a mean infant exposure of 3.5% of the 
maternal dose (95%CI 0.3-6.7%). 
If oral bioavailability in the infant is similar to that in adults (14%), the 
weight-adjusted infant dose is reduced to 0.49%. Furthermore, allowance for 
reduced clearance in the infant predicts an infant exposure varying from 4.9% 
in a very premature neonate to 0.7% in a 30 week old infant. 
Since sumatriptan is usually administered as a single dose at infrequent 
intervals, the low level of excretion in breast milk suggests that continued 
breast feeding following its use will not pose a significant risk to the suckling 
infant. Even this minor exposure could be largely avoided by expressing and 
discarding all milk for 8 h after the dose. 
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Introduction 

Sumatriptan is a selective agonist at 5-HT1 vascular 
receptors [ 1,2] and a highly effective new drug for the 
treatment of migraine [ 1,3,4]. It can be administered 
either orally or by subcutaneous (s.c.) injection and 
relieves the acute symptoms of migraine in 50-86% of 
patients[ 11. The drug has a short half-life ( t l iz)  of 
around 2 h in humans [ 1,5], and is mainly excreted in 
the urine as the indole acetic acid metabolite, which has 
no significant 5-HT, agonist activity [ 51. Sumatriptan 
is a weak base with a pKa of 9.63 at the tertiary 
nitrogen and another of >12 at the sulphonamido 
nitrogen [6]. Oral bioavailability is around 14% [ 1,5] 
while S.C. bioavailability is essentially complete [ 71. It 
has a volume of distribution (V,) of around 1701 in 
adult humans [l,5]. Studies in rodents indicate that 

there is significant transfer into milk [6]. In the present 
study we have quantified the extent of the distribution 
of sumatriptan in human milk, in order to evaluate the 
exposure risk for the suckling infant of a migraineur 
treated with the drug. 

Methods 

Materials 

Sumatriptan and N-methyl-3-( 1-methyl-4-piperidiny1)- 
1H-indole-5-ethanesulphonamide hydrochloride (GR855- 
48) reference materials were obtained from Glaxo 
Australia Pty Ltd, Boronia, Australia. 

Correspondence: Associate Professor K.F. Ilett, Department of Pharmacology, University of Western Australia, Nedlands, 6009, 
Western Australia 

0 1996 Blackwell Science Ltd 217 



218 R. E .  Wojnar-Horton et al. 

Subjects 

Five lactating women with a mean age of 27.6 years 
(range 24-34 years) and a mean body weight of 75 kg 
(range 69-86 kg) participated in the study. The mean 
duration of lactation was 22.2 weeks (range 10.8-28.4). 
At the time of study, their nursing infants had a mean 
body weight of 6.1 kg (range 3.6-8.0 kg). 

Study protocol 

Subjects had a medical examination and an electrocar- 
diograph (ECG) prior to inclusion in the study, to 
exclude the presence of pre-existing cardiovascular 
disease. They were required to fast for 8 h prior to the 
commencement of the study. On the study day, an 
indwelling cannula was inserted into a forearm vein, 
and the 6 mg dose of sumatriptan was administered S.C. 
at approximately 08.00 h. Subjects were given a standard 
light breakfast at 10.00 h and lunch at  12.30 h. Blood 
samples for sumatriptan analysis were drawn at 0, 5, 10, 
15, 20, 30 and 45min and 1, 1.5, 2, 2.5, 3, 4, 5, 6, and 
8 h after the dose. Milk was obtained by emptying both 
breasts with a breast pump just prior to the dose and 
at hourly intervals thereafter for 8 h. Mean milk volumes 
at each collection were 48.6, 49.6, 21.4, 41.0, and 21.6 ml 
for subjects 1 through 5 respectively. Heart rate and 
blood pressure were monitored before dosing and 0.5, 
1, 2 and 8 h after the dose. The infants were bottle fed 
with stored mother's milk during the study. The study 
design was approved by the Research and Ethics 
Committees of the King Edward Memorial Hospital for 
Women and all subjects gave written informed consent 
to their participation. 

Drug analysis 

Sumatriptan in plasma was measured by high perform- 
ance liquid chromatography (h.p.1.c.) with electrochemi- 
cal detection based on the method of Andrew et al. [S], 
with substantial modifications. Briefly, after addition of 
GR85548A (100 ng; internal standard) to 1 ml plasma 
and extraction into 5 ml of 20% v/v dichloromethane 
in ethyl acetate, analytes were back extracted into 0.2 ml 
of 0.1 M KH2P0,  (pH 5). The aqueous phase was 
washed with 5 mi hexane and aliquots (50 pl) were 
injected onto the h.p.1.c. The h.p.1.c. column used was 
a Merck LiChrospher 60 RP Select B (4.6mm 
id.  x 250 mm) together with a mobile phase of 22% v/v 
acetonitrile in 0.02 mM phosphate buffer (pH 7), pumped 
at a flow rate of 1 ml min-'. Under these conditions, 
the approximate retention times for sumatriptan and 
GR85548A were 4 and 10.2 min respectively. The intra- 
day coefficients of variation at 2 and 40 pg I - '  were 3.4 
and 1.4% respectively (n= 5), and the standard curve 
was linear up to 100 pg 1-'. Analysis of sumatriptan in 
milk also was carried out using the method of addition 
and a four point standard curve as previously described 
[9], together with the extraction and h.p.1.c. methods 

described above. The intra-day coefficients of variation 
at 2 and 40 pg I- '  were 5.4 and 3.1% respectively (n  = 
5), and the standard curve was linear up to 100 pg I ~ '. 
The limit of detection in both matrices was 1 pg 1-'. 

Measurement of octano1:bujer pH 7.4 partition coqfficient 

The partition of sumatriptan (0.1 mg 1- ' )  between 
octanol and 0.02 M Sorensen's phosphate buffer was 
measured as previously described [9] with quantification 
in the aqueous phase by h.p.1.c. as above. 

Data analysis 

Plasma and milk concentration-time curves were ana- 
lysed by a noncompartmental pharmacokinetic method 
using the program TOPFTT [ 101. Elimination half-life 
was determined from log-linear regression analysis of 
the last five data points for plasma and the last four 
data points for milk. The peak concentration and the 
time of peak for milk and plasma were determined from 
the primary data. Plasma clearance (CL = dose/ area 
under the plasma concentration-time curve (AUC)), 
volume of distribution (V ,  =CL/h,, where h, is the 
terminal elimination rate constant) and mean residence 
time (MRT = AUMC/AUC) were estimated from the 
plasma and milk data as appropriate [lo]. Areas under 
the plasma- and milk-concentration time data ( AUC) 
were measured by the linear trapezoidal rule, with 
extrapolation to infinity estimated as the last plasma or 
milk concentration divided by the respective elimination 
rate constant. In the AUC analysis milk concentration 
data were plotted relative to the mid-point of cach 
collection period. Cumulative excretion in milk (C 
volume at each collection x sumatriptan concentration 
in sample) was calculated to facilitate estimation of the 
total infant exposure. Data have been summarised as 
mean and 95% confidence interval, or mean and range, 
as appropriate with differences between means evaluated 
by a t-test. 

Results 

There were no clinically significant changes in either 
blood pressure or heart rate (data not shown) following 
the S.C. administration of sumatriptan. All subjects 
reported some mild adverse effects such as flushing, 
light-headedness, throat or chest tightness and nausea. 
However, the effects resolved within 2 h in all cases. 

At physiological pH, sumatriptan partitioned poorly 
into octanol, with a log Poctanol:buffer pH 7 .4  value of - 1.2. 
The mean volume of milk collected during the 8 h of 
the study was 269 ml (range 157-430 ml). This corre- 
sponds to a mean daily milk production of 807 ml 
which is similar to that quoted for women in the first 
year of lactation [ l l ] ,  or to a mean of 155 ml kg 
infant body weight per day. Typical plasma and milk 
concentration-time data, and cumulative milk excretion 
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data for subject 2 are shown in Figure 1, and mean 
pharmacokinetic descriptors for all subjects are summar- 
ised in Table 1. In the plasma, the mean maximum 
concentration (Cmax) of 80.2 pg 1-l occurred some 16 min 
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(tmax) after dose, while for the milk, the mean peak 
concentration 87.2 pg 1-' was delayed until approxi- 
mately 2.6 h after dose. Sumatriptan was below the 1 pg 
1-' detection limit in all plasma samples taken after 6 h. 
The mean plasma t l , ,  of 1.3 h was significantly lower 
(t=2.33, P=0.048) than that of 2.2 h calculated from 
the milk data. Thus, the slightly longer t l j 2  for milk 
most likely reflects the late time of peak and a lack of 
data at time points later than 8 h. Clearance (0.91 1 
h-' kg-') and V, (1.69 1 kg-') for the plasma data 
following S.C. administration were similar to previously 
reported values [3,7]. The mean mi1k:plasma ratio 
calculated from AUC data was 4.9 (95% CI 4.1-5.7) 
indicating a significant transfer of sumatriptan into the 
milk compartment. However, the mean cumulative 
excretion of sumatriptan in milk over the 8 h of the 
study was only 12.6 pg (95% CI 4.6-20.5 pg) showing 
that only 0.21% of the administered dose is excreted in 
the milk. Extrapolation of the AUC for the milk 
concentration-time curve, from the last collection at 8 h 
to infinity, increased the AUC by a mean of only 13.6% 
(range 3.8-19.6%). If an individual AUC correction 
factor is applied to the cumulative excretion data to 8 h 
for each subject, then mean total recovery of drug to 
infinity would be predicted to increase to 14.4 pg (95% 
CI 6.1-22.7 pg), or 0.24% of the total 6 mg dose which 
was administered to the subjects. Alternatively, if one 
calculates individual infant dose as cumulative excretion 
in milk to infinity divided by the infant's body weight 
(pg sumatriptan kg-') and expresses this figure as a 
percent of the individual maternal dose in 18 kg-', the 
mean weight-adjusted dose for the infants would have 
been 3.5% (95% CI 0.3-6.7%). 

Discussion 

Time (h) Plasma pharmacokinetic descriptors for the S.C. adminis- 
tration of 6mg sumatriptan were in agreement with 
previous literature values [S]. Our study is the first to 
report the pharmacokinetics of sumatriptan in human 
milk. The broad elevated concentration-time profile 
between 1-5 h (generally>50 pg 1-I) ,  with a mean time 
of peak concentration in the milk of 2.6 h, was 

Figure 1 
milk concentration-time data (panel b; m) for subject 2 
following a single 6 mg S.C. dose of sumatriptan. Panel b 
(right ordinate axis; 0) also shows the cumulative excretion 
of sumatriptan in the milk over the 8 h collection period. 

Plasma concentration-time data (panel a; 0 )  and 

Table 1 
estimated from plasma and milk concentration-time data 
following 6 mg sumatriptan S.C. to five subjects. 

Pharmacokinetic parameters (mean; 95% CI) 

~ -~ 

Parameter Plasma Milk 

Cm,, (!% 1 - ' 1 80.2 (62.4-98.1) 87.2 (61.9-112.5) 
tmax (h) * 0.25 (0.15-0.33) 2.5 (1.69-3.53) 
tl,2(h) 1.3 (0.75-1.85) 2.22 (1.16-3.1) 
MRT (h) 1.47 (1.12-1.82) 4.33 (3.25-5.41) 
CL ( l h - '  kg- ' )  ** 0.91 (0.84-1.01) - 

1.69 (1.34-2.34) - v, (1 W') 
AUC (pg 1- ' h) 89.1 (79.3-98.8) 432 (372-493) 

*median (range) 
** assuming bioavailability is essentially complete [ 71 

unexpected. However, others have shown that following 
oral administration, peak plasma concentrations do not 
occur until 1-4 h after dose [5,7,12]. They suggested 
that the late peak was in part due to extensive first-pass 
metabolism and in part due to incomplete absorption. 
Difficulty in crossing lipoprotein membranes also is 
suggested by the finding that the drug does not cross 
the blood brain barrier in rodents [I 131. At physiological 
pH, sumatriptan is some two pH units below its major 
pK,, and will be highly ionised. It will therefore partition 
poorly into lipoprotein membranes as is reflected by its 
low log P value (-1.243). Thus, while difficulty in 
traversing lipoprotein membranes may contribute to the 
broad peaks which we observed in the milk concen- 
tration-time profiles, it seems unlikely to offer a complete 
explanation. 
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M:P concentration ratios determined from single 
observations in one or more patients frequently have 
been used to estimate transfer of a range of drugs and 
hence estimate infant exposure [14]. However, for a 
drug such as sumatriptan which has a short t I j z  and 
delayed time of peak, such calculations will yield highly 
variable time-dependent values. In such cases, calcu- 
lation of the M:P ratio based on AUC data has been 
recommended to achieve reliable data [ 15-17]. In our 
study, M:P ratios calculated using AUC data for 
sumatriptan give a mean value of 4.9 which is high by 
comparison with values for most other basic drugs 
[14,18]. This value also is approximately three times 
greater than the theoretical M:P ratio of 1.6, which can 
be calculated using the pH-partition hypothesis [ 191, 
with a pK, of 9.63 (tertiary N)  and plasma and milk 
pH values of 7.4 and 7.2 respectively. If one modifies 
this calculation as suggested by Begg et al. [16], a 
theoretical M:P ratio of 2.6 or approximately 50% of 
the observed value is obtained. The latter calculation is 
most affected by milk pH and predicts ratios varying 
from 4.7 to 25.4 for a pH range of 7 to 6.8 respectively. 
Although a milk pH of 7.2 has been widely accepted in 
the literature[ 181, recent studies show that mean milk 
pH ranges from 6.7-6.9 during the first year of lactation 
[ 1 I]. Therefore, it seems likely that the high M:P ratio 
observed for sumatriptan is largely due to the lower 
than expected milk pH. Unfortunately, we did not 
measure pH in the present study. Log P for sumatriptan 
is low and makes little contribution to the calculated 
milk transfer, while protein binding in milk is also 
unlikely to be a major factor if its value in adult plasma 
( 14-21 YO; [3]) is a reliable guide. 

I t  should be noted that our mean estimate of t,,z for 
sumatriptan in milk was slightly but significantly greater 
than that for the drug in plasma. Since the t I i z  is used 
in calculating the extrapolated portion of the AUC 
values, it could be argued that we may have over- 
estimated milk AUC and hence the M:P ratio. However, 
on average the extrapolated portion of the AUC was 
only 13.7% of the total AUC and use of the shorter 
plasma tl,2 value in the calculation only reduces the 
M:P ratio to 4.6. 

Considering that the usual mode of administration of 
sumatriptan is as a single dose given at infrequent 
intervals, we suggest that the cumulative excretion of a 
single dose of the drug in milk provides a robust way 
of assessing infant exposure. On this basis, our data 
show that a nursing infant who continued to breast feed 
following a 6 mg S.C. maternal dose, would receive a 
maximum of 3.5% of the maternal dose on a weight 
adjusted basis. If the low oral bioavailability of sumatrip- 
tan (14%) in adults [3,5] can be applied in the infant, 
the level of exposure following a single maternal dose 
will be further reduced to 0.03% of the absolute 
maternal dose or 0.49% on a weight adjusted basis. The 
impact of this oral dose in an infant must be considered 
according to  the likely clearance values at various post- 
conceptual ages [ 161. In a very premature infant (post 
conceptual age 28-34 weeks) where clearance is likely 
to be only one tenth of the adult value, infant exposure 
could be as high as 4.9% on a weight adjusted basis. At 

birth, 6 and 30 weeks of age, weight adjusted exposure 
would be reduced to 1.5%, 1% and 0.7% respectively. 
These dose rates are low and in our view are likely to 
have little of or no pharmacological effect. Nevertheless, 
after a single S.C. maternal dose of sumatriptan, infant 
exposure could be avoided almost completely by 
expressing and discarding all milk for an 8 h period. 
Longer withholding periods may be appropriate if a 
second dose was given within 12 h. 

We wish to thank King Edward Memorial Hospital 
Foundation for Women’s and Infants’ Health and Glaxo 
Australia Pty Ltd for financing the study. We acknowledge 
the assistance of Judy Kristensen with data collection. 
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