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ABSTRACT: Nasal administration to rats of small molecules (tritiated water, tyrosine, and
propanol) results in a higher concentration in the brain arterial blood than in other arteries. The
preferential distribution is based on a counter current transfer, which takes place between nasal
vein blood and brain arterial blood in the cavernous sinus-carotid artery complex. This model was
used to investigate whether the antimigraine 5HT1B/1D receptor agonists sumatriptan and
naratriptan may also be transferred by the system. The ratio of ‘head’:‘heart’ plasma concentrations
obtained from two carotid catheters after intranasal administration was not different from 1.00 for
either compound, and thus, there was no experimental evidence of a preferential local transfer of
drug from the nose to the carotid artery circulation. However, plasma concentrations increased
from the first minute after intranasal dosing suggesting that sumatriptan and naratriptan are
absorbed into the general systemic circulation from the nasal cavity in rats in a first-order fashion
with no lag time. This is consistent with the clinical onset of efficacy of sumatriptan after an
intranasal dose which occurs as early as 15 min post dose. Copyright # 2001 John Wiley & Sons,
Ltd.
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Introduction

Direct local transfer of heat and substances
between veins and arteries has been observed
in a number of organs [1]. In the head, transfer of
heat has been suggested to take place between
the venous blood in the cavernous sinus and the
arterial blood in the carotid artery. A set of
parallel small arteries (Rete Mirabile) within the
cavernous sinus is thought to be important by
increasing the transfer area [2]. We have shown

that brain cooling takes place in the intubated rat
when the nasal cavities are flushed with oxygen
[3]. The rat, like humans, does not have a Rete
Mirabile thus, the Rete is not essential for the
transfer. In addition to heat, local transfer of
substances has been found between the blood
vessels in the base of the brain. Transfer of
substances (steroid or peptinergic hormones) was
found during perfusion of pig or sheep heads
with oxygenated blood at 378C [4,5]. Local
transfer of substances of low molecular weight
(tritiated water, tyrosine, propanol) to cranial
arterial blood was found following intranasal
administration in the rat [6]. A similar transfer
was found with diazepam, but not with cocaine [7].
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The antimigraine agents sumatriptan and
naratriptan are agonists of the 5HT1B/1D receptor
subtypes, probably exerting their therapeutic
effect by selective vasoconstriction in the carotid
arterial circulation [8,9]. Sumatriptan is marketed
as an oral, subcutaneous, suppository or intrana-
sal formulation (dependent on country), while
naratriptan is available as an oral formulation
only. This study was undertaken in an attempt to
elucidate the mechanism by which these 5HT1

agonists administered by the intranasal route
gain access to the site of action in the carotid
circulation. A rat model which detects direct local
transfer of substances from the nose to the
arterial blood was used to determine whether
drug concentrations in blood may be increased in
the carotid circulation following an intranasal
dose.

Method

Experimental

The experimental work was conducted in the
laboratories of the University of Southern Den-
mark. Groups of ten (intravenous dose) or 20
(intranasal dose) mature male Sprague–Dawley
rats (450–550 g) were used for the experiment.
The animals were anaesthetised with Hypnorm
(Fetanyl citrate 0.315 mg/ml and fluanisone
10 mg/ml) intramuscularly at 0.3 ml/kg, and 5–
10 min later Dormicum (Midazolam 5 mg/ml)
intraperitoneally at 0.4 ml/kg. A catheter was
inserted into the trachea to secure the ventilation
during the nasal application of the drugs. Two
catheters were inserted into the same carotid
artery, the tip of one pointing towards the head
(‘Head’, inner diameter 0.58 mm, outer diameter
0.96 mm), the other towards the heart (‘Heart’,
inner diameter 0.40 mm, outer diameter
0.80 mm). The catheters were used to obtain
parallel samples. ‘Head’ samples represent blood
modified during the passage from the other
carotid through the cavernous sinuses and the
circle of Willis, and ‘Heart’ samples represent
‘not-modified’ arterial blood. One jugular vein
was ligated; an occluding catheter pointing
towards the head was inserted into the other. It
was intended for the collection of the venous

head blood to diminish the influence of recircula-
tion. The blood volume was measured, plasma
separated and frozen. Two catheters (inner
diameter 0.40 mm, outer diameter 0.80 mm) were
inserted 5 mm into the nasal cavities. They were
used for infusion of solutions of the substances
tested (50 ml into each during a 7 s period,
Harvard Instruments infusion pump). A catheter
for intravenous infusion of the test substance was
inserted into the control animals. The animals
were heparinised (0.1 ml, intravenous, 5000 iU/
ml, Sygehus Apotekerne, Denmark) before the
start of the blood collection.

Sumatriptan was formulated as the hemisul-
phate salt in situ (50 mg/ml) and maintained at
approximately pH 5.5. The solution was ‘clean’,
but not sterile. The stock solution was equally
distributed to 25 vials, which were kept frozen
until the day of experiment. Each rat received
5 mg sumatriptan, either as 50 ml into each nasal
cavity during 7 s or 100 ml infused into the
femoral artery over 8.5 s. Naratriptan was for-
mulated as a solution in water (approximately
30 mg/ml) fresh each day or every second day.
Each rat received approximately 3 mg naratriptan
intranasally or 2 mg intravenously, either as 50 ml
into each nasal cavity during 7 s or 100 ml infused
into the femoral artery over 8.5 s.

Parallel blood samples were obtained every
60 s from the ‘Head’ and ‘Heart’ catheters
immediately before and for 10 min after the start
of the nasal infusion and bleeding from the
jugular catheter. Then samples were collected
every 120 s for an additional 20 min after which
the rats were close to a circulatory collapse. In
total, the blood volume removed was several
millilitres and may be considered a cardiovas-
cular strain. The blood samples were centrifuged
to provide plasma which was frozen at �208C.
The frozen plasma samples were transferred to
the laboratories of Glaxo Wellcome, Ware for
assay of sumatriptan or naratriptan.

The plasma concentration ratio (ng/ml) of
sumatriptan and naratriptan in the ‘Head’
samples compared to the ‘Heart’ was calculated
for each set of samples. A ratio greater than unity
(>1.00) indicates that the ‘Head’ blood content of
drug is preferentially increased by the local
transfer of drug from the nasal vein blood to
the carotid artery blood and subsequent passage
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to the brain arteries. When the drugs are given
intravenously, a ratio of 1.00 is expected since no
modification of the ‘Head’ blood would be taking
place.

The animals were sacrificed with an intrave-
nous overdose of barbiturate after the last blood
collection. The protocol followed the national
rules for use of experimental animals.

Bioanalysis

The plasma samples from rats treated with either
naratriptan or sumatriptan were prepared by a
solid-phase extraction method (SPE) followed by
separation and analysis of the solutions by liquid
chromatography coupled to tandem mass spec-
trometry (LC/MS-MS). Methods used for both
analytes are detailed.

Method for naratriptan. Plasma samples were
thawed and mixed thoroughly. To maintain
concentrations of naratriptan within the calibra-
tion range (0.5–250 and 2.00–1000 ng/ml for nasal
and intravenous routes, respectively), samples
were diluted with control rat plasma if necessary.
A 50 mg Varian C18 Microlute solid-phase
extraction block was primed with 400 ml of
methanol and 400 ml of water and then va-
cuumed. A 200 ml aliquot of sample together
with 25 ml of a 1 mg/ml solution of [2H3–13C]-
naratriptan internal standard were loaded onto
the block and again vacuumed. The block was
then washed with 400 ml of water and 400 ml of
40% methanol in water (v/v) before being eluted
in 400 ml of 99.8% methanol/0.1% trimethyla-
mine/0.1% formic acid (v/v). The resulting
extracts were evaporated to dryness under a
stream of heated nitrogen (nominally 408C) and
reconstituted with 100 ml of 90% acetonitrile/
9.9% water/0.1% formic acid (v/v).

Solutions were analysed using a Hewlett-
Packard Model 1090 liquid chromatograph (Palo
Alto, USA) coupled to a Quattro II tandem
quadrupole mass spectrometer (Micromass,
Manchester, UK) fitted with a Z-spray electro-
spray ionisation source (ESI). Separations were
achieved on a 50� 2.1 mm i.d. ODS3 Inertsil
column (Capital HPLC Ltd., Broxburn, Scotland)
packed with C18 stationary phase and operated
at 208C. The mobile phase consisted of 0.1% (v/v)

formic acid in water (solvent A) and acetonitrile/
0.1% (v/v) formic acid in water 95:5 (solvent B).
The proportion of solvent B was increased
linearly from 0 to 100% in 1.5 min, maintained
at 100% for 1.5 min, and then decreased to 0% in
0.1 min. After each injection the column was
allowed to re-equilibrate with 0% solvent B for
1.9 min. A flow rate of 0.8 ml/min was used for
all analyses. The injected volume was 10 ml.
Retention time of naratriptan was 1.90 min with
a complete cycle time of 5 min.

The column eluent was split 1:10, directing
�80 ml/min to a pneumatically assisted electro-
spray interface operating with a capillary voltage
of 3.5 kV. Source block and desolvation tempera-
tures were 150 and 2508C, respectively. The mass
spectrometer was operated in the positive ion
mode. Nitrogen was used as nebulisation and
drying gas, at flow rates of 20 and 400 l/h,
respectively. The collision gas used was argon at
a pressure of 1.8� 10�3 mbar with a collision
energy of 20 eV. Selected reaction monitoring
(SRM) experiments were performed using a
dwell time of 500 ms per transition (335.5 > 97.5
and 339.5 > 101.5 for naratriptan and internal
standard, respectively). Each chromatographic
run was integrated according to the ratio of
naratriptan peak area to internal standard peak
area. Quantification was performed by interpola-
tion using calibration curve range 0.5–250 and 2–
1000 ng/ml for nasal and intravenous routes,
respectively.

Method for sumatriptan. Plasma samples were
thawed and mixed thoroughly. To maintain
concentrations of sumatriptan within the calibra-
tion range 0.5–500 ng/ml, samples were diluted
with control rat plasma if necessary. A 50 mg
Varian C18 Microlute solid phase extraction
block was primed with 400 ml of methanol and
400 ml of water and then vacuumed. A 100 ml
portion of sample together with 100 ml of a
300 ng/ml solution of 2H3 sumatriptan internal
standard were loaded onto the block and
vacuumed. The block was then washed with
400 ml of water and 400 ml of 80% methanol before
being eluted in 400 ml of 99.8% methanol/0.1%
trimethylamine/0.1% formic acid (v/v). The
resulting extracts were evaporated to dryness
under a stream of heated nitrogen (nominally
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408C) and reconstituted with 50 ml of 90%
acetonitrile/9.9% water/0.1% formic acid (v/v).

The HPLC system comprised an autosampler
LC PAL (CTC Analytics), 1100 pump, gradient
unit and degasser all from Hewlett-Packard.
Detection was by means of an API 365 triple
quadrupole mass spectrometer (PE-Sciex, Ontar-
io, Canada). Separation was achieved on a
50� 2.1 mm i.d. ODS3 Inertsil column (Capital
HPLC Ltd., Broxburn, Scotland) packed with C18
stationary phase and operated at ambient tem-
perature. The mobile phase had a flow rate of
0.8 ml/min and consisted of 0.1% (v/v) formic
acid in water (solvent A) and acetonitrile/0.1%
(v/v) formic acid in water 95:5 (solvent B). The
proportion of solvent B was increased linearly
from 0 to 100% in 2 min, and back to 100% A by
2.1 min and then retained at 100% A for a further
1.9 min. The injected volume was 20 ml and the
retention time of sumatriptan was 1.75 min with
a complete cycle time of 4 min. The flow from the
column was split 1:10 with �160 ml/min directed
to a TurboIonspray interface at 4508C. Analytes
were ionised by positive ion electrospray and
detected by tandem mass spectrometry using

SRM. The transitions 296.0 > 58.0 for sumatriptan
and 299.5 > 61.0 for sumatriptan internal stan-
dard were monitored with dwell times of 250 ms
per transition. Each chromatographic run was
integrated according to the ratio of sumatriptan
peak area to internal standard peak area. Quan-
tification was performed by interpolation using a
calibration curve range 0.5–500 ng/ml.

Results and Discussion

After nasal application, the ‘head’ and ‘heart’
arterial concentrations of sumatriptan and nara-
triptan showed a steady increase in plasma
concentrations immediately after dosing and for
the duration of the 30 min experimental period
(Figures 1 and 2). The ratio of ‘head’:‘heart’
plasma concentrations obtained from the two
carotid catheters after intranasal administration
was not different from 1.00 for either compound
(Figures 3 and 4) indicating that there was no
preferential local transfer of drug from the nose
to the carotid artery circulation. As expected, the
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Figure 1. ‘Head’ and ‘Heart’ plasma concentrations (mean� S.D.) of sumatriptan in rats following an intranasal or intravenous
dose (10 mg/kg) of sumatriptan to groups of 10 (intravenous) or 20 (intranasal) rats
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Figure 2. ‘Head’ and ‘Heart’ plasma concentrations (mean� S.D.) of naratriptan in rats following an intranasal (6 mg/kg) or
intravenous (4 mg/kg) dose of naratriptan to groups of 10 (intravenous) or 20 (intranasal) rats
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Figure 3. The ratio between ‘Head’ and ‘Heart’ plasma concentrations (mean� S.D.) of sumatriptan after nasal and intravenous
administration to groups of 10 (intravenous) or 20 (intranasal) rats
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ratio of ‘head’:‘heart’ plasma concentrations
obtained after intravenous administration was
close to 1.00.

The results supplement previous investiga-
tions in rats, where peak levels of sumatriptan
were achieved at 30 min after an intranasal dose
(mean concentration was 195 ng/ml for a 5 mg/
kg dose) [10]. The absolute bioavailability of an
intranasal dose was estimated to be approxi-
mately 30%. In this current study, plasma
concentrations can be seen to increase from the
first minute after intranasal dosing onward upto
the last time points (25–30 min), where concen-
trations reached approximately 400 ng/ml for a
10 mg/kg dose. The absorption pattern is con-
sistent with the clinical onset of efficacy of
sumatriptan after an intranasal dose which
occurs as early as 15 min post dose [11,12].

The plasma concentrations of both substances
increased exponentially in our experiment, in-
dicating a first-order type of absorption. The
curve form was similar to that of cocaine, but
different from that of propanol, tyrosine, and
diazepam, where the uptake from the nasal
mucosa was very fast [6,7]. The plasma concen-

trations obtained after a nasal administration of
the three last substances were similar to those
obtained after i.v. administration. All three were
transferred between the blood vessels in the head
in the rat model, while cocaine (like sumatriptan
and naratriptan) was not [6,7]. This may be a
result of the vasoactive properties of these
compounds (although it is uncertain whether
5HT1 receptors are located in the nasal vascu-
lature of rats). Alternatively, the results may
point to a limitation of the present rat model:
transfer may only be documented if a very rapid
nasal uptake is present. In the case of a somewhat
slower absorption, the locally increased concen-
tration in the carotid artery may be obscured by a
combination of the time delay of the transfer and
the steadily increasing concentrations in both
brain and general arterial blood. The lack of
documented local transfer of naratriptan and
sumatriptan may thus be an experimental
artifact.

Clinical effects after in vivo egg implantation
were higher than that predicted from peripheral
plasma concentrations after vaginal administra-
tion of progesterone [13], so the theory that local
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Figure 4. The ratio between ‘Head’ and ‘Heart’ plasma concentrations (mean� S.D.) of naratriptan after nasal and intravenous
administration to groups of 10 (intravenous) or 20 (intranasal) rats
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concentrations relative to general systemic con-
centrations may be increased by local transfer of
drug to the blood could be important for drugs
with adverse side effects. There are no published
data relating the possibility of a local transfer
between the blood in the cavernous sinus and the
carotid artery to the effects of naratriptan or
sumatriptan in man. This is understandable since
the documentation of a counter current transfer
of drugs in the cavernous sinus-carotid artery
complex so far has been limited to the rat model.
Local transfer of a drug after nasal administra-
tion in man would offer the advantage of a
(partly) selective pharmacological treatment of
the cranial arteries offering more effect and less
side effects. Undocumented local transfer of
sumatriptan may thus contribute to the clinical
experience that the substance is well tolerated
with an incidence of adverse events similar to
placebo [11,14].
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