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Abstract 

Stimulation of the right trigeminal ganglion in pentobarbital anaesthetised rats increased mean arterial blood pressure and 
decreased right carotid vascular resistance but had no effect on left carotid vascular resistance. Sumatriptan (0.3 mg/kg i.v.) 
pretreatment did not significantly affect basal levels or stimulation induced changes in blood pressure or carotid vascular 
resistance. Trigeminal stimulation produced plasma protein extravasation (measured using a fluorescent marker) into the dura 
mater on the ipsilateral side which was significantly reduced by sumatriptan. These studies show that sumatriptan can reduce 
plasma protein extravasation while having no measurable effect on total carotid blood flow. 
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1. Introduction 

Sumatriptan is an effective anti-migraine drug and a 
potent  vasoconstrictor of intracranial blood vessels 
(Humphrey  et al., 1990) which, it is thought, may be 
dilated during a migraine attack (Friberg et al., 1991). 
Sumatr iptan also blocks plasma protein extravasation 
in the dura mater  produced by trigeminal ganglion 
stimulation (Buzzi and Moskowitz, 1990). Since a ster- 
ile inflammation of the dura mater  has also been 
implicated in the aetiology of migraine (Markowitz et 
al., 1987) this effect of sumatriptan may also be impor- 
tant for its anti-migraine action. The aim of this study 
was to measure  carotid flow during stimulation of the 
trigeminal ganglion and to look at the effects of suma- 
triptan on carotid vascular resistance and plasma pro- 
tein extravasation in the same animals to determine 
whether  there may be a relationship between the two 
events. 

Previous studies of plasma protein extravasation in 
the dura have utilised 125I-labelled bovine serum albu- 
min as a marker  for extravasated protein (Markowitz et 
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al., 1987). These authors also showed that Evans blue 
can be used a marker  of plasma protein extravasation 
into larger extracranial tissues such as the lip and 
conjunctiva but this dye is not sufficiently fluorescent 
to be detected in the dura. Here  we describe the use of 
fluoresceinisothiocyanate-bovine serum albumin (fluo- 
rescein) as an alternative marker  for plasma protein 
extravasation which is sufficiently fluorescent (espe- 
cially under  alkaline conditions) to be measured in the 
dura mater  as well as other extracranial tissues thus 
eliminating the need to use a radioactive marker  in 
these studies. 

2. Materials and methods 

2.1. Evaluation of fluorescein as a marker for plasma 
protein extravasation 

Male rats (270-350 g) were anaesthetised with 
pentobarbital  sodium (70 m g / k g ,  i.p., on the midline). 
The left jugular vein was cannulated for marker  injec- 
tion and the abdomen shaved. Rats received intrader- 
mal injections of saline (0.1 ml /kg) ,  and histamine (10 
and 100 ixg/kg)  each in duplicate. The position of 
each injection was marked with a non-fluorescent 
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marker  pen. Rats  were then injected with either fil- 
tered Evans blue (50 m g / k g ,  i.v., n = 2) or fluorescein 
(10 m g / k g ,  i.v., n = 2). After  60 min the rats were 
killed by cervical dislocation and exsanguination, the 
abdominal skin removed, and a circle of skin taken 
from around each injection site using an 11 mm cork 
borer. The skin circles from rats which had received 
Evans blue were placed in 5 ml formamide and the 
skin circles from the rats which had received fluores- 
cein were placed in saline (0.9%, adjusted to pH 9 with 
NaOH).  All samples were incubated at 55°C for 22 h. 
Evans blue concentrations were measured using a 
spect rophotometer  (Pharmacia) set at a wavelength of 
620 nm and calibrated with solutions of Evans blue in 
formamide ( 0 . 1 - 1 0 / z g / k g  + formamide as blank). Flu- 
orescein concentrations [fluorescein] were measured 
using a Perkin-Elmer LS-30 luminescence spectrome- 
ter with the excitation wavelength set at 490 nm and an 
emission wavelength of 520 nm using a 1 /20  sample 
dilution. A calibration curve for the luminescence spec- 
t rometer  was obtained using concentrations of fluores- 
cein from 10 to 200 n g / m l  (pH 9) and using saline (pH 
9) as zero. In all experiments drugs were made up in 
normal saline adjusted to pH 6 -7  if necessary and 
injected in a volume of 1 m l / k g  unless otherwise 
stated. 

i.v., n = 6) or saline (1 ml /kg ,  i.v., n = 6) and placed in 
a stereotaxic frame with the incisor bar at - 2 . 5  mm. 
Bipolar electrodes were lowered into the trigeminal 
ganglia (3.5 mm AP, + 3.0 mm L and 9.5 mm V from 
Bregma) and the animal injected with fluorescein (50 
m g / k g ,  i.v.). 10 min after sumatriptan or vehicle ad- 
ministration the right trigeminal ganglion was stimu- 
lated for 3 min (1.2 mA, 5 ms duration, 5 Hz). Mean 
arterial blood pressure and carotid flow were moni- 
tored before and during stimulation and carotid vascu- 
lar resistance calculated as above. Rats were then 
perfused with saline at 120 m m H g  for 3 min via the left 
cardiac ventricle, the brain removed, the electrode 
position checked and the dura from each side excised, 
rinsed and incubated in 2 ml of saline (pH 11) for 
18-24 h. Dura  were not collected from rats which had 
visible blood clots on the skull base. The dura were 
blotted dry and weighed and the [fluorescein] in the 
incubation solution measured using a Perkin-Elmer 
LS-30 luminescence spectrometer.  Results are ex- 
pressed as the ratio of [fluorescein] (in n g / m g  tissue) 
on the ipsilateral side compared with the contralateral 
side. Statistical comparisons were performed using a 3 
factor nested analysis of variance and Student 's  t-test 
for paired data or unpaired data. 

2.2. Efects of sumatriptan on basal systemic and carotid 
haemodynamics 

Experiments were performed to study the effect of 
cumulative doses of sumatriptan on mean arterial blood 
pressure, carotid flow and carotid vascular resistance in 
the anaesthetised rat. Male rats (280-330 g, n = 4) 
were anaesthetised with pentobarbi tone sodium (70 
m g / k g ,  i.p.) and the right femoral  artery and vein 
cannulated for continual recording of mean arterial 
blood pressure and drug administration respectively. 
The right common carotid artery was disected free and 
fitted with a Transonic flow probe (1 mm). Cumulative 
doses of sumatriptan from 0.01 to 3 m g / k g  were ad- 
ministered i.v. at 5 min intervals. The mean arterial 
blood pressure, carotid flow and carotid vascular resis- 
tance (calculated as mean arterial blood p re s su re /  
carotid flow and expressed as m m H g / m l / m i n )  were 
measured 5 min after each injection of sumatriptan. 

2.3. Trigeminal ganglion stimulation in anaesthetised rats 

The method was adapted from that of  Markowitz et 
al. (1987). Male Sprague-Dawley rats (280-350 g) were 
anaesthetised with sodium pentobarbi tone (70 m g / k g ,  
i.p.) and prepared  as in 2.2 above except that flow 
probes were placed around both carotid arteries. Ani- 
mals were injected with either sumatriptan (0.3 m g / k g ,  

3. Results 

3.1. Evaluation of fluorescein as a marker for plasma 
protein extravasation 

The calibration curve for fluorescein on the LS-30 
showed that the response was linear over the range 
tested with a slope of 1.05 and a correlation coefficient 
of 1.0. 

Histamine (10 and 100 ~ g / k g  i.d.) produced ap- 
proximately 4- and 5-fold increases, respectively, in 
extravasation of Evans blue and 6- and 8-fold increases 
of fluorescein extravasation into the skin (Fig. 1). Sub- 
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Fig. 1. Extravasation of Evans blue (open bars) and fluorescein 
(hatched bars) following intradermal injection of saline or histamine 
( 1 0 / z g / k g  and 100 /zg/kg)  in the anaesthet ised rat. 
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Fig. 2. Cumulative dose response curve for the effect of intravenous 
sumatriptan (closed circles) compared with saline control (open 
circles) on carotid vascular resistance in the rat. * Indicates a signifi- 
cant (P < 0.05) difference between sumatriptan and control,* * * in- 
dicates P < 0.001) 

sequen t  studies showed that  f luorescein  had increased 
f luorescence at pH 11 and  that  hea t ing  the sample was 
not  requi red  to release the f luorescein  into solution. 
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3.2. Efects o f  sumatriptan on basal systemic and carotid 
haemodynamics 

Basel ine  values for m e a n  arter ial  b lood pressure  
and  carotid blood flow were 138.8 + 4.9 m m H g  and  
15.6 + 1.0 m l / m i n .  Sumat r ip t an  (0.01-0.3 m g / k g  i.v.) 
had no significant  effect on  carotid vascular  resistance, 
whereas  doses of 1 -10  m g / k g  produced  a significant,  
dose-re la ted decrease in carot id vascular  resis tance 
compared  with predose  values (Fig. 2, maximal  fall = 
17.5 ___ 2.4%, P < 0.001). This decrease in carotid vas- 
cular  resis tance was due mainly  to a small fall in m e a n  
arter ial  b lood pressure  seen after high doses of suma-  
t r ip tan  (maximal fall = 13.8 + 2.2 mmHg,  P < 0.001) 
since sumat r ip tan  had no effect on carotid flow except 
at 3 m g / k g  when  there  was a small  bu t  statistically 
significant  increase.  A dose of 0.3 m g / k g  of sumatr ip-  
tan  was therefore  chosen for the extravasat ion study as 
this was the highest dose with no effect on m e a n  
arter ial  b lood pressure  or carotid vascular  resistance.  

a) b) 

" / / / / /  

B a s a l  

0 
*** ¢u 20 - 
T ***  

I / / / / / 1  
0 f / I l I A  rr ,.., 15  

/ / / / / , , 4  ..c_ / / / / / A  
/ / / / / A  _m E 
/ / / / / , ' 1  .m "~. 

I / / / / A  ~ 10 
/ / / / / . / 1  
/ / / / / / 1  

/ / / / / A  "o E 

U 

-~ o 
! I I~. 

During Slim. Basa l  

R.A. Spokes, V.C. Middlefell / European Journal of Pharmacology 281 (1995) 75 -  79 77 

I 
During Stlm. 

0 o 2 0 -  
C 
m 

15 ,,-~, 

o E  10 
¢10) :>'1- 

~g 5 
o 

• o 

c) 

T 

Basal  

! 

I 
During Stlm. 

2 

'0 
-~ 1.8 

o_= 

= 1 .6  

~'~ 1.2  

1 

d) 

+ 
T 

Ext ravasat lon  

Fig. 3. The effect of sumatriptan pretreatment on the responses of (a) mean arterial blood pressure, (b) right carotid vascular resistance, (c) left 
carotid vascular resistance and (d) plasma protein extravasation during right trigeminal ganglion stimulation in the anaesthetised rat. Open bars 
indicate saline pretreatment and hatched bars indicate sumatriptan (0.3 mg/kg) pretreatment. * * * Indicates a significant (P < 0.001) difference 
between basal and stimulated values while +indicates a significant (P < 0.05) difference between sumatriptan and control. 
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3.3. Trigeminal ganglion stimulation in anaesthetised rats 

Basal mean arterial blood pressure was 116_+ 2.6 
mmHg in control animals and 110 + 1.8 mmHg in 
sumatriptan treated animals. Trigeminal ganglion stim- 
ulation produced an increase in mean arterial blood 
pressure of 35.1 _+ 2.5 mmHg in control rats and 29.4 + 
2.4 mmHg in sumatriptan treated animals (Fig. 3a). 
Neither the basal blood pressure nor the increase in 
mean arterial blood pressure during stimulation was 
significantly different after sumatriptan compared with 
controls. Right trigeminal stimulation produced a large 
increase in right carotid flow from 8.5 +_ 0.6 to 32.5 _+ 
3.7 ml /min  giving a marked decrease in right carotid 
vascular resistance of 9.2_+ 0.7 m m H g / m l / m i n  (Fig. 
3b). It was observed that on the right side of the face 
both the eyelids and nose become very pink during 
stimulation suggesting vasodilatation. Carotid flow on 
the contralateral side increased slightly from 8.2 +_ 0.3 
to 10.6 _+ 1.0 ml /min  but there was no effect on left 
carotid vascular resistance (Fig. 3c). After sumatriptan 
pretreatment the carotid flow on the stimulated side 
increased from 8.4 _+ 1.7 to 29.3 + 2.5 ml /min  and on 
the contralateral side from 7 .9+  1.5 to 11.2+2.1  
ml /min.  Thus sumatriptan had no significant effect on 
either the basal or stimulated carotid vascular resis- 
tance on either side (Fig. 3b,c). Trigeminal stimulation 
produced plasma protein extravasation into the dura 
mater (ratio = 1.81 + 0.18) which was significantly re- 
duced by pretreatment with sumatriptan (ratio = 1.27 
_+ 0.04, P < 0.02, Fig. 3d). 

4. Discussion 

These data demonstrate that fluorescein is a useful 
alternative to the 125I label used as a marker of plasma 
protein extravasation by Moskowitz and co-workers 
and the control values for extravasation were very 
similar to those obtained by these authors. Our results 
also confirm that sumatriptan (0.3 mg/kg)  blocks 
plasma protein extravasation into the dura mater fol- 
lowing trigeminal ganglion stimulation in the anaes- 
thetised rat (Buzzi and Moskowitz, 1990). 

Trigeminal ganglion stimulation decreased ipsilat- 
eral carotid vascular resistance (presumably due to 
vasodilatation) but had no effect on contralateral 
carotid vascular resistance. Sumatriptan had no effect 
on either the basal or the stimulated carotid vascular 
resistance, neither did it have any effect on the basal 
mean arterial blood pressure or the stimulation in- 
duced increase in mean arterial blood pressure or in 
carotid blood flow. These results suggest that, at least 
in the rat, the inhibition by sumatriptan of plasma 
protein extravasation occurs independently of any 
change in total carotid vascular resistance. The rat 

appears to differ therefore from other species such as 
the pig, dog, cat and rabbit in which sumatriptan has 
been shown to selectively increase carotid vascular 
resistance (Den Boer et al., 1991; Feniuk et al., 1989; 
Perren et al., 1989; MacLennan and Martin, 1990; 
Middlefell and Price, 1993). In the cat Goadsby and 
Edvinsson (1993) showed that trigeminal ganglion stim- 
ulation increased cerebral blood flow on the stimulated 
side measured by laser Doppler flowmetry and that 
this increase was significantly attenuated by sumatrip- 
tan. In species (cat, pig) where carotid blood flow 
distribution was measured, the decrease in cerebral 
blood flow produced by sumatriptan was due to a 
decrease in the arterio-venous anastomotic component 
(Perren et al., 1989; MacLennan and Martin, 1990; 
Den Boer et al., 1991). It is unclear whether or not the 
rat possesses arterio-venous anastomoses within the 
craniovascular circulation. If not, or if there are rela- 
tively few compared to other species, this might ac- 
count for the lack of effect of sumatriptan on carotid 
flow in this species. 

Recently the presence of both 5-HT1B and 5-HT~I ~ 
receptors have been demonstrated in the rat brain 
(Bruinvels et al., 1993a). The 5-HTLB receptor is be- 
lieved to be the species homologue of the human 
5-HTll~t 3 receptor although the pharmacological pro- 
files are dissimilar. Using in situ hybridisation histo- 
chemistry in rat brain, only low densities of 5-HT1D ~ 
mRNA were found compared to the 5-HT m mRNA, 
although the trigeminal ganglia seemed to have a high 
density of both (Bruinvels et al., 1993b). Activation of 
these pre-junctional trigeminal receptors by, for exam- 
ple sumatriptan, is believed to be responsible for the 
inhibition of the neurogenically mediated release of 
neuropeptides and concomitant plasma protein ex- 
travasation (Buzzi and Moskowitz, 1990). Trigeminal 
stumulation has been shown to produce increases in 
the level of CGRP in the cranial circulation of the cat 
(Goadsby and Edvinsson, 1993) and the rat superior 
sagital sinus (Buzzi et al., 1991). In both cases the 
increases in CGRP level were antagonised by suma- 
triptan. 

Whilst 5-HT1B receptors have been demonstrated to 
mediate vasoconstriction in rat caudal arteries (Craig 
and Martin, 1993) and the presence of 5-HT1Dt~ (but 
not 5-HTID ~) mRNA has been demonstrated in human 
cerebrovascular tissue (Hamell et al., 1993), to date 
there is no evidence to suggest that the cranial vascula- 
ture of the rat possesses a contractile 5-HTl-like recep- 
tor. In fact Chang and co-workers have shown that 
5-HT evokes vasoconstriction in rat basilar artery via a 
5-HT 2 receptor mechanism, unlike in the guinea-pig 
basilar artery which is 5-HTl-like (Chang et al., 1988, 
Chang and Owman, 1989) 

It is also possible however that sumatriptan does 
produce vasoconstriction in specific vessels within the 
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cranial  vascu la ture  o f  the  rat but  that  the  p ropo r t i on  of  

sumat r ip tan-sens i t ive  vessels in the total  carot id  vascu- 

la ture  of  the rat may be too small  to have any measur -  

able effect  on overal l  caro t id  vascular  resistance.  In the 

pig it has b e e n  shown that  while systemic adminis t ra-  

t ion o f  sumat r ip tan  does  indeed  r educe  overal l  

a r t e r io -venous  anas tomot ic  flow sumat r ip tan  had no 

effect  on cerebra l  b lood  flow or on blood flow in the 

dura  ma te r  ( D e n  Boer  et al., 1992a,b). 

It has b e e n  shown using a pial window t echn ique  

that  local appl ica t ion  of  sumat r ip tan  onto  rat  pial 

ar ter ies  and ar ter io les  p roduces  a d o s e - d e p e n d e n t  con- 

str ict ion whereas  in t ravenous  infusion of  sumat r ip tan  

has no effect  on cerebra l  b lood flow m e a s u r e d  using 

radioact ive  mic rospheres  (Pryke, 1992). This  suggests 

that  systemically admin i s t e red  sumat r ip tan  could have 

local effects  on pial (and dural)  vessel d i a m e t e r  wi thou t  

measu rab l e  effect  on the total  caro t id  flow. However ,  

in the cat sumat r ip tan  caused  a decrease  in pial ar tery 

d i ame te r  w h e n  in jec ted  per ivascular ly  but  no effect  on 

pial ar tery d i a m e t e r  when  in jec ted  systemically al- 

though  it did cause select ive carot id  vasoconst r ic t ion  

(Conno r  et al., 1992). These  results suggest  that  suma- 

t r ip tan  does  not  readi ly  cross the b lood-bra in  barrier .  

Indeed ,  it has b e e n  shown that  sumat r ip tan  can de- 

crease  the peak - to -peak  ampl i tude  o f  t r igeminal  evoked  

potent ia l s  only af ter  the  b lood-bra in  bar r ie r  has been  

d i s rup ted  by infusion of  a hyperosmot ic  manni to l  solu- 

t ion (Kaube  et al., 1993). It is not  known w h e t h e r  the 
b lood-bra in  bar r i e r  is d i s rup ted  dur ing a migra ine  at- 

tack. It  has b e e n  shown that  sumat r ip tan  does  not  a l ter  

the midd le  cerebra l  ar tery  d i ame te r  outs ide  of  a mi- 
gra ine  a t tack but  dur ing a migra ine  a t tack the midd le  

cerebra l  ar tery  is d i la ted  on the h e a d a c h e  side only and 

this is normal i sed  by sumat r ip tan  (Fr iberg  et al., 1991). 

It would  be of  grea t  in teres t  to know if the b lood-bra in  

bar r i e r  is indeed  d i s rup ted  dur ing a migra ine  at tack 

( a n d / o r  t r igeminal  s t imula t ion)  as this may help  con- 

s iderably in e luc ida t ing  the  site and mechan i sm of  

act ion of  an t imigra ine  drugs. 
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