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Abstract

Donitriptan is a potent, high efficacy agonist at 5-HTg/;p receptors. We investigated the contractile effects of donitriptan and sumatriptan
on human isolated blood vessels of relevance to therapeutic efficacy in migraine (middle meningeal artery) and coronary adverse events
(coronary artery). Furthermore, using the concentration—response curves in the middle meningeal artery, we predicted the plasma
concentration needed for the therapeutic effect of donitriptan. Both donitriptan and sumatriptan contracted the middle meningeal artery with
similar apparent efficacy (Enax: 103 + 8% and 110 £ 12%, respectively), but the potency of donitriptan (pECsy: 9.07 £ 0.14) was
significantly higher than that of sumatriptan (pECso: 7.41 £ 0.08). In the coronary artery, the contraction to donitriptan was biphasic with a
significantly higher maximal response (E .. 29 + 6%) than sumatriptan (E .. 14 = 2%; pECso: 5.71 + 0.16), yielding two distinct pECsq
values (8.25 +£0.16 and 5.60 + 0.24). Incubation with the 5-HT, receptor antagonist ketanserin (10 pM) eliminated the low affinity
component of the concentration—response curve of donitriptan and the resultant £, and pECso were 9 + 2% and 7.33 £ 0.21, respectively.
Ketanserin was without effect on the sumatriptan-induced contraction. Based on the middle meningeal artery contraction, concentrations
(Cinax) of donitriptan that may be expected to have a therapeutic efficacy equivalent to that of 50 and 100 mg sumatriptan are predicted to be
around 2.5 and 4.3 nM, respectively. Such concentrations are likely to induce only a small coronary artery contraction of 2.9 + 1.5% and
3.8 + 2.0%, respectively; these are not different from those by C,,,,« concentrations of sumatriptan (1.7 & 0.4% or 2.2 + 0.4%). The present
results suggest that, like sumatriptan, donitriptan exhibits cranioselectivity and would be effective in aborting migraine attacks with a similar
coronary side-effect profile as sumatriptan. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The introduction of the 5-HT;g,p receptor agonist
sumatriptan (Humphrey and Feniuk, 1991) has been fol-
lowed by a number of ‘second-generation’ triptans (Connor
et al., 1997; Martin, 1997; Parsons et al., 1998; Gupta et al.,
1999), all of which effectively abort migraine headache
(Goadsby, 1998; Diener and Limmroth, 1999; Deleu and
Hanssens, 2000; Millson et al., 2000; Tfelt-Hansen et al.,
2000; Ferrari et al., 2001). Despite the higher affinity at 5-
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HT;p/1p receptors, better oral bioavailability, increased
brain penetration and longer plasma half-life, somewhat
surprisingly, the newer triptans show only subtle differences
with sumatriptan in the efficacy and tolerability (Goadsby,
1998; Deleu and Hanssens, 2000; Fox, 2000; Millson et al.,
2000; Tfelt-Hansen et al., 2000; Ferrari et al., 2001). In the
light of the above, Centre de Recherche Pierre Fabre
(Castres, France) have reported another triptan, donitriptan
(F11356: hydrochloride salt or F12640: mesylate salt),
which displays a uniquely high affinity and, more impor-
tantly, intrinsic efficacy at recombinant human 5-HT;g/1p
receptors with negligible affinity for the 5-HT;y receptor
(Table 1). In animal experiments, donitriptan has been
shown to have a long duration of action, to gain access to
the brain and to be well tolerated (John et al., 1999, 2000).
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Table 1

Chemical structure and affinity and efficacy of donitriptan and sumatriptan at human 5-HT,p/1p/1F receptors

Compound  Chemical structure Inhibition of radioligand Inhibition of cAMP Enhancement of [**S]GTPyS
binding (pK;) accumulation (pECsg) binding (pECsg)
5-HT,5 5-HT,p 5-HT,;r 5-HTp 5-HT,p 5-HT,5 5-HTp
Donitriptan® Ow 9.4-10.1 9.3-102 5.5 8.91 9.57 8.74 9.08
’ N>\/O\©jA/NH2
|
[ j NH
N
C=N
Sumatriptan CH; 7.8° 8.5° 7.9° 7.16° 8.79¢ 6.63° 7.75°
NH N’
7~ ~.
CHs 0% 7>0 | CHj

pK; and pECs are expressed as — logM.
? John et al. (1999).
® Leysen et al. (1996).
¢ Pauwels et al. (1997).

The therapeutic potential of the drug is currently being
evaluated in migraine patients.

It is now generally accepted that the therapeutic action of
sumatriptan and other triptans is mainly due to constriction of
dilated intra- and extracranial blood vessels, although other
mechanisms interfering with the trigeminovascular system
may also be involved (De Vries et al., 1999; Tfelt-Hansen et
al., 2000; Feniuk and Humphrey, 2001). The constriction of
cranial blood vessels by triptans is much more marked than
that of the peripheral arteries such as the coronaries (Long-
more et al., 1998; Parsons et al., 1998; MaassenVanDenBrink
et al., 2000; Van den Broek et al., 2000). Despite this
cranioselectivity, the triptans do have a propensity to cause
cardiovascular adverse events including myocardial ischae-
mia and infarction in predisposed individuals (Kelly, 1995;
Ottervanger et al., 1997; Main et al., 1998).

In the present study, we have investigated the contractile
effects of donitriptan and sumatriptan on human isolated
blood vessels of relevance to therapeutic efficacy (middle
meningeal artery) and coronary adverse events (coronary
artery). Furthermore, using the concentration—response
curves in the middle meningeal artery and the basic assump-
tions about the mechanism of action of triptans, we have
made an attempt to predict the free (protein-unbound) plasma
concentration needed for therapeutic effect of donitriptan.

2. Material and methods
2.1. Tissue collection
2.1.1. Human middle meningeal artery

The human middle meningeal artery was obtained from
seven patients (three male, four female; age 20—72 years)

undergoing craniotomy at the neurosurgical unit of the
University Hospital ‘Dijkzigt’, Erasmus University Medical
Centre, Rotterdam. During the surgical procedure, a part of
the skull is temporarily removed and the dura mater,
together with a small piece of the middle meningeal artery,
is cut to obtain access to the brain. This piece of the artery
was placed in a plastic tube filled with ice-cold (0—4 °C)
physiological saline, immediately transported to the labo-
ratory and was placed in a cold oxygenated modified Krebs
bicarbonate solution of the following composition (mM):
NaCl 119, KCl 4.7, CaCl, 1.25, MgS0O, 1.2, KH,PO, 1.2,
NaHCO; 25 and glucose 11.1; pH 7.4. The cyclo-oxygen-
ase inhibitor indomethacin (0.1 pM) was added to the Krebs
solution to prevent prostaglandin synthesis. Excess tissue
surrounding the artery was carefully removed and no
attempt was made to remove the endothelium and macro-
scopically abnormal segments were rejected. The middle
meningeal artery was stored overnight in cold oxygenated
Krebs solution and was used the following day.

2.1.2. Human coronary artery

The human right epicardial coronary artery was obtained
from seven ‘heart-beating’ organ donors (five male, two
female; 12—65 years), who died of non-cardiac disorders.
The hearts were provided by the Heart Valve Bank, Rotter-
dam, The Netherlands after donor mediation by Bio Implant
Services Foundation/Eurostransplant Foundation, Leiden,
The Netherlands (for details, see MaassenVanDenBrink et
al., 1998). Upon arrival at the laboratory, the right coronary
artery was cleaned from the surrounding tissue and placed in
a cold, oxygenated Krebs bicarbonate solution of the follow-
ing composition (mM): NaCl 118, KCI 4.7, CaCl, 2.5,
MgSO,4 1.2, KH,PO, 1.2, NaHCO; 25, and glucose 8.3;
pH 7.4. No attempt was made to remove the endothelium and



R.W.M. van den Broek et al. / European Journal of Pharmacology 443 (2002) 125132 127

macroscopically abnormal segments were rejected. The
artery was stored overnight in cold oxygenated Krebs sol-
ution and was used the following day.

2.2. Experimental protocol

2.2.1. Human middle meningeal artery

The middle meningeal artery was cut into circular 3- to 4-
mm-long segments, which were mounted on metal prongs in
10-ml organ baths containing Krebs bicarbonate solution,
aerated with 95% O, and 5% CO, and maintained at a
temperature of 37 °C. Changes in isometric tension were
measured by a force displacement transducer and recorded
with I0X 1.203 h software (both EMKA Technology, Paris,
France). Segments were stretched to a passive tension of 4
mN and were allowed to stabilise at this level for 60 min
(with replacement of Krebs solution every 15 min). All
segments were then exposed two to three times to 0.1 pM
prostaglandin F,, to demonstrate reproducibility of the
evoked contractions. If such contractions were less than 3
mM, the vessel segments were not included in the study.
Subsequently, the segments were precontracted with pros-
taglandin F,, (1 pM) and the relaxation response to sub-
stance P (10 nM) was used to evaluate the presence of a
functional endothelium. After washing, the segments were
allowed to equilibrate for 60 min, with replacement of
buffer every 15 min. The segments were then used, where
possible (i.e. in five out of seven arteries), in a paired
parallel experimental setup and a cumulative concentra-
tion—response curve to either donitriptan (0.03 nM-1
uM) or sumatriptan (I nM—10 uM) (both dissolved in
40% v/v polyethylene glycol) was constructed.

2.2.2. Human coronary artery

The artery was cut into ring segments of approximately
4-mm length and were suspended on stainless steel hooks in
15-ml organ baths containing Krebs bicarbonate solution
aerated with 95% O, and 5% CO, and maintained at a
temperature of 37 °C. Changes in tension were recorded
using a Harvard isometric transducer (Harvard Apparatus,
South Natick, MA, USA). The segments were allowed to
equilibrate for at least 30 min and were washed every 15
min. Segments were stretched to a passive tension of 15
mN. All segments were then exposed to KCl (30 mM)
twice, to prime tissue reproducibility. Subsequently, the
functional integrity of the endothelium was verified by
observing relaxation to substance P (1 nM) after precon-
traction with prostaglandin F,, (1 uM). After washout, the
tissue was exposed to KCI (100 mM) to determine the
maximal contractile response to KCI. The tissue was washed
and then allowed to equilibrate for another period of 30 min.
After this equilibration period the segments were divided in
a paired parallel experimental setup and a cumulative
concentration—response curve to either donitriptan, suma-
triptan (both dissolved in 40% v/v polyethylene glycol) or
sumatriptan (dissolved in distilled water) was constructed.

In addition, we incubated half of the segments with the 5-
HT, receptor antagonist ketanserin (10 uM) for 30 min prior
to constructing concentration—response curves to donitrip-
tan and sumatriptan.

2.3. Data analysis

2.3.1. Concentration—response curves

Contractile responses were expressed as percentage of
the contractile response to 1 uM prostaglandin F,, (middle
meningeal artery) or 100 mM KCI (coronary artery). Ini-
tially, we calculated the mean value of the individual
maximum contractile responses (E.x) to donitriptan and
sumatriptan; in case the contractions did not reach a plateau,
the contraction induced by the highest agonist concentration
was considered as E.... Except for donitriptan in the
coronary artery, we analysed all concentration—response
curves with a nonlinear regression fitting technique for
sigmoidal functions with variable slope using Prism® 3.0
(Graphpad Software, San Diego, CA, USA) to obtain pECs,
values for the agonists. The mean concentration—response
curve to donitriptan in the coronary artery appeared to be
biphasic in nature. Indeed, the curve fitted significantly
better to a model of two receptor populations than to a
sigmoidal model (goodness of fit: R=0.99 and 0.97, respec-
tively, P<0.05; Prism® 3.0). Thus, two distinct pECs,
values of donitriptan-induced contractions in coronary
artery were obtained.

Cranioselectivity ratios were calculated as the inverse
logarithmic difference between respective pECsq values of
donitriptan and sumatriptan in the middle meningeal and
coronary arteries (see MaassenVanDenBrink et al., 2000;
Van den Broek et al., 2000).

2.3.2. Prediction of plasma concentration of donitriptan
required for therapeutic activity

The average free (protein-unbound) maximum plasma
concentration (Cp,ax) in human volunteers following 50 mg
and 100 mg oral sumatriptan is 81 and 135 nM, respectively
(see MaassenVanDenBrink et al., 1998, 2000; Fox, 2000).
The extent of middle meningeal artery contractions elicited
at these concentrations of sumatriptan was derived using
individual concentration—response curves (see Fig. 1).
Based on the assumption that constriction of dilated cranial
blood vessels is the major mechanism of action of triptans in
migraine (De Vries et al., 1999; Tfelt-Hansen et al., 2000;
Feniuk and Humphrey, 2001), we have attempted to predict
therapeutic Cy,.x of donitriptan, i.e. the concentrations of
donitriptan that would be needed to elicit a middle menin-
geal artery contraction equivalent to that caused by 81 or
135 nM of sumatriptan. In two out of seven experiments
with donitriptan in the middle meningeal artery, the pre-
dicted contraction was higher than the individual £, of
donitriptan, thus excluding these experiments from this
analysis. Therefore, we chose to analyse the mean concen-
tration—response curve of donitriptan to predict the mean
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Fig. 1. Cumulative concentration—response curves to donitriptan (O; n=7)
and sumatriptan (O; n=5) in the human isolated middle meningeal artery.
Symbols and vertical bars represent the means and S.E.M. PGF,.:
Prostaglandin F,,. Arrows represent the prediction of the contraction of
the artery at the average free (protein-unbound) C,.x (81 or 135 nM) after a
therapeutic dose of sumatriptan (50 or 100 mg oral tablet, respectively) and
the predicted therapeutic C,,x of donitriptan needed to elicit a contraction
equivalent to that caused by 81 or 135 nM sumatriptan.

therapeutic free Cp,ax and 95% CI using SPSS 9.0 nonlinear
regression statistics (SPSS, Chicago, IL, USA). Lastly, the
individual concentration—response curves in the coronary
artery were used to calculate the extent of coronary artery
contraction that may be expected at the (predicted) ther-
apeutic Cpax of sumatriptan and donitriptan.

2.3.3. Data presentation and statistical analysis

All data are presented as means = S.E.M., except where
95% confidence intervals (95% CI) are mentioned. Differ-
ences between E, .. and pECsq values of concentration—
response curves as well as the goodness of fit (sigmoidal
or biphasic nature of donitriptan in the coronary artery)
were analysed according to paired #-test or repeated meas-
ures one-way analysis of variance (ANOVA), followed
where appropriate (coronary artery) by Tukey’s multiple
comparison #-test (Prism® 3.0). The 95% CI of craniose-
lectivity ratios obtained with donitriptan and sumatriptan
was compared as described by Steel and Torrie (1980). In
all cases, statistical significance was assumed when
P<0.05.

2.4. Ethical approval

The Medical Ethics Committee of the Erasmus Univer-
sity Medical Centre Rotterdam, dealing with the use of
human material for scientific experiments, approved the
protocols for this investigation.

2.5. Compounds

Indomethacin hydrochloride, ketanserin tartrate, prosta-
glandin F,,, tris salt and substance P acetate were purchased
from Sigma (St. Louis, MO, USA). Donitriptan mesylate
(F12640) was kindly provided by Centre de Recherche
Pierre Fabre. Sumatriptan succinate (batch: C1008/122/1)
was a gift from Glaxo SmithKline (Ware, Kent, UK).
Indomethacin was dissolved in 100% v/v dimethyl sulph-
oxide and further diluted in distilled water. Donitriptan
mesylate (F12640) was dissolved in 40% v/v polyethylene
glycol and sumatriptan was either dissolved in 40% v/v
polyethylene glycol or distilled water. All other compounds
were dissolved in distilled water.

3. Results
3.1. Relaxation responses to substance P

In vessel segments of the middle meningeal and coronary
arteries (n =7 each), the relaxation to substance P amounted
to 26 £ 8% and 58 = 10% of precontraction to 1 pM pros-
taglandin F,,, respectively.

3.2. Human middle meningeal artery

As shown in Fig. 1 and Table 2, both donitriptan (n=7)
and sumatriptan (n=5) contracted the middle meningeal
artery in a concentration-dependent manner with a similar
efficacy (Enmax: 103 = 8% and 110 £ 12% of contraction to 1
uM prostaglandin F,,, respectively). The potency (pECsg)
of donitriptan was significantly higher than that of su-
matriptan (9.07 £0.14 and 7.41 £0.08, respectively;
P<0.0001). This was also the case when only the five
experiments with donitriptan performed in parallel with
sumatriptan were considered (pECsq: 9.05 £ 0.17). The Hill
slopes of the concentration—response curves to donitriptan
(1.2 £ 0.3) and sumatriptan (1.1 £ 0.3) did not significantly
differ from each other, nor were they significantly different
from unity.

3.3. Human coronary artery

The human isolated coronary artery also contracted in
response to donitriptan and sumatriptan in a concentration-
dependent manner (Fig. 2 and Table 2). Donitriptan con-
tracted the coronary artery biphasically with an Ey,, of
29 £ 6% of contraction to 100 mM KCI. The concentra-
tion—response curves to donitriptan were fitted to a model
of two receptor populations and revealed two distinct pECs
values (8.25 & 0.16 and 5.60 & 0.24). Incubation with the 5-
HT, receptor antagonist ketanserin (10 pM) revealed a
sigmoidal curve with a potency (pECso) of 7.33 £0.21
yielding a significant decrease in E,.x (9 + 2% of contrac-
tion to 100 mM KCI) as compared to donitriptan in the
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Table 2

Functional parameters obtained with donitriptan and sumatriptan in the absence or presence of ketanserin (10 pM) in the human isolated middle meningeal and

coronary arteries

Middle meningeal artery

Coronary artery Cranioselectivity ratio® (95% CI)

Emax pECSO Emax pECSO
Donitriptan 103 + 8% 9.07 +£0.14° 29 + 6%"° 8.25 +0.16>¢ 7 (3-16)*¢
5.60 + 0.24°
Donitriptan + ketanserin NP NP 9+2% 733 +£021° 55 (19-162)¢
Sumatriptan 110 + 12% 7.41 +£0.08 14+ 2% 5.71+0.16 50 (22—113)¢
Sumatriptan + ketanserin NP NP 11+3% 5.76 £ 0.14 45 (22-92)¢

Data are presented as means = S.E.M. or as mean (95% CI). Except sumatriptan in the middle meningeal artery (n=>5), the number of experiments were 7 in
each case. The E,,,x values are presented as percentage of contraction elicited by either 1 pM prostaglandin F,, (middle meningeal artery) or 100 mM KCI

(coronary artery). NP, Not performed.

? Cranioselectivity ratio =Inverse logarithm [pECs, (middle meningeal artery) — pECs, (coronary artery)].
® Significantly different from respective values obtained with sumatriptan (P<0.05).
¢ Biphasic concentration response curves yielding two distinct pECs, values.

4 Significantly different from 1 (P<0.05).
¢ Significantly lower than sumatriptan ( P<0.05).

absence of ketanserin (P<0.01). The Hill slope of the
concentration—response curves to donitriptan in the pres-
ence of ketanserin was 0.8 £ 0.1, which was not signifi-
cantly different from unity.

Sumatriptan, dissolved in distilled water, contracted the
coronary artery with a potency (pECsg) of 5.71 £ 0.16 and
maximal effect (E,x) of 14 = 2% of contraction to 100 mM
KCI; these were significantly lower as compared to the
PECsq (high affinity component) and E,,,x of donitriptan.
The Hill slope of concentration—response curves to suma-
triptan (0.6 £ 0.1) was significantly different from unity.
Incubation with the 5-HT, receptor antagonist ketanserin
(10 uM) was without effect on either the E,. (11 £ 3% of
contraction to 100 mM KCl) or the pECs, (5.76 £ 0.14) of
sumatriptan, whereas the Hill slope did not differ from unity
(0.8 £ 0.3).

Due to the fact that donitriptan was dissolved in 40 v/v
polyethylene glycol, we investigated whether the solvent
influenced contraction to sumatriptan. Sumatriptan dis-
solved in 40 v/v polyethylene glycol caused a similar
contraction (E.c: 10 £2% of contraction to 100 mM
KCI; pECsg: 6.18 £ 0.29; Hill slope: 0.8 & 0.3) as compared
to sumatriptan dissolved in distilled water.

3.4. Cranioselectivity ratio of donitriptan and sumatriptan

The mean cranioselectivity ratios (inverse logarithm of
the difference between the pECsy values in the middle
meningeal and coronary arteries) and the respective 95%
CI are shown in Table 2. Due to the fact that donitriptan
showed a biphasic response in the human coronary artery,
the pECs, value obtained in the lower (high affinity) part of
the curve was used to calculate the cranioselectivity ratio,
since the therapeutic concentration is expected to be in this
range (see Section 3.5). Both donitriptan and sumatriptan
were significantly more potent in the middle meningeal
artery as compared to the coronary artery, whereas the
cranioselectivity ratio for donitriptan was slightly lower

than that for sumatriptan. After treatment with ketanserin,
both donitriptan and sumatriptan had similar cranioselectiv-
ity ratios (Table 2).

3.5. Prediction of plasma concentration of donitriptan
required for therapeutic activity and predicted contractions

The mean therapeutic free Cy,,x following administration
of a 50 mg or 100 mg oral tablet of sumatriptan has been
reported to be 81 and 135 nM, respectively (see Maassen-
VanDenBrink et al., 1998). As shown in Table 3, the
contraction to sumatriptan that is predicted to occur at these
concentrations was 79 + 8% and 89 + 9% of contraction to

10

Contraction (% 100 mM KCI)

10 9 8 7 6 5 4
- Log [Agonist] (M)

Fig. 2. Cumulative concentration—response curves (n=7 each) to
donitriptan in the absence (O) or presence of 10 uM ketanserin (@) and
sumatriptan in the absence (O) or presence of 10 uM ketanserin (H).
Symbols and vertical bars represent the mean and S.E.M.
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Table 3

Predicted therapeutic free plasma C,,,x of donitriptan and predicted
contraction of middle meningeal and coronary arteries at free therapeutic
Chax Of sumatriptan and donitriptan

Predicted contraction
at free Cpax

Free therapeutic
Cmax (nM)

Known® Predicted nM  Middle meningeal ~ Coronary

(95% CI) artery (percent artery (percent
prostaglandin F,,) KCl)

Sumatriptan

50 mg 81 79+8 1.7£0.4

100 mg 135 89+9 22104

Donitriptan

X mg® 2.5 79 29415
(1.5-6.5)

Y mg° 43 89 3.8+2.0
(2.4-12.9)

Data are presented as means = S.E.M. or as mean (95% CI). Except
sumatriptan in the middle meningeal artery (n=5), the number of
experiments were 7 in each case.

? See MaassenVanDenBrink et al. (1998) and Fox (2000).

® Values based on middle meningeal artery contraction induced by free
Chax after 50 mg sumatriptan.

¢ Values based on middle meningeal artery contraction induced by free
Chax after 100 mg sumatriptan.

1 uM prostaglandin F,,, respectively, in the middle menin-
geal artery and 1.7 & 0.4% and 2.2 £ 0.4% of contraction to
100 mM KCl, respectively, in the coronary artery. Interpo-
lating concentration—response curves to donitriptan in the
middle meningeal artery, the predicted therapeutic free Cax
values of donitriptan (i.e. concentration eliciting 79% or
89% of contraction to 1 uM prostaglandin F,,) were 2.5 nM
(95% CI: 1.5-6.5 nM) and 4.3 nM (95% CI: 2.4—12.9 nM),
respectively. At these predicted free C,.x values, the con-
traction of donitriptan in the coronary artery may amount to
2.9 + 1.5% and 3.8 £ 2.0% of contraction to 100 mM KCI,
respectively; these were not significantly different from
those calculated for sumatriptan (Table 3).

4. Discussion
4.1. Efficacy profile in the middle meningeal artery

It is well known that acutely acting antimigraine drugs
(ergots and triptans) have a vasoconstrictor effect, partic-
ularly on large cranial arteries and arteriovenous anastomo-
ses (De Vries et al., 1999; Tfelt-Hansen et al., 2000).
Donitriptan contracted the human isolated middle meningeal
artery with a similar maximal response as sumatriptan (see
E ax values in Table 2). The results are in accordance with
those obtained in the rabbit isolated saphenous vein (John et
al., 2000), an established model to detect agonist activity at
5-HT, g receptors (Valentin et al., 1996; Wurch et al., 1997),
but are at variance with the high intrinsic activity of
donitriptan at 5-HT,;g,p receptors demonstrated in other
experimental models (John et al., 1999, 2000). Indeed, like

the rabbit saphenous vein model, the human middle menin-
geal artery preparation apparently does not distinguish
between low and high efficacy 5-HT,;p receptor agonists,
suggesting the preparation is likely to express 5-HT;p
receptors in a high density (Longmore et al., 1997, 1998).
It is noteworthy that high efficacy agonist activity is not
necessarily observed in every model, and models that
distinguish high from low efficacy agonists have a low
receptor reserve, due to a relatively low receptor density
and/or inefficient second messenger coupling (Kenakin,
1993; John et al.,, 2000). We concede that the E.. of
donitriptan-induced coronary artery contraction in the pres-
ence of ketanserin (mediated by the 5-HT,p receptor) was
not higher than that of sumatriptan (see Fig. 2) despite a low
5-HT,p receptor density in this vessel (Longmore et al.,
1998), but we do not have data with regard to receptor
coupling.

There is now overwhelming evidence that cranial vaso-
constrictor response to triptans is mediated via the 5-HTp
receptor (Bouchelet et al., 1996; Longmore et al., 1997,
1998; Van den Broek et al., 2000; Centurion et al., 2001).
Indeed, in accordance with the binding affinities at the
human 5-HT, receptor (see Table 1), donitriptan (pECs:
9.07 £0.14) was 48-fold more potent than sumatriptan
(pECsp: 7.41 £0.08) in contracting the human middle
meningeal artery.

4.2. Efficacy profile in the coronary artery

Concentration—response curves to donitriptan in the
human isolated coronary artery revealed a biphasic response
with a significantly higher maximum contraction as com-
pared to sumatriptan (Eq.x: 29 £ 6% and 14 + 2% of the
response to 100 mM KCl, respectively). This biphasic
response and higher response amplitude of donitriptan
appears to be at variance with findings in the canine isolated
coronary artery, where both donitriptan and sumatriptan
showed a similar efficacy and sigmoidal shape of the
concentration—response curve (John et al., 2000). However,
in contrast to the predominant role of 5-HT,, over 5-HTp
receptors in the human coronary artery (Connor et al., 1989;
Kaumann et al., 1994; Ishida et al., 1999; Nilsson et al.,
1999), the 5-HT), receptor antagonist ketanserin was unable
to block 5-HT-induced contractions in the canine coronary
artery, suggesting that the 5-HT,, receptor plays little role
in this preparation (Cushing and Cohen, 1992). Therefore,
we reasoned that the biphasic response to donitriptan in the
present experiments could be due to activation of a 5-HT,-
like (possibly the 5-HT,4) receptor at high concentrations of
donitriptan (pK;: 6.7, John et al., 1999). Indeed, the maximal
response (En.x as percentage of the response to 100 mM
KCI) evoked by donitriptan (29 + 6%) was significantly
reduced in the presence of ketanserin (9 & 2%) to a similar
level as that of sumatriptan (11 £ 3%); the latter was
resistant to ketanserin (Table 2 and Connor et al., 1989;
Kaumann et al.,, 1994). Furthermore, the concentration—
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response curve to donitriptan in the presence of ketanserin
was restored to a sigmoidal function and, as expected from
their respective affinities at the 5-HT ;g receptor (Table 1),
yielded a 37-fold higher potency (pECsy: 7.33 £0.21)
compared to that of sumatriptan (pECsq: 5.76 £ 0.14). It
should be mentioned, however, that donitriptan (up to 100
uM) failed to elicit contractile responses in the rat isolated
aorta (G.W. John, unpublished observations), which is
considered as a typical 5-HT, 4 receptor preparation. Despite
this discrepancy it appears that at low, clinically relevant
concentrations, donitriptan constricts the coronary artery via
the 5-HT;g receptor and has similar maximal response
amplitude as sumatriptan.

One may argue that in the relatively high concentration
employed (10 uM), ketanserin can also act as a 5-HTp
receptor antagonist (Zgombick et al., 1995; Pauwels and
Colpaert, 1996). This is probably not relevant because 5-
HT,p receptor activation is not associated with vasocon-
striction (Ennis et al., 1998; Bouchelet et al., 2000; Centu-
rion et al., 2001).

4.3. Cranioselectivity of donitriptan and sumatriptan

It is known that a number of triptans (sumatriptan,
rizatriptan, frovatriptan and eletriptan) selectively constrict
cranial blood vessels compared to the coronary artery
(Longmore et al., 1998; Parsons et al., 1998; MaassenVan-
DenBrink et al., 2000; Van den Broek et al., 2000). In the
present investigation also, donitriptan as well as sumatriptan
exhibited cranioselectivity because they were both more
potent in contracting middle meningeal artery than coronary
artery (see Table 2 for pECsy values). The cranioselectivity
ratio, calculated as inverse logarithm of the differences
between the respective pECsqo values in the middle menin-
geal and coronary arteries, for donitriptan (sevenfold) was
smaller than that for sumatriptan (50-fold). However, it must
be emphasised that, in view of the predicted therapeutic
concentration range (Table 3), we have used the pECsq
value obtained with the high affinity component of the
concentration—response curve to donitriptan in the coronary
artery. Interestingly, after elimination of the low affinity
component of donitriptan by the 5-HT, 4 receptor antagonist
ketanserin, the cranioselectivity ratio was similar to that of
sumatriptan (Table 2). This latter finding can be explained
by the fact that in this preparation, the 5-HT,4 receptor is
predominant over the 5-HT, g receptor (Connor et al., 1989;
Kaumann et al., 1994; Ishida et al., 1999; Nilsson et al.,
1999).

4.4. Prediction of plasma concentration of donitriptan
required for therapeutic activity and predicted contractions

Another way to determine cranioselectivity is to calculate
predicted contractions at therapeutic free (protein-unbound)
Cinax of donitriptan and compare them with those for
sumatriptan (MaassenVanDenBrink et al., 2000). Since

therapeutic free Cp,,x of donitriptan is currently not known,
we have attempted to predict this (see Fig. 1) using two
assumptions: (i) cranial vasoconstriction, as reflected by the
human isolated middle meningeal artery contraction, is the
major mechanism of therapeutic action of triptans (De Vries
et al., 1999; Tfelt-Hansen et al., 2000; Feniuk and Hum-
phrey, 2001) and (ii) data obtained in our laboratory setting
by and large would apply to the clinical setting. Obviously,
we cannot be absolutely sure on either count, but predicted
therapeutic C,,x 0of donitriptan may also help in determining
initial doses to be employed in clinical trials. In any case, a
comparison of the predicted and real therapeutic Ciax
values of donitriptan may be useful in the consideration of
the mechanism of action of the drug.

On the basis of therapeutic free Cp,x of 50 or 100 mg
oral sumatriptan (81 and 135 nM, see MaassenVanDenBrink
et al., 1998, 2000) and the predicted contractions of the
middle meningeal artery obtained at these concentrations of
sumatriptan (79% or 89% of the contraction to 1 pM
prostaglandin F,,), donitriptan would need a free C,,c of
~ 3—4 nM to be as effective as sumatriptan (see Table 3).
The predicted contractions in coronary artery (expressed as
percentage of the contraction to 100 mM KCI) to donitriptan
were small (3—4%) and similar to those with sumatriptan at
therapeutic concentrations. Thus, based on these predic-
tions, the two drugs have an equal propensity to constrict
the coronary artery at therapeutic concentrations.
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