Sumatriptan blocks spreading depression in isolated chick retina
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Spreading depression is a neurohumoral phenomenon that has been related to the
pathophysiology of migraine. The recently introduced 5HT 5 agonist anti-migraine
compound sumatriptan blocks neurogenic extravasation and induces cerebral
vasoconstriction, but the actual mechanism of action against migraine remains
obscure. Retinal spreading depression (RSD) velocity has been measured in
isolated chick retinas in the presence of 0.05-2.00:nM sumatriptan. This drug
reversibly blocks RSD in a concentration-dependent manner. Since the preparation
is blood-vessel free, this effect must be related to the nervous tissue. Migraine,
retina, spreading depression, sumatriptan
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Spreading depression (SD) is a neurohumoral phenomenon (1), present in various
animal species including primates (2), which has been implicated in the
pathophysiology of migraine (3—7). Although there is as yet no definite proof that SD
occurs in humans, convincing evidence supports the possibility (6—11). As observed
by Lashley (12), the scotoma propagation during migraine visual aura seems to
correspond to Leado's SD in the visual cortex (4). The spreading hypoperfusion
velocity detected caring migraine attacks also seems to correlate with SD (13).

Isolated chick retina is a suitable model for studying SD (14). The advantages of
using avian retina instead of cerebral cortex are mainly twofold: the spread may be
visually observed (15); and the neuronal aspects may be approached more
specifically as the isolated retina does not contain blood vessels.

Sumatriptan, a recently introduced 5HT,; agonist (16), has proven to be effective
against migraine and cluster headache (17). Sumatriptan may cause
vasoconstriction by activating receptors within the arterial wall or may block
neurogenic inflammation through pre—junctional trigeminal receptors, but its



mechanism of action against migraine is not fully understood (18).

In the present study the effects of sumatript an on retinal spreading depression
(RSD) velocity were studied in isolated chick retina.

Methods

Twenty chicks (134.6+24.1 g; range 46—-500 g) were enucleated immediately after
decapitation and the eyes sectioned in the equator. The vitreous humor was
removed and the posterior eyecup immersed in buffer solution (NaCl: 120; KCI: 4;
CaCl,: 1; MgSQO,: 1; NaHCO4: 30; NaH,PO,: 1; glucose: 20. Values in mM) aerated
with 95% 0,-5% CO2 to maintain pH between 7.8 and 8.0, as in previous

experiments (19). Eyecup fragments (4X10 mm) were cut into strips, the nervous
tissue layer isolated from other ocular structures, and mounted on strips of filter
paper (retinal vitreous layer facing upwards). The preparations were placed in 0.2
ml plexiglass chambers and superperfused with 3 ml 30°C buffer solution using an
infusion pump (1.5 ml/min). Two 1 ym o.d. glass microelectrodes containing 150mM
NaC1 were inserted perpendicularly 4 mm apart in the inner plexiform layer of the
retina. The microelectrodes were connected to a dual channel electrometer (World
Precision Instruments, Inc.) and a Grass polygraph.

A 100 ym tungsten rod was used to induce RSD mechanically, the propagation
being contrary to the flux of superfusion. Thus, substances eventually released
during the RSD reaction were washed using a liquid movement contrary to the RSD
propagation. The reaction was observed visually under an optical microscope and
the typical negative voltage variation of the Le&o wave was recorded.

The velocity of the RSD propagation was calculated from the time required by
the waves to spread from the first to the second microelectrode. The preparations
were equilibrated in order to obtain two successive RSDs with the same velocity
(RSDi). Sumatriptan was added (0.05, 0.10, 0.25, 0.37, 0.62, 0.75, 1.00, 1.50 or
2.00; values in mM), three new RSds were elicited, and the corresponding velocities
recorded (V,, V, and V;). The preparations were then washed and a final RSD

(RSDy) obtained. All RSDs were induced during 10 min intervals (Fig. 1A).

Values are given as the % RSD velocity reduction (mean+SE), where 6<n<9 for
each concentration,
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Fig, 1. Panel A: After two successive spreading depressions with
the same velocity (RSD ) were obtained i isolated chick retima
strips, :-;l.lrlmlr'iplhn was added (0.05-2.00 mM), three new RS
were induced at 10 min intervals, and the corresponding velocities
(V,, Vo and V,) were recorded, A final retinal spreading depression
(RSD,) was obtained after washing. Panel B: Percentage reduction
in retinal spreading depression velocity induced by different
concentrations of sumatrptan  (0.05-2.00 mM). Values corres
ponding to the first (V) second (V.) and third (V) RDGs
following sumatriptan addition are represented. Values shown as
mean LSEM, < <Y

ANOVA and t-test were used for statistical analysis, p-values <0.05 being
considered significant.



Results

Sumatriptan reversibly blocked RSD in a concentration-dependent manner (Fig.
1B). A reduction in velocity was first recorded at a concentration of 0.1 mM. With 1.5
mM sumatriptan, RSD velocity was reduced by 81.12+7.20%. A concentration of 2.0
mM sumatriptan blocked RSD completely (100+£0.0%).

Further stimuli tended to progressively decrease RSD velocity, although V,, V,,
and V; were not statistically different at any sumatriptan concentration except 0.37
mM (Fig. 1B, p=0.023).

After washing, the velocities tended to return to pre-sumatriptan values. With
0.05 mM sumatriptan, RSD;was significantly lower than RSD, (5.76 + 0.22 and

6.58+0.39 respectively, p=0.042). With 1.5 mM sumatriptan, RSD velocity was
reduced by 81.12+7.20%, and the final velocity was not statistically different from
the initial measurement RSD=6.83+0.86; RSD=5.58+0.43, p=0.144). For
sumatriptan concentrations of 0.05, 0.1, 0.25 and 2.0, RSD; was significantly lower
than RSD,. The highest sumatriptan concentration used (2.0mM), which produced a

total RSD block, did not induce a permanent lesion since the reactions could be
obtained after washing, although final velocities were lower than initial velocities
(RSD;=5.33+0.16; RSD;=4.98+0.14, p = 0.009).

Discussion

There is evidence suggesting that migraine aura is related to SD (13). Aura
symptoms and cortical SD propagate with similar velocities, and regional blood flow
abnormalities observed during provoked and spontaneous migraine attacks may
correspond to SD (5, 20). It is possible that migraine without aura occurs with
subclinical spreading hypoperfusion (20). Experimentally, SD induced activation of
the trigeminovascular system (21), which may be a key phenomenon for the
migraine attack (22). Evidence of SD in the human brain has recently emerged,
supporting its role in migraine (23).

Sumatriptan is an anti-migraine compound and a SHT agonist (24, 25). Its effect
may be mediated through vasoconstriction (26, 27) and/or blockade of neurogenic
inflammation (28—-30). Although sumatriptan is comparatively effective during the
headache phase (17), it has been considered ineffective against migraine aura (31),
but given to a patient right at the visual aura onset this drug was reported to
eliminate the visual symptoms (32).

The present model is suitable for studying drug effects in SD since the
phenomenon is similar in the retina and other regions of the CNS (14, 33). The
velocity of SD propagation, the variations in K+, Ca2+, Na+ and Cl as well as the
SD characteristic negative slow voltage variation are similar in the retina and the
cortex. Concerning energy, however, the retinal metabolism is glycolitic, whereas
the cortical metabolism is mainly aerobic (33). In this preparation, drug effects are
mediated by the nervous tissue, since chick retina is free of blood vessels. The
present data show that sumatriptan reversibly blocks RSD in isolated chick retina,



suggesting that this effect is not necessarily mediated via blood vessels or by vessel
tone. Although sumatriptan concentrations used in the present study were higher
than therapeutic levels, it is tempting to speculate whether sumatriptan in lower
concentrations could produce similar effects in certain areas of the human m
grainous brain.

The mechanism of the present effect is obscure. The concentration range
between the smallest

reduction in RSD velocity and complete blockade is comparatively narrow
(0.05-2.00 mM), suggesting some sort of on-off phenomenon which it not
particularly dependent on sumatriptan concentration.

Although sumatriptan was effective in blocking RSD in this preparation, the drug
poorly penetrares the blood-brain barrier (BBB) under normal conditions (34). If the
aura of migraine is associated with SD, the poor penetration may explain why
sumatriptan may not be effective in aborting the aura. In the present study
sumatriptan was applied directly to the nervous tissue, favoring the SD blockade.
This may partially be the reason why intravenous sumatriptan did not interfere with
SD inrats (21). On the other hand, it is also possible that the BBB is selectively and
temporarily disrupted during migraine attacks (31), but not necessarily at regions
where SD-related symptoms are produced. Thus, sumatriptan could interfere with
neuronal activity even though the aura would not be aborted. It has been
demonstrated that sumatriptan binds to receptors in various areas of the human
brain (35), Where its neuronal effects could be produced. Further more, high
densities of [3H]sumatriptan-binding sites were observed particularly at the visual
cortex (35), an area clearly implicated with the visual aura.

Theoretically, sumatriptan could interfere with RSD through damage to the
nervous tissue. Against this possibility is the comparatively normal RSDp velocity
obtained after washing even in spite of the high concentrations used here. The
reduction in RSDp velocity was clearly related to duration of the experiments rather
than to the sumatriptan concentration (data not shown). To further test this
possibility, some samples were left with sumatriptan for as long as 12 h and RSD
could still be obtained after washing. The transparency and general aspect of the
sumatriptan treated samples did not differ from control retinal strips (data not
shown).

This is the first experimental model where sumatriptan has been shown to block
RSD. Ina previous recent study, 1.5 mM sumatriptan reduced RSD velocity by
around 50% (36). No other concentrations were tested and the reduction obtained
was apparently lower than the effect found here. This is probably due to
methodological differences.

In conclusion, chick retina seems to be a useful model for studying drug
influence on RSD. Sumatriptan reversibly reduced RSD velocity in a
concentration-dependent way. While the mechanism of this effect is currently
unknown, the effect may have implications for the pathophysiology and treatment of
migraine.
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