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Does single cortical spreading depression
elicit pain behaviour in freely moving rats?

Didem Akcali', Aslihan Sayin', Yildirim Sara? and
Hayrunnisa Bolay'

Abstract

Introduction: Behavioural animal studies are critical, particularly to translate results to human beings. Cortical spreading
depression (CSD) has been implicated in migraine pathogenesis. Ve aimed to investigate the effects of CSD on the
behaviour of freely moving rats, since available CSD models do not include awake animals.

Materials and methods: We developed a new model to induce single CSD by applying topical N-methyl-D-aspartate
(NMDA) and employed a combination of an automated behavioural analysis system, video camera and ultrasonic
vocalisation (USV) calls for the first time. Electrocorticograms were also studied during CSD in freely moving rats.
Behaviour associated with cephalic pain was assessed in a group of rats that received sumatriptan. Cortical c-fos
immunoreactivity was performed in order to confirm CSD.

Results: NMDA induced single CSD in ipsilateral cortex, evoked freezing behaviour (P < 0.01) and increased the number
of wet dog shakes (WDS; P < 0.01). Grooming, locomotion, eating, drinking, and circling were not significantly altered
among groups. Ultrasonic vocalisations compatible with pain calls (22-27 kHz) were only detected in 3 out of 25 rats.
Sumatriptan did not significantly reduce the freezing behaviour. CSD induced significant c-fos expression in ipsilateral
cerebral cortex and amygdala (P <0.01).

Conclusions: CSD induces freezing behaviour by invoking anxiety/fear via amygdala activation in freely-moving rats. Single
CSD is unlikely to lead to severe pain in freely-moving rats, though the development of mild or vague pain cannot be
excluded. The relevance of rat behavioural responses triggered by CSD to migraine symptoms in humans needs further
evaluation.
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Introduction o .
humans, and an association between CSD and migraine

Cortical spreading depression (CSD) indicates an
extreme excitability state of the grey matter with mas-
sive redistribution of ions. The hallmark of CSD is a
propagating wave of brief and massive neuronal exci-
tation followed by prolonged inhibition (1,2). Recovery
of spontaneous neuronal activity, as studied by electro-
corticogram (ECoG), takes a few minutes, whereas
recovery of evoked/synaptic neuronal activity takes
much longer (up to 30min) (1,2). As the induction
and propagation of CSD depends strictly on glutama-
tergic neurotransmission, glutamate or N-methyl-D-
aspartate (NMDA) can easily induce CSD (2,3).
Although the existence of CSD in the human brain
has been questioned, studies over the last decade have
provided data demonstrating the presence of CSD in

aura (4-6).

There has recently been an increased interest in CSD
and a hypothesis that ‘CSD could also underlie
migraine without aura attacks’ has been proposed
(7,8). As the literature regarding CSD depends primar-
ily on anaesthetised animal models, it is unclear
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whether the symptoms are fully comparable with those
experienced by humans (9). Bolay and colleagues pre-
viously showed that CSD was a sufficient stimulus to
activate the ipsilateral trigeminovascular system in the
rodent brain by inducing neurogenic oedema and blood
flow increase in the dura mater, as well as c-fos expres-
sion in the brainstem trigeminal nuclei (trigeminal
nucleus caudalis, TNC) (10). A single event of
CSD-induced blood flow increase in the dura mater
was a trigeminal nerve mediated brain stem reflex
which lasted up to 60min in anaesthetised rats.
The neurogenic blood flow increase in the middle
meningeal artery that peaks around 20 min could reflect
the possible time course of head pain following
CSD (10). Depending on the previous data obtained
in anaesthetised animals, we hypothesised that any
symptom related to headache should be observable
within 15-20 min following induction of CSD in freely
moving rats.

As behavioural studies in animals are gaining
importance as research tools, consistent behavioural
correlates of headaches in rodents will improve the
reliability of any migraine model. CSD in the gyren-
cephalic brain cannot propagate through the entire
hemisphere due to limitations by major sulci
(11,12); therefore, symptoms due to the neuronal dys-
function of the entire hemisphere are not seen as an
aura in humans (4,13,14). This is one potential limi-
tation to compare the behaviour of rodents having
CSD with symptoms in humans. Although the effects
of spreading depression in the cerebral cortex are well
characterised, its direct (propagation of CSD) or indi-
rect (due to transient disconnection from cortex)
influences on subcortical and limbic structures in
awake rats remain unclear. The link between CSD
and pain behaviour has not been extensively evalu-
ated in freely moving rats. Koroleva and Bures (15)
concluded that spreading depression was not an
aversive experience, as awake hooded Long—Evans
rats did not display avoidance behaviour of the
dark compartment when multiple CSD waves were
induced by KCI.

We aimed to investigate behavioural alterations
caused by CSD in order to address: (i) does
CSD cause behaviour, suggestive of head pain, which
can be observed and quantified in freely moving
rats; and (ii) are there any behavioural characteristics
of CSD in rats to employ for future migraine
studies? We have developed a novel experimental
model of single CSD in freely moving rats. We
induced CSD by applying topical NMDA, and
used a combination of an automated behavioural
analysis system, video camera recording, and ultra-
sonic vocalisation (USV) calls to record behavioural
changes.

Materials and methods
Animals

The study was performed in the Neuroscience
Laboratory, Neuropsychiatry Centre, Gazi University.
Ethical approval was obtained from Gazi University
Animal Studies Ethical Committee. Male Wistar rats
weighing 200-250 g were used. Animals were housed
in a controlled environment where the room tempera-
ture was 22 + 2°C and dark:light cycle was 12 h daylight
and 12h darkness. Rats received food and water
ad libitum.

Induction of CSD

Animals were anaesthetised with ketamine (50 mg/kg)
and xylazine (8 mg/kg). The depth of anaesthesia was
adjusted according to the heart rate and hind leg pinch
reaction. During all the surgical procedures, body tem-
perature was kept constant at 37 +0.5°C with a heating
pad. The animals were placed in a stereotaxic frame
(Stoelting CO, USA). The skull was exposed by a
median incision of the scalp. A burr hole with a diam-
eter of 2mm was opened over the right parietal cortex
(3mm lateral and 7mm posterior to the bregma) by
means of a mini-drill (FHC, USA). The dura mater
was kept intact. Plastic tubing covering the burr hole
was placed on the skull (8 mm height, 2.5mm inner
diameter, 3.5mm outer diameter; Bicakcilar®, Turkey)
and was fixed to the skull by dental acrylic (Meliodent,
Heraus Kulzer®). To avoid drying of the dura mater,
the tubing was always kept sealed with a cap. A stain-
less steel screw (1 mm diameter; PlasticsOne, USA) was
attached to the occipital bone (2mm posterior to
lambda, 1mm lateral) in order to secure the dental
acrylic firmly. The animals were kept in the stereotaxic
frame for another 30min until the preparation was
stable. A schematic illustration of the experimental
preparation is shown in Figure 1. For CSD induction
or in control experiments, 20 pul of NMDA solution or
isotonic saline, respectively, were injected into the
tubing with a pipette, without touching the dura
mater. The animals were kept in their cage and were
not handled. Before the drug or saline application, the
fluid accumulated in the tubing was removed using a
piece of blotting paper. The cap was only removed
during NMDA or saline application, and the tubing
was gently filled with solution, taking care to avoid
air bubbles. All behavioural experiments were con-
ducted during the day-time (12:00 pm = 2:00 h) follow-
ing 724+ 5h of recovery from surgery.

Behavioural experiments were conducted in three
separate groups: (i) saline group (control, n=9);
(i) NMDA group (n=9); and (iii) sumatriptan succi-
nate (SUMA) + NMDA group (n=7).

































