
Photothrombotic ischemia: a non-invasive and reproducible photochemical cortical lesion model for mouse stroke studies
Authors: Vivien Labat-gest, Simone Tomasi
Vivien Labat-gest
Department of neurosciences
Neuroscience Institute of Turin (NIT)
Neuroscience Institute Cavalieri-Ottolenghi
University of Turin
vivien.labatgest@unito.it

Simone Tomasi
Neuroscience Institute Cavalieri-Ottolenghi
University of Turin
simone.tomasi@unito.it*
Current address: simone.tomasi@yale.edu
Corresponding author: Vivien Labat-gest
Keywords: Photothrombosis, Rose Bengal, mouse stroke, animal models, cortex, injury, protocol, method, video.

Short abstract
Photothrombosis is a quick, non-invasive technique allowing reproducible infarction in a chosen area of small size and well-delimited boundary. It is particularly suitable for studying cellular and molecular responses underlying brain plasticity in transgenic mice.

Abstract
The photothrombotic stroke model aims to induce an ischemic damage within a given cortical area by means of photo-activation of a previously injected light-sensitive dye. Following illumination, the dye is activated and produces singlet oxygen that damages components of endothelial cell membranes, with subsequent platelet aggregation and thrombi formation, leading to local cerebral flow interruption. This concept, initially proposed by Rosenblum and El-Sabban in 1977, became well-known thanks to its application to rat brain by Watson in 1985 in which the technique was largely improved and set the basis of the current model. The increasing number of transgenic mouse models available raised the interest of the photothrombosis mouse model. Briefly, Rose Bengal photosensitive dye is injected intraperitoneally and diffuses into the blood stream. Then a brain area of interest is illuminated by a cold light source positioned above the intact skull of the mouse for 15 minutes, which causes coagulation of all the illuminated vessels. The mouse is subsequently sutured and allowed to wake up. The identification of ischemic areas can be quickly accomplished by tetrazolium chloride or cresyl violet staining. This technique allows producing quick, non-invasive and reproducible infarction in a chosen area of small size and well-delimited boundary, which is highly advantageous for precise cell characterization or functional studies. Furthermore, it is particularly suitable for studying cellular and molecular responses underlying brain plasticity in transgenic mice.

Protocol

I. Pre-surgery 

1. Weigh Rose Bengal in an Eppendorf tube and dissolve in sterile saline solution until reaching a final concentration of 15 mg/ml. Store it in the dark at room temperature up to 2 months. Adjust the concentration of Rose Bengal to determine the appropriate dose for the desired cortical lesion size.
2. Sterilize all surgical instruments with 70% ethanol 
3. Record the mouse body weight to adjust the dose of Rose Bengal to be injected. In this article we used female CD1 mice 12 weeks old. 

II. Anesthesia procedure
1. [bookmark: _GoBack]Anesthetize mice with isoflurane in a transparent induction chamber (3.5-4% for induction, 1.5-2% for maintaining) in 50% (v/v) oxygen/50% (v/v) dinitrogen monoxide gas mixture. Gaseous anesthesia allows a quick wake up of the animals and the level of anesthetic gas can be adjusted in real time. However, animals can also be anesthetized by a ketamine-xylazine mixture, which makes easier the positioning of the animal on the stereotaxic apparatus.
2. After a few minutes, remove the anesthetized animal from the induction chamber, place it in the stereotaxic frame and insert its nose in the anesthesia nose cone. Ideally, the breath rate should be constant, with 30- 60 deep breaths per minute. Adjust the isoflurane dose to obtain adequate anesthesia levels. 
3. Use toe pinches in order to ensure the animal is fully sedated.
4. Apply eye ointment, in order to prevent the animal's eyes from drying out.
5. Gently insert the rectal probe to monitor the temperature throughout the surgical procedures. Set the associated feedback-controlled heating pad for maintaining the mouse body temperature at 37 ±0.5°C.
6. Firmly secure the head and insert the ear bars into external meatus. Be careful not to damage eardrums.
III. Illumination of the target area
1. Disinfect the skin on the surface with alternating swipes of 70% ethanol and betadine using cotton swabs.
2. Use a scalpel to make an incision along the midline from the eye level down to the neck. Apply hemostats to keep the skull exposed.
3. Retract the periostium with a scalpel and dry the skull surface using sterile cotton swabs. Identify the bregma and lambda. Place a glass micropipette on the bregma as reference point, then move it to the coordinates of your region of interest. The region of interest chosen for this article is roughly roundly shaped, centered 2.0 mm lateral to the bregma, and covering an area of about 30mm2, which includes a large part of the sensorimotor cortex according to the atlas by Franklin and Paxinos1.
4. Mark the position with reference points and put an optic fiber in contact with the skull surface to avoid light scattering but pay attention not to exert pressure on it. The illuminated area can be restricted by applying a mask with small aperture on the skull or a cap at the tip of the optic fiber guide. Switch the ambient light off, and use a low intensity desk lamp for working with the photosensitive Rose Bengal.

IV. Rose Bengal injection and activation
1. Load the appropriate Rose Bengal solution in a 1ml syringe according to a dose of 10 µl/g of body weight. 
2. Proceed to a slow intraperitoneal injection.
3. After 5 minutes, switch on the cold light illuminator. Avoid illumination of the animal by any other source of light. We used fiber optic illuminator of 150W intensity.
4. After 15 minutes switch off the illuminator and suture the wound.

V. Suture
1. Remove the hemostats and apply sterile saline solution on the skull for rehydrating.
2. Close up the wound using reverse cutting needle and silk or nylon suture thread.
3. Interrupt anesthesia delivery, carefully remove the mouse from the stereotaxic apparatus and allow it to wake up, still in the dark. Put it on a pre-warmed heating pad until it is fully awake then return it to its cage. Body temperature should be homogenous between animals during recovery to prevent infarct size variation. According to the concentration and the way of administration, Rose Bengal dye can still be present in blood circulating system for hours2. Prefer the heating blanket to warming lamp to avoid potential secondary damages (Rose Bengal absorption wavelength is in the green).
Representative results


Execution of this protocol will produce a superficial lesion that is visible on the fresh dissected cortex to the unaided eye (Fig. 1 A-C). The photothrombotic lesion develops in superficial and deep cortical layers in which the tissue is sufficiently translucent for photo-activation of the Rose Bengal. 
Measurement of the extent of cerebral infarction can be performed quickly by histological staining with triphenyltetrazolium chloride (TTC) on fresh tissue or by cresyl violet labeling on thin fixed brain slices. Before TTC incubation, freshly dissected brain is positioned in a brain slicer for producing 1mm thick slices by inserting blades in the provided spaces (Fig1 C). Incubation in TTC labels living tissue by dehydrogenase reaction while absence of staining due to the lack of dehydrogenase characterize the infarcted region (Fig1 D-E). The zone of incomplete ischemia defined as penumbra is very reduced or inexistent according to the size of the lesion.
The cresyl violet technique labels cell soma which allows to identify the infarct, the proliferative activity around the lesion and the cell infiltration that occurred during the first week following the lesion (Fig2 A1-A2). With maturation, the damaged area progressively regresses and undergoes gliotic scarring (Fig2 B1-B2). 
The ideal negative control should be carried out by performing the same surgery and dye injection, but with the cold light lamp off for the time of illumination.


[image: C:\Users\vivien\Desktop\Boulot 2012\art JOVE\images\figure 1c.tif]

Figure 1. Macroscopical appearance of photothrombotical lesion in CD1 mouse brain 4 days after photothrombosis. A-B. Lateral and frontal view. The superficial infarction (arrowheads) appears as a white staining visible to the unaided eye. C. The brain is positioned in brain slicer that allows obtaining quickly 1 mm thick sections. D-G. Measurement of the extent of cerebral infarction can be accomplished by TTC staining. Necrotic tissue within the thrombotic lesion is characterized by an absence of staining. Coronal slices of the brain illustrated in A-C are represented anteroposteriorly from D to F.
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Figure 2. Representative temporal evolution of photothrombotic damage. Coronal sections of adult C57BL/6 mouse brain were stained by cresyl violet. A1, A2. At 7 days post injury (dpi) a high number of cells gathers at the infarct boundary. B1, B2. At 30 dpi the lesion is clearly atrophied and a glial scar is already formed. A2 and B2 are respective magnification of A1 and B1. 



Discussion

Application and significance
The concept of photothrombosis has been initially proposed by Rosenblum and El-Sabban in 1977 and became renowned by its application in rat brain by Watson et al. in 1985 in which the technique was largely improved and set the basis of the current model3-6. The photothrombotic model aims to produce a cortical infarction based on photo-activation of a light-sensitive dye previously delivered into blood system. When the circulating dye is illuminated at the appropriate wavelength, it releases energy on oxygen creating singlet oxygen molecules. These reactive oxygen intermediates induce endothelial cell membrane peroxidation, leading to platelet adhesion and aggregation and to formation of thrombi which determine local cerebral flow interruption7.
Photothrombosis as presented in this article is a non-conventional ischemic model that does not occlude or break only one artery as it usually happens in human stroke, but induces a superficial lesion that may be suitable for cellular and molecular studies of cortical plasticity. The principal advantage of this technique resides in its simplicity of execution. Photothrombosis can be easily performed within forty minutes per animal (including five minutes for Rose Bengal diffusion and fifteen minutes for illumination). Furthermore, no surgical expertise is needed to perform this technique in which the lesion is induced only by illumination through the intact skull. 
Another great advantage is the possibility to choose a specific damage area. The operator can chose size and location of the area to be illuminated for precisely fitting with the area of interest. This method provokes occlusions of pial and intraparenchymal microvessels within the irradiated zone that prevent blood supply and reduces the potential variability among lesions, as it could occur with collateral supplying.
In spite of its particular nature, the photothrombotic damage shares essential cellular mechanisms occurring in brain stroke. Similarly to artery occlusion in human stroke, platelet aggregation and clot formation determine interruption of blood flow in the irradiated area7. This model also shares essential inflammatory responses as in middle cerebral artery occlusion8. However, because of the well-delimitated lesion, the penumbra, which corresponds to an area of partially preserved metabolism, is very reduced or inexistent after a photothrombotic lesion. This clear border can facilitate the study of cellular responses within ischemic or intact cortical area.
Photothrombosis mouse model is also a pertinent model of ischemia for transgenic animals. Indeed classical models cannot fit to all strains and long period studies in C57BL/6 mouse strain reported a high mortality ratio that can cause bias9. 

Modifications and substitutions
Because of its absorption peak at 562 nm, a green light laser from a filtered xenon arc lamp was originally chosen to irradiate the photosensitive Rose Bengal4. Although laser excitation was still used recently5, it can be replaced by cold light lamp that also ensure dye excitation10. In spite of the security aspect needed for laser manipulation, cold light optic fibers are easier to manipulate and could be afforded by most laboratories. 
Delivery of sensitive dye is usually accomplished by tail vein injection, which requires some training for obtaining homogenous and replicable results. Intraperitoneal injections are easier to perform but some minutes are necessary for the Rose Bengal distribution into blood vessels2. Effective photothrombosis can be obtained by exciting the dye 5 min after intraperitoneal injection8, however high intraperitoneal dose of Rose Bengal in rat showed that plasma concentration of the dye continue to increase even 60 min after administration2. Infused intravenous injection of Rose Bengal can even increase the reproducibility of the lesion2, however this way of administration can be associated to hypotension in the case the infusion is performed too rapidly (<1.5 min) or at high dye concentration5. For avoiding fluctuations in blood pressure, other photosensitive substances such as Erythrosin B can be used to produce vessels occlusions, however this molecule is considered less efficient than Rose Bengal for the same range of concentration5.

Critical steps.
Different factors affect lesion size and depth such as the concentration of the sensitive dye, the latency between the dye injection and illumination, the intensity of the light source, the diameter of the enlightened surface, the exposure time and the temperature during and after surgery. The angle of the light source on the skull can also influence the shape of the infarct. A series of preliminary experiments should be carried out to test the reproducibility and to determine the minimum amount of dye and irradiation time for producing a lesion affecting only the target area and/or obtain significative behavioral deficit.

In conclusion, photothrombosis is an easy to perform ischemic model with high reproducibility.
Furthermore, it is suitable for a number of experimental stroke studies, particularly for the evaluation of cortical plasticity in response to brain injury, at both cellular and molecular level.

Material
 
	MATERIAL NAME
	COMPANY AND CATALOGUE NUMBER

	Solutions and chemicals
	

	Rose Bengal
	Sigma, Italy, 330000

	Isoflurane
	Merial

	Betadine 
	Asta Medica

	Paraformaldehyde
	Sigma-Aldrich

	Surgical material and equipment
	

	[bookmark: itemlisting]Fluosorber Filter
	Havard appartus

	150W fiber optic illuminator
	Photonic, PL3000

	TCAT-2DF Temperature Controller for Plate
	Havard apparatus

	Stereotaxic Instrument
	Stoelting

	Operating microscop OM8
	Takagi

	Heating pad
	

	Oxygen and nitrogen gas
	

	Surgery Tools
	World precision instrument


Optic fiber taps and mask are custom-made 
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