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Short Abstract: 

Cerebral ischemia is the first cause of permanent discapacity in the world. Transient focal cerebral ischemia model in Wistar rats is produced by occlusion of the middle cerebral artery for 60 minutes, inserting a nylon monofilament 4/0 covered with poly-L-lysine from the external carotid artery into the internal carotid artery. After the suture is removed allowing reperfusion.

Long Abstract: 
1. Wistar albino rats from house colony of SPF vivarium of SIU-University of Antioquia, Medellín- Colombia, are kept in a 12:12 h dark:light cycle and received food and water ad libitum. Animals are handled following the Colombian normative (Law 84 of 1989 and resolution 8430 of 1993) and the European Union (86/609/EEC) guidelines. Special care is taken to minimize animal suffering and to reduce the number of animals used. Middle cerebral artery occlusion (MCAO) and reperfusion, was adopted from previous studies 1,2,8 with slight modifications.
2. Before to the surgery procedure, nylon monofilaments 4/0 must be rounded in the tip using a flame, so that the head to be 1 / 3 larger than the cylindrical body of nylon and folded with a notch at 17 mm of length. To increase adhesion to the endothelial surface for preventing early reperfusion, the nylon is placed in poly-L lysine (0.1% [wt/vol], in deionized water) and dried in oven at 37°C. 
3. Rats are anesthetized with a mixture of ketamine (60 mg/kg) and xylazine (5 mg/kg) intraperitoneally injected plus a subcutaneous atropine administration (100 (g/kg). The animals are placed in supine position and the ventral cervical region is shaved and disinfected. The extremities are fixed and the animals maintained in surgical plane by inhalatory anesthesia (2% Isoflurane in 96% oxygen).  
4. A cervicotomy of 3,0 cm. is realized. The skin, subcutaneous tissue and muscle fascia are incised to visualize the submandibular salivary glands and lymphoid nodules. The sternomastoid muscles right is retracted laterally under which one observes the omohyoid muscles, which is separated by roma divulsion to visualize the right common carotid artery (CCA) and the vagus nerve.
5. To isolate the CCA (common carotid artery) passing a latex strap around it, as well as isolating the branches of the external carotid artery (ECA) and the internal carotid artery (ICA). To observe the ascending pharyngeal artery, superior thyroid and occipital artery branches of the ECA, which are electrocoagulated with a bipolar electrocautery. After, the pterygopalatin artery, the first branch of the ICA is isolate and electrocouagulated optionally.

6.  The distal portion the ECA is ligated with nylon 6/0 and cut. The CCA and ICA are temporary clamping with micro clamp on latex bands. The filament is introduced from the right ECA through a small puncture and advanced into the right ICA. A loose 8/0 suture is tied around the proximal right ECA (stump) to prevent bleeding and dislodgment.
7. The clamp from the ICA is removed and the monofilament is gently advanced until the notch. The length of progression varies between 17-19 mm, which corresponds to the distance from the ECA to the origin of the middle cerebral artery (MCA). The intraluminal filament blocks the blood flow in the specific territory of the MCA. 
8. Finally, the clamp on the CCA is removed.  The incision is closed leaving protrude at least 1.0 cm of the monofilament. After, 60 minutes gently retracts the most of the monofilament length allowing the reperfusion, but do not completely remove it. Subcutaneous Meperidine analgesia is administered at 25 - 50 mg / kg, and post-operatory observation must be done. Neurological score is performed to the 6 hours after anesthesia effects.
Representative Results:

1) Neurological score 
The average surgical effective time is 36±6 minutes without 60 minutes of MCA occlusion. The survival rate is 86,6 (. Animals are subjected to a seven-point neurological score to assess the damage caused by cerebral ischemia, following the parameters published by Yrjänheikki J, 2005 


1 ADDIN EN.CITE  (table 1). The evaluation is performed at 6 hours after anesthesia recovery, and at 24 hours post-ischemia. Animals have a neurological score of 3/6 (Circling towards the paretic side if pulled and lifted by the tail), in this last post-ischemic time, where 6 is a normal score (Fig 1 a). Neurological score corresponds to the most immediate evidence that transient MCA occlusion causes a marked impairment in the neurological status of the rats, particularly in the motor function.

2) Infarct volume

Infarcted brain tissue is evaluated using the 2,3,5-triphenyltetrazolium chloride -TTC (Sigma, St. Louis, MO) staining method as described previously in other studies


2-4 ADDIN EN.CITE . Brain infarct size is measured using the image-J 1.0 version software and the infarct areas are integrated for calculating the infarct volume, following the method previously described 2,3,4. The total volume of each hemisphere and infarction is determined by integration of areas in each slice. The infarct volume is calculated with the following formula: Infarct volume = [volume of left hemisphere ( (volume of right hemisphere ( measured infarct volume)] / volume of left hemisphere. To compensate the brain swelling in the ischemic hemisphere is corrected infarct volume in each rat    and computing the volume of the left and right hemispheres, applying the following formula: Corrected Infarct Volume = Left Hemisphere Volume ( (Right Hemisphere Volume ( Measured Infarct Volume). The infarction volume was expressed in mm3 and percentage.  We have obtained 43,6±9,3% as an average of the infarct volume at 24 hours post-ischemia (Figure 1b). White areas show the metabolic failure in the tissue, but not the ischemic core.
3) Neurodegeneration hallmarks
Morphological changes and neuronal loss are evaluated in brain sections (50 (m) using Nissl staining (toluidine blue 1%, pH: 4). This staining shows that the cerebral cortex, hippocampus and striatum are the main affected areas, and the somatosensory cortex present almost a total neuronal loss as part of the ischemic core area


2 ADDIN EN.CITE , while the hippocampus and medial striatum corresponds to penumbra areas showing lower neuronal loss or elongated neurons (Figure 2). Fluoro-Jade labeling is used to confirm the metabolic status and neurodegeneration process established in the potentially recoverable zones5.
Discussion

Several experimental models of focal cerebral ischemia use an intraluminal filament 2, 6-8. However, the artery occlusion models in rodents, is associated to a high variability of the infarct volume, requiring the use of a large number of animals to get statistical significance 7. 

For an optimal reproducibility of infarction in this model, we optimized the size of the head of nylon monofilament, maintaining a diameter of 1/3 larger than the cylinder of nylon, otherwise if the MCA is not completely obstructed, it will generate infarcts of various sizes, or it will not produce or will produce smaller infarcted areas that than expected. 

A crucial point of high risk of death, is the step of withdrawal of nylon after 60 minutes of occlusion. This step must be done slowly, otherwise generates dramatic hemorrhage leading to death of animals immediately or within the first minutes post-ischemia. In addition, to prevent death by bleeding, the nylon should not be removed completely, pull until it feels a little difficulty generated by the nylon head, which will be located at the tip of the CCA. In addition, the nylon head should be smooth without edges to prevent tearing of the vascular endothelium.

The surgical technique used in this work, is the result of modifications and adaptations of other techniques described previously. Which are based in the optimization of the technique, consisting in: a) Use vascular surgical material with the adjusted size, b) Vascular ligation at the base of the endarterization on the CCA, c) Use a bipolar electrocautery, helping to reduce significantly the time of surgery, translating in a lower risk of death and better recovery during convalescence for the experimental animals. In previous studies, each of the collateral branches of the CCA are tied with nylon 7/0, which implies greater investment of time 7.

The tMCA model developed is most common in rats and mice, especially in rats, because its anatomy and physiology is similar to the response of cerebral infarction in humans10. t-MCAO is a simple and non invasive method in the infarct zone, which makes it an ideal model for studying cellular mechanisms both of pathogenesis and neuroprotection 9,11, 12,13.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Binocular stereoscope
	Motic
	SMZ-168
	

	Dual-pipe fiber optic


	Stoelting
	59262
	

	Gemini Cautery System
	Stoelting
	59017
	

	Scavenger Isoflurane / Halothane
	Stoelting
	50206-50207
	

	VMC TM Table top gas Anesthesia Instrument


	Stoelting
	50261
	

	Hand Retractors
	
	
	Adapted covered clips

	Needle Holders Olsen – Hegar (4.75 in)
	Stoelting
	52181-84
	

	Micro Clamps  Dietrich  Bulldog straight (2.o in)
	Stoelting
	52120-38
	

	Spring scissors curved 5 mm
	Stoelting
	52130-01
	

	Hemostatic forceps HALSTED mosquito curved ( 5 in)
	Stoelting
	52110-11
	

	Hemostatic forceps HALSTED mosquito straight ( 5 in)
	Stoelting
	52110-10
	

	Micro-dissecting forceps (full curve, serrated)
	Stoelting
	52102-37
	

	Micro-dissecting forceps (slight curve, serrated)
	Stoelting
	52102-35
	

	Micro-dissecting forceps (straight serrated)
	Stoelting
	52102-30
	

	Dumont Forceps (pattern 5)
	Stoelting
	52100-57
	

	Atropine Sulfate
	Erma
	-------
	Registre ICA: 2017-DB

	Xilasyn 2  (injectable solution 2%)
	Synthesis Veterinaria
	--------
	Registre ICA: 3742-DB

	Ketamine 50 (injectable solution 50%)
	Holliday
	------
	

	Meperidine Clorhidrato 100 mg/2ml inyectable
	VITECO.A.
	------
	No INVIMA M-13615

	Isoflurane 100%.
	Baxter
	4124201
	

	Sterile surgical suture: Nylon monofilament 4/0
	CORPAUL
	-------
	

	Sterile surgical suture: Nylon monofilament 6/0
	CORPAUL
	--------
	


References 

Yrjänheikki J1.
, Koistinaho J, Kettunen M, Kauppinen RA, Appel K, Hüll M, Fiebich BL.. Long-term protective effect of atorvastatin in permanent focal cerebral ischemia. Brain Res 1052, 174-179 (2005).

2.
Belayev, L., Busto, R., Zhao, W., Fernandez, G. & Ginsberg, M.D. Middle cerebral artery occlusion in the mouse by intraluminal suture coated with poly-L-lysine: neurological and histological validation. Brain Res 833, 181-190 (1999).

3.
Shuaib, A., Xu Wang, C., Yang, T. & Noor, R. Effects of nonpeptide V(1) vasopressin receptor antagonist SR-49059 on infarction volume and recovery of function in a focal embolic stroke model. Stroke 33, 3033-3037 (2002).

4.
Yang, Y., Shuaib, A. & Li, Q. Quantification of infarct size on focal cerebral ischemia model of rats using a simple and economical method. J Neurosci Methods 84, 9-16 (1998).

5.
Schmued, L.C. & Hopkins, K.J. Fluoro-Jade B: a high affinity fluorescent marker for the localization of neuronal degeneration. Brain Res 874, 123-130 (2000).

6.
Dittmar, M., Spruss, T., Schuierer, G. & Horn, M. External carotid artery territory ischemia impairs outcome in the endovascular filament model of middle cerebral artery occlusion in rats. Stroke 34, 2252-2257 (2003).

7.
Longa, E.Z., Weinstein, P.R., Carlson, S. & Cummins, R. Reversible middle cerebral artery occlusion without craniectomy in rats. Stroke 20, 84-91 (1989).

8.
Pena-Tapia, P.G., Diaz, A.H. & Torres, J.L. [Permanent endovascular occlusion of the middle cerebral artery in Wistar rats: a description of surgical approach through the internal carotid artery]. Rev Neurol 39, 1011-1016 (2004).

9.
Céspedes- Rubio A., V.-C.D., Wandosell-Jurado F., Cardona-Gomez G.P. P120 catenin /alpha-N-catenin are recovered by atorvastatin after focal cerebral ischemia. Submitted.

10.
Durukan, A. & Tatlisumak, T. Acute ischemic stroke: overview of major experimental rodent models, pathophysiology, and therapy of focal cerebral ischemia. Pharmacol Biochem Behav 87, 179-197 (2007).

11.
Traystman, R.J. Animal models of focal and global cerebral ischemia. Ilar J 44, 85-95 (2003).

12.
Carswell, H.V., Macrae, I.M., Gallagher, L., Harrop, E. & Horsburgh, K.J. Neuroprotection by a selective estrogen receptor beta agonist in a mouse model of global ischemia. Am J Physiol Heart Circ Physiol 287, H1501-1504 (2004).

13.
Jiang, N., Chopp, M., Stein, D. & Feit, H. Progesterone is neuroprotective after transient middle cerebral artery occlusion in male rats. Brain Res 735, 101-107 (1996).



Table legend:

Table 1. Neurological evaluation after cerebral ischemia. Neurological score parameters taken from Yrjänheikki J, Brain Res 2005. 0 more affected than 6.
Figure Legends:

Figure 1.  Injury measures after focal cerebral ischemia. a) Neurological score of ischemic rats compared to the sham rats at the 6 and 24 hours after transient middle cerebral artery occlusion (tMCAO). b) Infarct area at the 24 hours after tMCAO.  n= 15,  P >0.05. 

Figure 2. Neurodegeneration hallmarks in cerebral areas affected by the tMCAO. Histological analysis using Nissl and Fluoro-jade staining. n=15
