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Abstract
Myocardial infarction (MI) is a leading cause of death worldwide. Permanent ligation of the left
anterior descending coronary artery (LAD) is a commonly used surgical model to study post-MI
effects in mice. LAD occlusion induces a robust wound healing response that includes
extracellular matrix (ECM) remodeling. This chapter provides a detailed guide on the surgical
procedure to permanently ligate the LAD. Additionally, we describe a prototype method to enrich
cardiac tissue for ECM, which allows one to focus on ECM remodeling in the left ventricle
following surgically induced MI in mice.
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1 Introduction
Over the last 40 years, successful cardiovascular research has led to increases in 30-day
post-myocardial infarction (MI) survival rates of 60 % in the 1970s to current rates of >90
%. Based on this achievement, the current therapeutic challenge has shifted from immediate
survival issues to ways to improve the long-term survival of patients undergoing cardiac
infarct healing [1, 2]. Cardiac infarct healing in the left ventricle (LV) is referred to as LV
remodeling and includes changes in LV size, shape, and function [3-5].

The extent of LV remodeling is dependent on the severity of the following component
events that occur after the infarct: (1) myocyte death, (2) inflammatory response, (3)
granulation tissue deposition to form the scar, and (4) granulation tissue remodeling [6, 7].
Throughout LV remodeling, the critical balance between extracellular matrix (ECM)
degradation and deposition influences ventricular function and patient survival [5, 8].
Excessive ECM degradation predisposes the LV to aneurysm formation and ventricular
rupture, while excessive ECM deposition may result in arrhythmias and congestive heart
failure [8]. In this chapter, we describe an established murine MI model followed by a
protocol to enrich the ECM content during the LV remodeling process post MI.

The surgically induced MI model presented here consists of permanent occlusion of the
LAD at the site where it emerges from under the left atrium. This chronic infarct model
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evokes an anterolateral, apical LV infarct with an average MI size that equals 44 ± 2 % (n =
25) of the total LV muscle mass by day 7 post MI in C57BL/6 wild-type mice of both
genders [9-12]. The mortality associated with the MI procedure ranges from 37 to 50 % over
the first 7 days and is primarily due to ventricular rupture, sudden cardiac death, or acute
heart failure, with mortality being greater for male mice [13]. This model is suitable for
cardiac pathophysiology studies of MI responses, as indicated by the significantly decreased
ejection fraction at day 7 post MI (64 ± 2 % for controls versus 18 ± 2 % post MI, p < 0.05)
[11]. In addition to inducing progressive wall thinning, the permanent LAD occlusion model
induces an increase in LV dilation. Further, this model is a convenient tool to investigate
biochemical, cellular, and molecular responses to MI.

The advantage of using the mouse permanent occlusion MI model is that the availability of
genetically modified mice makes this a practical model to investigate the role of proteins of
interest during the LV remodeling process. A constraint of using this animal model is that
the mouse infarct and non-infarct LV tissue sizes provide limited amounts of material.
Therefore, the experimental design and execution must be carefully planned in order to
completely test the hypothesis under investigation. It is important to account for the
mortality rate when determining the number of animals required for the study, in order to
have an appropriate sample size.

The quality control for infarct confirmation in our permanent occlusion MI model is based
on visual inspection of the LV for blanching, electrocardiogram (EKG) assessment for ST
segment elevation, and imaging by two-dimensional echocardiography. For every mouse,
baseline echocardiograms of the long and short axes should be recorded and analyzed before
surgery to assure that the animals have normal LV function. During the surgery, an EKG is
used to continuously monitor the animal. Post surgery, LV function is assessed by
echocardiography after 3 h and serial echocardiograms are recorded for up to 4 weeks post
MI. At the time of sacrifice, the LV is dissected, sectioned into three slices (apex, mid-
cavity, and base), and stained using 1 % 2,3,5-triphenyltetrazolium chloride (TTC). Viable
myocardium stains red, which facilitates infarct sizing [14].

The decellularization protocol that follows the permanent LAD occlusion surgery is a
perfusion-free version of the procedure described for rats [15]. In addition to decellularizing
the heart to remove cellular constituents, the glycosaminoglycans, collagen type I, collagen
type III, laminin, and fibronectin that form the scaffold are preserved [15]. The ECM
enrichment process described below yields a fully functional three-dimensional scaffold that
facilitates investigation of ECM responses post MI [15].

2 Materials
2.1 Mouse Intubation and Coronary Artery Ligation

All animal procedures should be conducted according to the Guide for the Care and Use of
Laboratory Animals and need to be reviewed and approved by the appropriate institutional
animal care and use committee.

1. Paper towels and examination gloves.

2. Glass bead sterilizer.

3. Surgical instruments (Fig. 1).

4. Oxygen cylinder equipped with regulator.

5. Isoflurane.

6. Induction chamber for anesthesia.
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7. Mouse Surgery Board (Fig. 2A).

8. Light source (Fig. 2B) and surgical microscope (Fig. 2C).

9. Mouse ventilator equipped with a mouse nose cone (Fig. 2D).

10. Anesthetic vaporizer (Fig. 2E).

11. Surgical tape.

12. Hair remover lotion (Nair®).

13. Cotton-tipped applicators.

14. EtOH (70 % [v/v] solution in H2O).

15. Povidone-Iodine Prep Solution USP (Betadine).

16. EKG recording system (iWorx Software) and computer (Fig. 2F).

17. IV catheter 20 ga × 1.

18. Sterile sutures.

3–0 AROSurgical™ (Black Polyamide Monofilament) sterile suture.

6–0 Ethicon Prolene (Polypropylene) sterile suture.

8–0 AROSurgical™ (Black Polyamide Monofilament) sterile suture.

19. Gauze sponges (100 % cotton, 4 in. × 4 in., 8-ply).

20. 0.9 % Sodium Chloride Irrigation Solution USP.

21. Buprenorphine hydrochloride.

2.2 Extracellular Matrix Decellularization and Proteomic Analysis
1. 1 % Sodium dodecyl sulfate [w/v] in distilled, deionized water.

2. Distilled, deionized water.

3. 1× Complete Mini Protease Inhibitor cocktail with 1 mM EDTA.

4. Protein extraction reagent type 4.

5. 5 mL Round-bottom tubes.

6. 1.5 mL tube.

7. Gyro Twister™ 3D Shaker.

8. Homogenizer.

3 Methods
3.1 Mouse Intubation and Coronary Artery Ligation

Pre-surgical Preparation
1. Sterilize surgical instruments using the glass bead sterilizer for 12–15 s per

instrument.

2. Place the mouse in the induction chamber.

3. Adjust vaporizer to instill a 2 % isoflurane in 100 % oxygen mix into induction
chamber.
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4. Induce anesthesia: 30-s to 1-min exposure or until mouse is unconscious.

5. Move mouse to a warm surgical board and place anesthetic nose cone over the face
of the mouse.

6. Administer inhalant anesthetic to maintain an unconscious state, i.e., 2 % isoflurane
and 100 % oxygen mix via ventilator. Adjust stroke volume and ventilation rate
according to the manufacturer’s recommendations.

7. Place the mouse in a supine position; tape its paws and base of the tail to the
surgical board (Fig. 3).

8. Using a cotton-tipped applicator, gently apply Nair® to the thorax and neck area to
remove hair.

9. Sanitize the neck and thorax with a gauze containing 70 % EtOH followed by a
gauze containing betadine.

Intubation Procedure
1. Insert needle electrodes into the subcutaneous space of the forelimbs and hindlimbs

to monitor the animal’s EKG. Record baseline EKG.

2. Make a 1 cm longitudinal incision on the ventral midline of the neck (Fig. 4a)
exposing the submandibular glands; use blunt dissection to expose the
sternothyroid muscles (see Fig. 4b and Note 1).

3. Retract the sternothyroid muscles laterally to expose the ventral aspect of the
trachea (Fig. 4c).

4. Before intubation, isoflurane percentage may be increased for a brief period in
order to increase the level of anesthesia and facilitate intubation.

5. The nose cone is removed; a 10–15 cm piece of string is placed around the upper
incisors and gentle traction is applied cranially so that the airway is open and
straight.

6. To intubate, lift the tongue with forceps and guide 20 ga IV catheter into trachea
with IV catheter needle as support while monitoring with microscope to ensure
clear passage. Advance the catheter until the tip is visible within the trachea
through the neck incision (Fig. 4d). The tip of the catheter can be colored with a
black marker to facilitate visualization within the trachea.

7. Remove the support needle and connect the anesthesia tubing from the nose cone to
the IV catheter. Once intubated, isoflurane percentage should be adjusted to 2 %
and the stroke volume and stroke/min adjusted based on the size of the animal.

Ligation Procedure
1. Cut a 1 cm × 1 cm strip of gauze and place in saline.

2. Make a 1–1.5 cm transverse incision at mid-thorax starting left of ventral midline
and extending laterally, parallel to the ribs and approximately 2 cm below the left
axilla.

1Blunt dissection is the primary technique used in this surgical procedure. The only steps that require the use of surgical scissors are
step 2 during intubation and steps 2, 7, and 9 during the ligation procedure.

Zamilpa et al. Page 4

Methods Mol Biol. Author manuscript; available in PMC 2014 March 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Use blunt dissection to expose the left pectoralis major muscles. Place a 3–0
retention suture around the muscles and retract toward the right shoulder of the
mouse in order to expose the rib cage (Fig. 5a, b).

4. Place additional 3–0 retention suture around the left rectus thoracis and serratus
ventralis muscles. Retract these muscles toward the left side of the mouse and affix
the retention suture with tape to the surgical board as close to the body of the
mouse as possible (Fig. 5a, b).

5. Bluntly dissect the muscle striations at the intercostal space between the third and
fourth ribs to make a 0.25 cm incision that penetrates into the thoracic cavity (Fig.
5b).

6. Place the strip of gauze into the thoracic incision and gently push down toward
lungs (Fig. 5c). It is important to avoid damage to the lungs.

7. Slowly enlarge the thoracic incision to approximately 1 cm long using blunt
dissection technique applied medially and laterally while using the gauze to protect
the lungs.

8. Apply the Mini-Goldstein retractor to the incision and gently spread ribs in order to
clearly visualize the left atrium and left ventricle (Fig. 5d).

9. Use fine forceps and blunt-ended curved scissors to remove pericardium and
provide access to the left ventricular free wall for identification of the left anterior
descending coronary artery (LAD). Identifying the artery is required for successful
occlusion. For references on the murine coronary artery anatomy, please see refs. 9,
16.

10. Using a Castroviejo needle holder, guide an 8–0 suture under the LAD 1 mm distal
to the left atrium and ligate securely with a square knot.

11. Confirm a discrete blanched region on the LV under microscope and ST segment
elevation on the EKG.

12. Remove the rib retractor.

13. Place one 6–0 suture to encircle the outer edges of the separated ribs, remove the
gauze, and secure the knot so that the ribs are repositioned in the chest and the
incision is closed. Remember to double-check that the gauze was removed prior to
closing the chest.

14. Remove the retention sutures and reposition the retracted muscle layers of the chest
(Fig. 5e).

15. Close the thoracic and neck incisions using 6–0 suture (see Fig. 5f and Note 2).

16. Administer Buprenex (0.1 mg/kg IP).

17. Remove all the tape, and turn off isoflurane but allow the oxygen to continue to
flow.

18. Move the mouse to the prone position and extubate. After extubation, spontaneous
breathing should begin immediately.

19. Remove the EKG needle electrodes.

20. Place animal in a 37 °C incubator to recover (see Notes 3 and 4).

2When performed correctly, no bleeding should occur throughout the entire procedure. However, if blood loss occurs, saline can be
injected intraperitoneally.

Zamilpa et al. Page 5

Methods Mol Biol. Author manuscript; available in PMC 2014 March 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Day 0 (Fig. 6a)
1. Dissect the LV and separate remote from infarct tissue, based on TTC staining.

2. Record infarct and remote wet tissue weight separately.

3. Incubate remote and infarct tissue separately in a round-bottom tube containing
4mL of distilled H2O with 1× protease inhibitor for 30 min with gentle shaking.

4. Decant the solution and replace with 1 % SDS with 1× protease inhibitor cocktail at
room temperature for 24 h with gentle shaking.

Day 1
1. Collect 1 mL of the supernatant, discard the remaining solution, and replace with

fresh 1 % SDS with 1× protease inhibitor cocktail for 24 h with gentle shaking.

Day 2 (Fig. 6b), Day 3 (Fig. 6c), and Day 4
1. Each day, discard the solution and replace with fresh 1 % SDS with 1× protease

inhibitor cocktail at room temperature for 24 h with gentle shaking.

Day 5 (Fig. 6d)
1. Discard the solution and wash decellularized tissue with 2 mL of distilled H2O with

1× protease inhibitor for 5 min with gentle shaking (see Note 5).

2. Discard the solution and wash with 4 mL of distilled H2O with 1× protease
inhibitor for 24 h with gentle shaking.

3. Discard the solution and transfer decellularized tissue to 1.5 mL tube and add
Sigma reagent 4 with 1× protease inhibitor cocktail at 5 μL for every 1 mg of wet
tissue weight.

4. Homogenize the tissue for 5 s, four times with 1-min intervals.

5. Sonicate the homogenate for 5 s, four times. Incubate the sample at 30 °C for 1 h.

6. Store at −80 °C.

7. Rewarm the sample to 30 °C for 1 h before determining protein concentration
assay.
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Fig. 1.
(a) Instruments recommended for the surgical procedure. (b) Instrument names and
catalogue numbers
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Fig. 2.
Surgical equipment and setup include (A) surgical board, (B) microscope light source, (C)
microscope, (D) rodent ventilator, (E) vaporizer, and (F) EKG system with computer
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Fig. 3.
Pre-surgical preparation and immobilization of mouse. The mouse is in the supine position
and immobilized at paws and base of tail, under anesthesia delivered through a mouse nose
cone. Area to be shaved and surgical incisions are indicated by the broken lines.
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Fig. 4.
Intubation procedure. (a) The incision for intubation is made using the submandibular
glands as a landmark. (b) Beneath submandibular glands the sternothyroid muscles cover the
trachea. (c) Retraction of the sternothyroid muscles allows for visualization of the base of
trachea. (d) The catheter is properly guided using the incision located in the neck area
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Fig. 5.
Ligation procedure. (a) Incision and identification of the muscle layers covering the rib
cage. (b) Retraction of muscle layers and location of the third intercostal space. (c) Position
of the gauze to protect the lungs and assist with the intercostal incision. (d) Position of LAD
ligation with respect to left atrium. (e) Relocation of muscle layers and (f) suturing the skin
incisions
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Fig. 6.
Decellularization process of the whole heart. (a) Representative day 0 images of freshly
dissected heart ventricle and atria in saline (left ) and 1 % SDS (right ). (b–d) Representative
images of (b) day 2, (c) day 3, and (d) day 5 whole heart in saline (left ) and 1 % SDS
(right )
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Fig. 7.
Control (a–c) and post-MI (d–f) EKGs, echocardiograms, and TTC-stained images. (a)
Murine EKG, (b) long-axis echocardiogram, and (c) TTC-stained left ventricle in control
mice. (d) 15-min post-MI EKG, (e) day 7 post-MI long-axis echocardiogram, and (f)
matching day 7 TTC-stained left ventricle
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