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tissue formation, and heterocellular coupling between cardiomyocytes 
and fibroblasts, as seen in a natural heart (Anil Kumar et al., 2019). 
Despite the various strides that have been taken in the field of cardiac 
tissue engineering, there is an urgent need to understand the underlying 
pathophysiology of MI and the subsequent disease progression 
(Richardson et al., 2011). Understanding the pathological progression of 
an MI model will help researchers design better strategies to engineer a 
cardiac patch. 

The histopathological progress of a naturally-occurring MI is well 
documented and can be used to understand the age of the infarct 
(Bouchardy and Majno, 1974; Michael C. Fishbein et al., 1978; White 
et al., 1936). Although literature describes an array of techniques that 
can be employed to achieve acute coronary occlusion in the experi
mental animal model, direct ligation of the left anterior descending ar
tery (LAD), which is the largest coronary artery that descends on the 
anterior interventricular sulcus to the apex, continues to be the most 
frequently opted method (Schwarzer, 2016). However, LAD ligation has 
been observed to increase the occurrence of post-operative mortality 
resulting from the presence of cardiac arrhythmias, bleeding, and 
pneumothorax (Reichert et al., 2017). In addition, LAD is known to 
produce random areas of necrotic damage (Ciulla et al., 2004). More
over, this model has been described as time-consuming and expensive, 
while facing critiques with regard to animal protection efforts (Klocke 
et al., 2007). 

Cryo-infarction has been investigated as an alternative approach to 
induce an MI. Although myocardial cryo-damage is significantly 
different from that caused by ischemia, it results in a standardized injury 
that replicates cellular patterns consistent with coagulation necrosis, 
early microvascular reperfusion, hemorrhage, inflammation, reparation, 
and scarring observed in myocardial infarction eventually leading to 
heart failure, generating a model that may be suitable to study 
myocardial injury (Ciulla et al., 2004). Cryo-infarction has also been 
successfully applied in other studies with very significant outcomes (van 
den Bos et al., 2005), which prompted us to form the hypothesis that 
cryo-infarction can lead to an optimized yet easily reproducible model of 
injury for the induction of MI in a rat model. Although there are 
numerous citations in the literature describing the usage of mouse 
models to assess the efficacy of cryo-infraction (van den Bos et al., 2005, 
Duerr2010), inducing MI in rat hearts using this technique has been 
unexplored until now, imparting originality to our study. In the last 
decade, numerous papers have been published on studies performed in 
animal models of heart failure and hypertrophy, most of which have 
been performed in rats (Hasenfuss, 1998).Therefore it is essential to 
induce and optimize the cryo-MI procedure in rats which can eventually 
lead to establishment of a model for induction of cardiac hypertrophy 
and heart failure. We have further adopted histological quantification 
methods, which will provide direction and guidance to other researchers 
for optimization of an MI model, as mostly qualitative descriptions exist 
of post-MI tissue sections (Bouchardy and Majno, 1974; Fishbein et al., 
1978; White et al., 1936). 

2. Materials and methods 

2.1. Subjects 

For this study, a minimum of n = 6 animals were used for each 
condition amongst an approved total of 42 animals employed for the 
entire study, being approved by the IACUC at the University of Texas at 
El Paso. All animal experiments were executed in accordance with the 
National Institutes of Health Guide for the Care and Use of Laboratory 
Animals (Research, 2011). Procedures were additionally reviewed and 
approved by the Institutional Animal Care and Use Committee at The 
University of Texas at El Paso. For this study, male and female Sprague 
Dawley (Hsd: SD) rats (Envigo, Houston, TX) of ~ 8–10 weeks at the 
time of surgery were randomly separated into a sham group and an 
experimental group. The experimental group underwent a thoracotomy, 

and an infarct was induced using a cryo-probe. The sham group, on the 
other hand, underwent the thoracotomy but did not undergo cryo- 
infarction. SD rats were chosen as the experimental model to extend 
what is known about cryo-infarction in murine species, as literature has 
reported such procedures being performed in mice (van den Bos et al., 
2005, Duerr2010). 

2.2. Chemicals 

IsoSol (Isoflurane, USP), surgical-grade chlorhexidine solution, and 
ChlorHex-Q pre-surgical hand scrub was procured from Vedco Inc. in 
Saint Joseph, Missouri. Lidocaine Hydrochloride Jelly USP, 2%, was 
purchased from Akorn Inc. in Lake Forrest, Illinois. Ethanol, Gibco 1X 
phosphate-buffered saline (PBS), Alfa Aesar 4% paraformaldehyde 
(PFA) was bought from Fisher Scientific in Hampton, New Hampshire. 
Mayer’s Hematoxylin, Alcoholic Eosin, Sucrose, Xylene, Bouin’s Fluid, 
Working Weigert’s Iron Hematoxylin Stain, Trichrome stain, Acetic acid, 
Sodium Borohydrate were all acquired from Sigma Aldrich. 

2.3. Surgical preparation 

The weight of the rat was documented prior to each trial and used as 
a parameter for the induction of anesthesia. A Somnosuite®️ Low-Flow 
Anesthesia System (Kent Scientific Corporation, Torrington, CT) was 
used to vaporize and administer isoflurane loaded in a Pressure-Lok 
Precision Analytical Syringe (Valco Instruments Company Inc., Hous
ton, TX). The specimen was placed in an induction chamber connected 
to the Somnosuite via clamped rubber tubing to control airflow. Before 
each trial, the apparatus was calibrated and checked for any leaks. Once 
the animal was under anesthesia, it was removed from the chamber and 
placed supine onto a countertop where isoflurane was continued to be 
administered through a large nose cone (Kent Scientific Corporation). 
The left thorax and axillary fur of the subject were shaved and wiped 
with 70 % ethanol. 

A Rat Endotracheal Intubation Kit (Kent Scientific Corporation) was 
used to prevent pneumothorax when the chest cavity is opened during 
the thoracotomy. The subject was moved to an intubation stand and 
hung with suture by its upper incisors under a nose cone. A pulse ox
imeter connected to the Somnosuite was placed on the subject’s paw to 
monitor the oxygen saturation level, and a thermometer placed in the 
rectum. Using a dental probe, the tongue was manipulated to expose the 
throat. Lidocaine was swabbed into the animal’s mouth to suppress 
laryngeal spasms during intubation. A 16 G x 2” catheter (Nipro Medical 
Corporation, Osaka, Japan) was inserted into the trachea, using a fiber- 
optic light for guidance. After the fiber optic was pulled out, the clamped 
rubber tubing was connected onto the catheter to ventilate anesthesia 
into the animal. Once properly intubated, the subject was moved to a 
sterile field on the top of a warming pad, and the surgical site was wiped 
down with surgical scrub, ethanol, and surgical solution. 

2.4. Cryo-infarction procedure 

A cryo-probe made of a stainless-steel rod (316 SS, Arcelor Mittal) 
with 3 mm cross-sectional diameter was placed into liquid nitrogen. A 
thoracotomy was performed following a published protocol (van den 
Bos et al., 2005) through the fourth left intercostal space using a Rat 
Surgical Kit (Kent Scientific Corporation). After locating the heart and 
removing the pericardium, cryo-infarction was induced by touching the 
tip of the cryo-probe to the anterior left ventricular free wall for 10 s. 
Ice-cold PBS solution was then perfused through the heart to remove any 
blood from the inner chambers. The animal was sacrificed by removing 
the heart. Organ samples were fixed in 4% PFA overnight then switched 
to PBS before tissue sectioning. No post-operative mortality was 
observed or documented for any of the subjects used in this study. 
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