BASIC RESEARCH

Experimental Hypothermia Murine Model
for Spinal Cord Injury Studies

Anibal J. Sarotto,” Daniela Contartese,” Verénica Dorfman,” Agustina Toscanini,* Nicolas Scheverin,” Micaela Besse,**
Ignacio Larrayoz,’ Manuel Rey-Funes,’ Alfredo Martinez,’ César Fabian Loidl’

"Laboratory of Experimental Neuropathology, Institute of Cell Biology and Neuroscience “Prof. E. De Robertis” (IBCN), School of
Medicine, Universidad de Buenos Aires, CONICET, Autonomous City of Buenos Aires, Argentina

“Center for Biomedical, Biotechnological, Environmental and Diagnostic Studies (CEBBAD), Universidad Maimonides, Buenos Aires,
Argentina

#Instituto Nanobiotec (UBA-Conicet), School of Medicine, Universidad de Buenos Aires, CONICET, Autonomous City of Buenos Aires,
Argentina

#Spinal Pathology Unit, Orthopedics and Traumatology Service, General Acute Care Hospital “Carlos G. Durand”, Autonomous City
of Buenos Aires, Argentina

YAngiogenesis Study Group, Center for Biomedical Research of La Rioja (CIBIR), Logrofio, Spain

ABSTRACT

Given the complexity of hypothermal trial systems in murines, they are expensive. Our objective was to evaluate if the exogenous
hypothermal model used in our laboratory for ocular hypothermia was useful for a significant reduction in medullar spine tempera-
ture in adult murines. Materials and Methods: 36 60-day-old adult male Sprague-Dawley rats were used. They were separated
into two groups: a normal temperature group at 24 °C (n=18) and a hypothermia group in a cold chamber at 8 °C for 180 minutes
(n=18). Results: The mean rectal temperature was 37.71 °C + 0.572 in the normothermia group and 34.03°C + 0.250 in the hypo-
thermia group (p <0.0001). The mean medullar temperature was 38.8 + 0.468 °C in the normothermia group and 36.4 + 0.290 °C
in the hypothermia group (p <0.0001). Conclusion: Using systematic hypothermia in lab rats seems to be promising to evaluate
physiologic and pathological mechanisms triggered in the medullar spine. Exposure to cold in the external chamber produces
significant medullar hypothermia in adult rats. Results suggest this might be an adequate and inexpensive medullar hypothermal
model.
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Modelo de hipotermia experimental en murinos para estudios de lesion medular

RESUMEN

Introduccion: Los ensayos de hipotermia sistémica en murinos son costosos, debido a la complejidad de los sistemas. El objetivo
de este estudio fue evaluar si el modelo de hipotermia sistémica exdgena utilizado en nuestro laboratorio para la hipotermia ocular
es util para reducir significativamente la temperatura de la médula espinal en ratas adultas. Materiales y Métodos: Se utilizaron
36 ratas Sprague-Dawley albinas macho de 60 dias, distribuidas en dos grupos: grupo normotermia a 24 °C (n = 18) y grupo hipo-
termia (n = 18) en camara fria a 8 °C durante 180 minutos. Resultados: La temperatura rectal promedio fue de 37,71 + 0,572 °C
en el grupo normotermia y 34,03 + 0,250 °C en el grupo hipotermia (p <0,0001). La temperatura medular promedio fue de 38,8 +
0,468 °C en el grupo normotermia y de 36,4 + 0,290 °C en el grupo hipotermia (p <0,0001). Conclusiones: El uso de hipotermia
sistémica en ratas de laboratorio parece ser un método prometedor para evaluar los mecanismos fisiolégicos y patolégicos que
se desencadenan en la médula espinal. La exposicion al frio en camara genera hipotermia medular significativa en ratas adultas.
Los resultados sugieren que podria ser un modelo adecuado de hipotermia medular de bajo costo.
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INTRODUCTION

Several studies conducted since the 1990s have shown that hypothermia reduces central nervous system dam-
age in an experimental model of severe perinatal asphyxia in rats, with encouraging results in medullary, ocular,
and brain pathology.'* These studies were conducted primarily in models with newborn rats. To evaluate adults,
it was necessary to develop new models of systemic hypothermia that were easy to apply and low cost, since the
usual models have some technical difficulty and a high economic cost for our field.

In our laboratory, we used a model of exogenous systemic hypothermia in adult rats used for eye injury (8 °C
of ambient temperature), which triggers a sufficient stimulus for the increase in the expression of a particular
type of cold-inducible proteins with neuroprotective effect.’ It is proposed that this model developed for eye
injuries could be suitable as a model of hypothermia for spinal cord injuries.

The objective of this study was to evaluate whether the exogenous systemic hypothermia model used in our
laboratory for ocular hypothermia is useful for significantly reducing spinal cord temperature in adult rats.

MATERIALS AND METHODS

The procedures for handling and treating animals were carried out in accordance with the care guidelines for
laboratory animals®and CICUAL UBA standards.’

60-day-old adult male albino Sprague-Dawley rats were used. The animals were kept under standard laboratory
conditions. In total, 36 rats were used, which were distributed in two groups: the normothermia group at 24 °C (n
= 18) and the hypothermia group (n = 18). For hypothermia, the animals were placed in a cold chamber at 8 °C
for 180 min, with hydration ad libitum.> Temperature was measured with a digital thermometer (TES-1300, TES
Electrical Electronic Corp., Taipei, Taiwan) connected to a K-type thermocouple (TPK-01).

The animals of the hypothermia group were euthanized immediately after being removed from the refrigerator.
All animals were euthanized by decapitation with a guillotine. Immediately afterward, intramedullary and intrar-
ectal temperatures were measured.

The results are presented as mean + standard deviation. Comparisons were made using Student’s t-test for inde-
pendent samples. A p-value <0.05 was considered significant.

RESULTS

The average rectal temperature was 37.71 = 0.572 °C in the normothermia group and 34.03 + 0.250 °C in the
hypothermia group. The difference was statistically significant (p <0.0001). The average medullary temperature
was 38.8 £0.468 °C in the normothermia group and 36.4 +0.290 °C in the hypothermia group (p <0.0001). The
average temperature difference between the groups was 3.68 °C in the rectum and 2.4 °C in the marrow (Table
and Figure).

A greater gradient between rectal and intramedullary temperatures was observed in the hypothermia group
(+1.1 °C in the normothermia group and +2.4 °C in the hypothermia group).
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Normothermia Hypothermia
BERECTAL 37.777 34.03
EMEDULLARY 38.8 36.4
Columns

Figure. Contingency table with standard deviations of rectal and medullary temperature in normothermia and hypothermia.

Table. Rectal and medullary temperature values in normothermia and hypothermia.

Rectal Medullary Rectal Medullary
38 38.8 344 36.8
36.3 37.8 34.5 36.9
38.3 39.3 33.8 36.6
37.2 389 34.2 36.3
37.6 39 34 36.2
38 39.1 34 36.6
38 39.2 33.8 36.4
38.2 38.5 34.1 359
38.1 38.6 339 36.5
383 38.8 337 36
36.7 37.9 34.2 36.1
36.9 38 335 36.4
37.8 39 339 36.6
37.7 39.1 34.2 36.1
38.1 39.3 343 36.2
38 39.2 34 36.8
37.7 38.9 34.1 36.6
37.9 39 34 36.3
37.71111111 38.8 34.03333333 36.40555556
38.3 39.3 34.5 36.9
36.3 37.8 33.5 35.9
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DISCUSSION

From the experimental point of view, induced systemic hypothermia has neuroprotective properties in cerebral®
and medullary’ ischemia. In asphyxia, at the medullary level, the overproduction of nitric oxide manifests itself as
a structural and functional injury. This situation can be prevented by inhibiting the enzyme nitric oxide synthase
by using hypothermia in neonates."!

Systemic hypothermia assays in experimental murine models pose great difficulties due to acquisition costs, the
complexity of the systems and the coolers by the circulation of ice water,'! or the cold chamber-induced coma,?or
even transrectal cooling systems that require several hours."

Based on the published experience,” we decided to evaluate the possibility of applying a simple and low-cost
method to obtain a medullary cooling model that was useful for laboratory tests. The results of this research show
data in favor of the usefulness of a model of exogenous systemic hypothermia that is usually used in our laboratory
for ocular hypothermia in adult rats. We observed that the simple application of cold in the chamber at 8 °C for 3
hours managed to significantly reduce the temperature of the spinal cord.

The use of hypothermia has been proposed as a neuroprotective treatment in humans. In term infants with hy-
poxic-ischemic encephalopathy, benefits were observed from selective cooling of the head (10 °C), mild systemic
hypothermia (34.5-35 °C), and also from the combination of both methods.'*"

Scientific evidence also suggests using therapeutic hypothermia in patients with acute spinal cord injury.’ Due to
the medical costs associated with spinal cord injuries and the lack of effective treatments, there is an ongoing need
to evaluate new therapies that can be initiated in the acute period of the injury to limit secondary injury mecha-
nisms and improve functional outcomes in this patient population.'¢'8

Cold therapies can be local or systemic. Regional medullary hypothermia through epidural cooling provided
cytoprotection in the prophylaxis of medullary ischemia during aortic surgery," but due to the complexity of the
procedure, systemic hypothermia was chosen.” In cases of spinal cord injury, relatively mild levels of systemic
hypothermia after the injury improve function and reduce histopathological damage.?’> Moderate systemically
induced hypothermia is protective in a variety of spinal cord injury models and therefore deserves consideration
for clinical application.

Despite its potential applications, hypothermia poses a problem: the difficulty of applying cold to some specific
organs or regions of the organism due to the ability of homeothermic organisms to regulate temperature.> To ap-
ply hypothermia to internal organs, such as the brain or marrow, it is necessary to cool the blood with an external
circulation system,>* while, in newborns, a fairly elaborate device is necessary and that is not easily affordable for
hospitals or dispensaries in developing countries.”

CONCLUSION

Exposure to cold in a chamber at 8 °C for 3 hours generates significant medullary hypothermia in 60-day-old
male albino Sprague-Dawley rats. The results suggest that it could be a suitable model of low-cost medullary hy-
pothermia.

Acknowledgments
To Andrea Pecile, Marianela Ceol Retamal, and Manuel Antonio Ponce for the excellent assistance in the care of the animals.

Contflict of interests: The authors declare they do not have any conflict of interests. The laboratory of UBA is supported by UBACyT 2019-2022 grant
20020160100150. This work was supported by the U.S. Department of Defense, Grant mR130239 (to Am) and by UBACyT, Grant 20020160100150BA (to CFL).
ImL is supported by a contract with Miguel Servet (CP15/ 00198) from the Carlos IIl Health Institute-ERDF (European Regional Development Fund) and by FRS.

D. Contartese ORCID ID: https://orcid.org/0000-0003-3690-264X |. Larrdyoz ORCID ID: https://orcid.org/0000-0003-1629-152X

V. Dorfman ORCID ID: https://orcid.org/0000-0002-7950-1400 M. Rey-Funes ORCID ID: https://orcid.org/0000-0002-0213-3056
A. Toscanini ORCID ID: hitps://orcid.org/0000-0001-9431-7794 A. Martinez ORCID ID: hitps://orcid.org/0000-0003-4882-4044
N. Scheverin ORCID ID: https://orcid.org/0000-0001-9878-0372 C. F. Loidl ORCID ID: https://orcid.org/0000-0001-6609-8969

M. Besse ORCID ID: https://orcid.org/0000-0002-4388-1384

m Rev Asoc Argent Ortop Traumatol 2022; 87 (1): 89-94 « ISSN 1852-7434 (online)



Experimental Hypothermia in Murines

REFERENCES

1. Dorfman VB, Rey-Funes M, Bayona JC, Lépez EM, Coirini H, Loidl CF. Nitric oxide system alteration at spinal
cord as a result of perinatal asphyxia is involved in behavioral disabilities: hypothermia as preventive treatment. J
Neurosci Res 2009;87(5):1260-9. https://doi.org/10.1002/jnr.21922

2. Loidl CF, De Vente J, van Dijk E, Vles SH, Steinbusch H, Blanco C. Hypothermia during or after severe perinatal
asphyxia prevents increase in cyclic GMP-related nitric oxide levels in the newborn rat striatum. Brain Res
1998;791(1-2):303-7. https://doi.org/10.1016/s0006-8993(98)00195-4

3. Rey-Funes M, Ibarra ME, Dorfman VB, Loidl CF, Serrano J, Fernandes AP, et al. Hypothermia prevents nitric oxide
system changes in retina induced by severe perinatal asphyxia. J Neurosci Res 2011;89(5):729-43.
https://doi.org/10.1002/jnr.22556

4. Rey-Funes M, Dorfman VB, Ibarra ME, Pefia E, Contartese DS, et al. Hypothermia prevents gliosis and
angiogenesis development in an experimental model of ischemic proliferative retinopathy. Invest Ophthalmol Vis Sci
2013;54(4):2836-46. https://doi.org/10.1167/iovs.12-11198

5. Larrayoz IM, Rey-Funes M, Contartese DS, Roldn F, Sarotto A, et al. Cold shock proteins are expressed in the
retina following exposure to low temperatures. PLoS One 2016;11(8):e0161458.
https://doi.org/10.1371/journal.pone.0161458

6. National Research Council (US) Committee for the Update of the Guide for the Care and Use of Laboratory
Animals. Guide for the Care and Use of Laboratory Animals. 8" ed. Washington (DC): National Academies Press
(US); 2011. PMID: 21595115

7. Reglamento para el cuidado y uso de animales de laboratorio en la Universidad de Buenos Aires. CICUAL.
[Consulted: March 2019] Available at: https://www.fmed.uba.ar/sites/default/files/2018-04/Reglamento%20UBA_0.pdf

8. Busto R, Dietrich WD, Globus MY, Valdes I, Scheinberg P, Ginsberg MD. Small differences in intraischemic brain
temperature critically determine the extent of ischemic neuronal injury. J Cereb Blood Flow Metab 1987;7(6):29-38.
https://doi.org/10.1038/jcbfm.1987.127

9. Horiuchi T, Kawaguchi M, Kurita N, Inoue S, Nakamura M, et al. The long-term effects of mild to moderate
hypothermia on gray and white matter injury after spinal cord ischemia in rats. Anesth Analg 2009;109(2):559-66.
https://doi.org/10.1213/ane.0b013e3181aa%6al

10. Beckman JS, Koppenol WH, Nitric oxide, superoxide, and peroxynitrite: the good, the bad, and ugly. Am J Physiol
1996;271(5 Pt 1):C1424-37. https://doi.org/10.1152/ajpcell.1996.271.5.C1424

11. Bazley FA, Pashai N, Kerr CL, All AH. The effects of local and general hypothermia on temperature profiles of
the central nervous system following spinal cord injury in rats. Ther Hypothermia Temp Manag 2014;4(3): 115-24.
https://doi.org/10.1089/ther.2014.0002

12. Badr El-Bialy, Shaimaa Abu Zaid, Nermeen El-Borai, Anis Zaid, Amanallah El-Bahrawy. Hypothermia in rat:
Biochemical and pathological study. Int J Cri For Sci 2017;1(1):22-30. [Consulted: March 2019] Available at:
https://biocoreopen.org/ijcf/Hypothermia-in-Rat-Biochemical-and-Pathological-Study.php

13. Liu P, Yang R, Zuo Z. Application of a novel rectal cooling device in hypothermia therapy after cerebral hypoxia-
ischemia in rats. BMC Anesthesiol 2016;16:77. https://doi.org/10.1186/s12871-016-0239-5

14. Azzopardi DV, Strohm B, Edwards AD, Dyet L, Halliday HL, Juszczak E, et al. Moderate Hypothermia to treat
perinatal asphyxia encephalopathy. N Engl J Med 2009;361(14):1349-58. https://doi.org/10.1056/NEJM0a0900854

15. Battin MR, Penrice J, Gunn TR, Gunn AJ. Treatment of term infants with head cooling and mild systemic
hypothermia (35 degrees C and 34,5 degrees C) after perinatal asphyxia. Pediatrics 2003;111(2):244-51. https;//doi.
org/10.1542/peds.111.2.244

16. Dietrich WD, Levi AD, Wang M, Green BA. Hypothermic treatment for acute spinal cord injury. Neurotherapeutics
2011;8(2):229-39. https://doi.org/10.1007/s13311-011-0035-3

17. Tay Bobby K-B, Eismont FJ. Injuries of the upper cervical spine. En: Herkowitz HN. Rothman-Simeone The Spine,
5% ed. Philadelphia: Saunders; 1980, vol. II, cap. 67, pags. 1073-99.

18. Videla N, Steverlynck A, Castelli R, Sarotto AJ, Sbrero D, Scheveri N, et al. Incidencia de lesiones espinales
en accidentes de trdnsito. Nuestra experiencia, andlisis y conclusiones sobre la prevalencia de lesiones por
motocicletas. XVIII Congreso Argentino de la Sociedad Argentina de Patologia de la Columna Vertebral, Cérdoba,
Argentina, 2014.

19. Cambria RP, Davison JK. Regional hypothermia for prevention of spinal cord ischemic complications after
thoracoabdominal aortic surgery: experience with epidural cooling. Semin Thorac Cardiovasc Surg 1998;10(1):61-
5. https://doi.org/10.1016/s1043-0679(98)70020-6

Rev Asoc Argent Ortop Traumatol 2022; 87 (1): 89-94 « ISSN 1852-7434 (online)




A. J. Sarotto et al.

20. Choi R, Andres RH, Steinberg GK, Guzman R. Intraoperative hypothermia during vascular neurosurgical
procedures. Neurosurg Focus 2009;26(5):E24. https://doi.org/10.3171/2009.3.FOCUS0927

21. Lo TP, Cho K-S, Garg MS, Lynch MP, Marcillo AE, Koivisto DL, et al. Systemic hypothermia improves
histological and functional outcome after cervical spinal cord contusion in rats. J Comp Neurol
2009;514(5):433-48. https://doi.org/10.1002/cne.22014

22. Shibuya S, Miyamoto O, Janjua NA, Itano T, Mori S, Horimatsu H. Post-traumatic moderate systemic hypothermia
reduces TUNEL positive cells following spinal cord injury in rat. Spinal Cord 2004;42(1):29-34.
https://doi.org/10.1038/sj.s¢.3101516

23. Morrison SF. Central neural control of thermoregulation and brown adipose tissue. Auton Neurosci 2016;196:14-24.
https://doi.org/10.1016/j.autneu.2016.02.010

24. Andrews PJ, Sinclair HL, Rodriguez A, Harris BA, Battison CG, Rhodes JKJ, et al. Hypothermia for Intracranial
Hypertension after Traumatic Brain Injury. N Engl J Med 2015;373(25):2403-12.
https://doi.org/10.1056/NEJMoal507581

25. Dingley J, Liu X, Gill H, Smit E, Sabir H, Tooley J, et al. The feasibility of using a portable xenon delivery device
to permit earlier xenon ventilation with therapeutic cooling of neonates during ambulance retrieval. Anesth Analg
2015;120(6):1331-6. https://doi.org/10.1213/ANE.0000000000000693

m Rev Asoc Argent Ortop Traumatol 2022; 87 (1): 89-94 « ISSN 1852-7434 (online)



