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Spinal Cord Injury
• Spinal cord injury (SCI): “damage to the tight bundle of cells and nerves 

that sends and receives signals from the brain to and from the rest of the 
body” [1]

• Globally, 250,000 to 500,000 people experience an SCI each year with an 
average global incidence rate of 40 to 80 injuries per million population [1]

• Although almost full recovery is possible with minor SCI, many SCI have 
devasting and severe consequences, with many patients suffering from 
multiple chronic conditions post-injury including varying degrees of 
paralysis, bladder and bowel dysfunction, and pain [2]

• Despite the striking incidence rate and obvious health and economic 
implications, there is no current treatment to reverse the damage caused 
by an SCI, although regenerative treatments are currently being 
researched [3]



Spinal Cord Injury & Neuropathic Pain

Chronic Pain

Chronic pain is one of the most 
notable long term symptoms post-

SCI [4]

An estimated 68% of SCI patients 
experience chronic pain post injury 

[5]

Neuropathic Pain

Neuropathic pain is defined as “pain 
caused by a lesion or disease of the 
somatosensory nervous system” [6]

Neuropathic pain has a 58% 
prevalence post-SCI [5]

Difficulties with 
Neuropathic Pain

SCI-induced neuropathic pain is 
difficult to diagnose [7]

Current treatment and therapies of 
SCI-induced neuropathic pain are 

inadequate and often ineffective [8]



The Gut Microbiome
• Complex ecosystem consisting of microorganisms involving viruses, archaea, bacteria, 

and fungi located within the gastrointestinal tract [9]

• Influences energy biogenesis, neurologic signaling, host cell proliferation, 
vascularization, immune maturation, and modulates biosynthesis and metabolism [10]

• Gut microbiome composition is thought to be highly reliant on both extrinsic and 
intrinsic factors [11]

• Diet is thought to be the main external modifier of gut microbiome composition [12]

• Increasing evidence suggests one’s gut microbiome plays a role in various 
neurological disorders, including Alzheimer’s disease, Parkinson’s disease, traumatic 
brain and spinal cord injuries, among others [13, 14] 

• The far reaching and complex impact the gut microbiome has on a variety of health 
outcomes sets it up to be an optimal target for new therapeutics and treatment 
techniques



The Microbiome-Gut-Brain Axis

The microbiome-gut-brain axis refers to the 
system of biological mechanisms that 
results in bidirectional communication 
between the gut microbiome and the 

brain [15]

Short-chain fatty 
acids

Neuronal signaling
Hypothalamic-

pituitary-adrenal 
(HPA) axis



Spinal Cord Injury & the Gut 
Microbiome

Current evidence suggests that gut microbiome composition and diversity differs in patients with SCI as 

compared to able-bodied individuals [16, 17]

Data indicates that there is an interrelation between SCI, gut microbiome composition, and 

inflammatory effects on the entire body

Lack of control over 
gastrointestinal tract 

function

Because of the lack of CNS 
control over the 

gastrointestinal tract, SCI 
patients frequently display 

neurogenic bowel 
dysfunction [18]

Alterations of colonic 
transit time

Drastic alteration of colonic 
transit time as well as other 
bowel functions, results in a 

significant change in gut 
microbiome composition [16] 

Changes in gut 
microbiome

SCI-induced alterations to the 
gut microbiome are 

associated with impaired 
motor function and immune 

cell activation [19] 
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Diet & Spinal Cord Injury-Induced 
Neuropathic Pain

• Considered detrimental to the gut 
microbiome

• Has been shown to increase 
inflammation in a mouse model [20]

Total 
Western 

Diet

• Believed to be beneficial to the gut 
microbiome

• Has been linked to anti-

inflammatory effects post-SCI [21]

Ketogenic 
Diet

Both preclinical and 

clinical literature indicate 

that alterations to one’s 

diet can modify SCI-

induced neuropathic 

pain and is thought to be 

associated with 

inflammation reduction in 

the CNS



Future Directions

Great need for 
the development 

of readily 
translatable 

therapies 

Established gut 
microbiome and 

diet as 
contributors to 
SCI-induced 

neuropathic pain 
exacerbation as 

well as relief

Lack of therapies 
and treatments

Established 
individual and 
societal cost of 

SCI-induced 
neuropathic pain

Benefits of pig models



Citations
[1] Spinal Cord Injury | National Institute of Neurological Disorders and Stroke. Accessed November 14, 2022. https://www.ninds.nih.gov/health-information/disorders/spinal-cord-injury

[2] NSCISC. Accessed November 14, 2022. https://www.nscisc.uab.edu/

[3] Ahuja CS, Nori S, Tetreault L, et al. Traumatic Spinal Cord Injury-Repair and Regeneration. Neurosurgery. 2017;80(3S):S9-S22. doi:10.1093/neuros/nyw080

[4] Kramer JLK, Minhas NK, Jutzeler CR, Erskine ELKS, Liu LJW, Ramer MS. Neuropathic pain following traumatic spinal cord injury: Models, measurement, and mechanisms. J Neurosci Res. 2017;95(6):1295-1306. doi:10.1002/jnr.23881

[5] Hunt C, Moman R, Peterson A, et al. Prevalence of chronic pain after spinal cord injury: a systematic review and meta-analysis. Reg Anesth Pain Med. 2021;46(4):328-336. doi:10.1136/rapm-2020-101960

[6] Terminology | International Association for the Study of Pain. International Association for the Study of Pain (IASP). Accessed September 29, 2022. https://www.iasp-pain.org/resources/terminology/

[7] Teixeira MJ. [Challenges in the treatment of neuropathic pain]. Drugs Today Barc Spain 1998. 2009;45 Suppl C:1-5.

[8] Finnerup NB, Baastrup C. Spinal cord injury pain: mechanisms and management. Curr Pain Headache Rep. 2012;16(3):207-216. doi:10.1007/s11916-012-0259-x

[9] Cresci GA, Bawden E. Gut Microbiome: What We Do and Don’t Know. Nutr Clin Pract Off Publ Am Soc Parenter Enter Nutr. 2015;30(6):734-746. doi:10.1177/0884533615609899

[10] Durack J, Lynch SV. The gut microbiome: Relationships with disease and opportunities for therapy. J Exp Med. 2019;216(1):20-40. doi:10.1084/jem.20180448

[11] Leeming ER, Johnson AJ, Spector TD, Le Roy CI. Effect of Diet on the Gut Microbiota: Rethinking Intervention Duration. Nutrients. 2019;11(12):2862. doi:10.3390/nu11122862

[12] Wallace DJ, Sayre NL, Patterson TT, Nicholson SE, Hilton D, Grandhi R. Spinal cord injury and the human microbiome: beyond the brain-gut axis. Neurosurg Focus. 2019;46(3):E11. doi:10.3171/2018.12.FOCUS18206

[13] Cryan JF, O’Riordan KJ, Sandhu K, Peterson V, Dinan TG. The gut microbiome in neurological disorders. Lancet Neurol. 2020;19(2):179-194. doi:10.1016/S1474-4422(19)30356-4

[14] Jogia T, Ruitenberg MJ. Traumatic Spinal Cord Injury and the Gut Microbiota: Current Insights and Future Challenges. Front Immunol. 2020;11:704. doi:10.3389/fimmu.2020.00704

[15] Morais LH, Schreiber HL, Mazmanian SK. The gut microbiota–brain axis in behaviour and brain disorders. Nat Rev Microbiol. 2021;19(4):241-255. doi:10.1038/s41579-020-00460-0

[16] Gungor B, Adiguzel E, Gursel I, Yilmaz B, Gursel M. Intestinal Microbiota in Patients with Spinal Cord Injury. PLOS ONE. 2016;11(1):e0145878. doi:10.1371/journal.pone.0145878

[17] Kigerl KA, Hall JCE, Wang L, Mo X, Yu Z, Popovich PG. Gut dysbiosis impairs recovery after spinal cord injury. J Exp Med. 2016;213(12):2603-2620. doi:10.1084/jem.20151345

[18] Longo WE, Ballantyne GH, Modlin IM. The colon, anorectum, and spinal cord patient. A review of the functional alterations of the denervated hindgut. Dis Colon Rectum. 1989;32(3):261-267. doi:10.1007/BF02554543

[19] O’Connor G, Jeffrey E, Madorma D, et al. Investigation of Microbiota Alterations and Intestinal Inflammation Post-Spinal Cord Injury in Rat Model. J Neurotrauma. 2018;35(18):2159-2166. doi:10.1089/neu.2017.5349

[20] Totsch SK, Quinn TL, Strath LJ, et al. The impact of the Standard American Diet in rats: Effects on behavior, physiology and recovery from inflammatory injury. Scand J Pain. 2017;17:316-324. doi:10.1016/j.sjpain.2017.08.009

[21] Yarar-Fisher C, Kulkarni A, Li J, et al. Evaluation of a ketogenic diet for improvement of neurological recovery in individuals with acute spinal cord injury: a pilot, randomized safety and feasibility trial. Spinal Cord Ser Cases. 2018;4:88. 
doi:10.1038/s41394-018-0121-4

https://www.ninds.nih.gov/health-information/disorders/spinal-cord-injury
https://www.nscisc.uab.edu/
https://www.iasp-pain.org/resources/terminology/


Sources (pt. 1)
Spinal Cord Injury | National Institute of Neurological Disorders and Stroke. Accessed November 14, 2022. https://www.ninds.nih.gov/health-information/disorders/spinal-cord-injury

NSCISC. Accessed November 14, 2022. https://www.nscisc.uab.edu/

Kang Y, Ding H, Zhou H, et al. Epidemiology of worldwide spinal cord injury: a literature review. J Neurorestoratology. 2020;6(1). doi:10.2147/JN.S143236

Jain NB, Ayers GD, Peterson EN, et al. Traumatic spinal cord injury in the United States, 1993-2012. JAMA. 2015;313(22):2236-2243. doi:10.1001/jama.2015.6250

Devivo MJ. Epidemiology of traumatic spinal cord injury: trends and future implications. Spinal Cord. 2012;50(5):365-372. doi:10.1038/sc.2011.178

Lasfargues JE, Custis D, Morrone F, Carswell J, Nguyen T. A model for estimating spinal cord injury prevalence in the United States. Paraplegia. 1995;33(2):62-68. doi:10.1038/sc.1995.16

Spinal cord injury. Accessed November 14, 2022. https://www.who.int/news-room/fact-sheets/detail/spinal-cord-injury

Ahuja CS, Nori S, Tetreault L, et al. Traumatic Spinal Cord Injury-Repair and Regeneration. Neurosurgery. 2017;80(3S):S9-S22. doi:10.1093/neuros/nyw080

Kramer JLK, Minhas NK, Jutzeler CR, Erskine ELKS, Liu LJW, Ramer MS. Neuropathic pain following traumatic spinal cord injury: Models, measurement, and mechanisms. J Neurosci Res. 2017;95(6):1295-1306. doi:10.1002/jnr.23881

Hunt C, Moman R, Peterson A, et al. Prevalence of chronic pain after spinal cord injury: a systematic review and meta-analysis. Reg Anesth Pain Med. 2021;46(4):328-336. doi:10.1136/rapm-2020-101960

Terminology | International Association for the Study of Pain. International Association for the Study of Pain (IASP). Accessed September 29, 2022. https://www.iasp-pain.org/resources/terminology/

Chronic Pain. Published August 8, 2021. Accessed September 29, 2022. https://www.hopkinsmedicine.org/health/conditions-and-diseases/chronic-pain

Finnerup NB. Pain in patients with spinal cord injury. PAIN. 2013;154:S71. doi:10.1016/j.pain.2012.12.007

Bryce TN, Biering-Sørensen F, Finnerup NB, et al. International Spinal Cord Injury Pain (ISCIP) Classification: Part 2. Initial validation using vignettes. Spinal Cord. 2012;50(6):404-412. doi:10.1038/sc.2012.2

van Hecke O, Austin SK, Khan RA, Smith BH, Torrance N. Neuropathic pain in the general population: a systematic review of epidemiological studies. Pain. 2014;155(4):654-662. doi:10.1016/j.pain.2013.11.013

Scholz J, Finnerup NB, Attal N, et al. The IASP classification of chronic pain for ICD-11: chronic neuropathic pain. Pain. 2019;160(1):53-59. doi:10.1097/j.pain.0000000000001365

Margolis JM, Juneau P, Sadosky A, Cappelleri JC, Bryce TN, Nieshoff EC. Health care resource utilization and medical costs of spinal cord injury with neuropathic pain in a commercially insured population in the United States. Arch Phys Med Rehabil. 2014;95(12):2279-2287. doi:10.1016/j.apmr.2014.07.416

Finnerup NB. Neuropathic pain and spasticity: intricate consequences of spinal cord injury. Spinal Cord. 2017;55(12):1046-1050. doi:10.1038/sc.2017.70

Hagen EM, Rekand T. Management of Neuropathic Pain Associated with Spinal Cord Injury. Pain Ther. 2015;4(1):51-65. doi:10.1007/s40122-015-0033-y

Jensen TS, Baron R, Haanpää M, et al. A new definition of neuropathic pain. Pain. 2011;152(10):2204-2205. doi:10.1016/j.pain.2011.06.017

Finnerup NB, Sørensen L, Biering-Sørensen F, Johannesen IL, Jensen TS. Segmental hypersensitivity and spinothalamic function in spinal cord injury pain. Exp Neurol. 2007;207(1):139-149. doi:10.1016/j.expneurol.2007.06.001

Sommer C, Leinders M, Üçeyler N. Inflammation in the pathophysiology of neuropathic pain. Pain. 2018;159(3):595-602. doi:10.1097/j.pain.0000000000001122

Ellis A, Bennett DLH. Neuroinflammation and the generation of neuropathic pain. BJA Br J Anaesth. 2013;111(1):26-37. doi:10.1093/bja/aet128

Teixeira MJ. [Challenges in the treatment of neuropathic pain]. Drugs Today Barc Spain 1998. 2009;45 Suppl C:1-5.

Finnerup NB, Haroutounian S, Kamerman P, et al. Neuropathic pain: an updated grading system for research and clinical practice. Pain. 2016;157(8):1599-1606. doi:10.1097/j.pain.0000000000000492

https://www.ninds.nih.gov/health-information/disorders/spinal-cord-injury


Sources (pt. 2)
Finnerup NB, Baastrup C. Spinal cord injury pain: mechanisms and management. Curr Pain Headache Rep. 2012;16(3):207-216. doi:10.1007/s11916-012-0259-x

Baron R, Binder A, Wasner G. Neuropathic pain: diagnosis, pathophysiological mechanisms, and treatment. Lancet Neurol. 2010;9(8):807-819. doi:10.1016/S1474-4422(10)70143-5

Cresci GA, Bawden E. Gut Microbiome: What We Do and Don’t Know. Nutr Clin Pract Off Publ Am Soc Parenter Enter Nutr. 2015;30(6):734-746. doi:10.1177/0884533615609899

Singh RK, Chang HW, Yan D, et al. Influence of diet on the gut microbiome and implications for human health. J Transl Med. 2017;15(1):73. doi:10.1186/s12967-017-1175-y

Durack J, Lynch SV. The gut microbiome: Relationships with disease and opportunities for therapy. J Exp Med. 2019;216(1):20-40. doi:10.1084/jem.20180448

Leeming ER, Johnson AJ, Spector TD, Le Roy CI. Effect of Diet on the Gut Microbiota: Rethinking Intervention Duration. Nutrients. 2019;11(12):2862. doi:10.3390/nu11122862

Huttenhower C, Gevers D, Knight R, et al. Structure, function and diversity of the healthy human microbiome. Nature. 2012;486(7402):207-214. doi:10.1038/nature11234

Goodrich JK, Waters JL, Poole AC, et al. Human genetics shape the gut microbiome. Cell. 2014;159(4):789-799. doi:10.1016/j.cell.2014.09.053

Goodrich JK, Davenport ER, Beaumont M, et al. Genetic Determinants of the Gut Microbiome in UK Twins. Cell Host Microbe. 2016;19(5):731-743. doi:10.1016/j.chom.2016.04.017

Maier L, Typas A. Systematically investigating the impact of medication on the gut microbiome. Curr Opin Microbiol. 2017;39:128-135. doi:10.1016/j.mib.2017.11.001

Iizumi T, Battaglia T, Ruiz V, Perez Perez GI. Gut Microbiome and Antibiotics. Arch Med Res. 2017;48(8):727-734. doi:10.1016/j.arcmed.2017.11.004

Weersma RK, Zhernakova A, Fu J. Interaction between drugs and the gut microbiome. Gut. 2020;69(8):1510-1519. doi:10.1136/gutjnl-2019-320204

Fouhy F, Watkins C, Hill CJ, et al. Perinatal factors affect the gut microbiota up to four years after birth. Nat Commun. 2019;10(1):1517. doi:10.1038/s41467-019-09252-4

Zhang C, Li L, Jin B, et al. The Effects of Delivery Mode on the Gut Microbiota and Health: State of Art. Front Microbiol. 2021;12. doi:10.3389/fmicb.2021.724449

Borre YE, O’Keeffe GW, Clarke G, Stanton C, Dinan TG, Cryan JF. Microbiota and neurodevelopmental windows: implications for brain disorders. Trends Mol Med. 2014;20(9):509-518. doi:10.1016/j.molmed.2014.05.002

Pronovost GN, Hsiao EY. Perinatal Interactions between the Microbiome, Immunity, and Neurodevelopment. Immunity. 2019;50(1):18-36. doi:10.1016/j.immuni.2018.11.016

O’Mahony SM, Clarke G, Dinan TG, Cryan JF. Early-life adversity and brain development: Is the microbiome a missing piece of the puzzle? Neuroscience. 2017;342:37-54. doi:10.1016/j.neuroscience.2015.09.068

Wallace DJ, Sayre NL, Patterson TT, Nicholson SE, Hilton D, Grandhi R. Spinal cord injury and the human microbiome: beyond the brain-gut axis. Neurosurg Focus. 2019;46(3):E11. doi:10.3171/2018.12.FOCUS18206

Jackson MA, Jeffery IB, Beaumont M, et al. Signatures of early frailty in the gut microbiota. Genome Med. 2016;8(1):8. doi:10.1186/s13073-016-0262-7

Ottosson F, Brunkwall L, Ericson U, et al. Connection Between BMI-Related Plasma Metabolite Profile and Gut Microbiota. J Clin Endocrinol Metab. 2018;103(4):1491-1501. doi:10.1210/jc.2017-02114

David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters the human gut microbiome. Nature. 2014;505(7484):559-563. doi:10.1038/nature12820

Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight R. Diversity, stability and resilience of the human gut microbiota. Nature. 2012;489(7415):220-230. doi:10.1038/nature11550

Hagerty SL, Hutchison KE, Lowry CA, Bryan AD. An empirically derived method for measuring human gut microbiome alpha diversity: Demonstrated utility in predicting health-related outcomes among a human clinical sample. PLoS ONE. 2020;15(3):e0229204. doi:10.1371/journal.pone.0229204

Cryan JF, O’Riordan KJ, Sandhu K, Peterson V, Dinan TG. The gut microbiome in neurological disorders. Lancet Neurol. 2020;19(2):179-194. doi:10.1016/S1474-4422(19)30356-4

Jogia T, Ruitenberg MJ. Traumatic Spinal Cord Injury and the Gut Microbiota: Current Insights and Future Challenges. Front Immunol. 2020;11:704. doi:10.3389/fimmu.2020.00704

Cryan JF, O’Riordan KJ, Cowan CSM, et al. The Microbiota-Gut-Brain Axis. Physiol Rev. 2019;99(4):1877-2013. doi:10.1152/physrev.00018.2018



Sources (pt. 3)
Morais LH, Schreiber HL, Mazmanian SK. The gut microbiota–brain axis in behaviour and brain disorders. Nat Rev Microbiol. 2021;19(4):241-255. doi:10.1038/s41579-020-00460-0

Martin CR, Osadchiy V, Kalani A, Mayer EA. The Brain-Gut-Microbiome Axis. Cell Mol Gastroenterol Hepatol. 2018;6(2):133-148. doi:10.1016/j.jcmgh.2018.04.003

Dalile B, Van Oudenhove L, Vervliet B, Verbeke K. The role of short-chain fatty acids in microbiota-gut-brain communication. Nat Rev Gastroenterol Hepatol. 2019;16(8):461-478. doi:10.1038/s41575-019-0157-3

Brenner D, Shorten GD, O’Mahony SM. Postoperative pain and the gut microbiome. Neurobiol Pain Camb Mass. 2021;10:100070. doi:10.1016/j.ynpai.2021.100070

Forsythe P, Bienenstock J, Kunze WA. Vagal pathways for microbiome-brain-gut axis communication. Adv Exp Med Biol. 2014;817:115-133. doi:10.1007/978-1-4939-0897-4_5

Spencer RL, Deak T. A users guide to HPA axis research. Physiol Behav. 2017;178:43-65. doi:10.1016/j.physbeh.2016.11.014

Farzi A, Fröhlich EE, Holzer P. Gut Microbiota and the Neuroendocrine System. Neurother J Am Soc Exp Neurother. 2018;15(1):5-22. doi:10.1007/s13311-017-0600-5

Misiak B, Łoniewski I, Marlicz W, et al. The HPA axis dysregulation in severe mental illness: Can we shift the blame to gut microbiota? Prog Neuropsychopharmacol Biol Psychiatry. 2020;102:109951. doi:10.1016/j.pnpbp.2020.109951

Gungor B, Adiguzel E, Gursel I, Yilmaz B, Gursel M. Intestinal Microbiota in Patients with Spinal Cord Injury. PLOS ONE. 2016;11(1):e0145878. doi:10.1371/journal.pone.0145878

Kigerl KA, Hall JCE, Wang L, Mo X, Yu Z, Popovich PG. Gut dysbiosis impairs recovery after spinal cord injury. J Exp Med. 2016;213(12):2603-2620. doi:10.1084/jem.20151345

Longo WE, Ballantyne GH, Modlin IM. The colon, anorectum, and spinal cord patient. A review of the functional alterations of the denervated hindgut. Dis Colon Rectum. 1989;32(3):261-267. doi:10.1007/BF02554543

Stiens SA, Bergman SB, Goetz LL. Neurogenic bowel dysfunction after spinal cord injury: clinical evaluation and rehabilitative management. Arch Phys Med Rehabil. 1997;78(3 Suppl):S86-102. doi:10.1016/s0003-9993(97)90416-0

Singal AK, Rosman AS, Bauman WA, Korsten MA. Recent concepts in the management of bowel problems after spinal cord injury. Adv Med Sci. 2006;51:15-22.

Vallès M, Mearin F. Pathophysiology of bowel dysfunction in patients with motor incomplete spinal cord injury: comparison with patients with motor complete spinal cord injury. Dis Colon Rectum. 2009;52(9):1589-1597. doi:10.1007/DCR.0b013e3181a873f3

Clark JA, Coopersmith CM. Intestinal crosstalk: a new paradigm for understanding the gut as the “motor” of critical illness. Shock Augusta Ga. 2007;28(4):384-393. doi:10.1097/shk.0b013e31805569df

O’Connor G, Jeffrey E, Madorma D, et al. Investigation of Microbiota Alterations and Intestinal Inflammation Post-Spinal Cord Injury in Rat Model. J Neurotrauma. 2018;35(18):2159-2166. doi:10.1089/neu.2017.5349

Hu J, Yang Z, Li X, Lu H. C-C motif chemokine ligand 20 regulates neuroinflammation following spinal cord injury via Th17 cell recruitment. J Neuroinflammation. 2016;13(1):162. doi:10.1186/s12974-016-0630-7

Sharif-Alhoseini M, Khormali M, Rezaei M, et al. Animal models of spinal cord injury: a systematic review. Spinal Cord. 2017;55(8):714-721. doi:10.1038/sc.2016.187

Zhang N, Fang M, Chen H, Gou F, Ding M. Evaluation of spinal cord injury animal models. Neural Regen Res. 2014;9(22):2008-2012. doi:10.4103/1673-5374.143436

Turner PV. The role of the gut microbiota on animal model reproducibility. Anim Models Exp Med. 2018;1(2):109-115. doi:10.1002/ame2.12022

Douglas AE. Simple animal models for microbiome research. Nat Rev Microbiol. 2019;17(12):764-775. doi:10.1038/s41579-019-0242-1

Kwon BK, Streijger F, Hill CE, et al. Large animal and primate models of spinal cord injury for the testing of novel therapies. Exp Neurol. 2015;269:154-168. doi:10.1016/j.expneurol.2015.04.008

Swindle MM, Makin A, Herron AJ, Clubb FJ, Frazier KS. Swine as models in biomedical research and toxicology testing. Vet Pathol. 2012;49(2):344-356. doi:10.1177/0300985811402846

Renner S, Dobenecker B, Blutke A, et al. Comparative aspects of rodent and nonrodent animal models for mechanistic and translational diabetes research. Theriogenology. 2016;86(1):406-421. doi:10.1016/j.theriogenology.2016.04.055

Di Giminiani P, Petersen LJ, Herskin MS. Nociceptive responses to thermal and mechanical stimulations in awake pigs. Eur J Pain Lond Engl. 2013;17(5):638-648. doi:10.1002/j.1532-2149.2012.00228.x



Sources (pt. 4)
Dusch M, Schley M, Obreja O, Forsch E, Schmelz M, Rukwied R. Comparison of electrically induced flare response patterns in human and pig skin. Inflamm Res Off J Eur Histamine Res Soc Al. 2009;58(10):639-648. doi:10.1007/s00011-009-0029-3

Tigchelaar S, Streijger F, Sinha S, et al. Serum MicroRNAs Reflect Injury Severity in a Large Animal Model of Thoracic Spinal Cord Injury. Sci Rep. 2017;7:1376. doi:10.1038/s41598-017-01299-x

Chakaroun RM, Massier L, Kovacs P. Gut Microbiome, Intestinal Permeability, and Tissue Bacteria in Metabolic Disease: Perpetrators or Bystanders? Nutrients. 2020;12(4):1082. doi:10.3390/nu12041082

Tripathi A, Lammers KM, Goldblum S, et al. Identification of human zonulin, a physiological modulator of tight junctions, as prehaptoglobin-2. Proc Natl Acad Sci U S A. 2009;106(39):16799-16804. doi:10.1073/pnas.0906773106

Dardalhon V, Korn T, Kuchroo VK, Anderson AC. Role of Th1 and Th17 cells in organ-specific autoimmunity. J Autoimmun. 2008;31(3):252-256. doi:10.1016/j.jaut.2008.04.017

Cheng H, Guan X, Chen D, Ma W. The Th17/Treg Cell Balance: A Gut Microbiota-Modulated Story. Microorganisms. 2019;7(12):583. doi:10.3390/microorganisms7120583

Omenetti S, Pizarro TT. The Treg/Th17 Axis: A Dynamic Balance Regulated by the Gut Microbiome. Front Immunol. 2015;6:639. doi:10.3389/fimmu.2015.00639

Sun C, Zhang J, Chen L, et al. IL-17 contributed to the neuropathic pain following peripheral nerve injury by promoting astrocyte proliferation and secretion of proinflammatory cytokines. Mol Med Rep. 2017;15(1):89-96. doi:10.3892/mmr.2016.6018

Shin W, Kim HJ. Intestinal barrier dysfunction orchestrates the onset of inflammatory host-microbiome cross-talk in a human gut inflammation-on-a-chip. Proc Natl Acad Sci U S A. 2018;115(45):E10539-E10547. doi:10.1073/pnas.1810819115

Guida F, Boccella S, Belardo C, et al. Altered gut microbiota and endocannabinoid system tone in vitamin D deficiency-mediated chronic pain. Brain Behav Immun. 2020;85:128-141. doi:10.1016/j.bbi.2019.04.006

Allison DJ, Thomas A, Beaudry K, Ditor DS. Targeting inflammation as a treatment modality for neuropathic pain in spinal cord injury: a randomized clinical trial. J Neuroinflammation. 2016;13(1):152. doi:10.1186/s12974-016-0625-4

Figueroa JD, Cordero K, Serrano-Illan M, et al. Metabolomics uncovers dietary omega-3 fatty acid-derived metabolites implicated in anti-nociceptive responses after experimental spinal cord injury. Neuroscience. 2013;255:1-18. doi:10.1016/j.neuroscience.2013.09.012

Cavalli E, Mammana S, Nicoletti F, Bramanti P, Mazzon E. The neuropathic pain: An overview of the current treatment and future therapeutic approaches. Int J Immunopathol Pharmacol. 2019;33:2058738419838383. doi:10.1177/2058738419838383

Totsch SK, Quinn TL, Strath LJ, et al. The impact of the Standard American Diet in rats: Effects on behavior, physiology and recovery from inflammatory injury. Scand J Pain. 2017;17:316-324. doi:10.1016/j.sjpain.2017.08.009

Totsch SK, Meir RY, Quinn TL, Lopez SA, Gower BA, Sorge RE. Effects of a Standard American Diet and an anti-inflammatory diet in male and female mice. Eur J Pain Lond Engl. 2018;22(7):1203-1213. doi:10.1002/ejp.1207

Holly LT, Blaskiewicz D, Wu A, Feng C, Ying Z, Gomez-Pinilla F. Dietary therapy to promote neuroprotection in chronic spinal cord injury. J Neurosurg Spine. 2012;17(2):134-140. doi:10.3171/2012.5.SPINE1216

Yarar-Fisher C, Kulkarni A, Li J, et al. Evaluation of a ketogenic diet for improvement of neurological recovery in individuals with acute spinal cord injury: a pilot, randomized safety and feasibility trial. Spinal Cord Ser Cases. 2018;4:88. doi:10.1038/s41394-018-0121-4

deCampo DM, Kossoff EH. Ketogenic dietary therapies for epilepsy and beyond. Curr Opin Clin Nutr Metab Care. 2019;22(4):264-268. doi:10.1097/MCO.0000000000000565

Streijger F, Plunet WT, Lee JHT, et al. Ketogenic Diet Improves Forelimb Motor Function after Spinal Cord Injury in Rodents. PLOS ONE. 2013;8(11):e78765. doi:10.1371/journal.pone.0078765

Masino SA, Ruskin DN. Ketogenic diets and pain. J Child Neurol. 2013;28(8):993-1001. doi:10.1177/0883073813487595

Lu Y, Yang YY, Zhou MW, et al. Ketogenic diet attenuates oxidative stress and inflammation after spinal cord injury by activating Nrf2 and suppressing the NF-κB signaling pathways. Neurosci Lett. 2018;683:13-18. doi:10.1016/j.neulet.2018.06.016

Melià-Sorolla M, Castaño C, DeGregorio-Rocasolano N, et al. Relevance of Porcine Stroke Models to Bridge the Gap from Pre-Clinical Findings to Clinical Implementation. Int J Mol Sci. 2020;21(18):E6568. doi:10.3390/ijms21186568

Leonard AV, Menendez JY, Pat BM, Hadley MN, Floyd CL. Localization of the corticospinal tract within the porcine spinal cord: Implications for experimental modeling of traumatic spinal cord injury. Neurosci Lett. 2017;648:1-7. doi:10.1016/j.neulet.2017.03.020

Meijs S, Schmelz M, Meilin S, Jensen W. A systematic review of porcine models in translational pain research. Lab Anim. 2021;50(11):313-326. doi:10.1038/s41684-021-00862-4

Jha R, Fouhse JM, Tiwari UP, Li L, Willing BP. Dietary Fiber and Intestinal Health of Monogastric Animals. Front Vet Sci. 2019;6:48. doi:10.3389/fvets.2019.00048


