
Abstract 
 

Background: Although traumatic brain injury (TBI) is a significant cause of morbidity and mortality 
worldwide, there have been few significant therapeutic advances in recent years. Preclinical studies 
have explored the potential of adipose-derived stem cells (ADSCs) to improve neural function and 
reduce brain damage in animal models following TBI. This systematic review aims to assess and 
synthesize the current evidence on the efficacy of ADSCs in animal models with induced TBI. 

Methods: Following PRISMA guidelines, we systematically searched Scopus, PubMed, Web of 
Science, and Cochrane Library from inception to July 7, 2024, for original, English-language studies 
on animal models of induced TBI treated with ADSCs. We excluded in vitro, in silico, studies 
involving humans, and conference abstracts. Risk of bias was assessed using the SYRCLE tool. 

Results: Twenty-two studies met the inclusion criteria. The most common routes of ADSC 
administration were intravenous and intracerebral injections, typically given within 24 hours of 
induced TBI. Histological and neuroimaging assessments showed reduced tissue swelling and 
interstitial fluid accumulation in ADSC-treated animals, indicating decreased brain vasogenic edema. 
ADSC treatment also reduced neuroinflammation markers, suggesting lower activation of astrocytes 
and microglia around the injury site associated with M2 microglial phenotype polarization. Enhanced 
neurogenesis was observed, particularly in the hippocampus, with markers like BrdU and NeuN 
indicating improved neuron formation. Consistent cognitive and motor improvements were also 
noted, with treated animals showing shorter escape times and path lengths in spatial memory tests 
(e.g., Morris Water Maze) and better motor coordination in beam tests. 

Conclusion: The available pre-clinical in vivo evidence indicates that ADSC-based therapies have the 
potential to mitigate neuroinflammation, reduce brain edema, enhance neurogenesis, and improve 
functional outcomes following induced TBI.  Clinical studies are warranted to investigate the use of 
ADSCs in the treatment of TBI in humans. 

 

References 

1.​ Tang L, Xu Y, Wang L, Pan J. Adipose-derived stem cell exosomes ameliorate traumatic brain 
injury through the NLRP3 signaling pathway. Neuroreport. 2023;34(13):677-684. 
doi:10.1097/WNR.0000000000001941 

2.​ Galgano M, Toshkezi G, Qiu X, Russell T, Chin L, Zhao LR. Traumatic Brain Injury: Current 
Treatment Strategies and Future Endeavors. Cell Transplant. 2017;26(7):1118-1130. 
doi:10.1177/0963689717714102 

3.​ Capizzi A, Woo J, Verduzco-Gutierrez M. Traumatic Brain Injury: An Overview of 
Epidemiology, Pathophysiology, and Medical Management. Med Clin North Am. 
2020;104(2):213-238. doi:10.1016/j.mcna.2019.11.001 

4.​ Thapa K, Khan H, Singh TG, Kaur A. Traumatic Brain Injury: Mechanistic Insight on 
Pathophysiology and Potential Therapeutic Targets. J Mol Neurosci. 2021;71(9):1725-1742. 
doi:10.1007/s12031-021-01841-7 

5.​ da Silva Meirelles L, Simon D, Regner A. Neurotrauma: The Crosstalk between 
Neurotrophins and Inflammation in the Acutely Injured Brain. Int J Mol Sci. 
2017;18(5):1082. Published 2017 May 18. doi:10.3390/ijms18051082 



6.​ Ruppert KA, Prabhakara KS, Toledano-Furman NE, et al. Human adipose-derived 
mesenchymal stem cells for acute and sub-acute TBI [published correction appears in PLoS 
One. 2021 Dec 14;16(12):e0261599. doi: 10.1371/journal.pone.0261599]. PLoS One. 
2020;15(5):e0233263. Published 2020 May 26. doi:10.1371/journal.pone.0233263 

7.​ Johnson VE, Stewart JE, Begbie FD, Trojanowski JQ, Smith DH, Stewart W. Inflammation 
and white matter degeneration persist for years after a single traumatic brain injury. Brain. 
2013;136(Pt 1):28-42. doi:10.1093/brain/aws322 

8.​ Stocchetti, N., & Zanier, E. R. (2016). Traumatic brain injury. The Lancet Neurology, 15(1), 
87-98. 

9.​ Ng, S. F., & Lee, E. H. (2019). Stem cell therapy for traumatic brain injury: A comprehensive 
review. Journal of Neurotrauma, 36(12), 1817-1836. 

10.​ Gir P, Oni G, Brown SA, Mojallal A, Rohrich RJ. Human adipose stem cells: current clinical 
applications. Plast Reconstr Surg. 2012;129(6):1277-1290. 
doi:10.1097/PRS.0b013e31824ecae6 

11.​ Gao S, Zhao P, Lin C, et al. Differentiation of human adipose-derived stem cells into 
neuron-like cells which are compatible with photocurable three-dimensional scaffolds. Tissue 
Eng Part A. 2014;20(7-8):1271-1284. 

12.​ Flanagan, M. B. (2008). The role of inflammation in traumatic brain injury. Nature Reviews 
Neuroscience, 9(5), 403-414. 

13.​ Ferreira MY, Carvalho Junior JDC, Ferreira LM. Evaluating the quality of studies reporting 
on clinical applications of stromal vascular fraction: A systematic review and proposed 
reporting guidelines (CLINIC-STRA-SVF). Regen Ther. 2023;24:332-342. Published 2023 
Aug 26. doi:10.1016/j.reth.2023.08.003 

14.​ Juliano, S. L., & Perez‐Polo, J. R. (2018). Stem cell therapy for traumatic brain injury: 
Current status and future perspectives. Journal of Neurotrauma, 35(1), 1-18. 

15.​ Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021;372:n71. Published 2021 Mar 29. 
doi:10.1136/bmj.n71 

16.​ Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-Hoitinga M, Langendam 
MW. SYRCLE's risk of bias tool for animal studies. BMC Med Res Methodol. 2014 Mar 
26;14:43. doi: 10.1186/1471-2288-14-43. PMID: 24667063; PMCID: PMC4230647. 

17.​ Chen Y, Li J, Ma B, et al. MSC-derived exosomes promote recovery from traumatic brain 
injury via microglia/macrophages in rat. Aging (Albany NY). 2020;12(18):18274-18296. 
doi:10.18632/aging.103692 

18.​ Dori I, Petrakis S, Giannakopoulou A, et al. Seven days post-injury fate and effects of 
genetically labelled adipose-derived mesenchymal cells on a rat traumatic brain injury 
experimental model. Histol Histopathol. 2017;32(10):1041-1055. doi:10.14670/HH-11-864 

19.​ Jha KA, Pentecost M, Lenin R, et al. Concentrated Conditioned Media from Adipose Tissue 
Derived Mesenchymal Stem Cells Mitigates Visual Deficits and Retinal Inflammation 
Following Mild Traumatic Brain Injury. Int J Mol Sci. 2018;19(7):2016. Published 2018 Jul 
11. doi:10.3390/ijms19072016 

20.​ Jha KA, Pentecost M, Lenin R, et al. TSG-6 in conditioned media from adipose mesenchymal 
stem cells protects against visual deficits in mild traumatic brain injury model through 
neurovascular modulation. Stem Cell Res Ther. 2019;10(1):318. Published 2019 Nov 5. 
doi:10.1186/s13287-019-1436-1 

21.​ Jha KA, Gentry J, Del Mar NA, Reiner A, Sohl N, Gangaraju R. Adipose Tissue-Derived 
Mesenchymal Stem Cell Concentrated Conditioned Medium Alters the Expression Pattern of 



Glutamate Regulatory Proteins and Aquaporin-4 in the Retina after Mild Traumatic Brain 
Injury. J Neurotrauma. 2021;38(12):1702-1716. doi:10.1089/neu.2020.7309 

22.​ Jiang W, Luo H, Zhao M, et al. Evaluation of canine adipose-derived mesenchymal stem cells 
for neurological functional recovery in a rat model of traumatic brain injury. BMC Vet Res. 
2024;20(1):110. Published 2024 Mar 18. doi:10.1186/s12917-024-03912-4 

23.​ Kappy NS, Chang S, Harris WM, et al. Human adipose-derived stem cell treatment modulates 
cellular protection in both in vitro and in vivo traumatic brain injury models. J Trauma Acute 
Care Surg. 2018;84(5):745-751. doi:10.1097/TA.0000000000001770 

24.​ Lam PK, Wang KK, Ip AW, et al. Topical Therapy with Mesenchymal Stem Cells Following 
an Acute Experimental Head Injury Has Benefits in Motor-Behavioral Tests for Rodents. Acta 
Neurochir Suppl. 2016;122:21-24. doi:10.1007/978-3-319-22533-3_4 

25.​ Li D, Yang C, Qu R, et al. Cognitive improvement following transvenous adipose-derived 
mesenchymal stem cell transplantation in a rat model of traumatic brain injury. Neural Regen 
Res. 2011;6(10):732-737. 

26.​ Ma H, Lam PK, Tong CSW, Lo KKY, Wong GKC, Poon WS. The neuroprotection of hypoxic 
adipose tissue-derived mesenchymal stem cells in experimental traumatic brain injury. Cell 
Transplant. 2019;28(7):874-884. doi:10.1177/0963689719855624 

27.​ Ma H, Cui LX, Lam PK, et al. Topical application of adipose tissue-derived mesenchymal 
stem cells (ADMSCs) reduced cerebral edema in experimental traumatic brain injury (TBI)-a 
preliminary study. Chin Neurosurg J. 2021;7(1):2. Published 2021 Jan 4. 
doi:10.1186/s41016-020-00219-9 

28.​ Mastro-Martínez I, Pérez-Suárez E, Melen G, et al. Effects of local administration of 
allogenic adipose tissue-derived mesenchymal stem cells on functional recovery in 
experimental traumatic brain injury. Brain Inj. 2015;29(12):1497-1510. 
doi:10.3109/02699052.2015.1053525 

29.​ Moss LD, Sode D, Patel R, et al. Intranasal delivery of exosomes from human adipose 
derived stem cells at forty-eight hours post injury reduces motor and cognitive impairments 
following traumatic brain injury. Neurochem Int. 2021;150:105173. 
doi:10.1016/j.neuint.2021.105173 

30.​ Patel NA, Moss LD, Lee JY, et al. Long noncoding RNA MALAT1 in exosomes drives 
regenerative function and modulates inflammation-linked networks following traumatic brain 
injury. J Neuroinflammation. 2018;15(1):204. Published 2018 Jul 12. 
doi:10.1186/s12974-018-1240-3 

31.​ Rasiah PK, Jha KA, Gentry J, et al. A Long-Term Safety and Efficacy Report on Intravitreal 
Delivery of Adipose Stem Cells and Secretome on Visual Deficits After Traumatic Brain 
Injury. Transl Vis Sci Technol. 2022;11(10):1. doi:10.1167/tvst.11.10.1 

32.​ Shah JS, Macaitis J, Lundquist B, et al. Evaluating Thera-101 as a Low-Volume Resuscitation 
Fluid in a Model of Polytrauma. Int J Mol Sci. 2022;23(20):12664. Published 2022 Oct 21. 
doi:10.3390/ijms232012664 

33.​ Tajiri N, Acosta SA, Shahaduzzaman M, et al. Intravenous transplants of human 
adipose-derived stem cell protect the brain from traumatic brain injury-induced 
neurodegeneration and motor and cognitive impairments: cell graft biodistribution and soluble 
factors in young and aged rats. J Neurosci. 2014;34(1):313-326. 
doi:10.1523/JNEUROSCI.2425-13.2014 

34.​ Wu J, Li H, Wang D, Xu D, Wang W. Intravenous adipose-derived stem cells transplantation 
ameliorates memory impairment in moderate traumatic brain injury rats via the 
phosphorylation of extracellular signal-regulated kinase 1/2. Int J Clin Exp Med. 
2016;9(7):12649-12658. 



35.​ Xu C, Diao YF, Wang J, et al. Intravenously Infusing the Secretome of Adipose-Derived 
Mesenchymal Stem Cells Ameliorates Neuroinflammation and Neurological Functioning 
After Traumatic Brain Injury. Stem Cells Dev. 2020;29(4):222-234. 
doi:10.1089/scd.2019.0173 

36.​ Xue S, Zhang HT, Zhang P, et al. Functional endothelial progenitor cells derived from adipose 
tissue show beneficial effect on cell therapy of traumatic brain injury. Neurosci Lett. 
2010;473(3):186-191. doi:10.1016/j.neulet.2010.02.035 

37.​ Peruzzaro ST, Andrews MMM, Al-Gharaibeh A, et al. Transplantation of mesenchymal stem 
cells genetically engineered to overexpress interleukin-10 promotes alternative inflammatory 
response in rat model of traumatic brain injury [published correction appears in J 
Neuroinflammation. 2022 Jan 11;19(1):15. doi: 10.1186/s12974-021-02362-1.]. J 
Neuroinflammation. 2019;16(1):2. Published 2019 Jan 5. doi:10.1186/s12974-018-1383-2 

38.​ Chi K, Fu RH, Huang YC, et al. Adipose-derived Stem Cells Stimulated with 
n-Butylidenephthalide Exhibit Therapeutic Effects in a Mouse Model of Parkinson's Disease. 
Cell Transplant. 2018;27(3):456-470. doi:10.1177/0963689718757408 

39.​ Zhang Y, Deng H, Hu Y, et al. Adipose-derived mesenchymal stem cells stereotactic 
transplantation alleviate brain edema from intracerebral hemorrhage. J Cell Biochem. 
2019;120(9):14372-14382. doi:10.1002/jcb.28693 

40.​ Chan TM, Chen JY, Ho LI, et al. ADSC therapy in neurodegenerative disorders. Cell 
Transplant. 2014;23(4-5):549-557. doi:10.3727/096368914X678445 

41.​ Gombash SE, Lipton JW, Collier TJ, et al. Striatal pleiotrophin overexpression provides 
functional and morphological neuroprotection in the 6-hydroxydopamine model. Mol Ther. 
2012;20(3):544-554. doi:10.1038/mt.2011.216 

42.​ Simola N, Morelli M, Carta AR. The 6-hydroxydopamine model of Parkinson's disease. 
Neurotox Res. 2007;11(3-4):151-167. doi:10.1007/BF03033565 

43.​ Ma T, Gong K, Ao Q, et al. Intracerebral transplantation of adipose-derived mesenchymal 
stem cells alternatively activates microglia and ameliorates neuropathological deficits in 
Alzheimer's disease mice. Cell Transplant. 2013;22 Suppl 1:S113-S126. 
doi:10.3727/096368913X672181 

44.​ Schwerk A, Altschüler J, Roch M, et al. Adipose-derived human mesenchymal stem cells 
induce long-term neurogenic and anti-inflammatory effects and improve cognitive but not 
motor performance in a rat model of Parkinson's disease. Regen Med. 2015;10(4):431-446. 
doi:10.2217/rme.15.17 

45.​ Zhong Z, Chen A, Fa Z, et al. Adipose-Derived Stem Cells Modulate BV2 Microglial M1/M2 
Polarization by Producing GDNF. Stem Cells Dev. 2020;29(11):714-727. 
doi:10.1089/scd.2019.0235 

46.​ Jahanbazi Jahan-Abad A, Sahab Negah S, Hosseini Ravandi H, et al. Human Neural 
Stem/Progenitor Cells Derived From Epileptic Human Brain in a Self-Assembling Peptide 
Nanoscaffold Improve Traumatic Brain Injury in Rats. Mol Neurobiol. 
2018;55(12):9122-9138 

47.​ Wang Z, Luo Y, Chen L, Liang W. Safety of neural stem cell transplantation in patients with 
severe traumatic brain injury. Exp Ther Med. 2017;13(6):3613-3618. 
doi:10.3892/etm.2017.4423 

48.​ Chen C, Hu N, Wang J, et al. Umbilical cord mesenchymal stem cells promote neurological 
repair after traumatic brain injury through regulating Treg/Th17 balance. Brain Res. 
2022;1775:147711. doi:10.1016/j.brainres.2021.147711 

49.​ Bamshad C, Habibi Roudkenar M, Abedinzade M, et al. Human umbilical cord-derived 
mesenchymal stem cells-harvested mitochondrial transplantation improved motor function in 



TBI models through rescuing neuronal cells from apoptosis and alleviating astrogliosis and 
microglia activation. Int Immunopharmacol. 2023;118:110106. 
doi:10.1016/j.intimp.2023.110106 

50.​ Zheng Y, Wu G, Chen L, et al. Neuro-regenerative imidazole-functionalized GelMA hydrogel 
loaded with hAMSC and SDF-1α promote stem cell differentiation and repair focal brain 
injury. Bioact Mater. 2020;6(3):627-637. Published 2020 Sep 19. 
doi:10.1016/j.bioactmat.2020.08.026 

51.​ Dehghanian F, Soltani Z, Farsinejad A, et al. The Effect of Oral Mucosal Mesenchymal Stem 
Cells on Pathological and Long-Term Outcomes in Experimental Traumatic Brain Injury. 
Biomed Res Int. 2022;2022:4065118. Published 2022 Apr 26. doi:10.1155/2022/4065118 

52.​ Yang P, Lan Y, Zeng Z, Wang Y, Xia H. Placenta-derived mesenchymal stem cells attenuate 
secondary brain injury after controlled cortical impact in rats by inhibiting matrix 
metalloproteinases. Biocell. 2024;48(1):149-162. 

53.​ Zanier ER, Pischiutta F, Riganti L, et al. Bone marrow mesenchymal stromal cells drive 
protective M2 microglia polarization after brain trauma. Neurotherapeutics. 
2014;11(3):679-695. doi:10.1007/s13311-014-0277-y 

54.​ Hao Q, Zheng J, Hu Y, Wang H. Bone marrow mesenchymal stem cells combined with Sox2 
increase the functional recovery in rat with traumatic brain injury. Chin Neurosurg J. 
2019;5:11. Published 2019 May 15. doi:10.1186/s41016-019-0158-7 

55.​ Yuan X, Luo Q, Shen L, et al. Hypoxic preconditioning enhances the differentiation of bone 
marrow stromal cells into mature oligodendrocytes via the mTOR/HIF-1α/VEGF pathway in 
traumatic brain injury. Brain Behav. 2020;10(7):e01675. doi:10.1002/brb3.1675 

 


