Supplementary material
1. Extraction of primary cells
1.1 Extraction of primary microglia
Primary microglia were extracted as reported in previous studies(1, 2). Neonatal Sprague-Dawley rats (P0–P1, within 24 hours of birth) were swiftly decapitated, and their heads immersed in 75% ethanol for 10 seconds to ensure sterilization. A midline incision was made along the sagittal suture to expose the skull, which was carefully peeled away using curved forceps. The intact brain was promptly extracted and transferred into pre-chilled Hank’s Balanced Salt Solution (HBSS) for preservation. Under a dissection microscope, the cerebral cortices were meticulously isolated, with meninges and blood vessels thoroughly removed. The harvested cortical tissue was gently blotted dry on sterile filter paper and finely minced into ~1 mm³ fragments. These tissue pieces were incubated in 2 mL of ice-cold trypsin solution at 37°C for 15 minutes, with gentle agitation every 5 minutes to ensure even enzymatic digestion. The reaction was halted by adding an equal volume of HBSS supplemented with 10% fetal bovine serum (FBS). The suspension was gently triturated 10 times to dissociate the cells, followed by the addition of 20 μL DNase I (final concentration: 0.1 mg/mL), and incubated at room temperature for 5 minutes to eliminate residual DNA contaminants. The resulting cell suspension was filtered through a 70 μm nylon mesh, and the filtrate was collected and centrifuged at 800 ×g for 5 minutes at 4°C. The supernatant was discarded, and the pelleted cells were resuspended in low-glucose DMEM supplemented with 10% FBS for culture. Cell counts were determined using either a hemocytometer or an automated cell counter. Cells were seeded into pre-coated culture flasks or plates at a density of approximately 1×10⁶ cells/mL and incubated at 37°C in a humidified atmosphere containing 5% CO₂ for 24 hours. Leveraging the strong adherence properties of microglia, non-adherent cells—including neurons and astrocytes—were gently removed every two days, thereby enriching the microglial population.

1.2 Extraction of primary neurons
Neonatal Sprague-Dawley rats (P0–P1, within 24 hours post-birth) were swiftly euthanized via decapitation. The heads were immersed in 75% ethanol for 10 seconds to ensure aseptic conditions, followed by a midline incision along the sagittal suture to expose the skull. The cranium was carefully peeled away using curved forceps, and the intact brain was gently excised and immediately transferred into pre-chilled Hank’s Balanced Salt Solution (HBSS). Under a stereomicroscope, the cerebral cortex was meticulously dissected, with meninges and vasculature removed, and the cortical tissue lightly blotted dry on sterile filter paper. The tissue was finely minced into ~1 mm³ fragments and incubated in 2 mL of ice-cold trypsin at 37°C for 15 minutes, with gentle agitation every 5 minutes to facilitate uniform digestion. The enzymatic reaction was terminated by adding an equal volume of HBSS containing 10% fetal bovine serum (FBS), followed by gentle trituration through pipetting 10 times. Subsequently, 20 μL of DNase I (final concentration: 0.1 mg/mL) was added, and the mixture was incubated at room temperature for 5 minutes to eliminate residual DNA. The resulting cell suspension was filtered through a 100 μm nylon mesh, and the filtrate was collected and centrifuged at 800 ×g for 5 minutes at 4°C. The supernatant was discarded, and the cell pellet was resuspended in complete culture medium (Neurobasal® supplemented with B27). Trypan blue exclusion staining was used to assess cell viability, which was maintained above 90%. The cell density was adjusted to 5×10⁵ cells/mL, and 2 mL of the suspension was seeded into each well of poly-D-lysine-coated six-well plates. Cells were incubated undisturbed at 37°C in a humidified 5% CO₂ atmosphere for 4 hours, after which the medium was replaced to remove non-adherent cells. On day 3, half of the medium was exchanged with fresh complete medium supplemented with 5 μM cytosine β-D-arabinofuranoside (Ara-C) to inhibit glial proliferation. Thereafter, half-medium changes were performed every three days, without further addition of Ara-C(3, 4).

1.3 Extraction of rat brain primary microvascular endothelial cells 
For the extraction of rat brain microvascular endothelial cells (RBMVECs), Sprague Dawley (SD) rats weighing 200–250 g were sacrificed by cervical dislocation and the cerebral cortex was quickly dissected and immersed in ice-cold phosphate-buffered saline (PBS) solution. Cerebral cortex tissue was cut into small pieces and digested for 1.5 h with 0.1% collagenase type II containing DNase. After digestion, the plates were centrifuged at 1,000 × g for 10 min at room temperature. The precipitate was collected and resuspended in 15% BSA solution and centrifuged again at 1,000 × g for 20 min at 4°C. Subsequently, the tissue block was placed in a water bath at 37°C and digestion was continued with 0.1% collagenase type II for 1 h. After centrifugation at 1,000 × g for 10 min at room temperature, the plates were resuspended in 2 mL of DMEM/F12 and subjected to Percoll density gradient separation. Next, microvessel fragments were removed by centrifugation twice at 1,000 × g for 5 min at room temperature. Finally, the cells were resuspended in complete medium (DMEM/F12) and incubated at 37°C in a 5% CO2 incubator. After 24 h, the medium was supplemented with 1 ng/mL brain fibroblast growth factor. Passaging or subsequent experiments were performed when the cell density reached 80%–90%(5, 6).

Figure S1: BMSC extraction, differentiation, and identification 
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Figure S1: Extraction, differentiation, and characterization of BMSCs. (A) Schematic representation of the extraction and culture process of BMSCs. (B) Morphological changes in stem cells at different time points. (C) Osteogenic, chondrogenic, and adipogenic lineage differentiation of BMSCs. (D) BMSCs were identified by flow cytometry to indicate specific antigens. All experiments were performed in triplicate (n = 3). Data are presented as mean ± SEM. n = 3. Student's t-test: ns, no significance; ***P < 0.005; **P < 0.01; *P < 0.05.
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Figure S2: Magnetic resonance spectroscopic imaging and primary neuronal culture.
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Figure S2: Primary neuronal culture and magnetic resonance spectroscopy (MRS) imaging. (A) NAA: N-acetylaspartate, a marker of neuronal activity, located at 2.02 ppm. Glx: glutamine, a marker of cerebral ischemia and hypoxia. Ratios of NAA/Cr and Glx/Cr in different treatment groups were analyzed using MRS imaging. Creatine kurtosis is relatively stable and is often used as a reference for spectral analysis. (B) Morphological characteristics of primary neurons at different time points. (C) Ratios of NAA/Cr and Glx/Cr in each TBI group were determined using MRS imaging. All experiments were performed in triplicate (n = 3). Data are presented as mean ± SEM. Student's t-test: ns, no significance; ***P < 0.005; **P < 0.01; *P < 0.05.

Figure S3: miR-145-5p in H-EVs can inhibit inflammatory infiltration and promote brain function recovery in rats after TBI in vivo.
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[bookmark: OLE_LINK7][bookmark: OLE_LINK6]Figure S3: Antagomir-miR-145-5p reversed the effect of H-EVs on inflammatory infiltration and brain function recovery in rats after TBI in vivo. (A) H&E staining was employed to observe the morphological differences in tissue architecture at the injury sites across the various treatment groups.  (B) Nissl staining was employed to analyze the differential expression of Nissl bodies in neurons across various treatment groups, reflecting the extent of neuronal injury. (C) WB analysis of inflammatory pathway proteins in brain injury tissues in different treatment groups. (D) ImageJ was used to analyze differential expression of inflammatory proteins in different treatment groups. The sample size of each group was n=5. (E) Western blot protein expression analysis of iNOS, Arg1, and MPO, a marker of NETs, in injured brain tissue microglia in different treatment groups. (F) ImageJ analysis of differential expression of iNOS, Arg, and MPO proteins in different treatment groups. The sample size of each group was n=5.  (G) Mitochondrial damage of endothelial cells in injured area of TBI rats after different treatments was observed using TEM. All experiments were performed in triplicate (n = 5). Data are presented as mean ± SEM. Student's t-test: ns, no significance; ***P < 0.005; **P < 0.01; *P < 0.05.
Figure S4: Antagomir-miR-145-5p reversed the effect of H-EVs on inflammatory infiltration and brain function recovery in rats after TBI in vivo
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Figure S4: Antagomir-miR-145-5p attenuated the impact of H-EVs on inflammatory infiltration and facilitated the recovery of brain function in rats following TBI in vivo. (A) Neurological function recovery in rats in different treatment groups at different time points was evaluated using mNSS. (B) The results of the water maze navigation test demonstrated that, after four days of training, the rats successfully traced the trajectory to the escape platform.  In the probe trial, the platform was removed after the training period, allowing the rats to explore the maze (seeking the escape platform), thus assessing their spatial learning and memory. (C) Water maze navigation test results were analyzed in different treatment groups and the difference in time necessary to find the escape platform was determined. (D) The results of the water maze probe trial were analyzed, wherein the platform was removed, and the rats navigated the maze in search of the escape platform.  The data encompassed the distance run within the target quadrant, the duration spent in the target quadrant, and the frequency with which the rats crossed the platform. (E) Open field test was used to evaluate the exploratory behavior and motor ability of different TBI rats on day 14. (F) Analysis of total distance run, time spent in the central area, and running trajectory in the central area was performed in different treatment groups. (G) Caspase-3, Bcl-2, and Bax protein expression levels in injured brain tissue of different treatment groups were analyzed using western botting. (H) ImageJ was used to analyze the differences in caspase-3, Bcl-2, and Bax protein expression levels. The sample size of each group was n=5. All experiments were performed in triplicate . Data are presented as mean ± SEM. Student's t-test: ns, no significance; ***P < 0.005; **P < 0.01; *P < 0.05.

Figure S5: Single-cell sequencing data pre-processing
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Figure S5: Preliminary data processing results of single-cell sequencing for the injured tissues of TBI rats. (A) Transcript count value between 200 and 30,000, gene number between 200 and 5,000, mitochondrial proportion <20%, and hemoglobin proportion <5% were selected. (B) Principal component analysis was performed on 2,000 genes with the largest observed change. (C), (D) tSNE dimensionality reduction clustering was performed on the top 15 PCS and 36 cell subsets were obtained. (E) Cell subsets were annotated using cell markers. (F) Development trajectories of various cell types after TBI were observed using pseudo-time analysis of clustered subsets using the Monocle package in R-Studio.



Table S1
Changes in blood cell counts (mean ± SEM)
	
	[bookmark: OLE_LINK1]WBC (109/L)
	N (109/L)
	LYM (109/L)
	MON (109/L)
	EOS (109/L)

	Control (n=5)
	7.45±0.72
	1.15±0.08
	5.62±0.18
	0.51±0.03
	0.05±0.02

	TBI+PBS (n=5)
	14.02±0.47###
	1.80±0.05#
	9.41±0.31##
	0.83±0.03##
	0.19±0.02#

	TBI+N-EVs (n=5)
	12.72±0.82
	1.63±0.07
	7.70±0.21**
	0.72±0.03
	0.16±0.01

	TBI+H-EVs (n=5)
	9.16±1.07**
	1.35±0.08*
	6.01±0.37***
	0.54±0.04**
	0.08±0.01*


WBC, Leukocytes; N, Neutrophils; LYM, Lymphocytes; MON, Monocytes; EOS, Eosinophils.
[bookmark: OLE_LINK2]#, P < 0.05, ##, P < 0.01, and ###, P < 0.001 compared to the model group; *, P < 0.05, **, P < 0.01, and ***, P < 0.001 compared to the TBI+PBS group.


The primer sequences involved in this study were as follows:
Num   Primer Name   Primer sequence (5’ to 3’)
1	rno-miR-411-5p-F	CCGCGTAGTAGACCGTATAG
2	rno-miR-411-5p-R	AGTGCAGGGTCCGAGGTATT
3	rno-miR-411-5p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGTACG
4	rno-miR-434-5p-F	ACTAGCTCGACTCATGGTTT
5	rno-miR-434-5p-R	AGTGCAGGGTCCGAGGTATT
6	rno-miR-434-5p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGGTTC
7	rno-miR-490-3p-F	ATTCAACCTGGAGGACTCC
8	rno-miR-490-3p-R	AGTGCAGGGTCCGAGGTATT
9	rno-miR-490-3p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAGCAT
10	rno-miR-136-3p-F	CCGCATCATCGTCTCAAAT
11	rno-miR-136-3p-R	AGTGCAGGGTCCGAGGTATT
12	rno-miR-136-3p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGACTC
13	rno-miR-541-5p-F	CAAGGGATTCTGATGTTGGT
14	rno-miR-541-5p-R	AGTGCAGGGTCCGAGGTATT
15	rno-miR-541-5p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGTGTG
16	rno-miR-451-5p-F	CCGCAAACCGTTACCATTAC
17	rno-miR-451-5p-R	AGTGCAGGGTCCGAGGTATT
18	rno-miR-451-5p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACTCA
19	rno-miR-127-3p-F	ATATCGGATCCGTCTGAGC
20	rno-miR-127-3p-R	AGTGCAGGGTCCGAGGTATT
21	rno-miR-127-3p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCCAA
22	rno-miR-199a-5p-F	CGATCCCAGTGTTCAGACTAC
23	rno-miR-199a-5p-R	AGTGCAGGGTCCGAGGTATT
24	rno-miR-199a-5p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAACAG
25	rno-miR-148a-3p-F	TACGTCAGTGCACTACAGA
26	rno-miR-148a-3p-R	AGTGCAGGGTCCGAGGTATT
27	rno-miR-148a-3p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAAAGT
28	rno-miR-1b-F	CCGCTGGAATGTAAAGAAGT
29	rno-miR-1b-R	AGTGCAGGGTCCGAGGTATT
30	rno-miR-1b-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATACAT
31	rno-miR-143-3p-F	TACCTGAGATGAAGCACTGT
32	rno-miR-143-3p-R	AGTGCAGGGTCCGAGGTATT
33	rno-miR-143-3p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGAGCT
34	rno-miR-145-5p-F	TAATGTCCAGTTTTCCCAGGA
35	rno-miR-145-5p-R	AGTGCAGGGTCCGAGGTATT
36	rno-miR-145-5p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGGGAT
37	rno-miR-133a-3p-F	AGCTTTGGTCCCCTTCAAC
38	rno-miR-133a-3p-R	AGTGCAGGGTCCGAGGTATT
39	rno-miR-133a-3p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAGCTG
40	rno-miR-133b-3p-F	ACGTTTGGTCCCCTTCAAC
41	rno-miR-133b-3p-R	AGTGCAGGGTCCGAGGTATT
42	rno-miR-133b-3p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAGCTG
43	rno-miR-379-5p-F	CCGCTGGTAGACTATGGAA
44	rno-miR-379-5p-R	AGTGCAGGGTCCGAGGTATT
45	rno-miR-379-5p-RT	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCTACG
46	U6-F	CTCGCTTCGGCAGCACA
47	U6-R	AACGCTTCACGAATTTGCGT
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