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Abstract: The blood-brain barrier (BBB) plays an important role in maintaining the homeostasis of the central
nervous system. BBB is disrupted in many neurological disorders such as ischemic stroke and Alzheimer's disease.
Traditional Chinese medicine has great potential to prevent ischemic stroke, but the lack of clinically relevant
models has been a challenge. We adapted a BBB organoid model formed by human brain microvascular endothelial
cells (HBMEC), human astrocytes (HA), and human brain vascular pericytes (HBVP), and established conditions
for oxygen-glucose deprivation/reoxygenation (OGD/R) on the cell vitality, barrier permeability, as well as BBB
signature marker expression. The protective effect of Guanxinning injection (GXNI) on OGD/R-induced BBB
dysfunction was then investigated in the organoid model. The results showed that OGD/R decreased BBB organoid
cell viability, increased permeability (leakage), decreased the level of tight junction proteins zonula occludens-1
(ZO-1), claudin-5, occludin and P-glycoprotein (P-gp). GXNI significantly prevented OGD/R-induced BBB
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disruption such as the decreased cell viability and increased permeability. This study provides a new human cell-

derived 3D ischemic brain disease model for central nervous system-targeted drug research and development and

demonstrates that a Chinese injection medicine GXNI effectively protects BBB dysfunction in vitro.
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Figure 1 Cell type identification in blood-brain barrier (BBB)

organoids formed by human brain microvascular endothelial cells
(HBMEC), human astrocytes (HA), and human brain vascular peri-
cytes (HBVP) by immunofluorescence staining. Nuclei were stained
blue by Hoechst 33342; HBMEC and HBVP were stained red by
CD31 and CD13 antibodies, respectively; HA were stained green by
glial fibrillary acidic protein (GFAP) antibody. Scale bar: 100 um
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Figure 2 Cell viability of BBB organoid after different exposure to oxygen-glucose deprivation/reoxygenation (OGD/R). A, C, E: Images
of live and dead cells following different exposure to OGD/R (A: OGD 2 h/R 12 h; C: OGD 4 h/R 12 h; E: OGD 6 h/R 12 h); B, D, F: Corre-
sponding quantitative analysis of cell viability, calcein AM fluorescence intensity, and propidium iodide (PI) fluorescence intensity (B: OGD

2h/R 12h; D: OGD 4 h/R 12 h; F: OGD 6 h/R 12 h). ¥ £ 5, n = 3. "P < 0.05, “P < 0.01, P < 0.001 vs control. Scale bar: 100 um
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Figure 3 Paracellular permeability of BBB organoid following OGD/R. A, B: Paracellular permeability of BBB organoids following OGD
4 h/R 12 h (A) and OGD 6 h/R 12 h (B), blue for cell nuclei, green for FITC-Dextran; C: Orthogonal view of the organoid and the core

region to be quantified (green lines). X, Y or Z represents the X, Y or Z axis, respectively; D: Quantitative analysis of the total mean fluores-

cence intensity of the chosen region. x + s, n = 3."P < 0.05 vs control. Scale bar: 100 pm
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Figure 4

Morphological analysis of BBB organoids before and after OGD 6 h/R 12 h. A: Morphology of the organoids before OGD 6 h/R

12 h and the quantitative analysis of the diameters of the organoids; B: Orthogonal view of the organoids and the regions to be quantified for

morphological analysis following OGD 6 h/R 12 h (red lines); C-G: Quantitative analysis of morphological parameters analysis (C: Sphericity;
D: Volume; E: Surface area; F: Object height; G: Maximum cross section area) following OGD 6 h/R 12 h. X =5, n = 4."P < 0.05, "P < 0.01,

P <0.001 vs control. Scale bar: 1 nm
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Figure 5 Representative images of immunofluorescence showing expression of occludin (A), zonula occludens-1 (ZO-1) and claudin-5
(B) in BBB organoids following OGD 6 h/R 12 h. C-E: Quantitative analysis of fluorescence intensity (C: Occludin; D: ZO-1; E: Claudin-5).
x£s,n=3."P<0.01,"P<0.001 vs control. Scale bar: 100 um
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Figure 6 Expression and function of P-glycoprotein (P-gp) of BBB organoid following OGD 6 h/R 12 h. A: Representative photomicro-

Model

graphs of immunofluorescence of P-gp (orange) following OGD 6 h/R 12 h; B: Fluorescence images showing influx of Rhodamine 123
following OGD 6 h/R 12 h; C, D: Quantification of fluorescence intensity of P-gp (C) and Rhodamine 123 (D), respectively. x + s, n = 3.
#P<0.01,"P<0.001 vs control. Scale bar: 100 pm
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Figure 7 The effect of different concentrations of Guanxinning injection (GXNI) on cell viability (A) and nuclei number of HBMEC after
OGD 6 h/R 12 h (B, C). EDA: Edaravone (0.1 pmol-mL™). X + s, n = 3. P < 0.001 vs control; ""P < 0.001 vs model. Scale bar: 100 um
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Figure 8 The effect of GXNI on the cell viability of BBB organoid following OGD 6 h/R 12 h. A: Representative images of live and dead

cells; B-D: Corresponding quantitative analysis of cell viability (B), PI fluorescence intensity (C) and calcein AM fluorescence intensity (D).
X+s,n=23."P<0.05 *P<0.001 vs control; P < 0.05, "P < 0.01, ""P<0.001 vs model. Scale bar: 100 pm
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Figure 9 The effect of GXNI on paracellular permeability of BBB organoid following OGD 6 h/R 12 h. A: Paracellular permeability of

BBB organoids; B: Quantitative analysis of the total mean fluorescence intensity of the chosen region. x s, n = 3.”P < 0.01 vs control;

“P<0.01,"P<0.001 vs model. Scale bar: 100 um
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