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half-life in plasma. Brain targeted biomimetic nanoparticle delivery sys
Methods: A brain targeted biomimetic nanomedicine (RR@SABN
albumin nanoparticles and functionalized red blood cell membrane (

Gly-Asp (RGD). The characterization parameters,
rug Loading (DL), release behavior, stability, and

g cause of death and the third leading cause of disability worldwide, ischemic stroke contributes over
87% of str8

stroke.? Currer¥

2 The deficiency of oxygen, and glucose resulting from the occlusion of the cerebral artery causes ischemic
ecombinant tissue plasminogen activator is the only drug approved by the US Food and Drug Administration
(FDA) for the treatment of ischemic stroke, which can quickly dissolve thrombosis and restore blood flow. However, reperfusion
injury is the main obstacle to the recovery of neurological function after thrombolytic therapy,” which results in nearly 40% of
survivors with disability. It is no doubt that neuroprotection is very significant for the treatment of ischemic stroke. However, no
neuroprotective agent has been approved by the FDA for the treatment of ischemic stroke due to the complexity of the
pathological mechanisms, the limitation of blood brain barrier (BBB), the lack of specific targeting, and so on.

Salvianolic acid B (SAB), a water-soluble phenolic acid derived from the traditional Chinese medicine Salvia
miltiorrhiza, has been reported to exert protective effects on cerebral ischemia-reperfusion injury via scavenging free
radicals, improving energy metabolism, and reducing apoptosis and inflammation by the activation of SIRT1 signaling
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pathway.”>” Meanwhile, SAB can improve cognitive impairment in ra global ral ischemia model by

promoting the proliferation of neural stem/progenitor cells via the PI3K/Akt signal way.® However, the poor stability
of SAB in plasma and the existence of BBB hindered the applicad
monoclonal antibody OX26 modified lipid carrier (OX26-BA/Sa
which could promote the brain delivery of SAB.’
Bovine serum albumin (BSA) is widely applied in nag

itraconazole and gemcitabine'® due to its biocompatible ark adability. Meanwhile, it has been reported that SAB has

resulted in a major fraction of nanoparticleg er and spleen instead of the disease site.'” The shortened

circulation time of nanoparticles is not lilation at the target site. PEGylation is a common strategy to
prolong the circulation time of nano in vivegma the formulation of hydrophilic surface,'® and it has been reported that the
presence of PEG chains on the s agcles can decrease the uptake of macrophages and extend the circulation
drophilic material also reduces the interaction with targeted cells.'® Recently,

he RES.!” Red blood cell membrane (RBCM) has been widely used in nano

. L1415
time in vivo. "~ However,

delivery systems due t escape ability. © CD47, an integral membrane protein embedded in RBCM, could interact
with phagocytic cgllea at me”” signal.'® Additionally, other membrane proteins help drug nanocarriers present
as “self” to tl erefore, RBCM coating can prolong the circulation time and reduce the elimination of
nanopartic oting the brain delivery of nanoparticles

Herein, w@ughed a bioitiimetic drug delivery system (RR@SABNPs), which consists of two components: 1) SAB loaded

NPs) as the inner core. 2) Arg-Gly-Asp (RGD) functioned RBCM as the outer shell. RGD-RBCM acts
as a bionic camoufla® with a targeted ligand to prolong nanoparticle circulation time and target ischemic BBB actively. The
latter advantage is attributed to the high affinity of RGD to integrin avp3, which is upregulated in endothelial cells during
ischemia.”” RR@SABNPs was successfully constructed and characterized in the current study, including particle size, zeta
potential, morphology, and drug release behavior. Then, the ischemic BBB targeting of RR@SABNPs was confirmed by cellular
uptake and living image analysis. Meanwhile, the pharmacokinetics of SAB in rats after intravenous administration of
RR@SABNPs and anti-phagocytosis in vitro were performed to verify the capability and mechanism of RR@SABNPs to
prolong drug circulation time. Moreover, the therapeutic efficacy of RR@SABNPs on ischemic stroke was assessed in the

middle cerebral artery occlusion/reperfusion (MCAO/R) mouse model. Scavenging intracellular ROS and maintaining

3562 e International Journal of Nanomedicine 2022:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

mitochondrial membrane potential (MMP) of RR@SABNPs were confirmed in oxygen-glucose deprivation/reperfusion (OGD/
R) and H,0, injured PC12 cells. Additionally, the safety of the RR@SABNPs was also preliminarily examined in vivo.

Materials and Methods

Materials
Salvianolic acid B was purchased from Chengdu Desite Biotechnology Co., LTD (Chengdu, China). Bovine Serum Albumin
(MW 66 kDa, purity>98%, Roche™ reagent grade) was purchased from Yu-ming Biological technology Co., LTD (Qingdao,
China). RGD-mPEG2000-DSPE and FITC-mPEG2000-DSPE were purchased from Xi-an Ruixi Biological Technology Co.,
LTD (Xian, China). DiR was purchased from Shanghai J&K Scientific Co., LTD (Shanghai, China). TTC was purchased from
Sigma-Aldrich (St Louis, United States), DAPI, JC-1, and DHE were purchased from Beyotime Biotechnology Co., LTD
(Shanghai, China). All solvents used were of analytical grade.

RAW264.7, bEnd.3 and PC12 cells were provided by the Cell Bank of the Chinese Academ

Preparation of RR@SABNPs
Preparation of SABNPs

The BSA nanoparticles were constructed by the desolvation metho,
deionized water (1 mL), and the solution was then adjusted to 8.0
constant agitation at the rate of 1 mL /min with a constant fl
temperature, 21 puL. 2% glutaraldehyde solution was adgle

Extraction of RBCM
The RBCM were extracted from

as mixed with RBCM from 0.25 mL RBCs and 0.25 mL PBS (1x), and the mixture was extruded
through 800'S@m, polycarbonate membranes at least ten times to obtain the R@SABNPs.

In order to p¥pare the brain-targeted RBCM, RGD-mPEG2000-DSPE was dissolved in RBCM and incubated for 30
min at 37 °C. The mixture was centrifuged (12,000 rpm, 20 min) to remove the unreacted RGD-mPEG2000-DSPE. The
collected brain-targeted RBCM was treated as described above, and RR@SABNPs were obtained by the same method.
The amount of RGD-mPEG2000-DSPE on RR@SABNPs was determined indirectly using FITC-mPEG2000-DSPE.

Characterization of the RR@SABNPs

Particle Size and Zeta-Potential

Particle size, polydispersity index (PDI), and zeta-potential of different nanoparticles were measured by dynamic light
scattering.
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Encapsulation Efficiency (EE) and Drug Loading (DL)
The EE and DL of nanoparticles were determined according to a previous method with slight modifications.' In brief, 100 pL of
nanoparticles diluted with acetonitrile was ultrasonicated (10 min) and centrifuged (12,000 rpm, 10 min). The SAB amount in
supernate was analyzed by high-performance liquid chromatography (HPLC). The mobile phase consists of the mixture solution
of methanol and acetonitrile (v/v, 1:1), and 0.2% phosphoric acid solution at a ratio of 60:40 (v/v). A C18 column (250x4.6 mm, 5
um) was used as the stationary phase. The injection volume was 30 pL, and the effluent was monitored at 280 nm. The values of
DL and EE of nanoparticles were obtained according to the following equations:

EE (%) = Weight of SAB in SABNPs/Weight of the initial SABx100

DL (%) = Weight of SAB in SABNPs/ Weight of nanoparticlesx100

SDS-PAGE Analysis
The protein profiles of RBCs, RBCM, SABNPs, and RR@SABNPs were determined by SDS-PAGE

Transmission Electron Microscope (TEM) Analysis
The morphologies of SABNPs and RR@SABNPs were observed by trans
Hitachi, Tokyo, Japan). SABNPs or RR@SABNPs solution was dropped
obtained sample was stained with phosphotungstic acid solution.

Laser Scanning Confocal Microscope Analysis
In order to ensure the successful modification of RGD-mPEG20 RR@SABNPs, laser scanning confocal

microscope was used. In this assay, FITC-mPEG2000- GD-mPEG2000-DSPE.

In vitro Drug Release
To evaluate the in vitro release behavior of SA y Ps or SAB solution, the dynamic dialysis technique was used
according to the previous method. Briefly, i added into normal saline as the release medium to prevent
SAB degradation. The dialysis bags (3.5 , & | mL of RR@SABNPs or SAB solution (equivalent to 1 mg of
SAB) were placed in 50 mL release ith W@mstant stirring (400 rpm) at 37 °C. 0.5 mL samples were collected at certain

Stability Study
The Stability of

0.2 mL rat p of RR@SABNPs or SAB solution were incubated at 37 °C. 0.1 mL samples were
collected and”mixed with acetonitrile. The supernatants of the mixture were analyzed by HPLC after
centrifugatio

The Stability of N®poparticles
SABNPs and RR@SABNPs were placed at room temperatures, and the particles size and PDI were measured in pre-
determined time intervals.

Hemolytic Test

RBCs were collected by centrifugation (3000 rpm, 5 min) and suspended in saline solution to obtain 2% RBCs suspension.
SABNPs, R@SABNPs or RR@SABNPs mixed with 2% RBCs suspension and incubated for 4 h at 37 °C. Saline solution
and trizol were used as the negative and positive control, respectively. The mixture was centrifuged (3000 rpm, 5 min), and
the UV absorbance intensity of the supernatants was measured at 570 nm using a microplate reader.
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Cytotoxicity Assays

bEnd.3 cells, PC12 cells, or RAW 264.7 cells were seeded into the 96-well plates at the density of 1x10* cells per well
and cultured to 80% fusion. Subsequently, the medium was replaced with 100 uL DMEM medium containing SABNPs,
R@SABNPs, or RR@SABNPs (without SAB). After 24 h, the cell viability was measured using CCK8 assay Kkit.

Pharmacokinetics Study

Healthy male SD rats were randomly divided into the following three groups (n=6/group): 1) SABNPs group; 2)
RR@SABNPs group; 3) SAB solution group. SD rats were intravenously injected with SABNPs, RR@SABNPs, or
SAB solution (SAB 40 mg/kg), respectively. Subsequently, the blood samples were collected at certain intervals and
centrifuged (4000 rpm, 10 min). The collected plasma in the supernatant mixed with acetonitrile (HC1 1%) in equal
volume. Subsequently, the mixture was vortexed and centrifuged (12, 000 rpm, 10 min). The t was measured
by HPLC. The pharmacokinetic parameters were analyzed using PK solver 2.0.

Anti-Phagocytosis in vitro
RAW 264.3 cells were seeded into the 24-well plates (5x10* cells/well). Subseq replaced with the
DMEM medium containing FITC loaded SABNPs or RR@SABNPs after inculi i inally, the medium was

Cellular Uptake Study
bEnd.3 cells were used to evaluate the cellular uptake of
bEnd.3 cells were seeded into the 24-well plates (5x10* cells
medium containing FITC loaded SABNPs or RR
removed and the cells were washed twice with PBS

1). Subseglently, the medium was replaced the DMEM
; ing to 80% fusion. Finally, the medium was

in bEnd.3 cells was determined and quantified ence microscopy and flow cytometry.
In order to evaluate the mechanis ¢ of RR@SABNPs in bEnd.3 cells, RGD was pre-treated in
bEnd.3 cells for 2 h. Subsequently, placed with the DMEM medium containing FITC-loaded

RR@SABNPs and incubated for

WKc of RR@SABNPs in bEnd.3 cells with or without RGD pre-
erted fluorescence microscopy and flow cytometry.

and Temperaturé@onitor (MoorVMS-LDF2, Moor Instruments, UK). A reduction in blood flow of over 70% was considered
the successful occlusion of the MCA. After 1.5 h of ischemia, the monofilament was slowly withdrawn to allow reperfusion.
Sham operation underwent all the surgical procedures except that the arteries were not ligated. All mice that survived until the
endpoint were included for data collection.

Living Imaging Analysis

The MCAO/R model mice were administrated intravenously with PBS, DiR loaded SABNPs, and RR@SABNPs after
reperfusion for 16 h, and imaged at 2, 4, and 6 h via an IVIS Spectrum in vivo imaging system (PerkinElmer, USA).
After the last point in time, the mice were perfused with normal saline and sacrificed. The major organs, including the
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heart, liver, spleen, lung, kidney and brain, were collected and imaged. Additionally, the brains were sectioned and
detected by an IVIS Spectrum in vivo imaging system.

Neuroprotective Effect of RR@SABNPs on MCAO/R Mice

Adult male C57BL/6J mice (body weight 23-25¢g) were randomly divided into four groups: 1) the sham-operated group; 2) the
model group; 3) the SAB solution group; 4) the RR@SABNPs group. Except for the sham-operated group, all groups were
subjected to MCAO/R surgery and administered saline, SAB solution (10 mg/kg), and RR@SABNPs (10 mg/kg) immediately
after reperfusion and repeated once per day for the following 2 days.?* Neurological functions and sensorimotor functions of pre-
operative and post-operative mice were monitored using the modified neurological severity score (mNSS) and the foot-fault test,
respectively, as previous literature described.” In detail, the mNSS test included motor (muscle status and abnormal movement),

moving on an elevated grid surface.
After the last neurological and sensorimotor assessment, the mice were sacrificed
into 7 coronal slices of 1 mm thickness. Then the brain slices were stained wit

calculated using the following formula: infarct volume (%) = [(contr
ipsilateral hemisphere volume)] x 100/contralateral hemisphere volume.

After the mice were sacrificed, the brains were collected, fixed
obtained brains were sliced into 5 um conventional sections usi . Subsequently, the brain sections were

stained with Hematoxylin and eosin (H&E) or Nissl staining soluf@n. Finally, sections were observed and imaged by

a light microscope or physicochemical scanner after being covere th neufgl resin.

Neuroprotective Effect of RR@SABNPs
Effect of RR@SABNPs on PCI2 Cells Inj

asntioned above. PC12 cells were stained with DHE and JC-1 to detect ROS and MMP,
fluorescence images were captured using an inverted fluorescence microscope. The MMP was indicated

respectively.

by the ratio of re(W@een fluorescence intensity.

Effect of RR@SABNPs on PCI2 Cells Injured by H,O,

To further investigate the ability of RR@SABNPs to decrease the intracellular ROS levels and maintain MMP, H,0,-
induced oxidative damage model was established. Briefly, PC12 cells were seeded in 96-well plate (1x10* cells/well) and
incubated until 80% confluence was achieved. The cells were randomly divided into five groups: control group, model
group, SAB solution group, R@SABNPs group and RR@SABNPs group. The SAB solution, R@SABNPs, and
RR@SABNPs were added to each well (SAB was normalized to 20 pg/mL). After incubation for 20 h, all cells, except
within the control group, were incubated with 800 uM H,0, for 4 h. LDH release in culture medium and intracellular
ROS level and MMP were detected by the methods described above.
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Statistical Analysis
All data were expressed as the mean =+ standard deviation (SD). The data were subjected to the analysis of variance (One
Way ANOVA) with the SPSS 17.0 software.

Results and Discussion

Characterization of RR@SABNPs

The ischemic brain targeted RBCM coated nanoparticles, RR@SABNPs, was prepared by following steps (Figure 1): 1)
the fabrication of SAB loaded nanoparticle (SABNPs) composed of BSA that is biocompatible and biodegradable; 2) the
synthesis of RGD modified RBCM by incubation of RGD-PEG2000-DSPE with extracted RBCM; 3) the fusion of

nce of RBCM coating on the

and RR@SABNPs were observed in TEM images (Figures S1 and 2
g d the protein of RBCM (Figure 2A).

surface of SABNPs. The SDS-PAGE analysis indicated that RR(@

Hypotonic
—
Extrusion

RBC RGD-RBCM

—
Extrusion

RR@SABNPs

SABNPs

O Ischemic brain region

Figure | Schematic design of RR@SABNPs.
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RR@SABNPs has good stability over ti
over 72 h at 4 °C (Figure S2). The stability,

ly a negligible change in particle size of RR@SABNPs
RR @SABNPs was investigated in plasma. Compared with

Long Cy

The circulation

erforthnance of RR@SABNPs

vior of nanoparticles in vivo is strongly associated with the RES. To confirm the ability of
RR@SABNPs to eWade the immune system, RAW 264.7 cells were used to evaluate the anti-phagocytosis of
RR@SABNPs. As shown in Figure 3A, the fluorescence intensity of RR@SABNPs group was significantly decreased

Table | Characteristics of Different Nanoparticles

Nanoparticles Size (nm) PDI Zeta Potential EE (%) DL (%)

SABNPs 128.5+4.2 0.050+0.004 —26.0+0.5 69.66+4.3 741041
R@SABNPs 168.4+7.5 0.119+0.039 —33.4£1.2 65.47+3.5 6.73+0.38
RR@SABNPs 174.8+5.9 0.137£0.010 —29.0£1.5 63.47+5.1 6.68+0.47
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(Figure 3B and C). Decreased macrophage uptake signified the potential of
ributed to reaching the targeted region.

were sho 7 e parameters were presented in Table 2. After the intravenous injection of 40 mg/kg
in plasma sharply decreased from 33.51 ug/mL to 3.8 ug/mL in 10 min, and gradually
decreasc @, 6 h in the SAB solution group, which is similar with the previous literature.”® Compared with

the SAB soN@on, SAB plasma concentrations in nanoparticles were significantly increased, which was attributed to the

Table 2 The Pharmacokinetic Parameters of SAB Solution, SABNPs, and RR@SABNPs

Pharmacokinetic Parameters SAB Solution SABNPs RR@SABNPs
Crnax (1g/mL) 33.51x10.72 59.16+4.61* 80.27+18.08%
tig (h) 0.014+0.007 0.080+0.052* 0.09820.17 1%
ting (h) 0.558+0.236 1.828x1.178* 30.53+15.64%
AUC,.i¢ (ug/mL*h) 10.92+5.77 38.94+15.48* 1442.46+629.76*
MRT (mg/kg/(ug/mL)) 0.47+0.32 2.46x1.94*% 43.63+22.45%

Notes: *P<0.05 compared with SAB solution; #P<0.05 compared with SABNPs. Data presented as mean *SD, n=6.
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protection of SAB from protease degradation by the nanoparticles. The t;,,, of SABNPs and RR@SABNPs was about
5.71 and 7.00 times that of the SAB solution, respectively. It was worth noting that RR@SABNPs exhibited longer
circulation time than SABNPs, due to the immune escape ability of RR@SABNPs endowed by RBCM. Naturally,
RR@SABNPs owed higher AUC_;,r values (132.09-fold and 37.04-fold increase, respectively) than SAB solution and
SABNPs did. These results indicated that SAB loaded in RR@SABNPs had more opportunities to accumulate at the
target site instead of being directly eliminated by the RES or degradation.

Cellular Uptake of RR@SABNPs
To investigate the tropism of RR@SABNPs, the cellular uptake of RR@SABNPs was evaluated on bEnd.3 cells, which
highly expressed integrin avf3.® As shown in Figure 4A, a higher fluorescence in RR@SABNPs group was observed

compared with SABNPs and R@SABNPs groups, indicating that RR@SABNPs can enter into bEnd.3 gore efficiently.

The Ability of RR@SABNPs to Target the Isc
To evaluate the ability of RR@SABNPs to target the ischemic br: /BL6 mice were subjected to MCAO/R

travenously administrated in C57/BL6

ese mice were imaged at the preset time to

evaluate the distribution of nanoparticles in the brain. As e SA, compared with the control group, obvious
fluorescence was observed in RR@SABNPs ap Bup, indicating the accumulation of nanoparticles in the
brain. The increase of intracerebral fluoresc time indicated that the number of nanoparticles entering
the brain increased, and the fluorescend at¥® h after drug administration (22 h after reperfusion).
Meanwhile, enhanced intracerebral was also observed in the mice treated with RR@SABNPs compared
to the SABNPs group, suggesti amount of RR@SABNPs was accumulated in the brain via long
circulation of RBCs camoufla &. After 6 h, the mice were dissected, and the main organs were
collected and imaged by a stem (Figure 5B). The strongest fluorescence was observed in the liver of

the modification of R i SABNPs did not increase the distribution in the liver, which expressed high levels of
integrin avp3.°
attributed to @ ity of RR@SABNPs endowed by RBCM decoration.”'

evaluate whether RR@SABNPs can target ischemic brain tissue, the collected brain was
dissected and zed. Figure 5D presented the representative coronal sections of the ischemic region and non-
ischemic region. shown in Figure 5D, there was fluorescence distribution in the ischemic and non-ischemic areas.
The fluorescent int&¥sity observed in the RR@SABNPs group was much higher (nearly 4-fold) than that of the
SABNPs group (Figure 5D and E). Furtherly, the fluorescence intensity of the ischemic region was significantly higher
in the RR@SABNPs group when compared to the SABNPs group, suggesting that a higher amount of SAB accumu-
lated in the ischemic area (Figure 5D). In detail, the fluorescence ratio of the ipsilateral to the contralateral region
increased to as high as 1.5 following RR@SABNPs administration (Figure 5F). These results indicated that the
modification of RGD significantly enhanced the ischemic brain target of RR@SABNPs, which was attributable to

integrin avp3. It has been reported that the RGD peptide sequence has a high affinity to integrin avp3,%*2 which is
involved in angiogenesis after ischemia and expressed in the vessels of both the ischemic core and penumbra but not in

the non-ischemic regions.*® Additionally, a higher fluorescence distribution in the non-ischemic area of RR@SABNPs
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Figure 4 The cellular uptake of RR@SABNPs in Bend.3 cells. (A) Representative fluorescence images of different formulations uptake by Bend.3 cells. Scale bar, 50 pum; (B)
Flow cytometry histograms of cellular uptake in Bend.3 cells; (C) Quantification of the mean fluorescence intensity of the flow cytometry histograms; (D) Representative
fluorescence images of RR@SABNPs uptake by Bend.3 cells with or without RGD pre-treated. Scale bar, 50 pm; (E) Quantification of the mean fluorescence intensity of
RR@SABNPs uptake by Bend.3 cells with or without RGD pre-treated by flow cytometry. Data are expressed as mean + SD; n= 3; **P < 0.001.
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i€ images of MCAO/R mice at different time points after intravenous administration

cent images ®f organs dissected from mice. Bottom boxed graph illustrates location of the analyzed
organs; (D) Representative TTC-stained brain sections of MCAO/R mice and the representative
hotensities in brain; (F) The ratio of ipsilateral/contralateral fluorescence intensities of the brain

selected. As sh¥
RR@SABNPs, or

administration. Samples were harvested and analyzed. Additionally, the neurological and the sensorimotor functions were

n in Figure 6A, after reperfusion, the model mice were intravenously injected with the SAB solution,

ine once a day for 2 consecutive days, and survival mice were executed at 24 h after the last

measured by mNSS and foot fault test, respectively. The cerebral infarct volume was significantly increased after MCAO/
R compared with the sham-operated group, indicating the successful establishment of MCAO/R model. With the
treatment of the SAB solution, the cerebral infarct volume of MCAO/R model mice decreased slightly (from 48% to
43%), and there was no significant difference. Compared to the MCAO/R model group, the cerebral infarct volume of the
RR@SABNPs group was significantly decreased (from 48% to 38%) (Figure 6B and C). Meanwhile, the neurological
functions and the sensorimotor functions of the RR@SABNPs group were significantly improved, which was manifested
by a decrease in the mNSS score (Figure 6D) and the number of fault steps in the horizontal grid floor (Figure 6E).
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Figure 6 Protective efféct of RR@SABNPs on MCAO/R mice. (A) Scheme of experiment protocols; (B) Representative TTC-stained brain sections; (C) Quantification of
brain infarct volume (n=10); (D) mNSS test; (E) foot fault test (n = 12); (F) Representative image of brain section of MCAO/R model mice; (G) H&E staining analysis. Scale
bar; 50 pm; (H) Nissl staining analysis. Scale bar, 250 um. Data are expressed with mean * SD; *P < 0.05, **P < 0.01.

Figure 6F was a representative image of brain section of MCAO/R model mice, and peri-infarct areas (Cortex and
Dentate Gyrus (DG)) were selected to evaluate pathological characteristics after treatment. As shown in Figure 6G, H&E
staining revealed that the number of cells was severely decreased in the ischemic Cortex and DG regions of MCAO/R
mice, while the density of cells remarkably increased in the RR@SABNPs group. To further evaluate the effect of
RR@SABNPs in inhibition of neuronal loss in the brains of MCAO/R mice, a Nissl staining analysis was performed.
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Compared with the sham-operated group, obvious cavities and fewer Nissen-positive cells were observed in the ischemic
region of the MCAO/R group (Figure 6H). The condition had significantly improved after the RR@SABNPs adminis-
tration, presenting a shrinking empty space and an increase in the number of Nisseni bodies in the penumbra area
(Figure 6H). The results revealed that RR@SABNPs could efficiently inhibit neuronal loss of MCAO/R mice.

The Neuroprotective Mechanism of RR@SABNPs
To further investigate the neuroprotective mechanism of RR@SABNPs in ischemic stroke, the OGD/R injured PC12
cells model was established. The LDH release assay was used to assess the level of plasma membrane damage in a cell
population. As shown in Figure 7A, OGD/R significantly increased the LDH release of PC12 cells than that of the control
group. Similar to the previous reports, SAB treatment can significantly reverse the increased release of LDH.? Compared
with the SAB solution group, RR@SABNPs treatment further decreased the release of LDH, whi e contributed
to the enhanced cellular uptake of soluble salvianolic acid B by nanoparticles. Excessive

associated with impaired mitochondrial function and cell injury. Therefore, the intracellula
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Figure 7 Neuroprotective mechanism of RR@SABNPs on OGD/R injured PCI2 cells. (A) The LDH release of OGD/R injured PCI2 cells; (B) Representative fluorescence
images of intracellular ROS in OGDI/R injured PCI2 cells. Scale bar, 40 um; (C) Representative fluorescence images of MMP in OGD/R injured PC12 cells. Scale bar, 40 um.
Data are expressed with mean * SD; **P < 0.001.
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Conclusion

In this study, functionalized RBCM camouflaged SAB loaded BSA nanoparticles were developed to target the ischemic
brain and treat ischemic stroke. The RBCM coating could reduce the cellular uptake of RR@SABNPs by macrophages,
thereby prolonging its circulation time. The modification of RBCM with RGD endowed RR@SABNPs with ischemic
BBB targeting ability via integrin avB3 mediated transcytosis and endocytosis, which was conducive to the specific
accumulation in the ischemic brain of MCAO/R mice. Naturally, the accumulation of RR@SABNPs in the ischemic
brain improved therapeutic effects for MCAO/R mice by scavenging intracellular ROS and maintaining MMP. However,
there was no significant difference between SAB solution and RR@SABNPs in the cerebral infarct volume, neurological
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functions and sensorimotor functions of MCAO/R model mice. It may be related to inadequate release and non-specific
uptake of brain cells. Taken together, this ischemic brain targeted biomimetic strategy provides a potential platform for
improving the long circulation performance and ischemic brain delivery of drugs. Meanwhile, the unfortunate pharma-
codynamic results suggest that the importance of responsive drug release and cell and organelle targeting.
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