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[ Abstract] Objective To construct an exosome ( EXO)-based nanosystem co-loaded with bovine serum
albumin and isoquercitrin ( BSA@ IS0 ), and to investigate its protective mechanism against high glucose-induced
damage in human retinal pigment epithelial cells (ARPE-19). Methods EXO was extracted from ARPE-19 cells
via ultracentrifugation,and the structure was observed using transmission electron microscopy ( TEM ). EXO markers
were detected by Western blot. BSA@ISO nanoparticles were prepared using the oscillating synthesis method. A ROS-
responsive EXO-based nanosystem co-loaded with BSA@ISO (BSA@ISO@EXO) was constructed using a membrane
extruder. The particle size and zeta potential of BSA@ISO@EXO were measured and its morphology was observed by
TEM. Chemical structure was analyzed using a spectrophotometer and infrared spectroscopy. Encapsulation efficiency
and drug loading capacity were calculated using the differential method. Cells were divided into control group, model
group, low-dose ISO nanosystem group (5 wmol/L ISO) , medium-dose ISO nanosystem group (10 pmol/L ISO),
high-dose ISO nanosystem group (20 pmol/L ISO) , and pure ISO group. Cell viability at different time points was
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assessed using the CCK-8 assay. Apoptosis rate after 48 hours of culture was measured by flow cytometry. Levels of
inflammatory factors tumor necrosis factor (TNF ) -a and interleukin (IL)-1B in the cell supernatant were determined
by ELISA, while activities of antioxidant enzymes glutathione peroxidase ( GSH-PX ) and superoxide dismutase
(SOD) and the level of oxidative stress marker malondialdehyde ( MDA) in the supernatant were measured using
biochemical kits. Results The BSA@ISO@EXO nanosystem exhibited a uniform spherical shape with an average
particle size of approximately 39. 6 nm. UV-visible and IR spectra showed characteristic absorption peaks of BSA,ISO
and EXO. The encapsulation efficiency of the nanosystem was (76.6+5.0) % ,the drug loading capacity was (10.3%
0.6) % ,and the 24-hour drug release rate reached 75. 1%. CCK-8 assay showed that cell viability in all ISO nanosystem
groups after 48-hour culture was significantly higher than that in the pure ISO group (all P<0.05). The ROS level was
significantly lower in the medium-dose ISO group than in the pure ISO group (P<0.01). The levels of TNF-a,IL-18,
and MDA were significantly lower and GSH-PX and SOD activities were significantly higher in the medium-dose ISO
nanosystem group than those in the model and high-dose ISO nanosystem groups (all P<0.05). Conclusions A
stable BSA@ ISO @ EXO nanosystem was successfully constructed. This system enhances the antioxidant and anti-

inflammatory effects by improving the bioavailability of ISO, offering a new strategy for the treatment of diabetic
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retinopathy.

[ Key words] Diabetic retinopathy; ROS-responsive exosomes; BSA @ISO nanosystem; Antioxidant; Anti-

inflammatory

DOI:10.3760/cma. j. cn115989-20250515-00157

W R 975 A0 ) B 5 28 ( diabetic retinopathy , DR) J& H#
PRI 5| 5 i 7™ E AL A O R E , 02 A BRI N )
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CCK-8 ¥ ¥, 37 C ML H 2 h, bR AL &
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1.2.6 Annexin V/PI XYLl E M@ TR HEE
I AL A5 4 15 57 48 h J5 40, PBS PRIk G B &
F 1xBinding Buffer, fill A 5 wl Annexin V-FITC F1 5 ul
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Figure 1
(scale bar = 100 nm)
CD63, TSG101 and CD9 proteins were highly expressed, but the

endoplasmic reticulum marker Calnexin was not significantly expressed

Characterization of exosomes A:TEM image of exosomes

B: Electropherograms of exosome markers

ARPE : human retinal pigment epithelial cell; EXO ; exosome
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isoquercitrin ; EXO ; exosome

2 BSAQ@ISO@EXO R4 A:BSA@ISO fiy TEM & (4% K =100 nm)
C:&MBPRIARIM T D& BB Y kA2
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Figure 2 Characterization of BSA @ISO @EXO A :TEM image of BSA@ISO (scale bar=100 nm) B:
TEM image of BSA@ISO@EXO (scale bar=100 nm)
particle size of various materials
potential of various materials  F: UV-visible spectra of various materials
H: Encapsulation efficiency and drug loading rate of BSA @ ISO @ EXO

maximum ISO feed of 600 wg I:Release profile of BSA@ISO@EXO BSA: bovine serum albumin;ISO:
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C:Size distribution of various materials D Average

The red curve represented the size distribution profile E: Average zeta
G: FT-IR spectra of various
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3415 em™ B ST M W 0 N = K-OH 1 & g,
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oK AR R LA, HoAh 45 40 40 L ROS K- & T v, 22
SEE G (¥ P<0.01) s fIKF & 1SO 44 K {&
R4 P ISO kIR R4, =& 150 4k k R4
FHLZE 1SO 21 ROS ZKSF- R A R 41 W] iR g, o 55 o
ISO 4K AR R 41 ROS 7K F- W I TR 2 1SO 44 K
R =R ISO KR R4 M4l 180 4, 2= R34 H
Bt E L (¥P<0.01) (£ 1),
2.5 FAIEIA TR S R KT R AL T
R

505 B L L e, oAt 4% 20 40 i 08 T SR O S T L 22
S G E L (¥ P<0.05);
Hii i 1SO 49K K 7 41 1R 1]

200 -
[ REEiT]
~ 150 WG] 1SO 9Kk R4l
> bbb SO 4K R4
3
vz 100 ) 1SO 9K 4
g a i 180 4]
SO0 50
0
0 24 48 7
s8] (h)

B3 SHEAFREMBESMABEFEELE Fuy =224.2,P<0.001;

Fygpy =66.0,P<0. 001. 5[] I ] 5 %1 B4 441 L ,* P<0. 055 15 [ I ]
B 1SO AL, " P<0. 05 (WA 3 7 % 5347, LSD- KB sn=4)
180 ; 54 Bz 1

Figure 3 Comparison of cell viability among different groups at
different time points /= =224.2, P <0.001; F, = 66.0, P<
0. 001. Compared with the control group at the same time points, *P<
0. 05; compared with the ISO group at the same time points,”P<0. 05

(Two-way ANOVA ,LSD-¢ test;n=4) ISO:isoquercitrin

K1 BAMAE ROS F158 KB E LB (xxs)

Table 1 Comparison of mean fluorescence intensity

of ROS among different groups (xzs)

4931 REAR B ROS - ¥ 9¢ 5 58t Ji
X AL 3 92.5%5. 1
AL 3 951.7+60. 9"
Ml 1S0 4 3 616.0+13. 8"
R F 4 1SO 44 K1k & 4 3 509. 0+£47. 6™
R IS0 4k ik R4l 3 131.7+10. 3"
1o 77l = 1SO gl K R R 41 3 277.0+12. 4™
F{H 93.3

P <0.001

U o 5 0 IR Ho e, P<0. 055 5 BRI 4] Ho e, PP <0. 055 55 vl &k 1SO
YRR LE, “P<0. 05 (AP K 5 243 #r, LSD-t £ 4% )  ROS: iif 14
SRR 180 S Al B 1

Note: Compared with the control group,”P < 0.05; compared with the
model group,”P<0.05; compared with the ISO group, P <0. 05 ; compared
with the medium BSA @ ISO @ EXO group,“P <0.05 ( One-way ANOVA,
LSD-¢ test)

ROS ; reactive oxygen species;1SO ;isoquercitrin

®2 SHAMATE. LEFRPRERFKER MDA KF LB (xis)

Table 2 Comparison of apoptosis rate,inflammatory factor levels,and

BART R R A KR & IS0 4K

MDA level in cell supernatant among different groups (xzs)

KR Fn sl 1SO 41, 2 S WA

2H 5 FEAS B A IH -2 (%) IL-1B (pg/ml) TNF-a (pg/ml) MDA (nmol/ml)
Q S, Sy A
GEITAF R (3 P<0.05) (£ 2) Xif I 4 4 6.3+0. 4 38.3+10.9 28.8+3.5 145.0+16.7
XA e, A A A moma 4 27.1£1.6"  182.95.4° 165. 8+9. 5° 539. 5220, 2"
fi b 3% H TNF-a IL-1p #1 MDA  ##1S04 4 21.8+2.6"  151.5+8.4"  121.0x14.7"  389.0£26.5"
IRF A ISO 9 kik R 4 24.0+1.7" 157.2+2. 8" 132.3+4.1° 400. 0+£24. 4°
K W& 1 FF, GSH-PX 1 SOD R ISO giRiA R4 4 15.8+1.2" 110.5+7.1* 62.6+4.5" 212.5+16.5"
WS TR, 2R ES ¥ AR sogkikza 4 12.8+2.3"  135.1£5.3™  107.6+5.0"  315.5+14. 7"
N ™ F i 89.72 47.26 64.33 64.51
= % P<0.01); 5 #l2
X (H) P<0.01) 5 5B A H P <0.001 <0.001 <0.001 <0.001

I R 1SO 9k ik R4
12 1SO 44 K1k R4 40 M b i

TSR AL L, P<0. 055 ST AL H A, " P<0. 055 15 i &t 1SO 44K /& R 41 b 4%, “P<0. 05 (#
H 2 5 2 5001, LSD-1 £ 56 )

MDA . 4 8 ;IS0 S B2 5 1L F A A 25 TNE il IR SE IR 7

Note : Compared with the control group,*P<0.05; compared with the model group,”P<0.05; compared

TNF-a,IL-1B FiI MDA /K F
K% ,GSH-PX F1 SOD 3% ¥ B & 7}

with the medium BSA @ ISO @ EXO group,“P < 0.05 ( One-way ANOVA, LSD-t test)

malondialdehyde ; 1SO ; isoquercitrin ; IL ; interleakin ; TNF ; tumor necrosis facter

MDA ;
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L ZE R A G EE L (¥ P<0.01) 5 | & 18O 4
K AR R TNF-a IL-18 Al MDA 7K - B 2 % T & 5
IS0 4 K1k 241, GSH-PX 1 SOD 3§ B &8 & F &5
R IS0 g K1k R 4L, 22 R A Gl 2% 8 X (¥ P<
0.01)(#£2.3),

®3 SHEHBRPRENEFELR (xs)

Table 3 Comparison of antioxidant enzyme levels in cell

among different groups (xzs)

4 51 FEAHE  GSH-PX (U/ml)  SOD (U/ml)
Xf B4R 4 380.8+23.2 27.6£2. 1
Rk 4 74.0£12.9° 3.0+0. 3"
o4 1SO 21 4 111.8+22.1° 10.0+0. 5
IR 1SO 4 K4k & 41 4 114.4+13. 7" 10.2+0. 6
R 1SO 9k ik R4 4 221.6+11.9" 19.6+2.2%
o 0 5 18O 4k iR &R 4 4 138.4£11. 7" 12. 6+0. 9"
F {4 59.23 42.45

P 1Y <0.001 <0.001

T 5 X B LS, P<0. 055 5 80 T8 41 4%, " P<0. 05 ; 45 1 551 it 1SO
R R AL LB, P <0. 05 (FL B K J7 24041, LSD-¢ 4 8% ) IS0 57t
B 5 GSH-PX - 45 bt H i 4 b 4 B 5 SOD - i 45 1k 1y B K il

Note: Compared with the control group,’P < 0.05; compared with the
model group,”P < 0.05; compared with the medium BSA @ ISO @ EXO
group, “P<0.05 (One-way ANOVA,LSD-¢ test) ISO:isoquercitrin; GSH-

PX: glutathione peroxidase ; SOD :superoxide dismutase
3 itig

BSA &2 —F RRE AL, ZHAETEWEN, B
IRV 11 e 5 D 1 R A0 L B M L TS S 4R S 2 W R
TN, HaWie  EAEMAN T AL A, v
VD SR AR B G A0 R VB AE AR T . BSA PR S
FHE B (-NH,) JRE(-COOH) Rl K & , w] i of
AU K AE N TS IS0 254 . EXO A WA
Z5 M R 1) 32 2% fiE U7 J& BSA@ISO@EXO {4 & &8t
AT B e f T A S a0 v 3R
HU ARPE-19 41 Jfd ¥k EXO, Jf£: CD63,TSG101 #il CD9
T 25 ) 3 U HL 1 2 AR W

DR i 38 AL 1 v, %010 B R AR RE R I 2 S 3K
RPE 41 5 45 1 S SR & SO 1y — il K 4R #%
M2 A&, B B3 i P e R 2 R 1 (R oK
P 22 K A= 0 ) D RE R B ) 0 oG R L T BSA AR N
B B O L AAE T I AR W A 2 M 2 v s g ) R
AEMYE, 5 EXO &4 )5 5 Rg i P [ AE 3R & 180
1) 338 36 R R ) M, R DR AR 7 $R 4 T —F s sk
AR IE % WG . A58 38 1 1 & BSA@ISO@
EXO 99K R &, B3 T 1SO 191 i B Flka & 1k,
1SO i} % 3K 76. 6% , 11 #, %35 10.3% , - 7E 24 h

SCHLT5. 1% W 25RO, R IR R B R 259
i 2% VERE , TR N7 7E RAE AN ROS YR8 25 f — B i
HELF R . X SRR PEAY 35 T EXO (194 ) AH 25 M A
EXO H & HA ROS i i P , 68 4% 75 = F A0 N A 5%
S EHRE Xof I ) R R, NI 3 i 1SO A A= 4 ) B

BSA@ISO@EXO 4 K Ukr 52 34 5 BRI | V- ¥ ki 42
£939.6 nm, Lk -13.4 mV, BA B4 199 B Aa
Mo AT L 3 A 21 A0 6 i i — 25 HIE 55 BSA (1SO
FEXOTER & Atk &7 . A BT SR, o R 3R B
155 RPE 4 ] 4 k7 K Ty e B % & ROS 3 & 4 A,
RPE 41 jfe 38 5 73 W VEGF F1 4 %k K 5~ (4 TNF-o | IL-
18) 5138 P 2 4 e 0 ) 200 B AR B4 T, O 4 Ak i
S5 B Ty RE AT AR AR 8, 5 DR ORI Bl il 4 45 495 A
MBI BT AL R BN, A
i ISO KA 7R 20 5 25 B 1K B 2R 45 T 4t i ROS 7K
SERAAE K F (TNF-o TL-18) Wk B2 ; H 5 54 1S0 4
FHE , BSA@ISO@EXO i & [ AIL T = 55 % 1 ARPE-
19 41 g 5 1 ROS 7K -, L4 %] & BSA @ I1SO @ EXO
(1SO ¥ 10 pmol/L) R R fie £, 41 i ROS 7K F- B 5
P IRALK . DL B85 R ] BSA@ISO@EXO 44
DK 2 8 5 S Fal B R PN A VR P AR R 1SO 1 4 Al P 32k 3%
ROF RO IS0 BT RAEH , b DR JAIFIRAE T8
M o ASIF T TS 50 F S B BSA@ISO 785 77 b
Fa B M 22 (4 h PUIE A >80% ) , Ifif S WA 44 3 8 385 4 1y
TR R E T, A 245 W VR TR R] DA T S R 8
BT B AT R B

ARk &I, & 7l i BSA@ISO@ EXO £ [ ik
ROS Fl & 4iE [+ 7K °F J7 i1 45 Tkl & BSA @ISO @
EXO, H 240 76 24 F B, o7 62 IR = vk 5 180 1T S 504
Fd s B 8 AR g R, SRR A R, PR
ISO K AK R AP E (L GSH-PX F1 SOD i 4 & 3% Tt
B HAA AL B SRR B MDA K 0] R M. K4S
F W] BSA@ISO@EXO 3 12 34 3 7 4 Ak il 15 1 L 3 A1
ik A, B ) R B B AR A R RAE . R SR A ST
#E—25 Ak 180 Fl i R Ry A b s S e E
FH 1 57 L o

25 LR A BESE B 2 # E BSA @ISO @ EXO {4
Z ,JFii k. ARPE-19 41 i = b5 45 780 50 5iF T H 7E 2
1SO A=W I FH B Bk ¥ bt B A e R VR b i v 05
AR I ] — L KR BSA@ISO@EXO 7 H il 4 ft.
IO 4R 5% BB 5 Hh B Rz P, DA R AR Ak T 24 9 B O 2
PISER AR RS [E] . A58, BSA@ISO [H s 122 5
DUVE A PRI B2, Ao A B W 25 4 i 1 HE o bk
SRt . A Ja i T AR N 52 50 i — 2P I ik L
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16 328 15 B8ORSl IR B AT 07 o ASBT 5809 DR ARG iR
T AR T AU A9 94 K 1 15 SR, O 42 e 1SO A ) A
JE R ARG PURIGI T BORBEE T SR S hit
BSR4 4 75 DI A2 6 R i o

EE MR A AR T 95 0 S HE B S 0 R g S0
P PRV D i s 0+ 96 HE T R 4 MR L B3 A4
SRR/ MR SR

Sk

[1] Tan TE,Wong TY. Diabetic retinopathy : looking forward to 2030[ J].
Front Endocrinol ( Lausanne ), 2022, 13 : 1077669. DOI. 10. 3389/
fendo. 2022. 1077669.

[2] Lin KY, Hsih WH, Lin YB, et al. Update in the epidemiology, risk
factors, screening, and treatment of diabetic retinopathy[ J]. J Diabetes
Investig,2021,12(8) : 1322-1325. DOI:10. 1111/jdi. 13480.

[3] Modjtahedi BS,Wu J, Luong TQ, et al. Severity of diabetic retinopathy
and the risk of future cerebrovascular disease, cardiovascular disease,
and all-cause mortality [ J ]. Ophthalmology, 2021, 128 ( 8)
1169-1179. DOI:10. 1016/j. ophtha. 2020. 12. 019.

[4] Baker RG,Hayden MS, Ghosh S. NF-kB, inflammation, and metabolic
disease[ J]. Cell Metab,2011,13(1) : 11-22. DOI;10. 1016/j. cmet.
2010. 12. 008.

[5] Dammak A, Huete-Toral F, Carpena-Torres C, et al. From oxidative
stress to inflammation in the posterior ocular diseases: diagnosis and
treatment| J |. Pharmaceutics, 2021, 13 (9) : 1376. DOI; 10. 3390/
pharmaceutics13091376.

[6] LiX,Jiang Q, Wang T, et al. Comparison of the antioxidant effects of
quercitrin and isoquercitrin ; understanding the role of the 6”-OH group
[J]. Molecules, 2016, 21 (9) : 1246. DOI; 10. 3390/molecules
21091246.

[7] Sharma DS,Wadhwa S,Gulati M, et al. Recent advances in intraocular
and novel drug delivery systems for the treatment of diabetic retinopathy
[J]. Expert Opin Drug Deliv,2021,18(5) :553-576. DOI 10. 1080/
17425247.2021. 1846518.

[8] Al-Ani SA, Lee QY, Maheswaran D, et al. Potential of exosomes as
multifunctional nanocarriers for targeted drug delivery [ J ]. Mol
Biotechnol, 2024 ,DOI:10. 1007/512033-024-01268-6.

[9] Sharma A, Yadav A, Nandy A, et al. Insight into the functional
dynamics and challenges of exosomes in pharmaceutical innovation and
precision medicine [ J]. Pharmaceutics, 2024, 16 (6) : 709. DOI; 10.
3390/ pharmaceutics16060709.

[10]Hao Y,Gao X. Diosgenin protects retinal pigment epithelial cells from
inflammatory damage and oxidative stress induced by high glucose by
activating AMPK/Nrf2/HO-1 pathway [ J/OL ]. Immun Inflamm Dis,
2022,10(12) : €698 2025-06-16]. http://pubmed. ncbi. nlm. nih.
gov/36444632. DOI:10. 1002/iid3. 698.

[11]Luo R, Li L, Xiao F, et al. LncRNA FLG-AS1 mitigates diabetic
retinopathy by regulating retinal epithelial cell inflammation, oxidative
stress, and apoptosis via miR-380-3p/SOCS6 axis[ J]. Inflammation,
2022,45(5) :1936-1949. DOI:10. 1007/s10753-022-01665-6.

[12]Hall MO, Abrams TA. RPE cells from normal rats do not secrete a factor
which enhances thephagocytosis of ROS by dystrophic rat RPE cells
[1].Exp Eye Res,1991,52(4) : 461-464. DOI. 10. 1016/0014-4835
(91)90043-€.

[13]Aiello LP, Pierce EA, Foley ED, et al. Suppression of retinal
neovascularization in vivo by inhibition of vascular endothelial growth
factor (VEGF) using soluble VEGF-receptor chimeric proteins [ J].
Proc Natl Acad Sci U S A,1995,92(23) : 10457-10461. DOI. 10.
1073/pnas. 92. 23. 10457.

[14]Li X,Jiang Q, Wang T, et al. Comparison of the antioxidant effects of
quercitrin and isoquercitrin ; understanding the role of the 6”-OH group
[J]. Molecules, 2016, 21 (9) : 1246. DOI: 10. 3390/molecules
21091246.

[15]Al-Ani SA, Lee QY, Maheswaran D, et al. Potential of exosomes as
multifunctional nanocarriers for targeted drug delivery [ J/OL ]. Mol
Biotechnol ,2024[ 2025-06~-16 ] . http ://pubmed. ncbi. nlm. nih. gov/
32825644. DOI: 10. 1007/s12033-024-01268-6. [ published online
ahead of print].

[16]Li C,Arakawa T. Application of native polyacrylamide gel electrophoresis
for protein analysis:bovine serum albumin as a model protein[ J]. Int ]
Biol Macromol,2019,125:566-571. DOI: 10. 1016/j. ijbiomac. 2018.
12.090.

[17]Xie J,Hu Y,Su W ,et al. PLGA nanoparticles engineering extracellular
vesicles from human umbilical cord mesenchymal stem cells ameliorates
polyethylene particles induced periprosthetic osteolysis [ J ]. J
Nanobiotechnology, 2023, 21 (1) : 398. DOI; 10. 1186/s12951-023-
02177-7.

[ 18] Martinez-Gil N, Vidal-Gil L, Flores-Bellver M, et al. Ethanol-induced
oxidative stress modifies inflammation and angiogenesis biomarkers in
retinal pigment epithelial cells ( ARPE-19) : role of CYP2EL and its
inhibition by antioxidants[ J]. Antioxidants ( Basel) ,2020,9(9) :776.
DOI: 10. 3390/ antiox9090776.

(WS H 3 :2025-05-15 & [5] H # :2025-08-07 )
(AR KT BIF)

W - AR - G

AYMEREE

(iAo S IR A ) J2 h b R 2 BOR Ul A8 P AR R 2 2 20 TR 1 48 S ARVRE IR I AR A B9 IR sl 27 RSB 10, H 1), 4 A
10 H YRR o AR il Aoy 41 T8 0 ) 3 22 D OB 35k i A0 PR A 5 900 400 5 1) B AF SR, , 04 F B & R SC IR I AT LI DR E S A A
WFSE Lk 9 IR 5 55, 2 AR N A 08 S IR B Y 46 PR 27 50 3 RS W AN S TRLAE 10 3R 97 IR ) 38 4% A D 50 L o0 T 2R W0 27 B 50 VIR
A2 AT 58 IR G 2 BT 5T IR AE W0 LT 5T IRRR R WL32E % BT 5 IR RH B 1) 30 0 4 Y TR B 0 ) 3 A7 0 2 AT 5 L IR Bk 9
I 9 25 HH s B HR L B AL BRI AR 36 90 0 I 2 1 R S B R IR M 003 0 I PR AT 58 25 o AR T80 ) 1 965 A1 2 5 19 v SC B STt 01 1
W AT R e SCE, Y [ A AR BT S A 5% B BR 45 A

AR HERFREK

SCRR AR B 0o B 2 AR B, B BIHT R B Ak S 1m PR RN SE A o SORS 2SR BRI 92 SRS L IRORT A 7 R R R A e
FEor RS M AR B AR TR ORI AT B 2 YO M B HE I A
(A T4 80





