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PEAh, MENLEF (Ser) . MIREA (BUN) WIE K ARAEF FHR, 5R  Exo A LML IE Exo #4154 X
JERREGER, BMRIES; Bk K/ 116.8 nm #1 81.3 nm; PiZ #4315 CD9, CD63. TSG101, 5
M A H#, B AHFERIMERT 6 (ATF6) . VA R FEA B MIEAEE (PERK ) & FAHXT A H T, mRNA A
X #ihm TR, C/EBP [AEEF (CHOP) HHAMX R ETR, mRNA X FRARE FRE; 5 EHMEL, H4
ATF6. PERK . CHOP & AAHN KA EIIFEK, ATF6. PERK mRNA AHXIEEE T (¥9h P<0.05) . shscik:
455N, 5 Sham 4L, UR AB/NERBGIFATHE, Ser. BUN, H40Mfi/r# (IL) -1B. IL-10. IL-18, fif
JEIRBEINF (TNF) -a K FETHE; 5 UR 4 HE, E4AM H A /NVEBiEFEK, Scr, BUN, IL-1B, IL-10,
IL-18. TNF-a KV TFFt; 5 B4ltbe, HAHB/MEBGTES FRE, Ser. BUN, IL-18. IL-10, IL-18, TNF-a /K
SERFE (¥925 P<0.05) . 45t BZERFEHIALIE HUC-MSC KIE ) Exo A @11 ERS, Bt 'S IE IRI,

[E8@iA ] BRorE; Bm-rEEaigs; SR, AR ST T4uM; AN PTIRIE; St B
fi; RIEEF
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The effect and mechanism of Huangkui capsule pretreatment of human umbilical cord mesenchymal stem cell-derived
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[ Abstract ) Objective To explore the effects and mechanisms of human umbilical cord mesenchymal stem cell
(HUC-MSC)-derived exosomes (Exo) pretreated with Huangkui capsules on renal ischemia-reperfusion injury (IRI).
Methods HUC-MSCs were cultured in media containing different concentrations of Huangkui capsules for 24 hours to
determine cell viability and select an appropriate concentration for subsequent experiments. HUC-MSCs were pretreated
with 50 pg/mL Huangkui capsules for 24 hours, and Exo were extracted using an exosome extraction kit. The morphology
was observed under a transmission electron microscope, particle size was measured by nanoparticle tracking analysis, and
the expression of exosomal membrane surface marker proteins was detected by Western blot. Human renal tubular
epithelial cells (HK-2 cells) were randomly divided into hypoxia/reoxygenation group (M group), hypoxia/reoxygenation +
Exo group (E group), and hypoxia/reoxygenation + Huangkui capsules pretreated Exo group (H group). Western blotting
was used to measure the expression of endoplasmic reticulum stress (ERS)-related proteins, and real-time fluorescent
quantitative reverse transcription polymerase chain reaction was used to measure the expression of ERS-related gene
messenger RNA (mRNA). Mice were randomly divided into sham operation group (Sham group), ischemia-reperfusion
group (I/R group), ischemia-reperfusion + Exo group (E group), and ischemia-reperfusion + Huangkui capsules pretreated
Exo group (H group). Renal histological assessment, serum creatinine (Scr), blood urea nitrogen (BUN) measurement and
inflammatory factor detection were performed 24 hours later. Results Both Exo and Huangkui capsules prereated Exo had
a bilayer membrane structure and a cup-shaped morphology; their average particle sizes were 116.8 nm and 81.3 nm,
respectively. Both expressed CD9, CD63, TSG101. Compared with the M group, the E group had decreased relative
expression of transcription factor 6 (ATF6) and protein kinase R-like endoplasmic reticulum kinase (PERK) proteins,
increased mRNA relative expression, increased relative expression of C/EBP homologous protein (CHOP) protein, and
decreased mRNA relative expression. Compared with the E group, the H group had decreased relative expression of ATF6,
PERK, CHOP proteins, and decreased mRNA relative expression of ATF6 and PERK (all P<0.05). Animal experimental
results showed that compared with the Sham group, the I/R group had increased renal tubular injury scores, Scr, BUN,
interleukin (IL)-1p, IL-10, IL-18, tumor necrosis factor (TNF)-a levels. Compared with the I/R group, the E and H groups
had decreased renal tubular injury scores and Scr, BUN, IL-1, IL-10, IL-18, TNF-a levels. Compared with the E group,
the H group had decreased renal tubular injury scores and Scr, BUN, IL-1pB, IL-10, IL-18, TNF-a levels (all P<0.05).
Conclusions Huangkui capsules pretreatment HUC-MSC-derived Exo may alleviate renal IRI by inhibiting ERS.

[ Key words] Kidney transplantation; Ischemia-reperfusion injury; Huangkui capsule; Human umbilical cord

mesenchymal stem cell; Exosome; Endoplasmic reticulum stress; Acute kidney injury; Inflammatory factor
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2V (acute kidney injury, AKI) J&—7#
HREIFAORE , HA R 1Y AR SRR ST, k-
HEF 45 (ischemia-reperfusion injury, IRI) J& 53
AKI W FEF R Z —, IR FF W T B, T
VIR AR LSS 200 18 TR SR F . (Rt B
IRL 26T AKI WEE iz —. REMFERY, N
5 [ R 38 ( endoplasmic reticulum stress, ERS) &5
P EE IRI®Y, H ERS SUZ5EE/INE R 4 i
il EZRE 2 —P FHit, AKLEZREERES, #HE
ERS X (47 B Il B AT B 5

HhUAMA (‘exosome, Exo ) J&— 7l 41 g 53 WA Y
SR, NI A R . IR SRR EAT
AEYRETERIET, RRE S5 AR (E s,
W A2 R A0 B 0 A= BRI BRI AR, M LT AR,
Exo HAVFZMH, WRE&WTHGE T . TRl
PE . ORE S IE ok i B R L O ELE T 6 A R s
Tao ZFPVWF5E 2R, Exo nli@ L ##17 ERS, KHEAVE
PRYVEH . Zhang 25U BfF 95 R BH ,  Exo 7l 38 i3 4101 i
ERS FIRAE I Z A H IRL. FIE, Exo #LIA N IR
J7 IR A —F AT A7 A8

ARG GE TS, Fb I AT LIS R Exo IR
JPYERU . Huang S WFSTIESE, FIFEARALTT Hikh
H Exo Refg s 2k DN TGS TR0 . Hu S50
58 E B, otk A% 31 iR $ Ak B A Exo ] 38 i TS
PI3K/Akt/eNOS {5538 BER A HE ML AT A, I bR
W1 LA . Zhang S BFSRUER,  BEA AL I
Exo Al 75 T4 FGF21 ARk . I JAK2/
STAT3 JEEFIHIE Foxol FRIMAIMERITIE IRI,

BOE WA 1) LR MR A BB R AR, HorTH
TEIRER RAE RN« PR B AL 2R B A5
RAFLRA B ERFE U, SR 45 G Exo MIMFSE
RIWHGE, HI, AR VS IR AU, )
B2 A AL BN JBY A 1R] g2 BT T 48 M ( human
umbilical cord mesenchymal stem cell, HUC-MSC ) >k
U5 Exo XJ'EIIE IRT A5, =& s B rh 25 BBy T
B HLTRIBIETY , I R TR T i 4
HE—ARTRERIHT T 1]

1 M5
1.1 XS54k

20 27 JEWE . ARBTE (2041 ) g BOTCHRE AR
('specific pathogen free, SPF) ZffElE C57 /NRIET

2N R AR S S s [ S8 S A VR AT IE S
SCXK ( H) 2023-0003], fELEEHR (22+1) °C, #H
S K 40%~60%, 12 h W 528 55 54 #0355 v sl 5%
NE/NVE E R4 (HK-2) . HUC-MSC iy [ # [}
SRR . ARBFIE 2 22 N KA — R B I B 4
HEME (HEUES . LDYYLL2024-437) , ™kt iRz
SR oY (e BRI o M
1.2 #R5iRF

Jitr 4 1M 3% W H 35 H Gibeo 22 H], DMEM/F12 1%
IR CCK-8 M &M A AR ERHEA R, Mk
I 2 ( bicinchoninic acid, BCA) & HE =X & .
R Abp & CIR A & . RIPA 240 A e FEfG 2k
Y25 RHABR A W], CD9, CD63. TSG101 HiiAll
H 9% 5 Abcam 2\ W, % 5k TG B F 6 ( activating
transcription factor 6, ATF6) . C/EBP [fiF&EH (C/
EBP homologous protein, CHOP ) . & i/ R BN
i W3 ( protein kinase R-like endoplasmic reticulum
kinase, PERK ) . B-actin #7114 FIBR AR i S Ak 4 B h
ICM L EPL R 1gG 9 A s = AR E AR A TR
NF, B ZEYE R TAE (B ) B FRAA ]
B
1.3 MRANBE5FE
1.3.1 fafp 5%
13.1.1 CCK-8 iM% 4mfti& /) HUC-MSC % %
& E 1x10%mL, B 100 uL 20 M 2 3 8 3 fh =
96 FLAR T o AL I AV BEBREE R 5. 10, 25,
50, 75, 100, 150, 200 pug/mL ¥ FETFEAYIEF IR FE
24 h, XRRAINAN T L PEN TG R ARG 24 h,
JIA 10 uL CCK-8 ¥V & 30 min, il FH Bt ARG
FZHWHE (4) {5 (450 nm &b ) , LEEE 3K,
TFEAMMG J1 . 459 L 50 pg/mL 4140 ML 15 71
e, PRI 50 pg/mL 25k BEEA T IR 22500
13.12 # 3Rk ¥ 4 % Exo HUC-MSC filt & 5|
80%~90% I, 2% Bk I A KE 95 Ak, Tl Ak B 20 1
50 pg/mL B 2% 42 14 JC Exo I 5% 95 KL 15 95 24 h,
ARALFHA TN TG Exo IR FEFRIEFE 7 24 he
1.3.1.3 Exo % Awshte  WAEANM LG, R4ESH
WA G S UL A5 Exo. 39 HL 20 uL B
TEINEIEAFEN L, g S TR, TN 1% BT AL
AANEW, EWR T EY 1 min, THERARENE
W, B ST BIESMMATE SR . Exo Bl
BTREAMP, R A ARAR MO . 8 P R ER
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A CD9. CD63. TSG101 & H KA.

13.1.4 #AEI R 54 Ff HK2 Qb KaG =
80% B, BHAL M ERE/ZHA (MA) - T
4 g/L DMEM ¥5 38 3L5 5% 24 h J5, HEHICINTE 1 g/L
DMEM 5 # 56, & T oA B4 (N, 0,: CO, N
94:1:5)24h)5, ERHMIEFR 4h; Exo4dl (E
ZH) . 7ELIMT 4 g/L DMEM £ 35230 A 20 ug/mL
Exo, HARAHEE M AIMF; 2% e % WA ¥ Exo
4 (H4 ) . fECIME 4 g/L DMEM 85 3% 5 in A
20 pg/mL #%5 fEBE AL R Exo, HAVNEES M 41
AHIA

1.3.1.5 ERS #aX & & &iktbm R 5 ER I i
JE o PRI F IR HE TR, FE IS EF AT 90 min
J& 2 BT R UGB A5 I A — 2 B R L B — L
( CHOP. ATF6. PERK. B-actin) , 4 C W& it
W, WHBEERE AL ESTR 1gG —4t, BF 1 h,
VR 3R, REIMA RS, A HBER R RS IR
R

1.3.1.6 ERS ABX AR AExMn  HSERZOCE BRA
fif e S 7 ( real-time fluorescent quantitative polymerase
chain reaction, RT-qPCR) M€, $EHA 4 A0 AEAS
AL RNA, AR B K 2 2 )5 S s iUH #b DNA,
ZIa TP e, LA B-actin fE NS IEN, 27499 gt
B HBEEE# RNA ( messenger RNA, mRNA ) #
Xk, WRHER 3 K. 5IYIFSIILE 1.

132 ki

1321 A #E S Ao /NEE TS E 2
(30 mg/kg) , IHEMIEE, 5, 138 ERRMGY)
F, i 20U %, TSR 3h ik e e A 79 A e
45 min JEAAIFEIKIE, RE AL 24 h, BUNERE L
AU, ITfa s side o B/ BRUA% BB ML AL - 3Rk A
44 FARYA (Sham 4 ) | B -FFEEH (IR
) . Bl -FHREEExod (E4L) . Bl -7
T+ S RETIAL P Exo 4l (H4 ) , B4l 5 H.

Sham ZH/)NEUHBEA TR . FFREALEE; /R 20/ BURRF
JE S RIS s E ZH/N BT RET 5 min R bk
% 50 pg Exo, BRIEEJS H A7 B IRTALAL; H 4/ R
T RHG 5 min J2 i K 1 5 2 3% e 4 1 4b B 1Y Exo
50 pg, JPRIFJE S B IRTBERS, ARJG 24 h Bt .
1322 ARFFE  FHLHEY R G THARE-
4L ( hematoxylin-eosin, HE) 4tf%, R4} Paller i
EHATIE T
1323 Hosesem 4 [ 3R ACRI 25 41/
B IM Y5 WUBT ( serum creatinine, Scr) AL /R 2 &
(' blood urea nitrogen, BUN ) 7K,

1324 SOEBEFAR % M0 & U BTN 4
/NS L4/ 2R (interleukin, IL) -1, IL-10.
IL-18. MEEIRSEIA T (tumor necrosis factor, TNF ) -
a 7K
14 FitEFHE

K HI SPSS 25.0 i A74812% 7341, GraphPad
Prism5.0 il ¥l o 56 18040 )i 7Ok Bl bn
MEZ TR, ZAM BRI R T 2500, FIH
Levene LT 7 250 R B0, 1 7 25 5% 1 HLBE AR
bR aG o Urit—SEZE LK, £
FHECRH LSD 5. P<0.05 HZESFAHGITFE L.

2 % R

2.1 Exo HI¥%E

75 5 EL A 45 SR R, Exo 1 2% i 4 AL B A
Exo #JHARUZEL A, SMPRIEE (K 1A) 5 9
KRR EE R R, Exo FIE SR HIALPE Exo Y
SHRAR KN 116.8 nm F1 81.3 nm (K 1B) ;
A EG R R, MEHEE CDY. CD63.
TSG101 ([ 1C) .
2.2 Exo Xf ERS B0

5 MM, E4 ATF6. PERK 7 [ AHXT ik
& N, CHOP E MM RiLETE; 5 E4iMft,

x1 319F3
Table 1 Primer sequences
519 IEm54Y (5°—-3) KI5 (3°—5)
B-actin GTGACGTTGACATCCGTAAAGA GTAACAGTCCGCCTAGAAGCAC
CHOP CACCACTCTTGACCCTGCTT CTTCATGCGCTGCTTTCCAG
ATF6 CGCAGAAGGGGAGACACATT CACTTCGTAGTCCTGCCCAT
PERK AGAGATTGAGACTGCGTGGC TGGATGACACCAAGGAACCG
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Exo HKC-Exo
1.6 1.2
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1.0
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Dl 0.8
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o 0.2 J
0 T T T T T T T T 1 0 T T T T T T T T T 1
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R KN (nm) R KN (nm)
Exo HKC-Exo
AEXS o
TSG101 e
b |
-] .-
i Exo 7 HKC-Exo

e A BHBSTHES T Exo MELLEH (%200 000) ;
& 3k, HKC-Exo N EZE R FETALFE Exo,

B K124 Exo RiAR oM s C P 8 1 B ESI EA G A1 b A5 2 ThT e

El1 ExoHEE

Figure 1 Identification of Exo

H %1 ATF6. PERK. CHOP 75 [ AH % 2 35 5 X A%
(8 P<0.05, F2) .

5 M4, E 4 ATF6, PERK mRNA A%}
KB T, CHOP mRNA X # A FH; S E4
AHLIE, HZH ATF6. PERK mRNA #f %} 35 ik 7 F f%
(¥2h P<0.05, E3) .
2.3 Exo /MRS HLAFIIEERI 2200

55 Sham ZHAH L, UR A4S HES GRS, HR
KPR, S5HZEL, B/NRIREIES, B/ g REAR
W, OBUKAP, IR, A RIER
I, B NER IS TE 5 VR4, E AR

H HANMEHS R R %, F/MEHRS RS, A RER e
B, B/NERKR/NESY, B NE BV AR

5 E dtft, H AR/ INEBITREIL (¥R P<0.05,
Kl 4A. B) .

Y5 Sham A b, UR 4LIfL# Scr. BUN ZK-FFF
s 5 UR4AMIL, E. HALIMEF Scr. BUN K
TR 5 E4MEL, H4IMME Ser. BUN K F [
(¥4 P<0.05, K1 4C, D) .
2.4 Exo X/NRRAEREFFRIZHI M

5 Sham 40 L%, UR 4Lifiis IL-1B, IL-10, IL-
18, TNF-a K FTFHiE; 5 UR 4%, E. H4LME
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ATF6 | s woese 75 P
CHOP o @B weee 19 = E
i
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B-actin | EEEPEEEP 3 - 5,
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H: 5 E 414k, *P<0.05,
% 2 {FHERS HXEARRIEKELLR

Figure 2 Comparison of expression levels of ERS-related proteins among different groups
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Figure 3 Comparison of mRNA expression levels of ERS-related genes among different groups
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Figure 4 Pathology and renal function of kidney tissues among each group
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IL-18. IL-10, IL-18, TNF-a /KF F[; 5 E4H L
A2, H4LMmE IL-1p, IL-10, TL-18, TNF-a /KF R
(8 P<0.05, B 5) .

3 F

AKI J2 LB D) g SRR B0 FRAE 0 7 H 2R A
fiE 120, R R E 2, WA EZMMEE, IRL.
PEB . WREEIMAE . B WEGSOE PR RRERT . S b B /%
Yeapto2 CIRLE W B RA . AMG . R
O T AR SR HICHE A8 BRI A, AR YT Lt
RAARZH S AERE | A 308 i BELIT 7]k S ) Pl 2T B3R 77
IR IRT, {H AKT BUS 5 A EEAR 2221, itk g
J7 7 AT RE 2 A B E IRT AR 9T A 34

B E IRD R BEA BEAL I N & 2%, Hh & T
MERLAN M TG A R L P SRR AN b S RE A T R
TR AT P I 4 B T 3 e 7 A T S R e
W, BRI R Y AR,
ERS JE5200A B /INE I K 240 IRT ()5 2 —, ERS AH
RHE AR B IRL R rp 3Rk A 28 fk, HahW9csiiE
SUNRUEAE IRT 5 RIEEH 75 5.

MSC 7E 5 H 1A FH 5 330 5 20 it A1 2 76 11 55
YRR KA, UHUEE T Exo 5P, HALHIW K A
TR iR BURETS . PUERELSRNRLE, M
RAP B I f0 32 P P29 Exo BAARBUIN . TEHR 5
WK MR . BB AR 5 B A WA A G Sy
W, FEZFERIGYT R T AN HMME, T
ARk T BRIRYT . AWFIEIESE Exo RERE B
JIE IRT/NEUE DRE, /b RAEH T3k, HiEssice
AEFRE) Exo IRTT R TEAE

AWFgE M, B IRD AR RS S 8 T o] I
PSR Tk, XA S A R S AR
RO AEB R IR R AR, B MG A 4, dn i

#

801 501 i
a H b
% 60- " /T-‘; < A b
A4

2.8 8307

Z404 e A &

& b,c S 204

4 50 o

= 20 = 104

0-

0_.
Sham#l /R4 B4l H4l @

Sham#l URZ EZ4l HAL

YHMLANE /N LR M, 252 BN DI RE A A T A4
P, X FECE A A0 A 3 2 DL ERS kA,
25 AR A B ), X2 AKT R AEFIUR R
F OCEEAL T P21, ERS A9 32 ZEAL JE 8 AL 15 UL EE 75 2K
fif} 1 ( inositol-requiring enzyme 1, IRE1) . PERK #l
ATF6 =FC HRFFHHRE T2 00 1T IRT i
CHOP FIPP e zd i KA 2R EE [ ( cysteinyl aspartate
specific proteinase, Caspase ) -12 ik, FH ERS 1E
B E IRI A7 76 BOW 1E HIBY. Noh%: P & $ CHOP J&
' IRI ' ERS AHCTAT- R H S 53, AR
ARG, CHOP J LA R /I LAY I TR 2 32 A 4 9
B, UESZT CHOP A3 4 40 g 4 T 7E X A i 00 T 1Y
FBURTER . Fan 2509 YE AKL B E IR AL T
ERS #3589, H'5 AKIJ“EREEA ., AL
KB, AEFHE IRT BRI P2 %2 ERS, i Exo Af LAY
Wiy ERS #5C 8 F KA, KW Exo nlil i i ERS,
PRI/ NS ED e, HoE 35 R S WA B 1Y Exo &R
.

AWFIE R, Exo 52 4 HLAMRI A 520 B0 4
KAt S5, ATRAAS Exo MY, 14
BITIERE ., AR RV, SRBALIE Exo #E17 I
A, ML PR Exo RERSIRTHOILAIMIS /1, [
T AL R Mo U TG P, AT O UL IRE, 451
FONURGPEIPT, 1S G SR0Ak AT AR 5 B i a) 78
T4 MR TR Exo VAYT ISR IMLAYRLN. , AIEIE Akt 15
SIE M, PR Bel-2 Fl Bax ik, MIRIHNHI L0
T2, DRAP AR A, BB R ARSI 5 Exo X RR
B JIE IRT AR 7 0 FE R B R, s ek
BIUE D38 o 30 NLRP3 S /MACHU e sl 5 /Mg
P0G, P fie B b AT Gk ] PIBK/AKt 15 5 1
PE, ARG/ R R
BRI AR AL B AT USSR Exo X B WE IRIIGIFVEH .

8_.

1000 a

(=2}
1
(>

IL-18 (pg/mL)
s

38}
1

0- 0-
Sham4i VR4 B4l n4l © Sham4i VR4 E4l n4l ©

W ABESHIL-1B K5 BN IL-10 K5 C N IL-18 /KF; D KN TNF-o K-, 45 Sham 41 [b4s, *P<0.05; 5

IR A%, °P<0.05; 5 E dllbis, <P<0.05.
s

HBAKRMFERERFKFE

Figure 5 Levels of serum inflammatory factors of rats among each group
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P EDIRE
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RUE Exo 1697 B ME IRT 9%, HHLHI S ERS MG,
AT R B NE IRT ARy 7St 7R E g, AhsE TR
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