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RHERR RFRBAEANRBIEARSEHE S S5 (BRP)AH A AT Hrh, viEe HSC-T6 2 it A AR | il i vk v
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B Ak 2 I 00 A SRR S . AL IR 46 B (Hep-
atic stellatecells, HSCs ) 52 7 S 45 2 P 01 4 e 2 3
FIC 20 A1 e i (Extracellular matrix , ECM) A9 1
TR, F 2 HSCs 15 AL, Ik JHF o 2% JEe o, 41 il
HSC H#0s 53858, JHEaEH A w2 kg
JHHIE DIy 8 A S8R, 2B 1 I R LA 3 ok 25
A5 515 S A 1 A AR LS, S5 ARy
KB ol A MR kA e A A B B i
PR F I OCBRE BR 1 LC3-11 Rk K AR 4L, 2 )
Wr W & AR B AR RS A T PR A 0
A AL T b W 4% R SR IS AR N RE
T AE T E R 9 % AR 3 #2 i ' HSC & AR 2 )7 1k
FET AT AR OR A7

YT ASBIE Y SR IV A Bk | e R B R
2 S AR BOR S & BRP, 43BN R B2 Uy 15 X6
BRP 473 (0520, I LA ALY HSC-T6 4l i 4
AL WESE BRP W40 M A= 4 A MR R AR 1Y 52



106 hoE

M

2024 “F-55 9 #

Wi, 3 Ay FLBUEF 4L, S BRP BT 2T 4 4k )
REEL dh BT A 55 0 4R G BRI A 3l

1 MRE5FE
1.1 #RERH

Wh AR i (U AR OB 72 R ), B A AR T L
2Lk A WA BR 2 R iF IR AT HSC-Té6
J AR HSCs, BA 2F 4E AL VL7048 ROl
B Be A i TR TR AT

e bne st , BRI AR G A
(Fetal bovine serum, FBS) fh Gk K Eagle 5 77
# (Dulbecco’s modified Eaglemedium, DMEM) , 32
Gibco 23 F] 3 BEWE 5 (MTT) , WY BE £ | 5 & Sigma
23w FLRR B R (LDH) B0 &, /i nt i A= 9 T
FEWFJE BT ;Hoechst 33258 JLilk, LiEH ZRA
Ay TARKFEER (COL-1), MR REA
(COL-1)  Z#&E 1 (LN) #4446 K 5 (TGF-
B1) Mt EBe Fe e A i a0 &, A mt S B WA MR A
FR 22 7] ; Beclin—1 $iL i, AL 422 /2 W] ; GAPDH 41t
i BEE Abcam A ) ;LC3 11 Hik, st Z 1 42 70
AP A E] p62 Brik, db it iR H
HRP #ric EHi = 91, I Jackson 24 1],
12 E&5MEE

XMTD-8222 HEAH , b EHS 75 23 W) 5 ffd i i 13
# (HPP60OMPa), 13k B} % & ERHL 24w s KQ-
400DE 8 75 i 1 vk , B LU B A AR A R W)
FDU-1200 % % T4 4L, HZA EYELA /22w ;Mini
protean 3 cell HJK1X, 3¢ [E Bio—Rad 2~ 7l ;CO, K%
F244, 32 Thermo 2 Fl ;D-Epoch BbR{X, 3
BioTek /A 7] ;Scios 2 DualBeam i% 41 Hi 5% (TEM) ,
2 [ Thermo Fisher Scientific 2¥ 7] ;1260 Infinity
T 28 3 250 A £ 38 53 356 AX (HPLC-MSS) , 7 [
Agilent 23 F] ;1X53 8] ¥ 2¢O6 8445 , H A Olympus
AT
1.3 REHZE
1.3.1 BRP Wil &  WEAE M AE 50 CHUA P ot 47
BT R O T 2z R GOk B W B Y R A
T A R TS [ 42 U7 ¥ OB v i B i IS e 7
Tl B R BB A AR S B0) SR fdE T AB-8 R AL i
X S OB HEA T 64k | e e W 4 A o, (i VR VR T 0
HLEZRTHE A M5 732 BRP W8,

1.3.2 BRP @53t WEREZHE T8 5
mg, FHEEE 08T RE T EDR B 1 mg/
mlL, 1] 0.22 wm A HLUE R85

% #% Herrera — balandrano 5% 1215 ¥ | i [
HPLC-MS/MS Xf BRP 4143 477001, (03l 514 .
% HEAE 120 EC-C18 # (2.7 wm,3.0 mmx100
mm) , #E 7 30 °C, Ji i 0.6 mL/min, HEHEH 5.0 pl,
TS A AL 4R A (0.1% H 2 2li7K ) Fil B (100% &
JiE ), VML :0~2 min,80% A;2~9 min,10% A;
9~9.1 min,90% A,

IS BFUR . W% & T E (Electro-
spray ionization,ESI); Kzl 77 20 . 2 ke Wi A&
(multiple reaction monitoring, MRM); M 55 Hi,
JE :3.5~4.0 kV 5 B i B 350 °C 5 i %5 8% % 77 .
45 psi; SARHTE . 10 L/min,, 1 52 He 545 B3 15 ] A0
Jo i B R il G 4 R A il H 5 BRP 45
oyt
1.3.3 HSC-T6 4l 5% ¥ & 75 J5 ) HSC-T6
Y im A DMEM 5821523 (% 10%FBS, 1%
BREEHER), BT 37C,5% CO, N1
B e M40 T R 80%~90% il 45 FE 1, 4y 41 4%
REEFR .

1.3.4  BRP X HSC-T6 2 Jid 4% 5 1 il 2R (1) 5 1

% W8 Rugina Z5P3E (9 MTT ¥ % HSC-T6 41 ity
(5x10* A~/mL) EFp T+ 96 FLATH, 43 7 A 28 i i
W 0,50,100,150,200,250,300 wg/mlL f) BRP
PEATRE SR r s g% 24 48,72 h 5, BALH DA
10 WL MTT(5 mg/mL)4kLE 85 3% 4 h, 55 37455,
FEIERE IR, TN 150 L. DMSO 75 W07 ik 485
Ya , B AR A 5 25 FLI O B (ODigo ) o 15 18
O AR 20 A B A

AUNLHE AN 3 (%)= 14540 <100 (1)

! X 1 21

HEZH W b B

1.3.5 HSC-T6 4t Jif1 FL 2 Bt & (LDH ) ¢ i £ il
SE I HSC-T6 41 LDH Bl & , WA
BRP (1) 40 e 55 4 . 45 41 40 i i A 29k B 0,50,
100, 150,200,250,300 pg/mL ) BRP 43 5 15 3¢
24,48,72 h, # HE LDH g7 1 050 & e B 15, I e
LDH B it .
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1.3.6 B H L F BT WS HSC-T6 4l g F Wit i
WX £ 15] HSC-T6 2 At 53 4 %of B 25 F BRP &b
PHA (LW E N 50,100,150 we/ml) , 7£ CO* 1% 7
FE TR SR 24 b WCHE A M T 04 T, JFH PBS Bk
W3, BOJE EPE PR T KN, H 1%
I RES W A SR SRRAE P IR S IR Zhan SEPE
WFFET7 v, i A 5 FL 4R %% HSC-T6 [ Wil
1.3.7  WYBERR YA HSC-T6 JNEVERHA 18
6 FL AR ik A MTE R, P 3E 55 WOK HSC-T6 41 il
i B S (1x10° /L) BT 6 Lt FHAS ] £¢
W BRP (50,100,150 pg/mL) 3 HSC-T6 44
L ,24 h J5 , FEBREE SR, AT PBS I5 R 2~3 ¥k, N
A 2 pwg/mL MY BERF R 1 mL, T WAL SN 15
min, ¥ HSC-T6 4 fifl & F 78 %t W i e T g
MM A
1.3.8 2 H % PEEN I 1 (Western blot) 43 H1 H W
MXHEH  H&A BRP (L )E R 50,100,150
we/mL) (Y 85 35 B 55 5% HSC-T6 41 i 24 h J& , VK&
B 2 A0 M WA 4 A W, T BCA 1 it ik
FRI) 0% 2 B 1 BT AT A 7E F KRS PO AT
I 0 B I AN A R, AL A 15 g, TE R G
JiEE JE 80V, HL, Yk 20 min, 43 &5 i H JE 120 V, H,
Tk 60 min 250 T H#EAT HLUK Y 8 A 4 B IS
G A TN E R QR Y [ S U = W) R s & |
PVDF JE I {5 25 V #1730 min, 28 )5 ¥ PVDF
JEFH 5% B RS Wi #s £ 1 h, FH TBST 2% i i fI%
FEIRIEEVE PVDF B 3 W, H4 BRRCAE Do & 1) &
T, ARG B —P0,37 CCHCE 30 min,4 Cid
W, UCH B BEECH FH TBST 2% w5 R vk 3 1K
(4% 5min), ZJ5,37 CHi¥E 1h, M TBST
% PR IR EEVE 3 WK, IR 5 min, 4 ECL &G
(A VB W=1:1)MERE —Pi)a M L &% S
min, Z5 0 CR, 7E LR R G AT AR R
Bl AT A7, S5 Tmage J B4R 400
YR FEAA
1.3.9 HSC-T6 4y COL- 1 .COL-1I .LN #
TGF-B1 &l B 5] HSC-T6 4 ity , 74
XTHE4] ,BRP AbBRAL (¥l 50,100,150 g/
mlL) , 4 L35 5% 24 h, WO E T R, i R G IR 0 % Tk
WA &I E COL-1 .COL-TI .LN Al TGF-
Bl ERm A,

W) 17
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w
=

-

1.4 HERESHH

REREN T - R R/ OB D R S ol FE IR AT E
/No fHiH Origin 2019 221 ,SPSS22.0 #E17THLH %
J7 2257 B (ANOVA ) ,Image J 73 #7125 H 55415 , P<
0.05 B 25 A Geit2E 3 L,

2 ZHR5HW
2.1 BRP A4 4

A5 K HPLC-MS/MS X #8 55 Fe 32 B ik |
R R T A RV R 4 B BT A5 BRP 44y
HEAT S AT S5 R 1 IR 1 R

A
S=19 12 | BT
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Fig.1 Total ion chromatogram
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AU 1 A 1 a3 bR O S
BRP W41 /3 Fh 2 m] (B & mA AR R E S B
o R AR L BT AR S P SRR R AR -3-0-
AR . TS R B E S T H RO
FFFESD (P<0.05) , Horh R 4255 32 -3 -0 g Bl 1 02
T B e I AR WIS PE Y B (P<0.05) , J2 BRP HT Y
FERr (RN 57.53%)5 ) L5 & e R B
PO AT BRP & o 55 5, Lol 7 O B Uk s )
FERCE A B T 15.83%,40.84% , [F L v £
TR R I 4 BRP, A T J5 2 M 65
2.2 BRP xf HSC-T6 £ B 1 58 i 52 i

MTT ¥ A BRP X} HSC-T6 41 it 4 7 K
SR, AN 2 FroR  HSC-T6 f 14 5 411 il 5 it 25 15
Fr I [H) A SR BRP e B A 588 w5 i ot s o 4 i 5
7% 24,48,72 h it} ,300 wg/mL BRP - il HSC-T6
211 B 184 5 4 7 R B 3.98% ,4.05% ,6.91%43 3| 7t
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T AN [ 7 B AR i W AT 7 135 1 25 5 (P<0.05)
2 BRP xf HSC-T6 & 3E r % M
Fig.2 Effect of BRP on proliferation of HSC-T6

T A NI E (B C A1 D 2% 4k B HSC-T6 4 ML Ay 5 45 itk 22
iy J5 B 13 43 9 A 50,100,150 pg/ml.,
4 EHBEEYWR HSC-T6 BEEE
Fig.4 Observation of HSC-T6 autophagic vesicles

by transmission electron microscopy

BRP X} HSC-T6 4fi ffs [ W HAT BH 1 i35 3000
2.5 NY BEAE G A Bk

WY IERS B i AN 454 M A% TP OBUE DNA
FIML 5T 52 B0 a5t . A s R PO B R
PR, VY ERS ARG pH (E IR N 5 WV B IR
ER RS T EAR S0 oW 11 F U A R I O & LI |
W 4 A 1 e A (R RS 81

WK 5 s, Y BERS Je A A i Jm , AT L RUIR AL
05 ITORL A T 4 A S 16, 55 % R AR L B
F BRP ¥ B3I, SR A o 5 6 Uk £ |, Ju
7£ BRP B v B 4 150 we/mlL A, 21 €6 58 5l 3 0

1200 -
I 24 h b a
[_Jash al
1000F | E%n _’i il M
Py C
S sk ™ g
iH 2 g_ b
=3 c
w -4
o= d b
¥ 5 600 aSl F
e € .
5 s =
= 400
200
070 50 100 150 200 250 300

BRP Jiii i ¥ J&
BRP concentration/(pg/mL)

TE A [R5 B A i 1] A7 76 1 35 1 22 5 (P<0.05)
E 3 BRP xf LDH B =/ &0
Fig.3 Effect of BRP on LDH release

A X ;B .C Al D 378 BRP AL B HSC-T6 4i g , o7 & Wk Ji2 43
4 50,100,150 we/mL,
B 5 MiEEfeaz HSC-Te A il
Fig.5 Acridine orange staining observed HSC-T6

autophagy vesicles

i, BT 5 OEUR LT A A B0 40 A0 46 g
W JE R, 2 I R Y BRP (150 we/mL) RE B &k fie
it HSC-T6 40 i) F Wi, 538 i iy 5 1l g 45 R —
£, UESE BRP GEM%15 S HSC-T6 4 i & A A W,
2.6 Western Blot T B E A RIA

% JH Western Blot ¥ ll A [ ¥ BE BRP X
HSC-T6 4l B Wi AH O 8 1 Rk iy 52, b an il 5
AL, 5% REHAH L, BRP AL B4 (1) Beclin—1 Al
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LC3-11 & 3K 7K V- il 25 Hovie i T g 1f 8 8 42 8 (P<
0.05) ,p62 & & F&AIL (P<0.05),150 pg/mL BRP 4t
PEZH () Beclin—1 F1 LC3-IT 235 K40 3w 1
2.30,2.53 £ (A MEHL AN ) s p62 ik KV [
KT 219 4%, LC3 EHZEAMAE A MR EER,
LC3 04 LC3-1 F1 LC3-11 Wi Fh, 4 [ W& A= 1)

y & &
P
,{g@“ f.p‘? \Q“ \‘:°

Beclin-1

o

I
3

LC3-II

o
o

o
IS

p62

o
N

GAPDH

Beclin—1 LC3-11,p62 % 1 & ik &

Protein expression in Beclin—1, LC3-II, p62

o
=}

E 6 BRP X HSC-T6 4 B EHX & AKX

LC3-1 ] LC3-I1 ¥4k f ¢ M 45 5 H iK1 Be-
clin—1 240 WO 1, AR T A W/MARY
T ST p62 fE A Wi & Az il B ol B S LC3-11
ShG AR B W B D BT AL A, S A T
AU O B BRP ]38 i+ 2078 Beclin—1,L.C3-
11 A p62 ik, 755 HSC-T6 40 il H W

[ g

1 50 ng/mL
I 100 pg/mL
B 150 pg/mL

Beclin-1

T R[] B A i R A7 A M2 5 (P<0.05)

LC3-11 p62

81

Fig.6 Effect of BRP on autophagy related protein expression in HSC-T6 cells

2.7 BRPXf HSC-T6 IR, EAMEKEFS
=M

HSC 176 Ak 5 O A K 7 (228 TGF-
B1) Kk w43 W K& 1 ECM, B 45 COL- 1,
COL- Il 1 22 4l 3% 25 11 (LN) 45 2F 4E f b i 1 )
JE1s30 LN AT COL- 1, COL~ T fig J5 35 £ Ay 34 fin v
T B E 8 I 20 M v g TV B VI R i R 4T
T2 248 L &/ 5 o 2 46 e fie - A, 2 U8 iR,

i % 2 AT %0, HSC-T6 4 iy £ A [ ¥ FF BRP
H % 24 h J5 ,HSC-T6 40t COL- 1 .COL-1II &

# LN B & UK TCF-B1 & H1 &k 4 5 FHE
1k (P<0.05) , 2P 100 we/mL BRP 4bBE4L () COL-
[ .COL-II \LN & #4350 (84.3424.31) , (24.56+
1.12), (11.84 +0.45) ng/mL,TGF -B1 % # >
(46.62+0.41)pg/mL, 53l L X B AL BFAIR T 49.45%
74.76% ,10.57%,21.38% ., %W BRP fE T 15 HSC-
T6 JIF 24k 40 g COL- 1 .COL-1I .LN I TGF-B1
Tk, AN MS AR, Hd 100
wg/mL i BRP X HSC-T6 HI1E & SR il . A
BRI LA 2T 2k (e 259

% 2 BRP 3t HSC-T6 #fa 4> il B & LN TNF-B1 K5 i
Table 2 Effects of BRP on collagen and protein content secreted by HSC-T6 cells

S COL~ T /(ng/mL) COL~II/(ng/mL) LN/(ng/mL) TNF-B1/(pg/mL)
5 18,40 166.86 + 8.54¢ 97.32 £2.24° 13.24 = 0.60" 59.30 +0.71°
50 pg/mL BRP 142,57 121" 62.67 + 1.78° 11.86 +0.56" 61.1 +0.39°
100 pg/mL BRP 84.34 +431° 24.56 + 1.12¢ 11.84 +0.45° 46.62 +0.41"
150 pg/mlL BRP 103.31 £7.23" 4431 £333" 13.51 £0.37° 48.73 £0.77"

A 7 (B 7 B 22 53 (P<0.05)
3 Hig

SRR AT N BE RSN TR, IR BRI o)
FEWIE YRR T, N R T AR D ) O O A

ORI R 2 in i e UER % DA R AR P IR B )
2648 0 @ ik HPLC-MS/MS 43 b 45 %0 88 2 e i B A%
B, R A Bh AR BRI 700 A% BUCAE 26 U 925 1 4% B
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MR AN e EEER, (DB & EERTHS
BRP P 43 A Wi M i % 1 o 2 T T AR
J7#: (P<0.05) , o R 445 R -3-0- i a M b £
PRy, AR 25 R W BRP AT LI HSC—
T6 20 g 14 5, v Wk B A AR 5 19 40 M 75 1 5 3 A
BRI Ye o 25 L R WY BRP 1] % 5 HSC-T6 41
L & A H W Western Blot 453215 | BRP 4b 215
W AH 2 25 11 Beclin—1 Fl LC3-11 2635 K 42 55
p62 & A & # K ;COL- [ .COL-II .LN FI TGF-
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Effects of Blueberry Pomace Polyphenols on Proliferation and Autophagy
of Hepatic Stellate Cells

Ma Jian'?, Lai Guangrong’, Hu Yiyang’, Jia Feihong', Ma Yanhong"”, Liu Haiyan®
('Institute of Agricultural Products Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014
Forestry Management Station, Kizilsu Kirgiz Autonomous Prefecture, Atushi 845350, Xinjiang
‘Nanjing Lishui District Supply and Marketing Cooperative, Nanjing 211200)

Abstract In order to improve the utilization rate of blueberry resources and reduce the environmental harm of its pro-
cessing by—products. The effects of ultra—high pressure extraction, ultrasonic extraction, and solvent extraction on the
composition and content of polyphenol (BRP) in blueberry residue were investigated by high performance liquid chro-
matography  (HPLC-MS/MS). Activated HSC-T6 cells were used as models to detect the effects of BRP on the survival
rate and cytotoxicity of HSC-T6 cells by thiazole blue and lactate dehydrogenase methods. The autophagy induction effect
of BRP on HSC-T6 cells was observed by transmission electron microscopy and acridine orange staining. The expression
level of autophagy related proteins in HSC-T6 cells was detected by Western blot. The degree of fibrosis in HSC-T6
cells was analyzed by enzyme-linked immunoassay (ELISA). The results showed that there were 14 components in BRP,
and cyanidin-3-O-glucoside accounts for the highest proportion among the three extraction methods, which are 57.530%,
58.703% and 54.830% respectively. The BRP components obtained by the three extraction methods were the same, but
the content was different. The BRP content of ultra—high pressure extraction method was significantly higher than that of
conventional solvent method and ultrasound-assisted extraction method (P <0.05). BRP significantly inhibited the prolifer-
ation of HSC-T6 cells (P<0.05), and showed a time—dose effect relationship within a certain concentration range. Au-
tophagy was induced by up-regulating the expression of Beclin—1 and LC3-II, and down-regulating the expression of
p62. And, BRP significantly decreased the secretion levels of COL-1, COL-II and TNF-81 in HSC-T6 cells (P<0.05).
In conclusion, the total content of BRP components extracted by ultrahigh pressure extraction is the highest and the bio-
logical activity is the strongest, and BRP could induce autophagy by inhibiting the proliferation of activated HSC-T6
cells, thus exerting its anti-fibrosis effect.

Keywords blueberry residue phenolics; ultra—high pressure; HSC-T6 cells; proliferation; autophagy



