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Study on effect of blueberry probiotics for improving non-alcoholic fatty liver
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[Abstract] Objective To study the effect of blueberry probiotics on interlukin-22(I1.-22) mediated Janus kinase-1(JAK1)/
signal transducer and activator of transcription 3(STAT3) signaling pathway,and to further explore the potential mechanisms to
improve non-alcoholic fatty liver disease (NAFLD). Methods Forty clean grade rats were divided into the normal control group
(NG) »model group(MG) ,blueberry group(BG) , probiotics group(PG) and blueberry plus probiotics group(BPG). Except for the
NG group(100% general diet) , the fat liver model in the other groups was prepared by 12-week complex high fat diet. After the
model establishment, the remained rats were divided into BG,PG and BPG groups for conducting 8-week observation. Results The
liver index, alanine aminotransferase (ALT) , aspartate aminotransferase (AST) , triglyceride (TG) , total cholesterol (TC) and low
density lipoprotein(LLDL) in the BPG group were significantly decreased compared with the MG,BG and PG groups(P<C0. 01)and
high density lipoprotein (HDL) was significantly increased(P<C0. 01) ;in IL.-22 detected by the enzyme-linked immunosorbent assay
(ELISA) : the protein level in the BPG group was significantly higher than that in the MG, BG and PG groups(P<C0. 01) ;in the
quantificational reverse transcription-polymerase chain reaction(qRT-PCR) : the expressions of JAK1 and STAT3 in the BPG group
were significantly increased compared with the MG, BG and PG groups (P < 0. 01), while cholesterol regulatory element-binding
protein-1c(SREBP-1¢) expression in the BPG group was significantly decreased(P<C0. 01) ;in Western blot(WB) : the expressions
of IL.-22,JAK1 and STATS3 in the BPG group were significantly higher than those in the MG,BG and PG groups.while the expres-
sion of SREBP-1c¢ was significantly declined(P<C0. 01). Conclusion Blueberry probiotics could effectively ameliorate the pathologi-
cal tissue structure of NAFLD,attenuates hepatocyte steatosis, its mechanism may be that blueberry probiotics could increase ex-
pression of IL.-22,activates the downstream signaling pathway of JAK1/STAT3,down-regulates the SREBP-1c¢ gene expression and
inhibits SREBP-1c role,enhances cholesterol metabolism,attenuates lipid deposit in liver.which may be an adjuvant scheme to treat
NAFLD.
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e 25t , 35 25 T AR O o 3 B A A Y R AE A RO R P B R
IL3E > o 3% % 38 5 BE D) B8 . 78 NAFLD iRy HRE R 8 — &
FERST . MBI B TR AR R, B M s ik & 8 R T
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It HIRA 55 A TS AR A 280080 1 T IUE 4 i 2 < T 4 i s Uiy 72
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1.1 MK

L1 EZEmEhy 50 SD KRR 40 H, M 35 i 9 7R i
7 (220300 g, W H SN E R RS Wm0, AR IES
SCXK-(#$)2012-0001, Fij F & 37 NAFLD g ¥ i 8, 52 56
i NAFLD #6075 SR LR 2l R AW A R AR L #t 5.
MD12051) 5 3 F 5 M BR VL S B [l 2= 85 %8, — 20 C VR AT, i A B
i VR IR ISR B AE AR R MR C R R R R
ST 25 A T T R (B LOBUBE T B L 30 0 S AT B LA A e
AR P R R R4S 2 0L &3 3 A W Pt 5 TL-22 TG A
FE R I I 56 (ELISA) 31 71 & (catalog number: M2200, Quan-
tikine) ; Maxima SYBR Green/ROX qPCR i iR & (3£ [ Ther-
mo Scientific, 1t 5 :00330632) ; B-actin, JAK1 5| # .STAT3 5|
Wy | BV T TS S E E-1c(SREBP-10) 5[ ¥ ( ¥4 T A Y
TREHARM 55 4 B2 L it 52 10441535) 5 anti-1L22 (3 [/ Ab-
cam, 5 : ab98917) ; anti-JAK1 (3% [ Abcam, it %5 : ab125051,
Abcam) ; anti-STAT 3 (2 [E Abcam,#t 5 :ab119352) ; anti-SREBP-
le (¥ E Abcam, it 5 :ab3259),

1.1.2 FESEAUE  ViA7 25256 2 2 PCR(Real-time
PCR, Applied Biosystems, 2 [E ) ; NANO-drop 2000 ## fik & 4
Y66 1 (Thermal scientific, 35 [# ) ; EPS-601 i ik /% ( Amer-
sham, £ [H) ; SynergyH4 £ Ly BEEE AR (X (biotek, 38 [E) 5 W5
1% % 4£ & 4t Olympus BX41(Olympus, £ H),

1.2 ik

1.2.1 sl K42 #% 40 2 SD KR4 5 4l 1E
WO HRZE(NG) 8 H, M (MG)8 HL AR A (BG)8 H, 55 E
WAL(PG)8 R + 45 A W 41 (BPG) 8 Hl, NG IEW K&,
B HAR K s B AR B8 & A B g iR kL (88. 3 06 3% 5 4 )+
10. 0% 5% + 1. 5 Y BB B+ 0. 2% BH R &) MR35 12 A, 34
S5 UG B 4 MG R B B3l ko i 4 58 ik FE i R 45 5 )
B BT VL % 4 8 IO« R R BRUEBCARR ) 3 67 S I T 10 04 vk
PR [ 5 g BEUD R R R R -BHAL CHED 3 8 R 20 0 €4 42
JFEZH . —80 "CAR IR vk A8 PR A7 . 1 N5 A A D /5 4% MG 3
AKBIT A BGUEEEFIK A H 1.5 mL/100 g i B . /if {1 50 56
PER W B AE W E R ) PGOK 3R A T T H B =M A 4K
T AR IRK VR R 45 AR BOK T 1X10° CFU/mL; £ A= BV
1.5 mL/d B, B S IR R i B 50 1) \BPG CFF 55 42 T8
TR BE B ARG A R I IR S, S MOCEC10 IR A )
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1.5 mL/100 g R i H . & H 1 K, 25 4 K F. 1 X 10°
CFU/mL) . [FRf FIR 43405 45 7 IE 5 R, WS 8 i LI &5
FLENAT 12 h R RO B B A B 2l ORI BB A T E 4L
S BRI O A R BB A5 i 10 06 rpode R e
JG A T RELL ) .

1.2.2 JHERESSEC TFE O vk B4R B — O BE B &/ 44 5
) X100%,

1.2.3 IR Mg N R AR (ALD T4 A
R R L A (AST) =B H i (TG L 5 JE & B (TO) A % %
Jig 2 B (LDL) K i % FE g 25 3 (HDL)

1.2.4 JFAZURIRAI  ShPALFe)S . 7 B A IO ] 355 437
1.0 emX 1.0 emX 0.5 cm K/N A B F 10 % o ik 42
PP LR LA SR D) AT HE Yt ROM AT g £
HE V) | 655 T PA T I R 7 42 1 A0 9 0 0 s 00 . 7 312 G
Y7 ROPPA 2 B8 26 [ [ 57 T AE 0F 5% e NASH Il R 10F 5% 19 95 24
ZHRSITIEM " M7 NAFLD 3 8 B BU4 (NAFLD ac-
tivity score, NAS) ,

1.2.5 ELISA B F4 20 TL-22 K FFIEA L5 %5,
4000 r/min 15 min.4 CELLE B AH . Ar i 5 15 B8 30
5 43 MR B i 500. 0,250, 0,125, 0,62.5,31.5.15. 6 pg/mL fJ
o VR VA TR 5 A A A AR S AL A o L BT TR
FLJE LA JARBRE AR S 37 CHRF 30 min; FIVE IR IR Z MR
5 WE M AEEFR I 37 CHRE 30 min, YRS UCBEAR 5 U5
A3 MM R AR WS b LA T % B (AL 450 nm
o) 5 MR R B o MR AN A (B LR A CurveExpert 1. 3 #0422 1l
B v I 2 (R=0. 999 83) , FF AR 40 ih 28 5 F X035 s & AL AT 4l
#rp 1L-22 K,

1.2.6 & ¥ St -8 & B8 55 :0 R B (qRT-PCR) I 5
JAK1,STAT3 }% SREBP-lc mRNA #i5k  # I 50 ~100 mg
RFZH 20U TRIzol #HUE RNA, Byt I BRI A 3k J1 B RNA 58
Bk, RSO 4 ok BE TR I B RNA & B vk BE L T E {E
Asgy /Asgo >1. 8, IEHI T $2 I 11 RNA 4l B 47 . RNA 355 F 4
A cDNA $53 50 & it W B R . BT 51 4 5 2% SCik ik it ot
1 GenBank #E47 #% %f. B-actin Bl #: IF X 4 5'-CTG AAC
CCT AAG GCC AAC CG-3'; % 4k 5'-GAC CAG AGG CAT
ACA GGG ACA A-3'. JAKL 5| ¥ IE X 4 5-GGA GGA
GCA GAA TCC AGA CAT-3'; & L4 5-TCA ACC TTC
CCA AAG TGA CC-3', STAT3 B|[#: IF X4 5'-CTG AGT
GAG CGT GGG TGA T-3'; 2 L% 5'-ACA GGC GGA CAG
AAC ATA GG-3', SREBP-1c 5| #: iF X % 5'-CGC TAC
CGT TCC TCT ATC AAT G-3'; & X %% 5-CGT TTC TAC
CAC TTC AGG TTT CA-3', qRT-PCR JZ Bi{k & (20 pl).
SYBR Green 10 pL, W7 7K (ddH,0)6 pL,Primer mix 2 pL, 45
e cDNA 2 pL, &5 1 BB .50 C 2 min; 25 2 BB,
95 C 10 min; %5 3 B .95 C 15 5,60 C 1 min, 40 MG,
iR FNE E A Bractin EA NS L W HWEEHE 5SS LR
B CufH 22 5 o DTG X - 38 35 R AE 25 20 o 1) 2 K 30647 AR X 2 &
1.2.7 Western blot ll i IL-22 . JAK1.STAT3 1 SREBP-1c¢
wERE PURE AR BUS #TE O AKCE I L BUE B BTRE A
30 pg i EE ERER L8 Y0t T SE B R G- TR PN A T Y O
(SDS-PAGE) H yk , # F5(55 V,100 mA,90 min) , ¥4 (5 g il
Wik + TBST 100 mL), A 1L-22 H A (1 = 1 000), JAKL 41 &
(1:1000),STAT 3 Hf&(1 ¢ 5 000) \SREBP-1c Hi A& (1 : 1 000)
4 CIE R, ZHi(1 2 20 0000 # LI FH 2 h, AL &
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(ECL)WEE 5% . Gel Doc EQ #E B BUAR A4 i » Tmage] #4443
Mrais.
1.3 Gitsibs RA SPSS. 11,5 Gt 30k #4743 7 o it
OB T s KR ZALR] R R SRR R 7 25 00T, A BT R AT
ZEFPERE I, J7 25 57 i SNK % (g K 30, 5 7 = R Fr ik A
Tamhane 3 (¢ ¥ 50) ¥ 5K ffE «=0. 05, L P<C0. 05 N 2% 57
Aot E X,
2 & £
2.1 JFHRECE LR MG w8 50 NG 15 2 3 n (P<
0.0 .2 TH5 BG.PG.BPG i IT 4§ ¥ % MG 1% . H BPG
25 HE AR AR AL TR O B3 (P<C0. 0D, L3k 1,

*1 EEXBRIRIEH LR (L)

151 0 A 4 B
NG 8 2.3540. 14

MG 8 5.17+0.13%
BG 8 2.97+0. 10"
PG 8 2.954+0. 13"
BPG 8 2.32+0. 15"

4, P<<0.01,5 NG & ;. P<<0.01,5 MG H#;¢: P<<0.01,5
BPG 4 [b 3.

2.2 [MiEEEFAERE MG i ALTAST &8 NG B B3 hn(P<
0.01);BG.PG.BPG 1 % A i % MG [k, H BPG 1 £ f8 4%
AL Ry B (P<<0.0D), L3 2,

®2 SFHHEARDLFEBHZE ALTAST Lk (T+s)

24 5] n ALT(U/L) AST(U/L)
NG 8 42.04+1. 34 49.73+£2.45
MG 8 121. 0248. 44¢ 151.52+14. 12¢
BG 8 72.83+4.71b 100. 4143, 71
PG 8 70.52+3. 58" 100. 9342, 98"
BPG 8 49.50£7.47b 53.33+5.97°

@, P<<0. 01,5 NG % ;P: P<<0.01, 5 MG [ ;°: P<<0.01, 5
BPG 4] lb#% .

2.3 MiBMASHEHE MG By TG, TC K& LDL # NG B &g 3%
i HDL W § F& 4% (P<C0. 01) 3 T BG.PG.BPG () TG, TC K&
LDL # MG F#fik ., HDL F5 . H BPG [ 45 48 b5 A8 L T8 4 8 2%
(P<<0.01), 0% 3,

3 £MAKAR TG, TC.LDL HDL Lt % (T L)

TG TC LLDL HDL
I
(mmol/L) (mmol/ L) (mmol/L) (mmol/L)

NG 8 0.67-+0.03 1.3440. 10 0.64-+0.07 0.4140.08
MG 8 4,190, 72% 5. 2440. 60° 2.1540. 35 0. 2140. 09*
BG 8 1. 98+0. 84b¢ 2. 6740, 34 1. 3920. 06> 1. 1340. 07"
PG 8 1. 9740, 87 2.79740. 34 1. 3740. 05 1. 1540, 07>
BPG 8 0.67+0. 14" 1. 6040, 20° 0. 54=40. 08" 1. 6740. 07"

“,P<<0.01,5 NG % ;>: P<<0.01,5 MG H#&;: P<<0.01,5
BPG 4l b3,

2.4 REATIEALESEE  JeBiT TS0 B . HE
e PR NG R U /NS5 4 52 48 35 M 5 Hh S 1 ko T BE il
JIT 240 L R T H L B IR HE 5 5 BT 52 9 0l AT DL R
BB AL AN Wi nT UL L TE R 5 AL 1 s MG T L 40 e b Bk A

FTREF 2171 AF 4655 28

T IEt L N K R R [ e i U S B PR
T o P ACERAEAR BT U o R 40 B A0 I B 48 Bf 3R s PG A BG
JHF 4 B B 17 A PR3 MG B 8 o 5 L 7 4 ) 6 B 8 25 531 s BPG
5 BG. PG A LG JHF 20 M g 107 722 W] 00 el 2> 4% Y 4 it 352 3 )
WL P REWIEARWR A . WL g . MG ] W40 SR 32 G
0, 4t i Py AT L )G A £ i R R R TR IR RS AR R
2 30 AR PG AT BG 40 g BT 21 Y B2 B A MG % R T 2
i) JG B @ 22 91 s BPG 5 BG. PG #H L, 41 Jfd 5 N 21 €5 15 i W
A, WLE 1.2,

2.5 NASHIFMiAZR  HHE3EEE 7 DA R B NASH Ik
PRABFFE 0 95 25 571 2% BT 37 48 B 4 45 A 4T NAS 43 MG 1
B NG B 8 J+ & (P<<0. 01); BG, PG Fl BPG #y FL14 &¢
MG B 8 T [, B BPG B 43 T B 5 8.3 (P<<0. 0D, Il 3% 4,
2.6 7EJRAE B R REEC 10 00T AG I e e W Al i A
Ko AL MG 9 20 i 1 728 1 1 AU NG 3k (P<C0. 01) .38
i TS . BG.PG.BPG ¥ ig [l 28 14 i B MG B & 4 /), H.
BPG S H i (P<<0.01), L3 4,

2.7 ELISA ¥ iF4H 48 TL-22 /K MG 9 1L-22 E K
T4 NG B & FE AR (P<<0. 01) s &2 W &5 L #6 4: # T Hil5 BG. PG,
BPG 4 1L-22 /K V% MG F &%, H BPG Z LT B F (P<
0.0, WL 4,

Fz 4 FHKXE NASES 5 4R K/ R 11-22

KELE (TEs)
21 5 n NASP4r(43)  JEFIHA(mm®)  IL-22(ng/mL)
NG 8 0.3340.52 7.7240.53 109.1345.93
MG 8 6.17+0. 417 20. 29+0. 857 42.59410. 15
BG 8 3.6740. 52 12.5140. 73" 100. 7141, 57b
PG 8 3.8340.41%  12,30+0.73>  100.8542.93"
BPG 8 1.834+0. 75" 9.7340. 43" 128.90+4, 75>

4, P<C0.01,5 NG H#;2: P<<0. 01,5 MG W4 ;¢: P<<0.01,5
BPG 41 tb#4 .

2.8 JAKI1.STAT3 Kk SREBP-1c mRNA £ix 5 NG M,
MG 1y JAK1, STAT3 #) mRNA 2 ik B & F& ik, SREBP-1c
mRNA B 8 7 & & T Hi 5. 5 MG %, BG, PG, BPG [#
JAK1,STAT3 i mRNA F} &, SREBP-1c mRNA F& fik. H
BPG 1 & $5hn A2 AL T S i 35, WL 1A 3,

2.9 Western blot ¥l & 1 %35 MG ¥y 1L-22, JAK1,
STAT3 HHRIKE NG B 2 A%, SREBP-1c 19 3% 15 K F £
NG F} i (P<<0. 01) 3 BG.PG #1 BPG (f) 1L-22,JAK1,STAT3
FBB MG B BT &, SREBP-1c 1 £ 3k K F 8 MG REL, H.
BPG 9 it 48 55 4 B i (P<<0. 01) , L3 5,

5 ZFHKXRIFALA S IL-22JAKL STAT3 #
SREBP-1c ZEH R KL E (L)

4 n 11-22 JAK1 STAT 3 SREBP-1c¢
NG 8  0.7540.05 0.98+40. 02 1.0140.03 0. 5340. 08
MG 8  0.3840.02 0. 7740, 09* 0.99-+0. 05 0. 80+0. 02
BG 8  0.88+0.03* = 1.4340.05"  1.5140.04>  0.3840. 04"
PG 8  0.9140.04  1.4640.05"  1.4940.03>  0.40+0, 02"
BPG 8  1.2940.05" 2. 4140, 04" 2.97+0. 06" 0.26=0. 05"

@, P<C0.01,5 NG H%;:": P<<0.01.5 MG H4;°: P<<0.01, 5
BPG 4 [ # .
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A:NG;B:MG;C:BG;D: PG; E: BPG,
A1 BAKXBRIFBEAL HE £ (<200)

A:NG;B:MG;C:BG;D:PG; E:BPG,
FZHEKRBAFREALMOEE(<200)

150

8
8

JAK1 mRNAZE %
STAT3 mRNAZRIX

TEEEEEE) -

NG MG BPG
* . P<<0.01,5 NG It# ;7 : P<<0.01,5 MG [b#;2 . 01,5 BPG 4 L #% .
3 ZHKXB mRNA RIEER

3 it it

TN IR A IR, B R O R T R R E AL R . I
NAFLD #8123k % W& v w2 — . 2 N & AE S i S RE ST NAFLD (52 5% Wi 22 2 0L N 2 R LA
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G35 T R 1Y) At L 2 B 20 T o0 7 24 0 G — £ A3 e g L an
g Z ¥ (LPS) 14l ¥4 J5 , 7] @ 43 LPS/Toll #3521k A(TLRD 55
W B W A 5 3 4 F MyDS88 i S & B L TL-21, #afk A
F-10(CXCL-10) JMIFL 46 A 1 (i IL-10) i 7= 28 . 248 I T3
T M {5 53 % - 8 SREBP-1c 25 H.#& I8 Wi & 5 3 g iy 3£
k. R4 M N R TG IR E B 24 Tk & NAFLD,
TL-22 7] ¢ 2 R 40 M 2 W6 L A0 B AR 2% 495 40 i (NK 40 D i Bl v
T 40 o bk B2 20 g (Th) 17, Th22 25 7, 75 42 fhl 4 7 R e L B2 Y
HERMALEE RS EEER" . A¥HE RN 122 %
PR R BR S E A R EE PR RS
ZAR IL-22 ZHEAYERTY . JAKL/STATS 5 5 i 2 5 40
RO A W&k L RN P N AR SR A W e |
3 AN B A3 2 - B IR TR T R OGS R L I TR VB S JAK
FHF STAT, JAK Bl Janus Kinase, & — fift 3¢ 52 1K 19 B & iR
O A T AR, o JAKT X O X R
MR 4> F STATS ZE8 45 S 5@ # R Bk 13 F rfEHR.
2 JAKT SEEE L, AT AL 25 B 1E 2K 1 STAT B kR A48t
TR AL AB A 3 L R TE 20l A A0 A% ) 5 R 25 6 R
SER LS, I 2B X E STAT B — sk 8k,
Yang % BF 5T R 1L-22 0] 58 i 75 STATS 5 %~ 4
TG A A A A 5% 2 IR 2503 I8 A B T 35019 5 103 I 5 Xiao 2600 3
it 1L-22 697 S W55 00 4005 i 0 98k B, T-22 ) 3 3o
TR TL-22 % JAKL/STATS {553 . TR R i1 &
FI(FATP) iy 2235 1 15 2034 97 B . DT 2 AT 40 0 B 1 A2
PECT L ZE B TL-22 X R0 R A R 1R L AR B g e
B IL-22 98 ¥ ) JAKL/STATS [ 5@t & 5 7 4 5t
NAFLD,

R AK B N NAFLD 1 530 B B A BB . B 400 4%
il 3 S L SR 2R W A ER R L. 5 A WA
WUE SRR AT T NALFD M54 77 » L0 38 it S 3R 8,
VBl A P B 2R ILAE - DA T 9825 A 400 1 46 A 35 B3R 9T NAFLD /9 H
M R RA KR TR AR — R R —
Fp A PREETDREM 5 . MR LB IR W A 16T 2R
Wi B 22 W 2 S5 I, B A B 8k P 2 B0 iR R Y S B Ll
B AT B R P i A8 R RS T R S ER
AN B LR B0E B v i, 3558 AR sasie . Al
A TZE 1T 399 WF 5% v & B0 . W R X M T ORG R B UG I IR B4R
FHTS ML T B A2 05 A A A 500 i o SR 28 I F o (TNF-)
T SREBP-1c [y 3 35 . & 3 003 18 A, 38 2 g B U FR I
JUE . R 0 0 T S - W RE R 2 AR T A R A R AR DY
TV, 25 A A A I8 0 0 A 1 A 3 L o B T

FT FIRBER AR R S S AR G B WA
TR KON X TL-22 R 2 ) JAKL/STATS {5 5 I 1) 52
W] DA TG4 B 6 4% 25 A 1 Bl 3% NAFLD (4B F ML . BF 58 &
. HE L4 7] 0L BPG 1 T 40 0 i i 25 v A2 2 4 MG BR 8 [
AV 3o 2 2 5 T U 4 TR P 40 €5 B A MG B 0820 s B Al
TR R I A R B B S (P <C0. 01) 5 IF JIE 48 %, ALT, AST,
TG.TC,LDL ¥ & MG, BG.PG W] & [% £, HDL Bl % 7} &
(P<C0.0D),fH BG 5 PG 2 % T4t 8 X (P>>0.05); # it
2 N S 1 [ 57 LA 01 95 e 3T B9 NAFLD 5 30 BE By %15 1
BPG ) NAS AR ERSHANE TR A KRS AEEHAER
5B 1) 5 B0 200 B g 0 A5 P L B B B R Ul 2 I 4 i R e
HIVERT . W3 % 1L-22 . JAK1,STAT3 K SREBP-1c #4746 i
%P BPG [ 1L-22.JAK1,STAT3 [ X ¥ W B & F MG,

FTREF 2071 AF 46 45% 28

BG Fl PG(P<C0. 01) , {H 5l {5 % 5 25 2E B 9 25 S 4831
FE N (P>0.05), AHER H L, JAKL.STAT3 45k 5 1L-22
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