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Abstract: A hyperlipidemia rat model was used to explore the mechanism by which Shanxi aged vinegar reduces liver injury
induced by a high-fat diet. The model involved intragastric administration of high-fat emulsion to rats for 5 weeks, whereas
low, medium, and high doses (1.35, 2.7, 5.4 g/kg by body weight) of Shanxi aged vinegar were administered to the rats by
gavage for 10 weeks. Serum total cholesterol (TC), triglyceride (TG), high density lipoprotein cholesterol (HDL-C), superoxide
dismutase (SOD), glutathione reductase (GRx), total antioxidant capacity (T-AOC), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and alkaline phosphatase (ALK-P) levels were determined by serological testing. Pathological changes
in the rat livers were examined using hematoxylin and eosin (H&E) staining. The mRNA and protein levels of JAK2 and STAT3
in the livers were detected using q-PCR and WB and immunohistochemical techniques were used for localization analysis.The
results showed that Shanxi aged vinegar significantly reduced the serum lipid content and extent of liver injury in rats fed a
high-fat diet (P<0.01), increased the activity of antioxidant enzymes, and significantly inhibited mRNA and protein levels of
JAK?2 and STAT3 in the rats (P<0.01). More specifically, serum TC and TG in the high-dose group was decreased by 20.50%
and 48.65%, respectively, compared to the low-dose group. The high-dose and medium-dose groups showed the largest
effects on AST (32.79% and 29.07%), ALT (21.65% and 20.67%) and ALK-P (19.42% and 19.71%). Compared with the
low-dose group, the high-dose group had significantly lower mRNA levels of JAK2 (57.07%, 34.02%) and STAT3 (55.19%,
41.45%), and significantly lower protein levels of JAK2 (27.89%, 24.09%) and STAT3 (33.06%, 26.64%) (P<0.05, P<0.01,

respectively). In conclusion, Shanxi aged vinegar attenuated liver injury induced by a high-fat diet in rats, and this may be
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achieved through inhibition of activation of the JAK2/STAT3 pathway.
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i -80 (T8360). N LM A MENE (P7161). HER N
(C1291697). /& RNA $#2HUA7 & (R1200). @A SP
K 93 77 £ (SP0041). Goat Anti-Rabbit IgG Antibody
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Prism 8.0.2 BT 43 H7 .
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B AR ZY, WAy, &5
KE -4 (HE) Rf)G, B TL5 R T
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mRNAZK-F &40
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IR RNA, JUE RNA WREFIE . FHXT 0 @ ik
(q-PCR) il & 4K BRIk JAK2. STAT3mRNA
AKPFRIE, REFOLE BRIV, WMk
% (20 uL) : 2xRealtime PCR Super mix 10 uL. cDNA 1%
B2 2.0 uLy 1E A 51478 0.5 uL ddH,0 7.0 pL. X
MNAER : 94 °C 5 min, 94 'C 30s, 60 C 30s, 72 C
30's,40 NMEH, 72 °C 5 min, FMEARE 3 ), 24
RS S UK R IEH JAK2. STAT3 mRNA 7KF
Kik,

®1 351FER

Table 1 Primer sequence information

R Bx5 3145 (53 7= 41 /bp
F: ATGACTCTACCCACGGCAAG
GAPDH NM_017008.4 R: TGGGTTTCCCGTTGATGACC &
F: AAGACTGCCGAGACCAGAAG
JAK2 NM_031514.1 R: GGAAAGGTCCCTGAAAGAGG 103
STATS NM 0127472 F: GCGAAGAATCAAGCAGTTCC o1

R: AGACTCTTCCCACAGGCATC
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1.2.7  REKIZE K AT IR+ JAK2/STAT3 38 94
8 K E A

HOAR AR 56 41 K R0 48, BF B I i N 24 it
Wi, 14 000 r/min B0 5 min, BCA {7 &ill & friz
HAWE. ®A RN 80 ng, 100 CHp/K{EE
A, FIF SDS-PAGE &R HLIK /> B S H, RS,
K 5% IIRAERE 80 V 20 min, J5iE /> 10% 7> B
120 V 90 min. ¥ #5E1E T 200 mA 60 min ¥4 & [ 5%
P NC . RS 30 5% BB 0k == i5 48 R
]2 h, TBST Pl 5 min/ K x3 . FUAFRR 7
Hi®t Mouse Anti-GAPDH Antibody (1:5 000). Rabbit
Anti-JAK2 (1:250). Rabbit Anti-STAT3 Antibody
(1:200), 4 CHH 12~14 ho 4> 5 A — 9T Goat
Anti-Rat IgG Antibody (1:15 000). Goat Anti-Rabbit
IgG Antibody (1:15000), =& H 1 ho TBST 7
3G e, ECL Plus @BUAOG R, B BUE 2 B
RS, Image J AT KA 04T
1.2.8  FFKI 2L K ST IE F JAK2/STAT3:8 #4558
{2 HF

H O, 2 B /K2 B S T K RO,
Fla, @dliksiiK, TERMIUEEERIES,
JiR 5 57 40 3% (1) H,0, AL 10 min, (i =F I3
B 37 °C H 20 min, 43 51 0 AR R
i B¢ [¥) Rabbit Anti-JAK2 Antibody (1:50). Rabbit
Anti-STAT3 Antibody (1:50), B4 {& 41 ¥k b &5 &
PBS, 4 'C 12 h, =i F&If 30 min, PBS ¥k 3 X,
0 HRP Frid —$1 37 ‘CH¥E 30 min, PBS IE¥E 3 X,
W R 5 AR 37 CHFE 30 min, PBS &3k 4 %,
DAB 5 5 min, Z&MH/KED, HAARARBEEL 30,
Bif, Image-Pro Plus 6.0 BEAT-F¥ 6% A /34T

1.3 Ao

K:F GraphPad Prism 8.0.2 B4 X B 45 JRAE 5
KK T 200, R4 R R R N T + b
7% (SD). P<0.05 RnEFRE, P<0.01 £RnRE
Y ATE
2 SER5L
2.1 FEHRES 41K RAR S E A0 F A Ar A

2.1.1 RRRBRAXRERFHARRERITER
AN TR 56 B[R] % 28K RGP IR R B 45 R BoR
(K1, CHRKBAARE 11 R RN59522¢ 5

BT T 64.26%, M ZHKE 11 A A B &
488.78 g, HV. MV. LV 4K 11 J& B 44 i & 5
BN 415.60. 427.40. 447.57 g, C HMENEZ
T HAB R (P<0.01). M ALFIAE )& H 4H
KR 1~6 AR EIEKEE, 6~11 HRFLEK: M
HARR 1~6 FAEFREHK 25%, HV. MV, LV 4k
R 1~6 FE AR = K 38.01%. 33.23%- 31.47% ;
M ZH K B 6~11 JH 44 5t & 1 K 40.88%, HV. MV,
LV 4K ER 6~11 JEAR 5T &5 38K 18.82%- 26.13%.
29.71%, M 2H 5 A~ [7) 57 2 E S 2H K B4 ot 2 22 =
Guit S, HENEHE B I REAN 5 BRI I 2= 5
MK AR .
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Fig.1 Statistical results of the mean weekly body weight of

rats in each group

212 TREHRIGL K R i BE S A

e M HMILSGE 7E I PR 1 &5 28 39 ifiL 3% HDL-C £
o TC A TG FH &2 AR 56 g 5 A I 45 B 2R
(£2), SCHME, MATC. TG W & & 7t &
(P<0.01), %57t 70.12%. 28.74%, HDL-C %
B FBEAK 53.85% (P<<0.01). i B AW 5% A T 74
AR E SRR, ) 22 &6 B A
M LUy 78 22 AR S T e 42 T I s I Tk &2 /N B, TC A
TG & EF#K M HDL-C B E T & . AW R R
M4 ML, HV. MV, LV 4 TC. TG (1) &
FEMT (P<0.05, P<0.01), HDL-C (%) 37Tt
= (P<<0.05, P<<0.01); HA HV 4l TC. TG FF{K
20.50%-. 48.65%, HDL-C F /& 41.24%, i B AN[E
TR 1 L 7 S R ) AT DA BRI 355 R i B K TR
5LV 4Lk, HV 4 TC. TG W R Z K 26.46%-
12.32%, HDL-C # %% T+ 19.90% (P<<0.01) ;
MV 45 LV 4tk, TC. TG (H) B F#K 23.27%
M 8.25% (P<<0.05, P<<0.01), HDL-C # & % J+
= 12.76% (P<0.01); 5 MV ALk, HV 411
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HDL-C & 3% Ft & 8.19% (P<<0.05), TC fl TG &
WEFER. YW PR A TG R R AR LS
JIR ISR e B2
*® 2 KRMFERGNLER
Table 2 Serum lipid test results of rats (x+s)

#8%] TC/(mmol/L) TG/(mmol/L) HDL-C/(mmol/L)

C  2.18%0.13"  0.66+0.02" 1.34 £0.02*
HV 3.75+021° 0.73£0.01<° 1.05 +0.04"
MV 3.92+0.10° 0.77£0.02™  0.96 £ 0.02™
LV  510£0.11° 0.84+0.01% 0.84 +0.02°

M 731%0.11°  0.92%0.01° 0.62 £ 0.03°

E: A~E AT EFMEF (P<001), a~e RTEF R
% (P<0.05), F—7%| Lz ~eMRAFHEATH L7, F&
AMRATLEERER, TR.
213 AR K R if LA TE AR

BB AW LRI, 1L VG2 RS 2 R AR DTS
PR R AE ST T Y. AR 6 P A P
RER (K3), 5CHAMLE, M4 SOD. GRx.
T-AOC M 2 35 P& (P<<0.01), 73 5l F#1K 32.16%-
48.78%- 20.17%. 5 M AL, HV. MV. LV 4
SOD 3 2 T 1 19.51%-10.68%-7.41%(P<0.01) ;
T-AOC ( #% ) & 3 J & 3.99%. 10.56%. 6.19%
(P<0.05, P<<0.01); GRx (#}) & & Tt 40%-
38.24%-. 19.23%, i B /A [ 7 & 1 1L 7 2 BRI 32
A DA K BRI S P AL vE 1 Y. 5 LV AL,
HV 41 SOD Al GRx #2351 13.07% 1 51.92%
(P<0.01), T-AOC & & # % 5; MV 41 GRx f
T-AOC () &3 T+ 49.70% 1 4.65% (P<<0.05,
P<0.01). 5 MV 4L, HV 4 SOD W& & T
9.89% (P<<0.01), £553BH =77 L 74 22 PRI X 12
5 BH = T R 53 R BRI L TR P R B U

® 3 KRMBEFEMFMERMLER

Table 3 Test results of serum antioxidant activity in rats (X£s)

48%] SOD/(UmL)  GRx/(U/L)  T-AOC/(mmol/L)
C  436.87+238" 21.97+0.72*  083=0.01"
HV 36824+ 1.74° 1876 +0.72°  0.69 0.01°

MV  331.81+2.60™ 1822+0.72°°  0.74+0.01™

LV 320.10+£521™ 13.93+0.71°  0.71 £0.01°"

M 29639+4.82° 11.25+1.07%  0.66+0.01"

2.1.4 RERIELE K B iE BF 5 g4 m)
L1 76 <2 o s v 2 My 1 2 R 285 400 J9 1T 452 v PP 4L 41

14

PPUAAEEEYE, (R AEHERE, & B2 290
i, BEAKILTE B ALT AT AST 3% 122, AR 56 B
MReERE R (4, 5CHML, M4 AST.
ALT % & # 7 & 37.22% M1 35.37% (P<0.01),
ALK-P 1% 52 F#IK 38.37%(P<<0.01). 5 M AL,
HV. MV. LV 41 AST #} & 3 % i€ 32.79%. 29.07%-
13.85%, ALT % & & F£ AL 21.65%. 20.67%- 14.79%,
ALK-P H2E TH5 19.42%419.71%-+10.64% (P<<0.01).
g5 R WA R 7 & 1 Ll 7 22 R 38 0T DA ek v
R FT S AT ThRE 2240, SR RSP IRIE S5 1 —
. 5LV AL, HV 48 MV 41 AST W & #
B 21.99% F1 17.67%, ALK-P #% % % 1% 9.83%
M 10.16% (P<0.01); 5 MV 4 # kb, HV 4
AST #5235 PEAK 5.25%(P<0.01), K 45 %1,
e ) & L P 2 RS T = IR TR ] 1 T R BB T R
N RE D5 T HAR A = A
R 4 KR MEFTIhALITILE R
Table 4 Serum liver function test results of rats (x+s)

ALK-P( 4 K24
/100 mL)

27.37 £0.06"
20.93 +0.11°°
21.01 +0.06°°
18.88 £0.12°

4% AST/(U/L) ALT/(U/L)

C 13.61%0.11" 9.64+0.12"
HV 1457+0.11° 11.68 +0.10°™
MV 1538+0.16" 11.83+0.29"
LV 18.67+0.11° 12.71+0.15%
M 21.68+0.18® 14.91%0.15"

2.2 FERIE A K BT R EE A 45 R

16.87 +£0.12°

Fig.2 The liver of rats in different experimental groups was
stained with HE (x40)
i a~e fRRA: C4. M4, HVZL. MV 4. LV 41,

JFEHE R B A de U 45 R Bon (12D, C AT
Gk, K/NE—, d R 2SR HLHE 5
s 5 CA, M A A A K E R 8T
T, MR A HT IS A 1A s 3 I AR
PR R 5 MOALA L, AN 3] 7] 2 8 Mg 4L AT




MR B R

Modern Food Science and Technology

2024, Vol.40, No.1

JUE 440 B O S TR I R, AR A TR
Wi 5 LV AL, MV AR HV AT 40 45 # 8
SSRE. PRI I =R A R 2 N i s
L 76 2 R e 35 ] o A A 2R 0 A, B sl
e SR AR

2.3 FERE 4 A BT PJAK2/STAT3 mRNA
KKk

a 101
#h
Eg 8k AA
®
Z .l AA
z ok
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% 4r *%
fg kk
I
== 2 NN
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=6 -
= A
é 41 ok
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B 3 HEKRRAFAEH JAK2 #1 STAT3 mRNA 183 RiEE
Fig.3 Relative expression of JA4K2 and STAT3 mRNA in liver
of rats in each group

E: 5w, "P<0.01; 5 M4k, "P<0.01.
'P<0.05 ; JEESLANIAALL, “*P<0.01. “P<0.05, FF.

KERIGUEBT, JAK2/STAT3 i % 76 JH 45 155 9%
AR R EEAME R, JAK/STAT {5 5 il i (1)
SN RIE T S B BT B W AE
I L # ) JAK2/STAT3 {5 5 1 B s, vl A
B SR CCl4 8L 4 W & W 15 5 10 KBRS M 4%
P01 e % B2 g 3 WA R 24 5 AT e
il JAK2/STAT3 15 5 18 B 9 42 - 2H 2R (1) 9 BE 45475
AR q-PCR R Eox (E3), 5 C4lMfitk, M
“H JAK2/STAT3 mRNA 7K~V 1A W . 3% Tt =1 87.87%
F188.00% (P<<0.01); 5 MZAHEL, HV. MV, LV
H JAK2/STAT3 mRNA 7K FFRIAAR B E L (P<0.01),
JAK2 mRNA /K-FFRIEFEACE 2.17, 3.34, 5.06,

STAT3 mRNA /K PFRIAFFKE 2.63. 344, 587; 5LV
AL, HV 20 JAK2/STAT3 mRNA 7KV 36k 55 2 %
i 57.07% £ 55.19% (P<<0.01), MV 4l JAK2/STAT3
mRNA 7K FIE M 5 3 BRAIK 34.02% 1 4145% 5 5
MV 4HAHEL, HV 4 JAK2/STAT3 mRNA /KF2E (B
B FRIC 34.93% F1 23.47% (P <0.05, P<0.01). %%
P 5 AR T 1L VG 22 RIS @ i 40 f) JAK2/STAT3
MR JAK2 M1 STAT3 mRNA 7K-F % ik Ko &
JER BT S B,  Hos 7 & L v 2 RS 0 )
ROR et

2.4 FERES 4K RO IE F JAK2/STAT3 % A
KFF

a C HV MV LV M K
u

GAPDH s empemmemees 7

JAKD e e s e m— 131
STAT3 88
I SRe—
b 06r
i) AA f.#—
X
K o04f AA
% A
ool sk xx S
< \
< _ \
0.0 ' 2 '
C HV MV LV M
ZH 5]
C 05-
4
il -
4L
%fi 0 AA
j;g 03} A
=
{I:[ 3k
g 02} KE okl
o \
S o1l / \
0.0 2 =mrue
C HV MV LV M

Hl

B 4 &£AKXRIFRES JAK2, STAT3 EGQHENEREE
Fig.4 The relative expression of JAK2 and STAT3 protein

in the liver of rats in each group

Western Blotting &5 R W~ (E4), 5 C 4M
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b, M 41 JAK2. STAT3 & (/KPR IAM & T+
(P<0.01) , 55 EF+68.73%K158.44%; ML
tb, AFEFEREBEHIAK2. STAT3E HRIEW B
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B 5 ZAKXBATAESH JAK2 ( x40) F1 STAT3 ( x20 ) B RN KZEES
Fig.5 JAK2 (x40) and STAT3 (*x20) localization and relative optical density in rat liver
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