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Abstract: Objective To investigate the protective effect of salidroside against nonalcoholic fatty liver disease (NAFLD) and its
mechanism of action. Methods A total of 24 male KM mice were randomly divided into normal group, HFD group, HFD+blank
control group, and HFD+salidroside group, with 6 mice in each group. The mice in the normal group were given normal diet, and
those in the other groups were given high-fat diet. After 14 weeks of modeling, the mice were given salidroside 100 mg/kg/day by
gavage, and related samples were collected at the end of week 22. Enzyme-linked immunosorbent assay was used to measure the
serum levels of related biochemical parameters including alanine aminotransferase (ALT) , aspartate aminotransferase (AST) ,
triglyceride (TG) , total cholesterol (TC) , high-density lipoprotein cholesterol (HDL-C) , and low-density lipoprotein cholesterol
(LDL-C) ; HE staining and NAFLD activity score (NAS) were used to observe the liver histopathology of mice; Western blot was
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used to measure the changes in the expression of NAMPT, Sirtl, AMPKa, and SREBP1 in liver tissue. A one-way analysis of
variance was used for comparison between multiple groups, and the least significant difference t-test was used for further comparison
between two groups. Results Compared with the normal group, the HFD group had obvious steatosis and extensive large lipid
droplets in liver tissue, with significant increases in NAS score (P<0.01) and the content of AST, ALT, TG, TC, and LDL-C in
peripheral blood (all P<0.05) and a significant reduction in the content of HDL-C (P<0.05) , as well as significant reductions in the
expression levels of NAMPT, AMPKa, and Sirtl in liver tissue (all P<0.05) and a significant increase in the expression level of
SERBP1 (P<0.01). Compared with the HFD group and the HFD+blank control group, the HFD+salidroside group had reductions in
the distribution of vacuolar lipid droplets and intralobular inflammation in liver tissue, alleviation of the ballooning degeneration of
hepatocytes, significant reductions in NAS score (P<0.01) and the content of AST, ALT, TG, and LDL-C in peripheral blood (all P<
0.05) , and a significant increase in the content of HDL-C (P<0.05) , as well as significant increases in the expression levels of
NAMPT, AMPKa, and Sirtl in liver tissue (all P<0.05) and a significant reduction in the expression level of SERBP1 (P<0.01).
Conclusion Salidroside can significantly improve the pathological state of mice with NAFLD induced by high-fat diet and exert a
protective effect against NAFLD by increasing the expression of NAMPT, Sirtl, and AMPKa and reducing the expression of SERBP1.
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Table 1 NAS scoring criteria for liver tissue
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Figure 1 Pathological changes of liver tissue in mice of each
group (HE staining, x100)
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Table 2 The effect of Salidroside on serum biochemical indicators in KM mice
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Figure 2 Pathological changes of liver tissue in mice of
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Table 3 The NAS score of liver tissue in mice of each group
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Figure 3 The hepatic protein expression of NAMPT . Sirt1.
AMPKo .SREBP1 in mice of each group

P<0.01 P<0.05
14 £<0.01 005 12 P01 rLbo1 '

£<0.01 F£<0.01 f T
| —

NAMPTAERS &%
o N S o -3
v 9
=
Sirt1iEx &%
o N S o
M

g S & P i e & <& P
§ S5 & o & & & &
% o k2 5
& ép* & ~
P<0.!
T P<0.05 P<0.05
P<005 "F005 " P<0.01 P<0.01
12 ' ! PH P<0.01 P<0.
: e 1
1 1.6
¥
#os - g
® T2
g 0.6 9
< =
g 208
Zo04 Hos
oz 0.4
0.2
0 0
: g : %4 %4 g g
% S N %
¥ < & /ga P £ & %4,_’@
5 A
& ¢ & &

B4 IF=XEXNAFLD /NRAFAE NAMPT. Sirtl , AMPKa.
SREBP1 K% A&
Figure 4 The effect of salidroside on the hepatic protein
expression of NAMPT . Sirtl1 AMPKa.SREBP1 in mice of
each group



68 W RBT AR R S E 4055 1 82024 41 B

J Clin Hepatol, Vol. 40 No. 1, Jan. 2024

3 itig

LI SR ML S RAREY) R S KRB SR B R £
SR BEAAEW) , 43 T30 2 € Hog0, , 75 DU 3 5 i ) Fn (A 2
HWEYA O, PR IE LT 5 R A S s AL e
PEST BRI e AR IMALAE PUA ML i Bt
JIRE By R I PR B PO S T e R N S
ZRIIRE, oAb, BT A RS MR AL R B e
JIEL T K5 S 114 NASH A3 A5 - 0 s 2, ALl mf
RE 54T 5 KAF BT A A T 6 5 R AR5 B R B,
41 5 R AT HE I 5 B NAFLD I35 TG 7K F J2 AST 3% 7 ,
A JTF 2H 2T T A8 4 BEOIR A5, ELAT B 25 0% NASH
e KU IO EZTEL by VAN & TR T Tk SIS BEA o e
S REAS 2 MR IR B IR A IR A TR 25175 5 1 2 UM PR /)
SRR I A a0 I b A IR SR O . ARBIF ST 4 SR R
o1 R T B S 19 NAFLD A5 80 4 1fi 2 6 48 % H ALT,
AST.TG.TC.LDL-C ¥ ¥ . F} 55, H AST . TG T}= ¥ &,
[ iR 5 S50 4 20 B 7 A8 1, 4 7R A7 7E B 8 i NASH
I, ML REIRIT IS, ALT (AST . TG \LDL-C ¥
BB B TR 0 28 R R B B ol 3% R R an i R B
238 NAFLD /N B IR AR 8F I D g L A s A v B9 £
ARS8 NAFLD B9 7, i — 2B 0E 58 1 2050 K1 B
¥ NAFLD |5 LG 55 7 T YR8

[ A 527 R ABE B9 NAFLD 556 2% 13% ~
43%, H NAFLD B 9% R 2 &4 L a8, B4 &
NAFLD # AL L1248 4% ., HorAEARE NAFLD thAg —
FER R R ERER N RS H M =m0 SR 3
R R KA A S =28 B DRI | 5 PR R INUAE | = B R
LA 2P I 25 1) A re 2 T R J o W 0
(AL H5 JAR P A Ak A0 20 B ), S5 AR 28 B A
2 ORI SRR A O IS LA e 235 B W g
s iy R YA E) ) NAFLD f5 35 (R F 2 ik =
BEEATE R BOFR 2. PR B B & S S AP 5
WHEFRUUA A FE RN 22— NAMPT & —Ff s B <5
[ 52 kD £ 15T, 720 2L 8h 4 b AT 40 i N GNAMPT) il
AHEIAME L (eNAMPT) . NAMPT 2 2 i A 8 Bt i fige v vl
TRAFIR (NAD®) i B L5 B, 2815 ok A L sh
NAM #4715 3 NAD g 42 v i B ok A0 3200 g™
B, NAMPT FE44 D3 FIA 7 A A8 AR RS v % 151
Y, NAMPT i# 35 0% NAD bR 212 HE NAD Y77 42,
AN NADVE A D0 Sirt] {553 B% , — 5 1 Sirt1 f4
AL B AR UE SREBP1 (B £ Bk 1L , 5 B0 SREBP1 {4417
il 5 o5 —J7 1, Sirt] 38 2 #47E AMPK«, [8] 422 971 il SREBP1
M. SREBP1 & P A9 1 il e 24 T B 45 FASN Fil ACC
FE PN R 7 A B DR 2K A T o DT ek 42 s g R 1217

SE/INEUTAS AR PE 2122 AR A S R, SIEH 4
AH LG, B B AR 5 S 19 NAFLD B2 8 2 , NAMPT, Sirtl .
AMPKo 2635 B S/, H SREBP1 k340, #2718 55 g
PR A] 8 5 NAMPT . Sirtl . AMPKo . SREBP1 {55 5 18 %
P SE g TG n BT T I, NI S22 NAFLD . 283 41
SR T HUE NAFLD /N R4 2Y NAMPT ,Sirt1 ., AMPKa
A FRIATHE , SREBP1 IR0 D , b e HE W21 50 K4
Al 5 % NAMPT, Sirt] . AMPKa, #1111l SREBP1 % £ ,
I 2P BOLT WeNR W7 A= B2 40, D S IR W IR B 5 1Y
/NEUFRR B M, &4 X NAFLD 4R 7EH o

Zi b 2L R AT I I s NAFLD /) BRI i A= £k
Fabr , ARPHFIE I BE , BRI G 5 2, T @ e
i NAMPT Sirt1  AMPK [ 33k , 87> SERBP1 [y &1k, &
FEHXT NAFLD P37 o 8 AR 5% 0F— 2 i) B 21
SR T E NAFLD /7R I S T BB ML, S &1 5t R AT
HH G 7= i 0 E— 25 FF & A B4 397 3 NAFLD 259 3 40
MAEARERENREASE X

IEZEER: AT ET220 590298 280G H E
FRF LI HaaA LT AF B, 5 :20210929-
013, A F s mER 5L MAAN,

FMPRER: ALRAEEMA BN R,

fEERBAR: 24 FRE REL A TRMXT; £
% KE GRS, R AR WIEIFRA; 24
M 3T Western Blot \ELISA | J& B2 20 27 52 48 % R B s A A 5%
RFTFAHIA;FRE RELATMEEEER TR
F ISATEBEAL BREL,RE TR,

S 30k

[1] FAN JG. Epidemiology of alcoholic and nonalcoholic fatty liver dis-
ease in ChinalJ]. J Gastroenterol Hepatol, 2013, 28 (Suppl 1): 11-
17. DOI: 10.1111/jgh.12036.

[2] LAZARUS JV, MARK HE, VILLOTA-RIVAS M, et al. The global NAFLD
policy review and preparedness index: Are countries ready to address
this silent public health challenge? [J]. J Hepatol, 2022, 76(4): 771-
780. DOI: 10.1016/j.jhep.2021.10.025.

[3] YOUNOSSI ZM, KOENIG AB, ABDELATIF D, et al. Global epidemiol-
ogy of nonalcoholic fatty liver disease-Meta-analytic assessment of
prevalence, incidence, and outcomes[J]. Hepatology, 2016, 64(1):
73-84. DOI: 10.1002/hep.28431.

[4] CHEN SD, ZHOU HH, ZHAO ZX, et al. Jiangzhi and Hepatoprotec-
tive effect of salidroside on nonalcoholic fatty liver disease[J].
China J Tradit Chin Med Pharm, 2013, 28(9): 2701-2703.

BRAIR, BIBHT, BIEBE, & . 45 XEX BB MRS BR AT £ 09 RS 1R
FHERBZRIJ]. hiepBEHZRE, 2013, 28(9): 2701-2703.

[5] YANG ZR, WANG HF, ZUO TC, et al. Salidroside alleviates oxidative
stress in the liver with non- alcoholic steatohepatitis in rats[J]. BMC
Pharmacol Toxicol, 2016, 17: 16. DOI: 10.1186/s40360-016-0059-8.

[6] SUN P, SONG SZ, JIANG S, et al. Salidroside regulates inflammatory



=%T, % ETABRHEERZEEBE (NAMPT) it 48 X7 EH D AT/ RS s mipe R 69

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

response in raw 264.7 macrophages via TLR4/TAK1 and ameliorates
inflammation in alcohol binge drinking-induced liver injury[J]. Mol-
ecules, 2016, 21(11): 1490. DOI: 10.3390/molecules21111490.
ZHANG Z, PING J, XU LM. Screening Chinese medicine components
for inhibition of human hepatic stellate cell migration[J]. J Clin Hepa-
tol, 2012, 28(3): 183-188, 191. DOI: 10.3969/j.issn.1001-5256.2012.
03.007.

kiR, TR, RIVE. MEAFERBEKTILNOIHANFEI]. IF
RATRESS 2475, 2012, 28(3): 183-188, 191. DOI: 10.3969/).issn.1001-
5256.2012.03.007.

WANG LF, WANG XN, HUANG CC, et al. Inhibition of NAMPT aggra-
vates high fat diet-induced hepatic steatosis in mice through regulat-
ing Sirt1/AMPKa/SREBP1 signaling pathway[J]. Lipids Health Dis,
2017,16(1): 82. DOI: 10.1186/s12944-017-0464-Z.

KOBYLIAK N, ABENAVOLI L. The role of liver biopsy to assess non-
alcoholic fatty liver disease[J]. Rev Recent Clin Trials, 2014, 9(3):
159-169. DOI: 10.2174/1574887109666141216102231.
ALAMEDDINE A, FAJLOUN Z, BOURREAU J, et al. The cardiovas-
cular effects of salidroside in the Goto-Kakizaki diabetic rat model
[J]. J Physiol Pharmacol, 2015, 66(2): 249-257.

WANG SY, ZHAO XX, YANG SX, et al. Salidroside alleviates high
glucose-induced oxidative stress and extracellular matrix accumulation
in rat glomerular mesangial cells by the TXNIP-NLRP3 inflammasome
pathway[J]. Chem Biol Interact, 2017, 278: 48-53. DOI: 10.1016/j.cbi.
2017.10.012.

FAN XJ, WANG Y, WANG L, et al. Salidroside induces apoptosis and
autophagy in human colorectal cancer cells through inhibition of PI3K/
Akt/mTOR pathway[J]. Oncol Rep, 2016, 36(6): 3559-3567. DOI:
10.3892/0r.2016.5138.

WANG MH, LUO L, YAO LL, et al. Salidroside improves glucose ho-
meostasis in obese mice by repressing inflammation in white adi-
pose tissues and improving leptin sensitivity in hypothalamus[J].
Sci Rep, 2016, 6: 25399. DOI: 10.1038/srep25399.

GUO Y, WANG SY, YI JJ, et al. Effect of salidroside on apoptosis of
CD71" nucleated red blood cells in bone marrow in high altitude poly-
cythemia model rats[J]. J Jilin Univ(Med Ed), 2023, 49(5): 1174-
1181. DOI: 10.13481/j.1671-587X.20230510.

MBE, TEHE 8B S A XENSRAMRES EREAREHE
CO7T1" BRI MBI [J]. SHRFEHIR(EHR), 2023, 49(5):
1174-1181. DOI: 10.13481/j.1671-587X.20230510.

DAI'N, ZOU Y, WANG HF, et al. Inhibitory effect of salidroside on liver
oxidative stress in rats with non-alcoholic steatohepatitis[J]. Chin J
Pathophysiol, 2013, 29(9): 1704-1708. DOI: 10.3969/}.issn.1000-4718.
2013.09.030.

T SR IRF £ ISXENEEEMHEHMETAXRIFARESR
L REEIEIER [J]. b EREAELE, 2013, 29(9): 1704-1708.
DOI: 10.3969/j.issn.1000-4718.2013.09.030.

ZHANG XR. The mechanism of salidroside regulating glucose and
lipid metabolism in type 2 diabetes mice through microRNA[D].

[17]

[18]

[19]

[20]

[21]

[22]

Changchun: Jilin University, 2016.

SKETdD . 40 K EFE 2 BUKEPRIS /B o 18 13 microRNA 2 E & As R 1)
MHFRID]. £&F: WA, 2016.

WU TF, LIAO XH, ZHONG BH. Epidemiology of nonalcoholic fatty liver
disease in some regions of ChinalJ]. J Clin Hepatol, 2020, 36(6):
1370-1373. DOI: 10.3969/j.issn.1001-5256.2020.06.039.

REF, BT, HEE . EBH X IEBEBEMEEBIBENORTER
[J]. IR AFRBE 275, 2020, 36(6): 1370-1373. DOI: 10.3969/j.issn.
1001-5256.2020.06.039.

LI'YY, XIE ZY. Advances in the etiology and treatment of non-obese
nonalcoholic fatty liver disease[J]. J Clin Hepatol, 2021, 37(2): 452-
457. DOI: 10.3969/j.issn.1001-5256.2021.02.043.

ZH0F, WIETT . JEARRE B IEERS I BE B MEATR 89R R e fr R (U],
Ifa R ATRE % 2% 75, 2021, 37(2): 452-457. DOI: 10.3969/).issn. 1001-
5256.2021.02.043.

National Workshop on Fatty Liver and Alcoholic Liver Disease, Chi-
nese Society of Hepatology, Chinese Medical Association, Fatty Liver
Expert Committee, Chinese Medical Doctor Association. Guidelines
of prevention and treatment for nonalcoholic fatty liver disease: A 2018
update[J]. J Clin Hepatol, 2018, 34(5): 947-957. DOI: 10.3969/j.issn.
1001-5256.2018.05.007.
FEERFSAR AR EHAAEB R RSA, fBEIMHSIERE
MRERZERE. BBBEMEEHME RS TERE (2018 FE ) [J].
1% PR FFRB 5% % 75, 2018, 34(5): 947-957. DOI: 10.3969/j.issn. 1001-
5256.2018.05.007.

RONGVAUX A, SHEA RJ, MULKS MH, et al. Pre-B-cell colony-
enhancing factor, whose expression is up-regulated in activated
lymphocytes, is a nicotinamide phosphoribosyltransferase, a cyto-
solic enzyme involved in NAD biosynthesis[J]. Eur J Immunol,
2002, 32(11): 3225-3234. DOI: 10.1002/1521-4141(200211)32: 11<
3225: AID-IMMU3225>3.0.CO;2-L.

KOHJIMA M, HIGUCHI N, KATO M, et al. SREBP-1c, regulated by
the insulin and AMPK signaling pathways, plays a role in nonalco-
holic fatty liver disease[J]. Int J Mol Med, 2008, 21(4): 507-511.
JEON TI, OSBORNE TF. SREBPs: Metabolic integrators in physiol-
ogy and metabolism[J]. Trends Endocrinol Metab, 2012, 23(2):
65-72. DOI: 10.1016/j.tem.2011.10.004.

Wi BH: 2023-04-09; A BHA: 2023-05-26
ALY WK

SlHEASC: LI RJ, XU CX, ZHANG T, et al. Role of salidroside
in a mouse model of non-alcoholic fatty liver disease: A study
based on nicotinamide phosphoribosyltransferase[J]. J Clin
Hepatol, 2024, 40(1): 64-69.

TRE BREE, KE, . ETHBERBBRZELEE
(NAMPT) #3405 R F 72 JE B AR 1M B A ME AT /)N BRAE B ch ) 4R
PIERA L] ImRATRER &, 2024, 40(1): 64-69.



