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Salsalate alleviates hyperglycemia by inhibiting endoplasmic reticulum stress in high fat diet induced obese mice
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[Abstract] Objective To explore the effect of salsalate on the glucose metabolism of obese mice induced with high
fat diet (HFD). Methods Eight week-old male C57BL/6J mice were fed with HFD in combination with 0.5% of salsalate
(SAL group, n=5) or normal saline (control group, n=5) for 40 days. The effect of salsalate on serum glucose level was
examined by glucose tolerance test (GTT) and insulin tolerance test (ITT). The expressions of endoplasmic reticulumn
related proteins, including CCAAT/enhancer-binding protein homologous protein (CHOP), endoplasmic reticulum-
localized DnalJ 4 (ERDJ4), glucose regulated protein (GRP)78 and GRP94, were measured by qPCR and Western blotting.
Results The random blood glucose level of obese mice were significantly lower in the SAL group than that in the control
group (P<<0.05), and GTT showed that the mice in the SAL group had better glucose tolerance. However, there was no
significant difference in fasting insulin level between the two groups. ITT showed there was no difference in the change of
blood glucose after insulin stimulation between the two groups. The mRNA expressions of GRP78 and GRP94 and protein
expressions of CHOP, ERDJ4, GRP78 and GRP94 were significantly lower in the SAL group than those in the control group
(P<<0.05 or P<<0.01). Conclusion Salsalate can alleviate the hyperglycemia of obese mice induced with HFD by inhibiting
endoplasmic reticulum stress, and the effect is independent of the insulin secretion.
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YImEpRIC A — 5T TAEM (& Cell Signaling
Technology Z2v®], 1 : 10 000 #iks) , ZEIEHESIIF
A | h, TBST PEAR 4 ¥k, &K 10 min; ECL (3£
Millipore 23] ) fb22 k0%, Wig, M, &EH
JoT BR300 2 A At FHBE IS G474 R 48 Quantity
One MMHARKEME . ITHEHMNEHSHNSEA
B-actin JKJE{H I LLAE
1.5 %its4m® R SPSS 17.0 #fFutf1 s
O3MT, PR ZEYAIEAE (x+s) ZH00RA ¢ K
5, fegeKifE (a) 4 0.05,

2 # R

2.1 BERERATR B SR R KT e B
Rl R 3% 40 d J5, /N BRAS I oBE AR S &



e 222 -

BIBEBEREA 20184E2 H, 539 %

K- AR FEIE R B /N B ETH[(8.76 £0.25)
mmol/L vs (4.26+0.14) mmol/L, (1.08%£0.05)
ng/mL vs (0.22+0.02) ng/mL, t=2.216, 3.472,

P J<0.01]. GTT M1 ITT Z55%48R, BWHETHE

2571 - R A
& -
=)
g
g
g
B
%
B2 5[ sk
E ¥, sk M
O A

20 40 60 80 100 120
) %50 B 4 S B 1] 2/min

0~120 min PN/ R TR /)N A0 AR T o R 15 R A
BHEYSFRE (P<<0.05 5% P<<0.01, & 1) . iEHE
B R e A5 A AR R 3y

IS RIEE HLAE)

| L L L L 'y B
20 40 60 80 100 120
Jike 5y 229 5 )5 B TE) #/min

E1 SERex/hEERENEN
A: TP, B: S BRI, TP<<0.05, TP<<0.01 SElsii A ILE. n=5,x+s

2.2 SAL 3 #E ks KoK T 5 H 5 HE
T Yo S5XTRAAMEL, SAL W REEKE RN
/)N BRUAY B AL Il B 7K SE[(8.17 +0.28) mmol/L vs
(11.69+0.23) mmol/L, r=3.221, P<<0.01].

GTT 453 (K 2) R, SAL 41/ B K P AE
T HT R AP 0~120 min N 94 B B]SSE T
XFARZH, H-HAE 0. 30, 60 min X 3 /NHE] 5 2 ZH1fiL
WA 22 R A S22 L (P<0.05 5% P<0.01) .

iy

—— UK R 1 4L

M HE KT cg/(mmol » L7
=

2I0 4I0 6IO 8I0 1(;0 12IO
% W 5 S I A #/min
B2 MUKGERERX SRR A IS SHTERRE /MR
PERIE B 220
'P<0.05, "P<<0.01 5XFHRLALEL. n=5x+s

2.3 SAL xP#E SRR N U IR By F R T 5 Ak By F
o SXTIRIALE, SAL 4/ A RIS
R TR, (B 2 H2ER T804 5 X[(0.98£0.04)
ng/mL vs (1.0740.03) ng/mL, r=0.162, P>0.05) .
ITT 255 (8 3) W7, SAL XPHERSp/ NS %
i3z Re A 20 (P>0.05)

1004 & 3 R 41
= UK A R T 41
80 f
§
:ggg (3() B
R
S 40 F
=
= 20 |

2IO 4IO 6‘0 8IO I(I)O 12IO
i3 & ZRVE T JE I 1] #/min
B3 SUKGEAES B AR R A SRR /N R
ilA=E 2 SEA

n=>5xxs

2.4 SAL *F#EJRgm N BT LE L2 A Fr W R oAl % &
& mRNA fiaeh®a  S5XTIRAML, SAL 41/
FUFNE4H4 CHOP . ERDJA. GRP78 Fl GRP94 1y
mRNA FikAKFEHRIH, 2 41 GRP78 Fll GRP94
1) mRNA FiEZFAZITFE L (P $#<0.05,
Bl 4) . FW SAL 7] RS AR K155 B0E IR
ANEUFF IR SR i P BT I8, 3X P RE S SAL i
TOBE R /N BB I ZE AL AL 2 —

2.5 SAL ¥ RJm D RATAL A TR A8
XEBREGT A SXTEAML, SAL 4/
SUIFIEZH4! CHOP. ERDJ4. GRP78 #i1 GRP94
M A RIBACFY TR, Z2RBAZRIFEEX
(P<0.05 o P<<0.01, & 5) . FW SAL nJk
35 = IR IR T BB PR s /)N BRUTE IR 20 2 rp 4 PN I



2. OEE, S SUKAIRMRIERL ] P 5T 000 10 g A i iR K

BN B 7 AR A s 223 -

_ O x4
WK R P 4H

1

CHOP ERDJ4 GRP78 GRP94

B4 XUKIFEREEXT ERS HHX%E A CHOP, ERDJ4.
GRP78 1 GRP94 mRNA FikHIZ20H
ERS: WFE M, CHOP: CCAAT 458 145 4 1 (1 [Rl Y5 &
[1; ERDJ4: NJii® Dnal [F&%) 4; GRP: #4505 &E M.
"P<0.05 XTI AR, n="5,x+s

—_ —_—
(=] W

X mRNA ik /K F
o

e
=)

YR XK IR H M (X 10°)

ERDJ4 — i e e e = = == [ 26

GRP78 ™= == o o e e o — | 78
GRP94‘|...-- - - ---|» 94

B-Actin —|--.--.-...|— 45

_ O A
W XK A R T 2H

B0

CHOP ERDJ4  GRP78  GRPY%

5 MKIFEREEXT ERS #HXEH CHOP. ERDJ4,
GRP78 #1 GRPY4 =& 5 RiXRI MM
ERS: N J5 MW7 i4; CHOP: CCAATHY i 1454 & 11 7 I &
[1; ERDJ4: 5% Dnal [ 54 4; GRP: 4 #8158 1.
'P<0.05, "P<0.01 S5X AL A n=5,x+s

—_— —
(=] W

AR X R L KT

S
o

3 3t 8

1957 4, Reid MR RIES S THS
EHPUad AR, fEdE T 2 BUME IR O OY B K
Hotamisligil 25" % BRI 4140 w8 2635 (1 bR 38
FEHF, IFH X 5 ZHhia & e e, X
— RS LUIESE . FEARE R Z T FE S B 2
BB PRI A, NE I DURRAE A S - B% LA 50
AP RGMESAE" ", S KM TR A g
PLHIZ 5 PR BE R RTERS (R RS BES AN
M/ MRAE M IR AE , T 200 AN R

PRI KA R AR
KFRRE AEY) IR, B4 TH 3 500 4
MDA, TR AT A, HAE AL A
PRI B AEAWHEZR ), 100 4ERTHEA SCHkHGE
I T o e B KA R AN R DR 2 ARUBE PR R8T 1Y
SR, AERAH OGS RSz Bk T s R o A
WSS ) SAL 2K IR ER 1) — 44k, dE AL
W5 TE/INY 8 o i SR AR T, REAE T
RIT A . DRI, SAL AT LRIgkE 2 AU
PRI 28 PR s 00 S0 1 1w L i Bl A 22 A AR
#UY, Goldfine S PP T SAL VAYT 2 BUBEIR
1 AR JE AR R e, RIS el R 4 A Lo il
H SAL J6YT 48 J8J5 B AL L2188 1 /K- BR AR
T 0.37%, IMAGFRF AT A, vk g Ak
ARETTHRREAG, PRIR . 25 M IO AN =% H- ik F R
X, IBERE/K P, HRAEASIKRIERS
/NERIE RG] W38 . Salastekar 25UV 3R
SAL 30 /> H 7] e 35 £8 88 H RO 8 R 1Y)
BEACHE, k2l 3 R IR AL T T 2SR RR 2454
SAL BRI HLE R 22l T, 4F
REBAVTILM: (1) BiEEEIED . SAL
A I PR S I € 18 D5 v R D R A B R, e b
SR PN B ORI, DI e R A
JoT e R . AR SRS R B SAL A LA
AR R D A0 P IR 1 (uncoupling
protein 1, UCPI1 ) ARk, JFH4 98 H b i) B
T (2) A N AR AL 1R
B &0 1 ( 11B-hydroxysteroid dehydrogenase 1,
11B-HSD1 ) ByZik, fw iy R BUgdE . Nixon
TR KRt A PRAE B /INER 4 J8 5, LR &
LRl R ARk, MR irh 115-HSD1 JEA
AR A FEGTE VTR, W, IRHK A IR )
BYEE FREWTF 11B-HSD1 635 W, JRA 2 s
FRETF= KRR, (3) BIRRRTIRE,
i A I Zh A AR NP W 45, 38 o I B0 IO 4% 38 AR PR G

A S H A, Smith ZEVREL SAL AT RLBEhIHLA
R, BRIMB KRBT &8, (4) A

FKEWRINTRM NS 5T SAL AR/
U B R . ASBFSE N F R IR IR B A SAL 2k
A el FE et /N B 40 d, & /)N BB B L IR 7K S
. WA, JF HE O OR SUFIEZ 2! CHOP.,

ERDJ4. GRP78 il GRP94 ) mRNA & [1#ik/K



.« 224 o

BIBEBEREA 20184E2 H, 539 %

SO IRZELAR, v bl s R P | B B P B I R
BB, FREZERITR SAL AlE MR
J5 IO SRR B G it e MRS . N B R O 2 Bk
PRI R RSB L], Ho= AR N B A
T 8 A IR gk 22 ] 4 F- T 200 L P A ) B
PRI BRI 3 AT PN S B U Bl Ca® ' 2Rk
(SN L& | = e S VP AL = T VoA N
[ SR, PN 5T A R —— S O R AR
PALJBE 1Y) SR e T SR A RN B B R AL b B
T T EA BRI T 20 Y (eukaryotic
translation initiation factor 2a subunit, elF2a ) W&
b, BERRILHY elF20 W] ELEMIHIE S, Hdis
A= 4 22 TR H A T I el LA A, R 200 i A BT
A TR, S ECRE 3 CHOP
B FBIE AP TP, AL, SAL F
FOWE PRI /N BT Y iR 2235 9 CHOP R, A
$ im W R IR R B0 P B I R A o TR,
ERDJ4. GRP78 Fil GRP94 7EAHF 5 il A5 2/l
N ey s Rl 8 s e R O e S N A
FA RTINS, PIRWER 70 20 TR,
B PEERTE M (binding immunoglobulin protein,
BiP) it/ —5, ERDJ K& Al BiP 1)
ATP BTG HEIFFE S IR A & . BRI U
A ERDJ4 3235 EiH,  TZ 5 R Bk A 5 R
WO E R RHRT E R ER BT, GRP94 il BiP/
GRP78 J2 P4 5T o i 8 & AR Y <R dR, HY
MRk . Z 5N M P RRTEE AR, Y0
MG HRIB T, AT SAL 5 E %
I3 T RYFRIE T RTUR A 5T A SR AT e 2 A
2L PR S5 P 7 B8R PR D

XFT SAL XL & R A E ARG 4, TRZ
SCHRHRIE SAL W] 3 A 3 0 i 5 2R MU 35 3 AR
IR A A P2 (B 22 A B9 A R B T 4
BB WK, ABFRWARE TRBIER . A
SCHRARAE SAL 7 AR P ) IE JRE DE A8 5 AT
R, TS R R AT A SRk RE SAL
(1 SIEH0 e BE AR 15 2 Bl 2 3 A Ak e

g5 LTk, AW I SAL A3 i G i R
o/ IN BUTFIEE P9 ST E38, - B Pa e, AR AER AR
TSN SALRYY 2 BV RN ZE 1 BLIE LAl

[Z % 3

(1]

(3]

(6]

[7]

(8]

9]

[10]

(1]

[12]

BRAGG F, HOLMES M V, IONA A, GUO Y, DU H,
CHEN Y, et al. Association between diabetes and cause-
specific mortality in rural and urban areas of Chinal[J].
JAMA, 2017, 317: 280-289.

XUY, WANG L, HE J, BT Y, LI M, WANG T, et al.
Prevalence and control of diabetes in Chinese adults[J].
JAMA, 2013, 310: 948-959.

WEI X, SONG H, YIN L, RIZZO M G, SIDHU R,
COVEY D F, et al. Fatty acid synthesis configures the
plasma membrane for inflammation in diabetes[J].
Nature, 2016, 539: 294-298.

SHAN B, WANG X, WU Y, XU C, XIA Z, DAI J, et
al. The metabolic ER stress sensor IREla suppresses
alternative activation of macrophages and impairs energy
expenditure in obesity[J]. Nat Immunol, 2017, 18: 519-
529.

LIANG W, VERSCHUREN L, MULDER P, VAN
DER HOORN J W, VERHEIJ J, VAN DAM A D, et
al. Salsalate attenuates diet induced non-alcoholic
steatohepatitis in mice by decreasing lipogenic and
inflammatory processes[J]. Br J Pharmacol, 2015, 172:
5293-5305.

GOLDFINE A B, BUCK J S, DESOUZA C, FONSECA
V, CHEN Y D, SHOELSON S E, et al. Targeting
inflammation using salsalate in patients with type 2
diabetes: effects on flow-mediated dilation (TINSAL-
FMD)[J]. Diabetes Care, 2013, 36: 4132-4139.

VAN DAM A D, NAHON K J, KOOIJMAN S, VAN
DEN BERG S M, KANHAI A A, KIKUCHI T, et al.
Salsalate activates brown adipose tissue in mice[J].
Diabetes, 2015, 64: 1544-1554.

REID J, MacDOUGALL A I, ANDREWS M M. Aspirin
and diabetes mellitus[J]. Br Med J, 1957, 2: 1071-1074.
HOTAMISLIGIL G S, SHARGILL N S, SPIEGELMAN
B M. Adipose expression of tumor necrosis factor-
alpha: direct role in obesity-linked insulin resistance[J].
Science, 1993, 259: 87-91.

WU H, BALLANTYNE C M. Skeletal muscle
inflammation and insulin resistance in obesity[J]. J Clin
Invest, 2017, 127: 43-54.

SHOELSON S E, LEE J, GOLDFINE A B. Inflammation
and insulin resistance[J]. J Clin Invest, 2006, 116:
1793-1801.

HAUSER T H, SALASTEKAR N, SCHAEFER E J,
DESAI T, GOLDFINE H L, FOWLER K M, et al. Effect
of targeting inflammation with salsalate: the TINSAL-
CVD randomized clinical trial on progression of coronary
plaque in overweight and obese patients using statins[J].
JAMA Cardiol, 2016, 1: 413-423.



2. OEE, S SUKAIRMRIERL ] P 5T 000 10 g A i iR K

BN B 7 AR A

e 225

[13]

[14]

[15]

[16]

(18]

PEDERSEN B K, FEBBRAIO M A. Diabetes: treatment
of diabetes mellitus: new tricks by an old player[J]. Nat
Rev Endocrinol, 2010, 6: 482-483.

GOLDFINE A B, CONLIN P R, HALPERIN F, KOSKA
J, PERMANA P, SCHWENKE D, et al. A randomised
trial of salsalate for insulin resistance and cardiovascular
risk factors in persons with abnormal glucose tolerance[J].
Diabetologia, 2013, 56: 714-723.

GOLDFINE A B, FONSECA V, JABLONSKI K A,
CHEN Y D, TIPTON L, STATEN M A, et al. Salicylate
(salsalate) in patients with type 2 diabetes: a randomized
trial[J]. Ann Intern Med, 2013, 159: 1-12.
SALASTEKAR N, DESAI T, HAUSER T, SCHAEFER
E J, FOWLER K, JOSEPH S, et al. Salsalate improves
glycemia in overweight persons with diabetes risk factors
of stable statin-treated cardiovascular disease: a 30-month
randomized placebo-controlled trial[J]. Diabetes Obes
Metab, 2017, 19: 1458-1462.

SMITH B K, FORD R J, DESJARDINS E M, GREEN
A E, HUGHES M C, HOUDE V P, et al. Salsalate
(salicylate) uncouples mitochondria, improves glucose
homeostasis, and reduces liver lipids independent of
AMPK-B1[J]. Diabetes, 2016, 65: 3352-3361.

NIXON M, WAKE D J, LIVINGSTONE D E, STIMSON
R H, ESTEVES C L, SECKL J R, et al. Salicylate
downregulates 11B-HSD1 expression in adipose
tissue in obese mice and in humans, mediating insulin
sensitization[J]. Diabetes, 2012, 61: 790-796.

[19]

(21]

(22]

(23]

(24]

GUTKNECHT J. Salicylates and proton transport through
lipid bilayer membranes: a model for salicylate-induced
uncoupling and swelling in mitochondria[J]. J] Membr
Biol, 1990, 115: 253-260.
KYATHANAHALLI C, ORGAN K, MORECI R S,
ANAMTHATHMAKULA P, HASSAN S S, CARITIS S
N, et al. Uterine endoplasmic reticulum stress-unfolded
protein response regulation of gestational length is
caspase-3 and -7-dependent[J]. Proc Natl Acad Sci USA,
2015, 112: 14090-14095.
LAI C W, OTERO J H, HENDERSHOT L M, SNAPP E.
ERdj4 protein is a soluble endoplasmic reticulum (ER)
Dnal family protein that interacts with ER-associated
degradation machinery[J]. J Biol Chem, 2012, 287: 7969-
7978.
MARZEC M, ELETTO D, ARGON Y. GRP94: an
HSP90-like protein specialized for protein folding and
quality control in the endoplasmic reticulum[J]. Biochim
Biophys Acta, 2012, 1823: 774-787.
FLEISCHMAN A, SHOELSON S E, BERNIER R,
GOLDFINE A B. Salsalate improves glycemia and
inflammatory parameters in obese young adults[J].
Diabetes Care, 2008, 31: 289-294.
KIM S H, REAVEN G. Salsalate treatment for
prediabetes: a therapeutic alternative?[J]. Diabet Med,
2017, 34: 592-594.

[AXHE] Tt %



