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glucose and lipid metabolism. To study the effect of GPR40 novel agonist SZZ15-11 on hyperglycemia and
hyperlipidemia and its potential mechanism, spontaneous type 2 diabetic KKA” mice, human hepatocellular
carcinoma HepG2 cells and murine mature adipocyte 3T3-L1 cells were used. KKA' mice were divided into four
groups, vehicle group, TAK group, SZZ (50 mg-kg") group and SZZ (100 mg-kg") group, with oral gavage of
0.5% sodium carboxymethylcellulose (CMC), 50 mg-kg" TAK875, 50 and 100 mg-kg"' SZZ15-11 respectively for
45 days. Fasting blood glucose, blood triglyceride (TG) and total cholesterol (TC), non-fasting blood glucose were
tested. Oral glucose tolerance test and insulin tolerance test were executed. Blood insulin and glucagon were
measured via enzyme-linked immunosorbent assay (ELISA). After mice’s execution, liver tissue was harvested to
test TG and TC content. Then pathological morphology of liver was observed through hematoxylin-eosin (HE)
staining, and the lipid metabolism relative signal pathway was analyzed by Western blot and RT-PCR. The
experiments were approved by the Institutional Animal Care and Use Committee of the Institute of Materia
Medica, Chinese Academy of Medical Sciences and Peking Union Medical College. At the same time, Akt
phosphorylation level in HepG2 cells and adiponectin in 3T3-L1 cells treated with TNFa were measured with
Western blot. The results show that SZZ15-11 not only decreased blood glucose and lipid, improved insulin
sensitivity, but also increased fasting blood glucagon and promoted insulin secretion after glucose loading in KKA'
mice. Additionally, SZZ15-11 alleviated hepatic steatosis and liver dysfunction in KKA” mice. In liver tissue,
SZZ7Z15-11 increased AMPKa phosphorylation level and cholesterol metabolism relative gene Abcg8 transcription.
In HepG2 cells, SZZ15-11 increased Akt phosphorylation level. In adipocyte 3T3-L1, SZZ15-11 recovered the
decreased adiponectin expression by TNFa. This study proved that GPR40 agonist SZZ15-11 could be a candidate
compound for regulating glucolipid metabolic disorder.
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(gastric inhibitory poplypeptide, GIP) 43 ¥4, I,
GPR40 1] 1F 38 15 25 W) 88 s F T B0 JR 05 8 24
ﬁji[ﬂo
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Invitrogen /A & . i 4 LI (fetal bovine serum, FBS)
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Fit A TransScript One-Step gDNA Removal and cDNA
Synthesis SuperMix i 71 & 1 TransStart Green qPCR
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SuperMix W7l & (725 AT311.AQ141-04) ¥ [
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JIG K % (adiponectin) #i & (I% 5 : 4877.2532.2535.
2920.13038.2789) ¥ H £ [ Cell Signaling Technology
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B Il A 3 ARE 97407 )5 30 min MUBE A% . JE K4 &
i I ¥¥ (fasting blood glucose, FBG). Ifil. TG 1 TC. {&
# (body weight, BW) /% 30 min ML _F T+ & 4> 0K /s
5 BE ML 2> M AR B 21 (vehicle). SZZ15-11 % 7 & (SZZ
50 mg-kg™) Al & (SZZ 100 mg-kg™) 25 BH 1 X6}
H(TAK) L4 (1), BH10 1, 2HEBFE T 0.5%
R LT 4E R AN (sodium carboxymethylcellulose, CMC)-
SZZ15-11 50 1100 mg-kg' . TAK875 50 mg-kg', qd, %
Bras K. 5w WD AR A R YUK B AA S, ez it
R (B 1A AU 52 M S FR s -

MmEEMMASNE K&/ BB LR, F %
B S8 AL Tt 92 A6 0 BE AL I BE (non-fasting blood glucose,
NFBG). /MNRZER 4 h)E, RIHUL, FHAHR 7 G
&5 BRI FBG . L TG A1 TC /K °F-.

ORREE ¥ETS 23X I8 (oral glucose tolerance test,
OGTT) /MRZEfr4h EBL THEN2.0 gkg', 7
SAEBE 745 BT (0 min) B 7747 5 1523060 F1 120 min
AL, I e i A, FE T SR 26 R AR (area

under curve, AUC).

S EMEIXI (insulin tolerance test, ITT) /)
BAEE4h L NEFN04 Ukg RS EK, HATEER R
AT (0 min) 5 40 F190 min &2 HUIL, W % M
B, I AUC,

O AR & & 98 R MR 52 & 55 00 38 (oral glucose-
stimulated insulin secretion test, OGSIST) /)R Z5 6
4h, BB THIENE2.0 gkg!, 57 B AELE FERT (0 min)
I I 5 min B8 SR B UL, FH AR R 3 751 460 A il ik 5 3=
T,

MRS mMEEREM /N ZEE 4 h, HRHERUM, H
AT I 7] s 00 ke sy I 2R KT

FFIhEEFIRTELRE R EME FIRSFENE T
LIS WG, ABE/N R, WA AR AN ZH 2R . FHAH iR
7RG 7 I ALT A0 AST ZK-F o il 4 10% L1513,
BRI A TG TC & &

/NI A 2R 4% 22 5 W I ] o o o 3 o)
%5 um JEH LY, #5477 R &= - 41 (hematoxylin-
eosin, HE) Jefty, EHUBE N W50 T A2 o

RT-PCR S ] TriZol il 4 T 41 21 41 3% - 2
H 2390 g i RNA. B 1 ug A TransScript One-Step
gDNA Removal and cDNA Synthesis SuperMix it 7] &
1 3% 5% 45 i cDNA. Bl Ji5 J8 i TransStart Green qPCR
SuperMix 2 771 &2 A% I - 25 25 20 B A 45 222 5T 1) mRNA
/K. RT-PCR 5|97 5 L% 2.

WHRELESE TR 4 M HepG2 45 Fil 7E 24 FLAR
H1, FI DMEM & #3572 2% (% 10% FBS. 100 u-mL" &
BHERERM100 umL"HER) R E0% MA G, E5H
I 7] (vehicle) 8% 1110 pmol-L" SZZ15-11 ) DMEM
IG5 R FE UL 1 he Bl S, 55 9 & vehicle 5 1.
10 pmol-L" SZZ15-11 [¥) DMEM 7= # 17 3% 3 | [7) i fin
A 10 nmol- L™ fif & 2 40 3 30 min.

AN BRI R AT 4R 40 i 3T3-L1 79 R 85 9% 3 (&
10% FBS. 100 u'mL" 7 % % 1 100 u-mL" 5 % % 1
DMEM i #E R 72 8%) A K& 100% @l & f5, B0 S5
FHE (4 10% FBS.100 umL"' H&H % . 100 umL " 5% &
#.0.5 mmol L' 3-53 T J&-1-FH B B4 (1 umol-L™ #h
FEKHFAFI 10 pg-mL™ 2 1% 3 9 DMEM f& B 15 77 2 )

Table 1 Parameters of spontaneous type 2 diabetic KKA’ mice in different groups. SZZ: SZZ15-11; TAK: TAK875; FBG: Fasting blood

glucose; BG increase: Percentage of increasing blood glucose at 30 min after glucose loading (2.0 g-kg™); TC: Blood total cholesterol; TG:

Blood triglyceride; BW: Body weight

Group FBG/mg-dL" BG increase/% TC/mg-dL" TG/mg-dL" BW/g
Vehicle 246.1£17.5 77.3+11.5 111.2+£5.4 135.4+17.4 46.2+0.4
SZZ (50 mg'kg") 229.8+17.7 78.2+9.3 108.9+3.7 131.0+9.4 45.4+0.4
SZZ (100 mg'kgrl) 233.9+16.5 77.8+11.0 107.0+£3.0 127.6+12.1 452+0.5
TAK (50 mg-kg") 241.0+16.2 77.949.8 108.6+2.4 129.0+£8.6 45.9+0.5
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Table 2 The primer list of genes for RT-PCR

Gene name

Forward primer

Reverse primer

Hmger (NM_001360165.1)
Abcal (NM_013454.3)
Abcg8 (NM_026180.2)
Ldlr (NM_001252658.1)
Cyp27al (NM_024264.5)
Oatpla (NM_013797.5)
Oatplb (NM_020495.2)
Oatplc (NM_001177772.2)
Ntep (NM_001177561.1)
Abcc2 (NM_013806.2)
Abcbll (NM_001363492.1)
Acox] (NM_015729.3)
Fgf2] (NM_020013.4)

Ace (NM_13360.2)

Actin (NM_009609.3)

5'-AGAGAACAAGGGTTCACGCC-3'
5'-CGACCATGAAAGTGACACGC-3'
5'-AAGACCCTTGGGCGTTACAG-3'
5'-CCAATCGACTCACGGGTTCA-3'
5'-ACAGGAGGGCAAGTACCCAA-3'
5'-CAGGGGCATGCAGGATGTAT-3'
5'-AGAAAGCTTGGGTTGTCGGT-3'
5'-TTCTCCGAGGGTTAGGGGAG-3'
S-TCTTTTATTTGCCCACAGCTACA-3'
5-ACATCTGCTTCCCTTGAGGC-3'
5-GACTTTCCACAGTGGCGTCT-3'
5-GGAGACAGGTTGTCATCGCT-3'
5'-TCTGAACCTGACCCATCCCT-3'
5'-GCTAAACCAGCACTCCCGAT-3'
5'-ACTCTTCCAGCCTTCCTTC-3'

5-CCTTGGATCCCACGCGGA-3'
5'-AGCACATAGGTCAGCTCGTG-3'
5'-CCACTGTGAAAGCCGATCCT-3'
5-ACAGTGTCGACTTCTCTAGGC-3'
5'-AAAGCCTGACGCAGATGGTA-3'
5'-GTCTGGAGAGTGGATGTCGC-3'
5'-TGAATCCATCGCAGTGCCTT-3'
5'-GTCTGCACACACCCGATGTA-3'
5'-CATCCTCCGACCCAGTGAAC-3'
5'-TCGGCTTCCGGACTTTTCAA-3'
5'-AGCAGAGAAGGCCCTACAGA-3'
5'-TTCATGACGGAGACCAGTGC-3'
5'-GTCCCAGGGTCCCAACTCTA-3'
5-GTATCTGAGCTGACGGAGGC-3'
5'-ATCTCCTTCTGCATCCTGTC-3'

FGHIAS he B, KRR ORI (A AW Dwis omu  Dae

10% FBS. 100 u'mL" % % % . 100 u'mL" # % 2
10 pg-mL" i 5 % 1 DMEM skl 32 55), 7 KRG, 4
O3 9 R IE T 4H L 3T3-L1. 4R J5 FH & vehicle 5%
10 pmol L™ SZZ15-11 ¥ 4 47 3 7% 5= 1 4 B 20 M 1 h,
I 50 ng'mL" TNFa {F FH 30 min. Y54 40 B FE
FF Ja 455 .

Western blot SE36  F & A £ [ Flg 410 1) 55 F1 28
Tt TR T 411 1) 7] 1) RIPA 2 A 3 Ak B 2H 23 R4 B A
W £ 138, FH BCA B AR W 3k 770 50 A S o 2 ik
JE, T BT A R i 2 A R, 100 °C & A 10 min.
F1 10% SDS 5 14 ¥ Bt i e i B vk 2 B B A F e &
PVDF AT S NI .

I F 5% GraphPad Prism 8.0 #E 172 A&
THa M. B x + s Kox, 2 40 L one-way
ANOVA, il J5 73 25 [a] (1 LA R 6

H#R
1 SZZ15-11 A] P& B & 1 2 BUHE PR % KKAY /) R Y
K=

WE s, SEAHAA L, 845 T SZZ15-11
35 K Ja, A w0 B 2 S RO A B B R R AR (P <
0.05, P < 0.01), BHYEAL & %) TAKS75 7] i 2 [E K /)
BRAAE (P <0.05), (HH X 5 & 35 JC i W5
2 SZZ15-11 A ERR B & 1M 2 BUPE IR R KKAY /)R Y
= MmE

WP 2A B, =57 & SZZ15-11 (100 mg-kg™) fig ¥
i BEAR /N B NFBG (P < 0.001) fIIFBG (P < 0.01), {H
K778 SZZ15-11 (50 mg-kg™) %}/ i i NFBG Al FBG
B EEER . BV TAKSTS 7] i 3 P&/ B
fINFBG (P < 0.01), X FBG I & Z1FH

0.5% CMC
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(50 mg-kg™!,
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Figure 1 Diagram of animal experiment (A) and effects of

SZZ15-11 on body weight (B) and food intake (C) in spontaneous
type 2 diabetic KKA' mice. n = 10, X £ 5. P < 0.05, "P < 0.01 vs
vehicle group. Vehicle group, SZZ (50 mg-kg') group, SZZ
(100 mg-kg") group and TAK group were given with 0.5% sodium
carboxymethylcellulose (CMC), 50 and 100 mgkg' SZZ15-11,
50 mg-kg"' TAKS87S5 respectively through oral gavage. HFD: High
fat diet; OGTT: Oral glucose tolerance test; ITT: Insulin tolerance
test; BL: Blood lipids; OGSIST: Oral glucose-stimulated insulin
secretion test; Geg: Glucagon; NFBG: Non-fasting blood glucose;
TS: Tissue sample; BB: Blood biochemistry

3 SZZ15-11 AN E B & M 2 BIpE R R KKAY /NFR Y
ORREE a2

OGTT =2 % (& 2C.D) i, & 7 & SZz15-11
(100 mg-kg™) 1] & 3 FEAK/IN R 0 min (P < 0.05) B 971 fiuf
J& 15 min (P < 0.001) #130 min LA (P < 0.05), B4k
4 ¥ TAK875 W] & 35 FEAK /)N BUBE 747 J5 15 min (P <
0.01).30 min (P < 0.05) 160 min IfLFE (P < 0.05), H:5>
AL /IS BRI AUC A BT 0 FEZH T B 11.0% (P <
0.05) 1 13.9% (P < 0.05). It 4h, ik 7 & SZZ15-11
(50 mg-kg'") A2 2 FEAK /N BOBE 714 S5 15 min 1B
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Figure 2 Effects of SZZ15-11 on non-fasting blood glucose (A), fasting-blood glucose (B), blood glucose (C) and area under curve (AUC)
(D) of OGTT in spontaneous type 2 diabetic KKAY mice. n = 10, x 5. ‘P < 0.05, "P < 0.01, " P <0 .001 vs vehicle group. NFBG and FBG
were tested on day 40. OGTT were executed on day 14, blood samples were harvested at 0, 15, 30, 60 and 120 min after glucose (2.0 g-kg™)

overload

(P <0.05), fi/IN B LHE AUC AT X BRAL T BF 6.4%
4 SZZ15-11 AJ 3438 B & 1 2 BB PR R KKAY /)R HY
PR B R UM

ITT 52 5% 45 3 B 3A. B ff 2, SZZ15-11 1
100 mg kg 7% & T Al 4 2B K /N BL 0 min (P < 0.01).
Ji 5% FVE ST 5 40 min (P < 0.01) A1190 min (P < 0.05) )
IR, A8 /)N BRI AUC ABEL T 5 B4 82> 32.0% (P <
0.01). {H M1k &%) TAK875 #1150 mg-kg' SZZ15-11
Fa1508 /0N B PR B 2 U ME TG R R

DL gE R, (A9 SZZ15-11 7 100 mg-kg™ 7l
B NREGE B R 2 BURE R KKAY /N BRI BE AR, I
S8 5 )N B PR PR B 2R AR A
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Figure 3 Effects of SZZ15-11 on blood glucose (A) and AUC
(B) of ITT in spontaneous type 2 diabetic KKA' mice. n = 10, x £ s.
P <0.05, "P <0.01 vs vehicle group. ITT were carried out on day
21, blood samples were obtained at 0, 40 and 90 min after

subcutaneous injection of insulin (0.4 U-kg™)

5 SZZ15-11 X B & 1% 2 BUHE PR % KKA' /) iR 5 L AR
HIZZ R AE R

WP 4A B i, SZZ15-11 7E 100 mg-kg' F &
AJ R 2 BN B I TG ZKF (P < 0.05), BT 1fl TC TG
B AR . BHPEAL &4 TAKS75 F150 mg-kg' SZZ15-11
PN ML TG A1 TC ¥ B B & e mi . KWL &)

SZZ15-11 B3 1 & M 2 BURE IR KIKAY /)N B e i i
& LRSI TG N .
6 SZZ15-11 31 B & 14 2 BUFEFRm KKA' /) 5 784X 5
GEESNS Y S = A

/IN B P IR AR A0 52 TR B 2% i v LR 2R S A T
OGSIST 52 4 45 5 1 & 4C Fr o, M 8T % 18 41,
SZZ15- 111K - 771 2 21 /N R 2 BRI ik 5 2R /K P38 8
B 2 AR Ak, (BB 674 5 5 min 3 5 3E BN (P < 0.001,
P <0.05), 1F 5 FH 10 &9 TAKS75 AL BE 5 Al
/N R PR 23 I ey TR 2%, &5 SR W B 4D o, SZZ15-11
7E 50 A1 100 mg-kg™ 7l & T #5 0] & 25 5/ B 25 18
I B v 1K 257K S (P < 0.05, P < 0.01), FH %46 &4
TAKS875 1] 34 i ifi JBk vy B 2= /K7 (P < 0.001). 42
AL E W) SZZ15-11 v A e E H R M 2 BLUBE IR
KA /IS B B 5 2% JB v IR 20 b, 7 B4 It ) 1)
B, AT REAS 5 5] R LR
7 SZZ15-11 3 B & 1M 2 BUHE PR % KKA® /s iR B8 B BT
R E{ER

H R PE 2 BURE PR KKAY /N BRI 4H 23015 I o B
Kol B o, 53 REALAREL, SZZ15-11 15 e 77 & 20 /N B
JF 4R TG & &3 8 B9 /> (P < 0.05, P < 0.01,
5A), TC & &L H B (B 5B). St m, SZZ15-
11 = 7R S 2H A i ALT 32 35 P& A% (P < 0.05, ¥ 50), {1
it AST 76 B & ek 2% (B 5D). JF4 4005 B 4 (HE %+
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Figure 4 Effects of SZZ15-11 on blood TG (A), TC (B), insulin (C) and glucagon (D) in spontaneous type 2 diabetic KKA* mice. n = 10,
¥+s. P <005 "P<001, 7P <0.001 vs vehicle group. Blood TG and TC were tested on day 21. OGSIST were examined on day 28,

blood samples were used to test insulin at 0 and 5 min after oral gavage of glucose (2.0 g-kg™). On day 35, blood samples were obtained to

test glucagon after fasting for 4 h
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Figure 5 Effects of SZZ15-11 on hepatic TG (A) and TC (B), blood alanine aminotransferase (ALT, C) and aspartate aminotransferase

(AST, D), and pathological morphology of liver with hematoxylin-eosin (HE) staining (E) in spontaneous type 2 diabetic KKA* mice. n =
10,x+s. "P<0.05, "P<0.01 vs vehicle group. Scale bar of HE staining (x200) is 100 um
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Figure 6 Effects of SZZ15-11 on lipid metabolism-related factors level in liver of spontaneous type 2 diabetic KKA” mice. A: Protein

lysates of liver tissue in mice of each group were performed with Western blot; B: Quantification of HMG-CoA reductase (HMGCR)

expression level; C: Quantification of AMPKa phosphorylation level; D: Lipid metabolism-related genes transcription. n = 3-4, x £ 5. 'P <
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