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Target screening and antihyperglycemic activity on SGLT2 and a-glucosidase in
vitro and in vivo of TSG from Polygonum multiflorum
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Abstract: Objective To study the mechanism that TSG can reduce plasma glucose level by inhibiting sodium-dependent glucose
cotransporters 2 (SGLT2) and a-glucosidase in vitro and in vivo. Methods Molecular docking method was used to study the binding
affinities of TSG and diabetes related targets. The structures of targets were taken from Protein Data Bank or references. 1-NBDG and
PNPG were used as the substrates for the inhibition assays of TSG against SGLT2 and a-glucosidase respectively in vitro. The
antihyperglycemic activity of TSG was operated by oral glucose tolerance test (OGTT) and urinary glucose excretion (UGE) test in rats.
Results TSG was identified as the inhibitors of SGLT2 with the docking score of —9.35 less than —9.79 of dapagliflozin as the positive
control and a-glucosidase with the docking score of —5.44 compared to —5.58 of acarbose as the positive control. TSG showed the
inhibitory rate of 21.6% at the dose of 10 pmol/L against SGLT2 and 32.5% at the dose of 100 pmol/L in vitro test. Compared with
model group, the group of 120 mg/kg dose had significant difference (P < 0.05) but the overall effect was not as strong as dapagliflozin in
OGTT and UGE test. The result of rat in vivo test showed that glucose inhibition rate of TSG (120 mg/kg) was (9.3 = 1.0)%, urinary
glucose content was (435.5 + 84.0) mg/kg, which showed certain hypoglycemic effect. Conclusion TSG exhibited antiglycemic activity
through inhibiting SGLT2 and o-glucosidase, which was considered to be a new lead compound of dual target inhibitors.
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il & 5 2R MW H 5 Polygonum
multiflorum Thunb. FFEHAR, & EAESE0L 2
R AR T2, RV AT I B ) .
fE S BARY BN, . ik, gt &
2 DNA. MRS EDEE . BRI 51
A BV R 5 25 oA K v LB A 284 O BRI R 7K
S, MU AT Be S 4 i R F Ak . IR B 4 A
P AR, ] B 5 1 SR ) T 2 3 A o7
RIFELERIIE R . BURZGH AR SR A S P
RARF=H 2,3,5 4'- DU IR — 2K 205 2-B-O-Fi B HEHF (fi
MR OIFE, TSG) BAREMBEER; stk
DT E S ) TSG X o~ E R EGEHHETE: £
EAEISI I TSG 7E 100 mg/kg S 0] AL N BT A
RUEARIR B R AT ia 4, fe i B = BURIE L, o
SEREIRICMEEL, AREHRTII R AIE TSG A
AL R 3,4, 5- = F2 0 — K 2 05-3-B-0- %%
BREE (PR AT A i k-6 2 05 P [ i
IEHE 2 (SGLT2) [MfEMS, T DL FREAl, &
W AR X EAEYPE T TSG RTREMRE MUK
B, RN 0 B 0 AT M P S PR BRI
MRS TSG B MU E R L] o
1w
1.1 AREEERF

TOUAR ERE (1-NBDG, 4R IT K
HIRAT, L5 ET4099-7-P1); iEMHIE (K2,
JREH>98%, LEEEMFRIAIRAR, #ts
2014102202); 4-fHFEIRIE-a-D-FH & FEE (PNPG, it
5 20171026) Fil-RyHE (5 20170828) « TSG (3t
520171105, JREDE>98%) , AR

FIAPRA R oAb AT R A Ml o #r 4t
12 @5z

Fase it &RiE SGLT2 M N MR 'S I 5z 40 g
HEK293, i [E & 22 R} 2 e B Al 122 27 it 55 i 48 i
PR LIRAE, FEFRT A DMEM B PRl (F
10%JA4F1M3E . 50 UmL HH % & 50 ug/mL 55
), BREMN 37 CTL 5% COs {BE 95%;
SPF 2% SD HEMERER, A& 180~220 g, HF
GAL I KR LR Eh M O R, SASIE S
SCXK (BE) 2012-003.
1.3 {435

Radiance 2100 CLSM 06 R A 16 B s
(Bio-Rad A7) ; MCO-15AC CO, %748 (Sanyo
AT ; Enspire %GEEFRYX (Perkinelmer A F]) ;
Contour plus FEZ23E AL (Bayer A#])
2 ik
2.1 FXIIESR

MEE A EHEE (www.resb.org) K IKT 20
PRIGAHDCEE s (3R 1) BIEAREEH, ST %A ik
ZERJI GPR40 Al SGLT2, 45K & SClik T2 51
IEPE GWOSOSUVRIIAAE F 1 B WE N BT R, Fofth
LR SN NS A TR NS I S O S
Schrodinger #X % 32 44 4544 H Protein Preparation
Wizard HEHIF AT INE . INEAT . ZBREs foK
SEAbHE, FEAE Glide BiH b DL BC A4 A 70 (GPR40
AT SGLT2 LASCHRFRIE 7 M AL p Bk I R 0o ) A B
RUOCHE; LA LigPrep BEHUEATRCAALEE, 4% Epik
T AR pHAE N T2 AT W REM S . e, K
H Glide BEHGIEAT 0 T4, R FEIE bRERS FE .

®1 FERFEEXESK PDB RS
Table 1 Diabetes target proteins and PDB code

e MEgE PDB %5 PoE 2 45 HE
T AR O 8 T A T 2 A PPARY 2F4B EHA
Tt R O IR g AR 1EL3 184 (IDD384)
i e ls 3B PDE3B 1S02 666
HH AR B 1B PTP1B 2NT7 902
BN A BE V) R 8 SGLT2 e pr.y BN
G- E RIS 40 GPR40 T GW9508
o H T b a-glucosidase 5NNS ACR (Acarbose)
ZJREEIK -4 DPP4 1X70 715 (Sitagliptin)
ki GK 5V4X 8WJ
11B- 2 S ] It . S il 11B-HSD 3H6K 33T
MR RO B B AMPK 5UFU 85V
FPE-1,6- iR FBP1 3A29 2T0
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2.2 {KRSMIE] SGLT2 5EMESLIE

KHFsE#A SGLT2 ) HEK293 Zifufry,
FHLAHHI. FaEf) 1-NBDG NIEYIEHTH #ikiEis
S, LR SCER TN 7RO SN AL A e A
UM SGLT2 FRENIREMIHIHIREE . FIREEA 3 X
1084N/L (I 3RIA SGLT2 [ HEK293 4fiffif% 100 pL/
LA, 90%mb A /5, ICHCILE DMEM #5357
FEAEE 2 b, AERR IR (Na*-free buffer) /
Na"f IR (Nat-buffer) & 1 i, IS
A 1-NBDG (100 pmol/L) FHR B A T %81 2 B HE L
Na*-buffer % 120 mmol/L NaCl. 4.7 mmol/LKCl. 1.2
mmol/L. MgCl, v 2.2 mmol/L CaCl,. 10 mmol/L
Hepes, pH 7.4. Na'-free buffer & 140 mmol/L &1t
FEHH% . 4.7 mmol/L KCl. 12 mmol/L MgCl. 2.2
mmol/L CaCl,» 10 mmol/L Hepes, pH 7.4. k&)
A 10 pmol/L [IEA%F1) 1 F TSG ¥ ili4% 50 pL/FLAKIR
IINE_EARR TR, %8 3 ANMEFL, 78 37 CH
4 h; JIATBAHIZIEMR (5 0.5 mmol/L MR
BRI 5 FI6 R T WA N G .
0.1 mol/L NaOH £, 2% 96 fLiZ I ER
i, SR PO LR AR 1-NBDG 17 & G
RIK/ R K: 485 nm/535 nm) o R 5 EFbR
ARSI 240 i SR AR PR B
2.3 RSMINE o- BB HEE RIS M SCIE

PASCRRARIE ) 7005 TSG 0] o & B
T2 R SIS oy A BH T R AL (R i pE 100
umol/L) « XEZHAN TSG 4H (100 pmol/L) , 7E 160 pL
(196 FLAR AT, A4 3 ANTATFL. AEFLPIRTUTIAN
20 uL 0.1 mol/L HYBIRZZMWE (pH 7.0 + 20 uL iEY)
(2.5 mmol/L ] PNPG ¥ 0.1 mol/L BRI
A120 pL 100 pmol/L [ TSG ¥R, TRAHIE], 37 C
KHHRY 10 min, VREIIAIE, BN 20 L B o~
EFEEERAVR (0.2 UmL () o- 8 GI0E H AT 58
0.2% BSA (1] 0.01 mol/L FIRZEMD » 7R,
F37 C/KIM 20 min. 45551 80 uL 0.2 mol/L
) NaxCOs LY. BT PNPG 1E o-f AR
B HVE T Be /K AR A MR AN 4-THAETK, T 4-AF
ZRAE 405 nm A BB, e HIBOLRE (4D 1A,
R 28 A ] AR A S A 2R

PIHFIR =1—(4 2u—A 5)/(4 me—A wx)
2.4 RAIBEIAEE ML
2401 KB IBERAE & K60 RIRE 180~
200 g [PHEYE SD KRR SPF 4 5256 % 3304738 I 14 1]

F5 18, EEETAEE 120, HHYOK, B8 KR
ERXTIRA, Hg 52 HORR ip #ERIEREFE (60
mg/kg) -FPERRNGMH, 3 d J5, BREIETIN 2
RORR, HARKR BRI, BEHmREE KT 16.7
mmol/L PI/E & MR AL R, 45 H, (FiEH
H1) 40 RS FHBERR R .
2.4.2 KB D IRBER AR BE I E K 40 HopE
PRI RBENL > R S 4, 418 B, RisEh
TFE, BRI ALA | AR B (BHTEZ, 10 mg/kg)
A TSG (30, 60, 120 mg/kg!3 ) 4., K4 KR
A 16h 5, ig a7, XTIRA R H 45 T HE R A4
AR K, HHAA ig S THMMIZY, 05 h
Ja & H KRR ig 45 THIEEER (2 g/kg). KA
BEOCI E KR4 THI &S 0. 30, 60, 120, 180,
240 min B MUREME, AR AR AL . HRAR i 260 0
ML N (AUC) T IMAEHIHI 2. FIRER
R 24 h R BRIRIE, SR FH 61 6 W o 7 il v
PRI EIE IR, TR R ORI IR

HFEH] 2 =(AUC gw— AUC 24)/(AUC — AUC sys)
25 ZIFESI

ARG MK F SPSS 19.0 #fF, 455 LL
X5 Kow, HCECRA ¢ 165 .
3 #R
3.1 TSG S#HERFERILEH D FIEER

I TS B 2. TSG 5 SGLT2 445
RIUF, 35 8-9.35, B& 59T PHMEXT HEOE RS 5115
11-9.79, MFHERIZERE [ZRE=(TSG X157
{180 248 558 I — IO A %o TR 25 0 43243 4 %) 48 %8 4L )/ B 1k %t
M2 AR 4 ] —4.4%, TSG 5 SGLT2
i) Asn75. Glu99. Asnl01 Al Trp291 FHk 5 A
. MW 1-A A5 TSG 5 SGLT2 52 AR & H/F
ik 5L, EET TSG e K &
PGB QAR B4, 615 TSG 55 SGLT2 (AR
FASRBEAS Bas A& H v, RT3 TSG 14> 745
F, BT S AT RE IR AT o B A &
s HRAEKE 1-B W TSG 5 o1 27 HEEF B 1 5 He 4
BRA, WS N-5.44, WG T B IR
—5.58, EREN-25%, HEEFHE Arg281.
Asp282 Fll Asp518 JE 4 N 11 TSG 5 HiAth#E
B (PR 42245 23 i a7e 55 T FHPEXT /R o Mo X 42 45
RIS, TSG Xf SGLT2 Fl o-%] ) Ml H B 45 &5, 1M
X AMEE AR SS, DRHEN TSG 5 ] Ge i
WU ri SGLT2 A o] 4 B T i 42 G B IR A FH o
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#2 TSG SHERFLEMH FrHEER
Table 2 Molecule docking of TSG and diabetes target proteins
B FHPETS 3 TSG X535 A ZERE % TSG SRR 45 & Sl AL

PPARy —-11.17 —-8.10 -27.5 4 (Glu259. Thr268. Gly284)
AR —7.65 —6.70 -124 3 (Trp20. His110. Val297)
PDE3B -10.17 -9.38 7.8 3 (Glu851. Asp937. GIn988)
PTP1B -9.28 —5.63 —39.3 6 (Asp29. Asp48. Arg254. Gly259. GIn262)
SGLT2 -9.79 -9.35 —4.5 4 (Asp285. Asp518. Arg281)
GPR40 -9.02 -7.91 -12.3 6 (His86. Alal46. Alal73. Asn244. Arg258)
a-glucosidase —5.58 —5.44 -2.5 4 (Arg281. Asp282. Asp518)
DPP4 —6.81 —5.40 -20.7 4 (Glu205. Glu206. Tyr662)
GK -10.76 —8.60 —20.1 5 (Arg63. Gly97. GIn98. Tyr214)
11B-HSD —8.72 —8.07 -7.5 2 (Leul71. Prol78)
AMPK -8.11 —6.40 -21.1 5 (Valll. Lys29. Lys31. Argl07. Aspl08)
FBP1 —8.73 —5.78 —33.8 4 (Glu20. Thr31. Aspl78)

El1 TSG 5 SGLT2 (A) M o-HEEHE (B) HNEEGER
Fig. 1 Binding modes of TSG with SGLT2 (A) and a-glucosidase (B)

3.2 TSG % SGLT2 # o- B & FEHEEE M AR M
EANEENAZR ], TSG £ 10 pmol/L X%}
SGLT2 R J A 21.6%, ek T [F & B %
X R 2GRS B ) 101.7%; 1 TSG 7£ 100 umol/L
NS o 6 W EF T () 310 2608 32.5%, KT [RIVR
BH P4 Xof FE 247 6T 4 30k B3 %) oo T 267 W EF T P 4 o)
63.7%. TSG %} SGLT2 A o %5 B 15 BEA U 25 410
HIVER, R FH 5 AR T P 0 R 240206 271 35 AR i
RWHE
3.3 FHERRRAR O ARYEM = F1 PR HERYEZ 0
SERNAR 3, TSG TEIRBEFIREmT & S5 43
RO — 7 MR TR BEVE VA0 B R e . 7R B i 5
SBGF, TSG 7E 30 60 120 mg/kg B, MUFEIH]
ROHINA5% 52%. 9.3%; FEIRKESLIG, FEE

#+3 TSG XAROBRMET EARMEHFI (X Ls,n=8)
Table 3 OGTT and UGE for TSG (X £, n=38)

Fiilbeevs itk
2H 5 (mgke ) 2% JRWEE/(mg-kg™)
payi — — 295+ 2.5
gt — — 1155+ 16.5°
o 71 PE S 10 552+6.1 48655+314.5"
TSG 30 45+04  167.5% 385
60 52403 2674+ 625
120 93+1.0 4355+ 84.0"
Syl 2P<0.05; SHAMILLE: "P<0.05 “P<0.01

“P < 0.05 vs control group; "P<0.05 **P <0.01 vs model group

TSG AR, JREERIZEH I, HS5EAH
FeA, R 120 mg/kg FIE4H % 57 2.3 (P<0.05).
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XHGR—RI® T, BEE RN, TSG 1L
FEAH R BN, H TSG % 2 AN I 24 2% 1 5
T IE# 51 (10 mg/kg) -
4 g

I PRS2 W], SGLT2 #iHI7) BA =Rk, %
AR 52 RE s, OO —RBT A Ak i I i 7K
SRR YT ik, BB A Bl A LAt A 24 1
I 2GR0 AN, i 2R L, AR IS RS RS, 1 o-
A1 260 R B 1) ) 2 — P R ) B IR 2, I
KRBTz, AR HA I SGLT2 F o-Fi & 5
G PR 23R IE D

ASLIGHE LS R B IR, TSG7E5 SGLT2 # a-
AR 2 T R R R4S AR
77, HBHMEXS A4S 4 2 AR N, B TSG 7]
AEXT SGLT2 F o~ %5 Wl HF 8 7] B HL A $ i 4F H
PR AN S26 M IGAE T iX —FRGHEN, #£ 10 pmol /L
i TSG X} SGLT2 W H N 21.6%, 7E 100
umol/L FF X o= 7] 2 4% EF g () #1011 2208 32.5%, 1M
Bl % U R KT o- AT AT B T BE R4 ) R A
63.7%, BIIL TSG TEAAR A SZIe H 2 3 H AR 4F 1) 8L
B AmEE Y, RIEERN—R A SGLT2 Ml a-
A1 2 A B OURE S AR E A A . R T
VR TSG W& UG M, A 00T oy A A5 7
K ig TSG, W% TSG TE K B P T 1 HRcAE i o=
FRFER RIS, 4550 EIR, TSG KM pE ) =
PR B 00 38 0 2 R = ARKOBPE, 0B TSG Rl i@
RS AT SGLT2 fiEt:, IR IMEE . (H 54
R LR, HPE MRS R A E 120 mgkg FIER A
FHERZEZER (P<0.05) , ik TSG AP F# MLk
WEHEIEAEAE . XARES TSG M FE5 a5k,
TSG HA R OIFEELEM, #aa 2 AN
myra ks, MR, TERRIEAAZ RN, A 9F
AR, T BAERN ST E . Gt B-T % hE
HEEARW, FEOSH IR,

Rt TSG 1E A SGLT2 A o7 % 4 1 i XL
B AEE S, BARARANE R BT,
(AR PV A EAR, AEEEN SGLT2 Ml a-%]
HREE RO S A . AT TSG K%
FEEMTT LT & BB FIREE S B Y, Wt oy
TEER R o P R e A ol BEAL, 8K TR
WY, RE TR Wk Rt ik
TECE RS TG, 85 B &M R K
file, HINEAREME, EKEVEHESH, Z0NTF

FRAHAT SGLT2 AN o] 26 W 7 B XOUHE s A1) 12 1)
B IR AL S VAT IR G 1 FE B L

SE R
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