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FARPLN HepG2 40/ £ FE AL R BN (P<<0.05). %4 ADMET #EERIfIE ] 179 MEEW), G2 HBiA SGLT2-
02. DPP4-03 M1kt SGLT2. DPP4 ¥ /EHIHIF] 14 4>, Jorr 5-HAFEMER (medioresinol) JFH 5% I FA B IEM[(+)-
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Abstract: Objective To screen potential hypoglycemic active ingredients of Longxuejie (Resina Draconis, Chinese dragon’s blood)
based on pharmacophore model. Methods The glucose consumption of serum containing Resina Draconis on insulin resistance
model of HepG2 cells was determined by glucose oxidase method. The compound database of Resina Draconis was established by

liquid chromatography-mass spectrometry (LC-MS) identify and searching CNKI and Web of Science database. Then compounds were

Yeks HER: 2022-05-11
HEEWE: ExARREEETH (81960872); J PR AEKF HRITE (YCSW2021240)
EEE N =HU (1997—), 2, 2020 FAEERmiLAL, WHFZHGHT SR . Tel: 15578681531  E-mail: 2423413578@qq.com
WBIEMEE: 2 J7, Y, MERAHAM ST K. Tel: 18978362162 E-mail: 273228824@qq.com
AR, BT, WHEAP A SR Tel: 15977775577  E-mail: 80004622@qq.com
#EEFESE—EH: B & (1998—), %, 2020 HAEERILA, WETEHAH T EFH K. Tel: 15676117696 E-mail: 1670698188@qq.com



FER 20224FE87 $53% H15H  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15 * 4765 »

filtered by ADMET (absorption, distribution, metabolism, excretion and toxicity) module of Discovery Studio. The candidate active
ingredients were screened by pharmacophore models for sodium-glucose cotransporter 2 (SGLT2) and dipeptidyl peptidase 4 (DPP4)
and molecular docking. Finally, the activity of candidate active ingredients were verified by cellular experiments. Results The serum
containing Resina Draconis significantly increased glucose consumption of insulin-resistant HepG2 cells compared with the model
group (P <0.05). A total of 179 compounds from Resina Draconis were screened by ADMET module. A total of 14 potential inhibitors
of SGLT2 and DPP4 were screened by the optimal pharmacophore model of SGLT2-02 and DPP4-03. The binding energies of
medioresinol, (+)-secoisolariciresinol, 1-palmitoylglycerophosphocholine and L-theanine were lower than the control ligands, which
were —852.285, —798.060, —916.116, —667.356 kJ/mol, respectively. (+)-Secoisolariciresinol and L-theanine could significant increase
glucose consumption of HepG2 cells compared with the model group (P < 0.05, 0.01). Conclusion Resina Draconis showed good
in vitro hypoglycemic activity. Medioresinol and (+)-secoisolariciresinol were the potential inhibitors of SGLT2, and 1-
palmitoylglycerophosphocholine and L-theanine were the potential inhibitors of DPP4. (+)-Secoisolariciresino and L-theanine showed
good in vitro hypoglycemic activity.
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(SGLT2); dipeptidyl peptidase 4 (DPP4); (+)-secoisolariciresino; L-theanine

Ju Ifil ¥ Resina Draconis ( Chinese dragon’s
blood ) & M A & F &1 - Je il # Dracaena
cochinchinensis (Lour.) S. C. Chen & fg AR 2 $2 B
SRR, BA MBS Emibii. Sogdl
ThRM . WA, e i i B B e 8 BRI DY 4
WAE2), e PR TR 2R P15 3 OB PR /) B LUK 7CF
{ELIE , e 1L 35 A P 1 B B A T AL e AR TS 2
ASHIF T 1L AR A1 1 ) 2R AR T B PR e 1 3
L IMIE XS HepG2 410 JB &5 2= S HTHIAE 385
FHETE-FE B R (liquid chromatography-mass
spectrometry, LC-MS) K, 254 TR 2 i v
Wy, B, A AR, HEt . &k
(absorption, distribution, metabolism, excretion,
toxicity, ADMET) 1B A &Pt AT #1070
T L [F) A PR 24 238 AT ASE 28 A0 43— 0k 422 7 a2 N - 7 6
PEPH R 128 H 2 (sodium-glucose cotransporter 2,
SGLT2). —fik#EfikEE 4 (dipeptidyl peptidase 4,
DPP4) HJMEAESNSIF], fi ) il A4 Hh St 6 e 1
e BRI 1k RS 70 ) R B R Y o AT 9 DA L 385 o
1% SGLT2. DPP4 il 7l 2 (AKX .

1 #8
1.1 #AREk

N B HepG2 4Hififa ik (SCSP-5036), i [E F}2
B LA dn RSB TR
12 @4

ELHIMUINGR, HEVE, SPF 2%, #AFE 18~22¢,
A6 5 DUAR ZE AR BR 2 7] (SCXK 5L 2019-
001). BNWSLIGZE ) P IR 24 K5 S s A S
HZE Aottt (HHES DW20210628-072).

1.3 RHE5HY

Tl (HE5 20170101 W E ) PEh R 25 K%
FIZG) s ZHUIN (S 419K026). SR (LS
830M021). PBS ZZ#nf (4it5 20210920), MTT it
Gt 1123A0517) ¥ H Solarbio A#]; JFH
5t V% ' FA B AR ) [(+)-secoisolariciresinol , it 5
PHL80532, Jifi f: 43 $1=95%] . L-%* &% ( L-theanine,
fit'5 SMB00395, FiEs#=98%) W H Sigma-
Aldrich A#]; mfEREFRE: (DMEMD. fifi4 Mg ¥
I H Biological Industries A w]; & H A & (it
5 20211012) W A g UERRAEY) TREE T .
14 148

Thermo Vanquish #5304 224t (Thermo Fisher
Scientific A7), FE[E); ACQUITY UPLC HSS T3 f4
At (Waters A#], 3E[E); Thermo Q Exactive Focus
JRIERTMES (Thermo Fisher Scientific A %], ZEED;
MCO-18AIC CO, }57#4f (Panasonic /A ] ; Infinite 200
PRO % (TECAN Austria GmbH A 7))
15 BRHES5HERE

PubChem #(#& % (https://pubchem.ncbi.nlm.nih.
gov/); PubMed %4 % (https://pubmed.ncbi.nlm.nih.
gov/); Drugbank (#& )% (https://go.drugbank.com/);
PDB #(#& 2 Chttps://www.rcsb.org/ ) ; Discovery
Studio (2016) #f4.
2 %
2.1 ZRAESRIEM
211 & AR & 8 AN ig4 T
MR (I 5.67 g LM INAEEIK. 0.1%52
FRILA4E 28, B, NMKIEZERREIREN 027
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g/mL JREWD 44388 g/(kg-d), iEL:7d, KIREY
1 h JEfFRIREREM, 3000 r/min 250> 10 min, B175
e ML 75 245 175
2.1.2  AN[F)VR B 5 2 A M v M e UG5
AEKHAN HepG2 4Hiffd, DL 2X10° A~/mL 40 %
FEBRT 96 FLARH, BEFL 100 L, 437 A 1.00.
0.10+ 0.01 pmol/L KR B 2 AbHE, DAIEH Kr IRl
AEERAE NI, R4 5 MEFL, T 37 C. 5%CO;
B FRAR 85 9E 36 h, FRFLIIA 20 uL 0.5% MTT %
W, JEFRFTE 4h JEMA 150 uL DMSO, T+ 490
nm FIERE (4), THEHMAETR.

MAOAFTE R =A ws/A
213 JERFERFEMWRERILE  BOS A K
HepG2 41, LL 2 X 105 N/mL K40 i35 FERERR T 96
FLiRkH, AL 100 uLo 7351 A 1.0040.10, 0.01 pmol/L
WRTER S RAC T, DLIEH R IR E A v x
H 5 AMNEFL, T 37 C. 5% COx FEFRM 15 9% 36
h, FEFEREFRW, e DA ARFREYRGE 24
h, 2 AR BRI e A AR AR A,
CRGEAL MEP e
2.1.4  JHEEy FEAE AR R G E BOR S0 K T
HepG2 42, LA 2 X 105 N/mL FI4H PR3 FE R0 T 96
FLARH, AL 100 pLo PR H SRR FE TR B R
AbEE, DAIEH B R AR B AN, 540 5 MR AL,
T 37 'C. 5%CO, 555488535 12, 24, 364 48h,
FEFEEFMW, e EATE YA 24 h,
PR A R A AR S A S A S R, T
GIEAL A
2.1.5 i sE & 2 i b HepG2 4 o fik 5 2P
PER DA FEOSUNAE g BT B, P 0 of vy 15 245
MIEX RS XKL R B AN . DO H A KW
HepG2 4fiffl, LA 2X10°A~/mL (2005 B HAM T 96
FUBRH, 4L 100 pLo FEHL AR QEE 55791
D R CRAERBERRE 2 20, — FEXUITRE 1
(1 mmol/L) A J e f v & 25 B IK. =R (2.5%
5.0% & 25 ik, ARSI E) H. 45 4 ME
FLo BRXFHRZAAL, HABZH G S WP, 4524
24h, FERFEEIEM, e EARE SR FRILY R TE 24
b, F% A BRI 3K 7 A5 15 B A s % 2 A AT R
&, HEmE AR,
22 WEYIERZEIL
221 FETF LC-MS M8

(1) e M E A ] 45 RS %R 100 mg 2l

Y ARFES T 2mL BO8 H, I 600 uL FREE (S
2-F-L-RKNETR), wiEdR 30s, I 100 mg 3
BIER, ONHLUTEZR T, 55 Hz WHES 90's, =i
7 10min, 4 ‘C. 12000 r/min &> 10 min, B i
W22 0.22 um fEgEt, HOERENAS .

(2) 4%t ACQUITY UPLC HSS T3 i ikt
(150 mmX2.1 mm, 1.8 um); AR E 0.25 mL/min,
FEIR 40 °C, BHFEE 2 s 1IE & PRSI 0.1%
HIRZIE (C) -0.1%F K (D), BEEEBEMART:
0~1min, 2% C; 1~9min, 2%~50% C; 9~12 min,
50%~98%C; 12~13.5min, 98%C; 13.5~14 min,
98%~2%C; 14~20min, 2% C; 75 T
NOHE (A -5 mmol/L HEREIK (B), BV
FF: 0~1min, 2%A; 1~9min, 2%~50%A; 9~
12 min, 50%~98%A; 12~13.5min, 98%A; 13.5~
14 min, 98%~2%A; 14~17 min, 2% A.

(3) FiksfF: mmiE S, EEFmES
JE 3.50kV, fFiEFmiE HEE-2.50kV, M 30
arb, HHBVSAAGUE 10arb, BANEEE 325 'C, —
FAFHE (m/z81~1000) 4#E% 70000, HffEHE =
30eV, I HEE 17 500,

222 FETCHERBIRLAIRE T EEN (CNKD .
Web of Science £ #8 FE H LL “ Je ifn v ” I “ A0 1537
AT R R, @R, ERARMIIRE
RS E MR IME K Sr, & IR ER R 5 AW
LC/MS 4 Mt BT 43 1857 -

22.3 LAY ADMET fifiie M PubChem %
EIRAEY) 2D 45k, fR47FN SDF #%3, SA
Discovery Studio, {#H] ADMET Descriptors LJ&g,
BB AR R7ER N (human intestinal absorption,
HIA). IR EEEM: (blood brain barrier, BBB)
SHgER, JRIESIT HIA K& BBB 99%E (5 X 6] A 1)
AR

224 RIMBHAEWERESY. 4 ADMET #IiH
&), @it “Prepare Ligands” M “ Minimize
Ligands” #HATINE . Sitatitt, FIA “Build 3D
Database ” Ih RE i) 2 Jo 1L 36 1k & MBI ), S8
number of conformations ¥ & & 200, conformation
method 1%+ BEST.

2.3 HYETHIE

231 ETERAEMAGXBAENKEE @i
DrugBank #(#&/F “targets” Wi N#E S 4 H% SGLT2
J% DPP4, iEEXCLEAREIART . Z5ERAE I BHAA A4
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FENNZREES T (SGLT2 7] 5 4>, DPP4 i
74 4>), M PubChem ##f 723545 73+ SDF %z
A%, F\ Discovery Studio, #JH “Pharmacophore”
L) “ Edit and Cluster Features” R 5l T A RFIE LK
e BT “Common Feature Pharmacophore
Generation” 48T 401 L [IRFAE 1 24 35 AT AL
Z4) conformation generation 1£#¢ BEST, maximum
conformation ¥ & A 200, energy threshold & A 10,
HA BN ERINE
232 PR REAE B T QK
EOFEE 7 ARENES 1) X 2 R B w] S
BEATVF . SGLT2 HUINAEE 7 18 METED 7
18 MRV T, DPP4 MRS/ 16 A
WS 17 AN EEETES TR K. #id Discovery
Studio H' “Pharmacophore” T[] “Ligand Profiler” 1%
PO FrE A 31T 50F . Conformation generation i2&
# BEST, maximum conformation 3¢ A 200, energy
threshold ¥ &4 10.
2.3.3 WBEWEM T ERLEIE A “Search,
Screen and Profile ” B 1 1 AE 3G 1737+, “Search
3D Database” Z#{41|3% “Database” £ ¢ 5 {4 A
W)FE , “Pharmacophore” P f A 25 5 B A, $92&
5253 AR VT EC AL B 53
24 ST XHE
241 W ERMAES THHES B “Prepare
Ligands” #1 “Minimize Ligands” B8R40 5 2534 4]
UL A, 1R NBCAS: . 18id PDB i FEfS
%, 313 SGLT2 5 DPP4 & 1) PDB A% 3014,
“Clean Protein” Fl “Prepare Protein” R L [RE H
Z %, “AddPolar” HEBEINE, UEEFIL ML
GV AL, R EE ST E N2
N7
242 4Gy X @Id LibDock 435 A A0 52
A S AR S AT P A HE R X 42, 240 number of
hotspots 15 & A 100, docking tolerance 1% & A 0.25,
conformation method 1%t # BEST, minimization
algorithm 3% #¥ smart minimizer. #R#% LibDock score
ik A YA T 3 AL, 1854 Caleulate Binding
Energies” tT 45 & fit, & B 3L A Y1E T
HRBC A, IR T FE A 77 o
2.5 BEAHIFIBIPEETE LIS UE

PR “2.1.57 TOUJ7 VI 5 v AE A1) 750 P P2 v
P, G r S 2H J ifn v £ 24 I3 5 T LE SR )

FE A 50, 100 pmol/L.
3 %
3.1 ZMiBxAESBHEIRIT HepG2 AT EEFE
A

B 1-A AT %N, B 2K FE N 1.00 pmol/L B,
HepG2 A MIAFI5E % 2% N E (P<0.01), E/xixik
JE T AR A K] SkAH R, WKIER 0.10.
0.01 pumol/L I il & 26 40 i 2B K TE & k. il
Kl 1-B WA, fEIREFRIRESA 1.00. 0.10. 0.01
umol/L I, ¥R BERR/IN, i %) Kl VH A bk, SR
HAHEL, BESRIKEN 0.01 pmol/L I, 4HARH %)
PN FEE B F N (P<<0.05), $RNIZWE N4
Wb RS HmALPUIRES . B 1-C A5, B K,
A FEREOR, HXRAAH, 36 h (40
EPEEFEE B N (P<<0.05), RIS ERAE
36 h A D ) dp I AN [A] o R B AR A d
A 0.01 pmol/L ik 5 2 4b ¥ 36 h. Wi 1-D iy
N, S IR L, AR 2 R A R T FE B IR
ik (P<<0.01), $R/RIESFAPUBB R IhiE ., 5
BRI AR LY, — WORUI e i v 25 24 il 37 2 %6 %) 4
HAER R EM N (P<<0.05. 0.01), il — HF XK
50 B A RE e HepG2 20 o %o 6 2 BE A BN,
B UGS R S R APUIE R, e ik 2 24 135 = 71
HHMEHFEIRE.,
32 BMmiBEYIE
321 Ayt @i LC-MS FRHr, AR
176 MM sEtb sy, BB R K 2 f
ANy 3 ASPAT LG R b 1) €83 D e )9 5 P 5 1 B
A AE A, RMUEIRER/D; 8IS R
13 B AL MEISAUE B e LA 7 B gy 257 4, 5 LC-
MS 7SRRI R 176 a6 FF K5, MIBR G CAS
SRS, AR AR A 209 ANS-16L,
322 {AY) ADMET Tiidy€ SGLTs A& Ak
B AP IS B, SGLT2 REfLiEE &Rk
PR ETRE RS, TR FRARA R R G TR I B 1% R
EEHBRAT, WE 3 fx, N 209 iy
B, 2 30 MEEERT CEATTAI T BBB K& HIA
(1 99% B A5 X A1), 4 179 MEAPIHA N BBB
A HIA 80t
3.3 AL
331 AHPIHEARME Wk 1 Pos, 8
SGLT2. DPP4 M ZREE 7T L [FIHFAE TR, 7300
FEAT 2 AR A 10 N AR, Hoh R KR D5
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YPRE BER H 25% 5%

XA jﬁm'@m?miﬁ
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A-cell activity experiment B-screening of insulin concentration C-screening of insulin duration action time D-effect of serum containing Resina

Draconis on insulin resistance “P < 0.05

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

E1 ZMiFE#iET HepG2 MMk S HMMAIER

Fig. 1 Effect of serum containing Resina Draconis on insulin resistance in HepG2 cells

B

A-IEE TR B-fi st

A-positive ion mode

B2 HImig,

B-negative ion mode

%—%I)IL@

Fig. 2 Total ion current chromatogram of Resina Draconis

Wy, P RRIERE TG, H BRBUKRHIE,
A RoREBEZRFHE, D RonEEIMARHE, Rank
HRAAH AL BFT 5. 75 SGLT2 # 10
AN, g5 01, 02, 03 A Rank {5
(61.355 43, SGLT2 & AEHMH I 50 A4S 14
T 1 ANBKIE A DL 2 A2 AR HREAE 5
DPP4 2524317 01 #7%! Rank {H %= (77.401 43),

Titill DPP4 ()8 AEAN IR S Rl B4 1 AN EE b
O 1 ANBRKEER BA K 2 AN SZ AR I RFIE -

332 ZyMPBEMEIRUE W 4 o, VLECHE
AR FEB AR Fit value K/, Bl T4,

EARR, VERHIZ 2 1% 252 B A DL e B b vy o el
4-A ATHN, AR NE S TR S SGLT2 10 A4

2 AL, HUCHCEE AR 2.500 A E, o8 10 4
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10
8 .t
0 -—"_:.'
g /TS
g 4 A -
- \ w N
< DL ¥ mmm ADMET_AlogP98
: N ..'g-u . = Abosrption-95

E 2 0. ." bl AN =l/3\lézl)§_r ;ion—g‘)
E 1'.:‘_2_.5- ] \ . BBB-99
< 0 { /e

72 - N ;. :l: : - .

- . - -
250 0 50 100 150 200

ADMET PSA-2D

3 RMmiBLF 4% BBB 5 HIA ] 95%. 99%EEX[H
it
Fig. 3 95% and 99% confidence interval screening of BBB

and HIA for chemical constituents of Resina Draconis

iR A A% RUFIIX 40§87, Foh DL SGLT2-02 2
MPBIER AR . I 4-B W50, 46k HiEn 1
525 VLR EAE 2.250 DL L, DPP4-03 243k 4
BT UL fe 2 B s 1, H. £ N Fit value &
RS X 3, ARV 1 73§ 2 9 Fit value (K (1935
X35, SGLT2-02 Z 24 A1BAL . DPP4-03 23U 411557
K 5.

333 ETEIEME T RIRIMIE 78 179 MUY
L, LAY T EM R (syringaresinol, L1, 2.57229).
FARE®Y (pinoresinol, L2, 2.478 66). 5'-H & FHA g
% (medioresinol , L3, 2.457 06). Z* 5 %
(epipinoresinol, L4, 2.38118). FF¥fF7&H-Fa 1 fig
By (L5, 2.14468). 32/ 4'-=¥3-4-H LA H T

x1 HPEAMELER

Table 1 Results of pharmacophore construction

SGLT2 #5131

DPP4 2534

B 5 FERYRFAE Rank {§ B RS FERURFE Rank {#
01 RHAA 61.355 01 PHAA 77.401
02 RHAA 61.355 02 RPA 70.542
03 RHAA 61.355 03 PHAA 70.357
04 RHAA 61.355 04 PAA 69.992
05 HDDA 60.556 05 RPA 69.304
06 HDDA 60.556 06 RPA 68.086
07 HDDA 60.556 07 PHA 67.617
08 HDDA 60.484 08 PHA 66.774
09 HDDA 60.484 09 RPA 66.305
10 HDDA 60.484 10 RPA 65.74

A e B
78357783_22f 4301091
71433873_171 active 16- o
71433873 141 active 15 3 —
71433873_12} active 15 —
71433873 8+ active 14 —
71433873 5+ active 12 2 - —0.000
71433873_31- active 11 2 — =8:§88
H—v 14667316472* active_10_2 — E 0750
& 129627020 17+ active 9 3 = 9%
& 1206270201 active_8 2 1750
il active 14+ active 7 2,000
= active_111- active_6 5300
active_8T active_5_2 2750
active_6T active 3 2 39%
active_5_2T active 2 2 3500
active_3T - active 1 -
active 11+ ;
A e U T T T T TR R SR N N
— A 0 T v O =~ 0 o O oa > i . . ! ! i -
RO IR 5882333575835
EEEEEEEEE D frrffffgLe
222222223279 A AaAAAAAdAAd
iR 2

A-SGLT2 HILEC# P B-DPP4 HIVLECH
A-matching heat map of SGLT2 B-matching heat map of DPP4

& 4

MRES 10 MY HF RILEHE

Fig. 4 Heat map of test set matched and 10 pharmacophores
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e S /
P ‘1 ;’;
Sie”
SGLT2-02 DPP4-03

5 SGLT2 HMRAMARE (SGLT2-02) 5 DPP4 Fif
Y AIEE. (DPP4-03)

Fig. 5 Best pharmacophore model of SGLT2 (SGLT2-02)
and DPP4 (DPP4-03)

(3,2',4'-trihydroxy-4-methoxychalcone, L6, 0.475 80)
5 SGLT2-02 ZjRHIAHILES: L-KREAMR (L7, miz
173.093 1, 3.362 70) . 1-palmitoylglycerophosphocholine
(L8, m/z496.344 8, 3.350 16). practolol (L9,
m/z 265.148 5, 2.952 77). metanephrine (L10, m/z
180.1013, 2.68057)+ epinephrine (L11, m/z166.0849,
2.36502). thymidine (L12, m/z242.176 4, 2.333 85).
nalbuphine (L13, m/z 358208 7, 1.904 56) .
mepyramine (L14, m/z286.187 4, 1.22561) ftiE5
DPP4-03 Z(AAILAL, Fitvalue /i EGE 15>
T L AE S A

As?

s
Adst

s
aw
interactions

mconventional hydrogen bond  [JPi-Alkyl
Ccarbon hydrogen bond
C i
_/\/\\\/\{ =,
A
[J b2
v

) /L"
4 /L &

interactions
I conventional hydrogen bond
I carbon hydrogen bond
Ml unfavorable acceptor-acceptor

3.4 EIEINHIFITEIE

¥ SGLT2. DPP4 Sk 5IETEENE S T AT XS
%, Hrh 7R3, D3C 7l ek,
x 2 Pow, S-HEEMRER (L3, AT REHL
W AEmY (LS)Y SGLT2 (M4 fe/N 1% BB A& 7R3,
4391 -852.285. ~798.060 kJ/mol, T E 55 FERE
£ VAL157. ASP158. HIS80 KAMERE. B3
e, BKMHEAEHSE (B 6-A. B); 1-palmitoyl-
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Table 2 Docking energy of potential active molecule and

receptors

DPP4 shaae/ SGLT2 ahi e/
fic i (kJ-mol™) fic i (kJ-mol™)
L8 -916.116 L3 —852.285
L7 —667.356 L5 —798.060
L10 —580.166 L1 —746.463
L9 —569.626 L6 —684.017
L12 —495.465 L2 -614.211
L14 —441.713 L4 —606.906
L11 —440.240 7R3 =767.760
L13 —382.995
D3C —586.107
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Fig. 6 Docking interaction diagram of potential active ingredients
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Fig. 7 Effect of (+)-secoisolariciresinol (L5) and L-theanine

(L7) on insulin resistance in HepG2 cells
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