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Abstract: Objective  To elucidate the effective components of laxative activity of Ziwan (Aster tataricus) by
UHPLC-QTOF-MS/MS and molecular docking techniques. Methods UHPLC-QTOF-MS/MS technology was used to analyze the
components of intestinal contents in vivo, and SYBYL-X 2.0 and Discovery Studio 4.0 molecular docking software were used to
study the interaction of intestinal contents with M2 receptor, M3 receptor and PKC proteins. The binding strength of each component
to the target protein was determined. Results A total of 28 chemical constituents were identified in the intestinal contents of A.
tataricus, and 10 of them were well docked to the M2 receptor, M3 receptor and PKC proteins. Astin J had the highest average score
for binding to the three target proteins, and all of them were non-covalently bound to the target proteins, to generate hydrogen bonds,
van der Waals forces, classical forces and other interactions. Conclusion Astin J, asterin F, asterin A, isochlorogenic acid A,
isochlorogenic acid B, isochlorogenic acid C, chlorogenic acid, quercetin, kaempferol and luteolin of 4. tataricus may play a role in
laxative activity by regulating the expression of M receptor and PKC proteins in the signaling pathway.

Key words: Aster tataricus L. f.; intestinal contents; target protein; molecular docking; laxative; astin J; asterin F; asterin A; isochlorogenic

acid A; isochlorogenic acid B; isochlorogenic acid C; chlorogenic acid; quercetin; kaempferol; luteolin

ks HEA: 2022-09-07
EEWB: EXARBYIEESTE (81774155); HFR ARSI ETH (81803703); HZH EAMEAMHHE (ZYYCXTD-C-202201); b
P B2 K AIF AL (2020-JYB-XSCXCY-089)
fEEEN: B W (1995—), J, Wid, BRI AP A RS VE RIS Tel: 17862954633 E-mail: wuhao920817@163.com
*BIEEE: WRZCH, L, BhEAFR. Tel:(020)39358083 E-mail: chenyijun@gzucm.edu.cn
Mk, fd, #d%. Tel: (010)64286490 E-mail: hbxiao69@163.com



* 1378 ¢

FED 20236E38 B54% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

bEAE A=W A R ALRL S S AR AR I K
&, 430 O 2R U2 R Y T R T
T, HFEE ORI TR AURL =5 A AH B 1)
THE IR 7 1) 23 (B 25 44 AN 43 18] R AR LA FH
71, @AW TR SRR 71, GRS 2
IR TEAL R B S A 7 AR R, EZ9 T &
R R OB EE LR R 2T, A, 1968 Tl m
R AR €2 1 B I DY BT T AT I () 5T R R B R
(UHPLC-Q-TOF-MS/MS) 1 Ji& I L i 4y .
R RBE . IR, s RO
MEIG R WA, PSR, 46
VUBRAT & AT B 8] 5 33 HR 4 T R 50 R4 7 v B e
JE AR BRSBTS, AT AT R RS T, O
TR, SRRy BRI AR
By IHERf R A T RN, R E) () ooy &
FUARHH =) 534 B S e it 1A B /B34,

L5 A% R (Compositae) 5 4F A FUR KSR
%4 Aster tataricus L. £ TR LR ZE, A4 EH 56
REREL, NESE, AR TR 400~2000 m 113
TRHE AR FEH AR RS R E ATz,
FEF v, Wb, Rk, AZEHRETEHX, B
SATEEARE . HASEE. K has5mihs. i
BRI, EIRR LE IR B, &
e EHFEEARIT ARG M. . AR
P AR, B B AR YU PURE.
PUIIRE . PUEAAIETE . AR 10 P iy S A 100,
AT AT 9 IR 5 % v i 8 AR () 4 R ATL b 5 A R . -
(1) M 5244 S B TE A R0, (H X T 45650 Ok
AR RIS o MANTE 2, fRsit— IR
5L . Bk, A5k @ UHPLC-Q-TOF-
MS/MS HAR 734145 245 45 %0 J 1 W 18 N AR 5y »
X5 15 i 132 3l S P LU e A DG T M2,
M3 2R A A RS SE s R QB C
(protein kinase C, PKC) &, KA FXEHAR
i 16 5 52 A B 1 45 A PR B R 2 SRR gy, HE TR
Ve B 8 % HP R P (5 ) RUSL RS s D BRIPIR N TF
FUA S 2 KRS
1 #MR5EE
1.1 =55

AW TS F B3 77 AL 5 R R 2K 3
PMEHEIH AR 012 (HHES No.4-2018010103-10045)
T FAC AR 7 AR A4 B HLE AT B A% AL e . SD
K (180~220 g) W B b 4t F Lz RHHH

FRAHE. Fra shyapmz=iemEii (25+2) C,
FIXHEE (50210) %1 12 h Y6/ms R I .

M, LC/MS &%, Fisher A#]; HEE, LC/MS
2%, Fisher ~#]; R, LC/MS 2, Sigma A #];
FETK, Milli-Q Kt &G Al XIS H
RS AR AR A F], talal, REs
98%LA L.

I AL FE A R AT, 4k
W EZ RS T3 B IR © NEYE A. tataricus L.
£ TR AR ZE, 2541 (CMAT-AT-201904) £7Ji
PEAC BT B2 25 K 5 v 22 2500 0 e o 24 93 M 5 e Akt
O
1.2 HREHE
1.2.1 K5 AGH IS & 58256 200 g, B
W 1010, 50%0) LBz R 2 Ik, &),
PR 1.5h, H 200 H g8, &HLL0EM0,
FAERE 78 AL GIRFE 60 °C. #53K 45 r/min) HEZX 4%
TEER, fSFEIREN 0.8 g/mL (2R HI%5E
PEEU -
122 ENEYHSR AR H % SD KR, 3
W, #5418 h J5, ig 0.8 g/mL HI4L 56 #EHU, 30 min
&, KGRI, BUREEBNG, KN BV
A 15 mL B0, JW)iE S min VAT, HEEAEGEE 15
min, E#EZC 15 min (12 000 t/min, 4 C), H L
W N 4 R RUTES, WHES min J5, &
B 15 min (12 000 r/min. 4 C), B LG,
i 0.22 pm TALIERE; B 2 e i ik i Ok 4 &= 1
50%[¥ FE 200 uL B3, WWiE S min J5, O
15 min (12 000 r/min. 4 C), HX L&MW, Fikt 10
FEAEI
1.3 Mmaoth

WA B A& BRI B R A ACQUITY
UPLC®HSS T3 #£(100 mm X 2.1 mm, 1.8 um, Waters
N, FERABE N 30 C, KK isE A 220,
254, 275 315 1360 nm; JishAH N 0.1% B /KE
W (A -ZBiE (B, BEEEBEML: 0~1min, 5%B;
1~5min, 5%~15% B; 5~15min, 15%~30%B;
15~23 min, 30%~75% B; 23~25 min, 75%~
95%B, , BEFERFUA 2 uL, AR &N 0.4 mL/min.

R S FmEE B TR (ESD, 1EfE T4
AW, VEAI B SH R 1 R
14 SFxiE

141 Dy rRiRrER TR AR T €137



FED 20236E38 B54% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

* 1379 ¢

®1 E. ABTEATHRESH

Table 1 Mass spectrum parameters in positive and
negative ion modes

ZH MS MS/MS
FHVEE (m/z) 100~1700  50~1500
EME IRV 4000/3500 4000/3500
TR/ C 230 230
THAABRE/(L-min™) 15 15
ASIRE/C 300 300
SRR E/(L-min ") 12 12
WA ET1/kPa 344,75 344.75
fill i fe H/V 0/15 10. 20, 40
P ES 1.00 0.25

T

T b 2558 W TE N BV 153, 383 TCMSP,
Chemspider. Pubchem %53 248 I T 4k A1
g5k, PRAEN mol 4% 3. 2R J5 I Chemidraw 14.0
BAFAN > FEARI 50, SR MM2 1377
Res i/ ME, RAFN pdb #52.

1.42 ZURMHE  JEiL PDB B AEEE THEE
H =45 E, RAFRN pdb #&3, 2H %R 0.3
nm, WE 1 FR, A M2 %4 M3 SZ4RF1 PKC &
) =45 ]

143 7 7xAH%E d2H SYBYL-X 2.0 #{Fis b3
SN FRCAR S AT, BRI E S
RAFERAT, HE SANEM G NEAR N T, B3

A-M2 ZfkEH (PDB %ifih: 3UON) B-M3 Z{k#H (PDB %ifid: 4DAJ) C-PKC Z£[ (PDB #if%: 3A8W)
A-M2 receptor protein (PDB code: 3UON) B-M3 receptor protein (PDB: 4DAJ) C-PKC protein (PDB code: 3A8W)

1 SIREENZHERE

Fig. 1 Three-dimensional structure diagram of target protein
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Fig.2 Extraction ion current diagram in positive and negative ion modes
2 UHPLC-Q-TOF-MS/MS ¥ ERIF M EN SR 5
Table 2 Components of intestinal contents identified by UHPLC-Q-TOF-MS/MS
G fr/min AT FIME Gmiz) WHET WEWATR
1 3.563 CeHoOs 127.039 2 [+] 109.028 7, 81.034 3, 53.039 5 BV a TR
2 5.435 CoHeO3 163.039 4 [+] 119.049 5, 107.050 6, 91.054 7, 77.039 T-REREEER
3 6.213 C25H3sNs07 518.260 9 [+] 490.264 9, 286.139 8,199.107 9, 171.112 7 asterin F
4 7.183 C2sH32CINsOs 566.200 7 [+] 548.192 8, 318.085 1, 300.075 7, 232.097 7 astin L
5 8.326 Ci0HsO4 193.049 5 [+] 178.027 2, 150.031 0, 133.030 0, 122.037 7 REBEANK
6 8.574 C10HsO4 193.050 0 [+] 178.027 2, 137.062 5, 133.029 6, 122.035 9 REENE
7 8.930 C2sH32CINsO7 550.207 1 [+] 532.197 8, 447.149 0, 302.092 4, 215.059 6 astin H
8 9.253 C25H3sNs06 502.266 9 [+] 474273 5,270.146 1,183.114 9, 155.119 2 astinG
9 9.502 CisH1007 303.049 9 [+] 285.040 5, 257.047 8,229.050 8, 153.019 3 B
10 10.164 C2sH32CINsO7 550.207 2 [+] 465.156 1, 447.146 0, 318.086 1, 300.075 8 astin E
11 10.363 C2sH34CIN5O7 552.221 3 [+] 524.230 0, 449.160 1, 320.102 1, 106.065 9 astin T
12 10.810 CisH1006 287.055 0 [+] 269.044 5, 185.062 1,153.017 9 ABRHR
13 10.819 Ci5H1006 287.0559[+] 269.044 5,153.017 9, 121.028 9 IS
14 11.166 C25H33Ns08 532.240 7 [+] 514.233 3, 338.174 0, 264.099 5, 235.110 1 asterin A
15 11.581 Ca2sH34CINsOg 536.227 9 [+] 508.236 0, 451.177 5,304.108 1, 106.066 0 astin F
16 12.020 C2sH32CINs06 5342119 [+] 506.219 9, 449.160 4 astinD
17 12.078 C2sH33C1NsOs 602.177 8 [+] 584.170 8, 336.053 5, 232.098 4, 106.066 1 astin K
18 13.428 C2sH33CLNsO7 586.184 1 [+] 558.191 6, 336.053 2 astin A
19 13.436 Ca2sH33CLNsO7 586.181 6 [+] 558.191 6, 106.066 2 astin B
20 14.157 C25H33Ns07 516.249 0 [+] 498237 3, 338.173 1,235.109 7, 179.083 3 astin J
21 15.084 C2sH33C1NsO6 570.188 2 [+] 485.139 0, 338.069 1,251.037 1, 106.066 1 astin C
22 4.110 Ci6H1509 353.087 5[] 191.060 6, 179.039 7, 135.048 6 1B 22 TR
23 5436 Ci6Hi509 353.087 2 [] 191.062 6, 93.037 5 SR
24 5.726 CisHi509 353.086 6 [-] 191.061 5, 173.050 0, 93.037 4 e
25 10.297 C2sH24012 515.117 5[] 353.093 3, 335.081 4, 191.060 8, 179.039 3 AR B
26 10.596 CasHuOn 515.116 6 [-] 353.093 6, 335.082 4, 191.061 5, 179.039 7 SRR C
27 10.952 CasHuOn 515.116 0 [-] 353.093 4, 335.081 5, 191.061 5, 161.028 3 PR
28 11.540 CasH24012 515.117 2 [] 353.093 2, 335.081 6, 191.061 2, 161.028 2 TR A
*RNE )5 X IR X

*indicates that the compounds were compared with the control substance



¢E D 2023638 $£54% B 58 Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

* 1381 ¢

0
" cl
N N
cl
O o
N
Nﬁ

Q el
(5 o
HNJS/ HN { ﬁﬁﬁ\/
0

T

HO HO
astin A astin B
e L
N
Ny Cl
o o g 0
...... o . m \ g HN
HNAS/NW Jﬁ/ %
(‘) OH HO 0

astin F

astin E
? cl
o) o
N H Cl
NH N N
H,C OH
A Cl
0
®~<NH uw © HO o
H O 4 HN
0 )

OH HO OH

astin astin K

0 OH oH
J\ u H H 0
N N N__COOH/ \ H H H
N N N N N___COOCH; o
H oo L) o N N OH
oH l\ H o 0 0 HO oH HO= 0
=

asterin A .
asterin F

0
HO )—OH Ho. OHO
oHO-.
0
HO -
HO. o
X o OH b

- HO

HO

Fask iR

SRR

RS TEN

Homo

T-RRER T

o c
- cl a9
R s
\ cl L
Oh o O
HN [0) HN
H
HNJS/N% HNJﬁ/H%
HO 0 0

HO

astin C astin D
49 o
H
. P WS
< > < 8 R ) ¢ 00" 0
HN 0 HN
H
“NJﬁ/N% HNJﬁ/ﬁ%
HO o HO 0
astin G astin H
Lo cl
P .
A HO No O 0
O HO ) H H
0 HN NG N
HN i H
W 0 0
HO 0o OH
astin L astin J
OH
OH

HO™ OH 1 P 42 T

SRR T T

OH
0,
Ho, )—OH
0
HO. .
0.0
HO

OH

=
HO HO
OH o
FERRIRB SRERIERLC
OH O

SRR R

3 KR ig £RENAREHEARTIHLEN S FHEHR

Fig. 3 Molecular structure formula of compounds in intestinal contents of rats after ig 4. fataricus
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Table 3 Total score of ligand and protein with molecular docking
He e Total Score 15
M2 M3 PKC SFME
1 R B TIR 4.044 6 3.570 1 42611 3.958 6
2 T-REFEEER 5.0416 5.066 3 4.598 5 4902 1
3 asterin F 7.163 6 9.650 8 9.202 6 8.6723
4 astin L -6.858 5 -1.0858 7.941 8 -0.000 8
5 AARE SN 43656 4.1052 4.690 9 43872
6 REE N 4.6320 4.560 7 45985 45970
7 astin H —4.584 3 3.7299 9.083 7 2743 1
8 astinG -3.787 1 49579 9.408 8 3.526 5
9 MR 3 7.095 5 5.076 9 5.895 0 6.022 4
10 astin E -3.787 1 4.9579 9.408 8 3.526 5
11 astin I -8.6522 1.626 0 5.999 6 -0.3422
12 ARBER 6.642 6 5.1872 5.845 1 5.8916
13 2= 7.540 3 5.266 4 5.002 3 5.936 3
14 asterin A 5.1370 7.9429 8.4530 7.1776
15 astin F -7.9324 1.626 0 6.474 3 0.0559
16 astinD -3.861 9 0.3150 5.476 8 0.643 3
17 astin K -10.5175 -0.728 9 6.025 0 -1.740 4
18 astin A -6.018 7 0.940 5 5.576 9 0.166 2
19 astin B -11.927 1 0.7959 47622 -2.1230
20 astin J 7.735 1 8.244 8 13.162 6 9.714 1
21 astin C -0.258 1 3.866 2 7.462 4 3.690 1
22 1-BAmmE RS T IR 2.9399 5.574 1 8.2214 5.578 4
23 SRR R 7.1103 5.5833 5.499 9 6.064 5
24 (eSS 3.868 7 6.8179 6.818 5 5.8350
25 FEEIR B 5.8423 8.2429 8.554 1 7.546 4
26 LR C 8.077 8 7.6873 9.7412 8.502 1
27 VB2 4.849 7 1.8853 9.1306 5.2885
28 FEREIR A 5.8151 7.250 2 8.8918 7.3190

LA S M2 SZART) 4 DNEEERTE GE BT,
5 12 MEEER R B EAER, 5 104 SR 426
SR 404 5 RAMENL . 429 S5-I IE K 4
M. WAV RSERE C 5 M2 2 AH BAEH
NEHLLERZ 6 4, WHRSER C 5 M2 %
R EEE R T I 20, 5K 3 hIT o EE R — 2
222 M3 ZAEHERNGF RS R
% 3 FN, 5 M3 2R 10 1 45 R Total Score
KT 5 HFH 13 MEEY), Total Score HHE#TT 3 1
43 %1N asterin F- astin J fI R4 H L B, K 5 205N
asterin F. astinJ. R4tJRR B 5 M3 524K+ Xf 45
g B S SRR AT TAEHE, W
HI K1, asterin F 5 M3 SR [ 13 DNRAIEBRIL G

71, 5 11 MEEREAEEMTIEM, 5 148
SREEIR. 152 SRAMNZ. 238 SR 503 5
BEIRA 507 ‘T RAMMIE AL 6 NMEsEEM, FEH
5503 SOERIVIL o-n BRI 529 SHEE R TE
% n-m SEHEARL; T AR B 5 M3 Z4RR) 12 MR
BRI RIEEE S, 5 11 ANE SRR R % F AR HAE
i, 5222 5R2E R, 426 5 RABE. 506 5
AR 532 FHMARE N 4 NEE, FHHE 506
SRR - SEHERLRL. 4 &) asterin F Al
SRR B 5 M3 ARG SRR A AR T HAERL
¥, asterin F 5 M3 SZAKRIA EAEH 1B BT 57
ZIEME B, [Kl, Total Score [ K, 454 7155,

2.2.3 PKC HHASEARN DT 155 T X 8
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Fig. 5 Molecular docking binding pattern diagram and
interaction diagram of amino acid residues of asterin F, astin
J and isochlorogenic acid B with M3 receptor
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Fig. 6 Molecular docking binding pattern diagram and
interaction diagram of amino acid residues of astin J,

isochlorogenic acid C and astin E with PKC protein
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