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Exploring material basis and Q-Markers for treatment of type 2 diabetes,
atherosclerosis, and hyperlipidemia with Sanye Tangzhiqing Tablets based on in
vitro components - in vivo transferring components - efficacy targets
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Abstract: Objective To construct a multidimensional network of “in vitro components - in vivo transferring components - efficacy
targets” of traditional Chinese medicine, to analyze the effective substance basis of the Sanye Tang Zhi Qing Tablets (SYTZQT) for
the treatment of type 2 diabetes, atherosclerosis and hyperlipidemia, and to predict the potential quality markers (Q-Markers). Methods
An UPLC-Q-TOF/MSF method was used to identify the in vitro chemical constituents of SYTZQT. A combined UPLC-Q-TOF/MSF
and UPLC-MS/MS method was used to confirm the in vivo components of SYTZQT. With the help of TCMSP, SwissTargetPrediction,
OMIM, Unipro and GeneCards databases, this study revealed the common efficacy targets of SYTZQT in the treatment of different

diseases including type 2 diabetes, atherosclerosis and hyperlipidemia. The component- target- disease correlation was established in
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this study. Additionally, this study confirmed the combining ability of SYTZQT active ingredients and key targets through molecular
docking technology. In this way potential Q-Markers of SYTZQT were predicted based on the above-mentioned technologies. Results
In this paper, 74 chemical components were identified from SYTZQT powder; 37 chemical components were identified from rat
plasma. After the blood component-target-disease analysis, 69 common targets of the blood components and the three diseases were
found, among which the core targets were interleukin 6 (IL-6), tumor necrosis factor (TNF-a), peroxisome proliferator-activated
receptor gamma (PPARG), matrix metalloproteinase 9 (MMP-9), and epidermal growth factor receptor (EGFR). The key effector
components of the 20 core target mapping are luteolin, rosmarinic acid, rutin, paeoniflorin, albiflorin, nuciferine, and the related
signaling pathways mainly include AGE-RAGE signaling pathway, lipid and atherosclerosis pathway. Molecular docking studies
showed that the binding energy of the above components to TNF-a, IL-6 and other effector targets was less than —20 kJ/mol, indicating
a better binding ability. Conclusion Luteolin, rosmarinic acid, rutin, paeoniflorin, albiflorin, nuciferine serve as a common material
basis for treating type 2 diabetes, atherosclerosis, and hyperlipidemia associated with disorders of glucose and lipid metabolism in
SYTZQT tablets. They demonstrate good translatability, measurability, and effectiveness in the “in vitro chemical components - in vivo
migrating components - efficacy targets” research, can be used as its potential Q-Markers.

Keywords: Sanye Tangzhiqing; material basis of pharmacodynamics; quality marker; treating different diseases with same method;

serum pharmacochemistry; chemical components; luteolin; rosmarinic acid; rutin; paconiflorin; albiflorin; nuciferine
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AERIRTH S5 K S, Tyt — BT T 25 34 AL
HIHRHEZSE, X FImARN et B3R S 8 .

1 #H
1.1 48
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REEERL I B T JH 2B 0, 4 000 r/min 250> 10 min,
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5%B; 2~6min, 5%~10%B; 6~20min, 10%~20%
B; 20~30min, 20%~60% B; 30~40min, 60%~60%
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Table 1 Mass spectrometry parameters for various constituents
&Y BT (min)  FET (miz) EFFEHEIEN S NCOBEEN RN RO EEN
S R 465.0 303.1 72 8 40 12
T 611.1 303.1 200 10 43 10
(SR ] 297.1 251.2 65 8 30 15
FHZHA 1A 295.1 277.2 150 10 30 15
A5E5 N e 481.0 197.0 40 8 25 15
fif B 296.0 265.1 55 8 22 15
FHEHI 277.2 178.0 150 10 47 14
N-Z5 FH 77 11 282.0 265.1 50 8 20 15
KBER 285.1 133.1 -130 -8 -45 -10
B LR 153.1 109.0 -70 -10 -19 -8
PSS 447.1 184.2 -110 -8 -40 -15
VAR = 197.1 135.1 -40 -10 -22 -17
SRR 353.1 191.1 -80 -10 -25 -8
(G 353.1 173.0 -80 -10 -22 -17
KLy S 463.1 300.3 -135 -10 -35 -13
HIEEIR 359.1 161.0 -190 -10 -20 -17
HHR 537.2 493.3 -60 -10 -12 -17
AJUIE 525.2 449.2 -53 -8 -20 -12
1-EHER 164.0 110.2 50 8 20 15
R SR 7% 193.0 134.0 -50 -8 -22 -10

HATIE, FRINMBEE A Al LL “type 2
diabetes” “atherosclerosis” “Hyperlipidemia” Sy 2% 1]
1E TTD. OMIM. Unipro Fl GeneCards 55 FEA R
1SRRI . B RE, Hh 2R 3 B
PSS, K19 SYTZQT 1697 3 Pl ER4E 5.
272 WEEBAR-EERAEEERHMYZ (Protein-
Protein Interaction Networks, PPD)  #3R15HIIZE
£EH80 5 _FAE R STRING11.5 fE 268 %, Organisms
Pt “Homo sapiens”, A:pk PPI %%, F44 A2 B
PPI W45, S A% Cytoscape3.9.1 B, M4
degree ZEUTTHIETT 5T, HE I EAZ 0o HE 5 o

2.7.3 FHEREIAIR (geneontology, GO) &S5k
EHEBANT BERATHERNZOES, AR
DAVID 7EZHHE AT GO ARt R R 5 1 R ZH
AT (Kyoto encyclopedia of genes and genomes,
KEGG) E&HE /i, WEMAXSH, WHhik#F
“Homosapiens”, FHAG A& R FANEIELAERH
BAF, X GO M KEGG & &4 Rt T I
28 FEHLSSMH BN FXIE

Pt e B FL A 2535 1 oA AR, IR B G

W08 R A R 2R B AT 0 TR . A

SYBYL-X 2.1.1 #1 iGEMDOCK v2.1 ¥ ft-%f /Ny
WA E AT TR R AR, 4G R
FRAG, RUALE G R .
3 4R
3.1 SYTZQT 9 %E

SYTZQT ¥AWAE TOF/MSE ) 5 17 B L I
1, ML EH 74 MUY, P 12 MRk
HEM. 24 MR REFHFS . 13 DRk B A
14 MR E ARG 21 AR H LA H A
AP T R AAAE T R AL, s ey
FFAE T SR FIFRAT R, S B EE AR AE T S A A i
W, SRR TS S AN AR, LR
TEAET I fafih s lAs . 2545 4 B2 . 22 A4
A Pras o R AT 0 B S 1 B B
3.2 SYTZQT N HEE

SYTZQT K5RIMLHAE TOF/MSE [ 8 T UL
K2, % RPN 25 4. SYTZQT KRUMIEAE
UPLC-MS/MS HIHEEH & Tt ik I LK 3, ZX i i bt
XHHERAIA 20 DGy, P BOFERASENENFEAT T
374, BARMGERENE 2. #& “URobisr ettt —1k
WA BT AR N R IILE S, BT R I
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Fig. 3 Extraction chromatography of serum on UPLC-MS/MS
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F 2 SYTZQT BRI D RANMIBITR S
Table 2 Analysis of chemical constituents and blood components of SYTZQT
WD FETIE (miz) 3
¥ ta/min (&=t AR gz;%% - ;zi;u m (;fﬁ) madmgR EFER (miz) KU
1 077 LMEEHER  CoHNO, 17164214 16414214  -75  [M+H]* 1101342 M
2 159 EBTHM CrHs0s 168.91432  169.014 32 01  [M—HI 79.9577, 169.014 2 o
3 238 fiz%k CoH100s 19864525  197.04525  -16  [M—H] 96.960 4, 197.045 1 S
4 251 EERAR CoHuNO, 16557143 16407143  -15  [M—H] - P
5 330 FRILRE CrHe04 15471916 15301916  -17  [M—H] 109.029 4 o
6" 467  HEER CisHi1s0s 35328772 35308772  -02  [M—H] 135.0450,191.056 0, 353.0875 C
7 471 FLREE CrHs0s 13722443 137.02443 02  [M—H] 135.044 89, 137.024 18, S
14253851  139.03851  -35  [M+H]* 77.039 4
8 504 EFLLH CiHNO; 27211310 27011310  -20  [M—H[ 78.9590, 135.044 9, 162.0558, N
2701131
9 632 ZEJER CrH1206 19195593 19105593  -09  [M—H] 133.029 3, 191.055 9 o
10 6.83  MIHERE CoHs0s 18063476  179.03476  -16  [M—H] 133.0450,179.0345 c
1% 694 HER CisHi1s0s 35398754 35308754  -09  [M—H] 96.9603,191.0559,353.0875  C
12°# 745 RERR CisH1300 35402384 35312384  -09  [M+HCOO|" 117.0342,137.0242,191.0190 C
13 768 HHE CioHuO 15841062 15111062  -73  [M+HT 123.079 6 P
14 879 N-FAERHMY  CuHaNOs 34385046  344.150 46 03  [M+HCOO]" 151.0032 N
2t
15 911  KFMH 1 CigH3008 43179274 43119274  -06  [M-HCOO]" 153.0917,285.0402,385.1863 M
16 949 IfEF A CorHis0s 45819372 459,093 72 09  [M+HCOO]" 151.0035,167.0347,287.0557 C
#1002 AAE CasHagOrt 52536135 52516135  -02  [M-HCOO]" 121.0294,289.0715,459.0936 P
18 1052 AWATHE CasHa012 50066362 49716362  -35  [M-+H]' 77.039 4,149.022 6, 267.084 5, P
4641738
49575054 49515054  -06  [M—H] 121.029 5, 327.107 8, 449.144 9
19 1125 B8 CioH1004 19515026 19305026  -21  [M—H] 96.960 1, 191.055 8 o
20% 1190 AAABEE CasHagO1t 52546127 52516127  -03  [M-+HCOO]" 121.0294,327.1081,449.1447 P
2 1276 LIER CisH1006 285.04054  285.04054 0 [M—HI 151.003 5, 77.039 4 M, NP,
o
2 129 HOER CoHao0u 446.89343  447.09343 02 [M—HJ 151.003 5, 285.040 3, 445.077 7, C
4470932
23 1329 HERH CioHuO 19740227 19510227  -23  [M-FHCOO]  125.0243 P
A4 1412 BEH CotH20012 46328815  463.08815 02  [M—H] - M, N, C
5% 1428 RfiEH CatHx012 47169976 46509976 66  [M+H]' 1530179, 303.048 9, 305.0543 M, N
26 1436 WEZ CisH107 30213514 30103514  -11  [M—H] 151.003 7, 245.045 3,301.0350 C, N
' 1399 AT CorHa015 61835636 61115636  -7.2  [M+H]' 128.950 2, 198.147 6, 333.040 2, C, M
380.2139,482.297 4
28 1452  FIM#D CaoH16010 46328814 46308814  -02  [M-+HCOO]" 151.0035,255.0295,301.0345 M
29* 1495 S5-REBREZ CaoH200s 43311433 433.11433 0 [M+HCOO]" 125.0243,273.0767,345.1086 C
30 1457 BEH CarHz0011 44749315 44709315  -04  [M—H] 135.044 8, 285.039 7, 365.086 5, P
4470938
31* 1472 O-EWEMHH  CiHNO,  287.34743 28214743  -52  [M+H] 178.077 6, 189.068 6
32 1527 ifEH C CasH2010 46231056 45711056  -52  [M-+H]' 151.074 8, 153.017 9, 303.048 6, C

435.089 9
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Fa28D)
AN a3 o

% taimin e TR g’;?% - ;‘j}éﬁﬁ (XT ﬁ) e HTHK (mi) Kl

33 155 4% CarHa0011 44729328 44709328  -02  [M—HJ 135.044 9, 285.039 7, 365.086 5, C
447.0932

34 1619 ZEER C7Hs02 167.73498  167.03498  -07  [M+HCOO]" 77.0395 P

CrHsO2 12564373 12304373  -26  [M+H]* 91.0525

35 1647  AREZR CisH1006 28584021 28504021  -08  [M—H] 121.029 35, 229.050 24 S

36 1697  Lnid CarHz0011 44639364 44709364 07 [M—HI 151.003 5, 285.040 3, 445,077 7, M, P
447,093 2

37 1740 LI CotHx010 47710387  477.10387 0 [M+HCOO]" 285.0399,357.0610 C

38" 1861  REAR CigH160s 36067676 35907676  -16  [M—H] 72.9932,161.0240,321.0398, S
359.076 6

39 1891  WIEET CasH22010 51561932 51511932  -05  [M+HCOO]" 135.0447, 1850239

40 1987  BEHT Cy7HoNOs 28426334 27606334 82  [M+H] 205.084 4

41 1959 Az CasHasO10 506.85167  507.151 67 03  [M+HCOO]" 121.0293,191.0559, 322.0435, P
433.149 6

42 2052 @ C CasHa0010 536.90437  537.104 37 02  [M+HCOO]" 185.0243,295.060 8, 447.106 8 S

43 2097 KER CarH22012 536.90483  537.104 83 02  [M—H 185.024 3, 295.060 8, 447.106 8, S
493.1130,537.103 6

44 2115 PS5l CisH2003 34183927 34113927  -07  [M+HCOO]" 121.0291,185.0240,295.0607 S

45 2150  fHR B CasH22010 49301413 49311413 01 [M—H - S

46 2156 FiH CuyHiNO, 27151614  266.11614 54  [M+H[ 139.038 3,181.048 9,249.0901 N

47t 2174 N-ZEFIERIMGE CHwNO, 28773165 28213165 56  [M+H]" 85.028 6, 182.041 3 N

48" 2196 il CiHaNO, 30156298  296.16298 54  [M+H[* 189.069 1, 265.120 0 N

49 261 WEH CarHisO11 48838447  491.084 47 27 [M+HCOO] 1250242,257.0813,315.0505 M

50 291 HFEE CisH100s 31755023 31505023  -25  [M--HCOO]" 96.9598,209.060 1,253.0501 M

51 2435 mHHE CatH2010 47720385 47710385  -01  [M+HCOO]" 96.9598,209.0601, 253.0501, C
415.1029

52" 2473 FBHERT CigHis04 34320236 34110236  -21  [M+HCOO]" 195.13801,237.0296,2950977 S

53 2555  WEHEB CasH20010 50130383 50110383  -02  [M-+HCOO]" 185.024 4,295.0613 o

54 2603 FRER CisH1207 31005267  315.05267 50  [M—H] 179.034 5, 287.22211 N

55 2659  FIZH CigH1604 30341032 297.11032  -63  [M+H] 121,028 1,149.022 2,193.048 3, S
288.288 0

567 2128 0-MEHEERIIL  CoHuOs 46412814 45732814 68  [MtH] 91.054 8,145.1005,291.1939 P

57¢ 2160 EEAMH CiHNO; 30134678 29414678  -72  [M+H] 153.017 8, 255.064 4 N

587 285 %fZ%C CigH1604 30261052  297.11052 55  [M+tH] - S

59* 2812 BB CigH2004 360.83356 35713356  -37  [M+HCOO]" 116.9258,242.0797,303.2326, S
3042327

60" 2831 fIZEB CigHis04 29619734 29509734  -11  [M—H] 195138 1, 237.029 6, 295.097 7 S

61* 2850 RFEED CisH1604 31511037  309.11037  -60  [M+H] 165.069 2 M

62" 2899  4-FRCMGAE  CigHaOs 30334672 29714672  -62  [M+H] 244,262 3, 256.225 2 M

il

63" 2008 FfZWmEn CigH2004 31082937 31112937 03 [M—H 98.9838,184.0722,302.1848 S

64" 2039 KHZESIBE CiHiOs 28060228 27910228  -15  [M—H] 88.0755, 264.266 9 S

65" 3009 1256 THEMSEI  CigHigOs 28541659 28111659  -43  [M+H] - S
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o
A TFETE (m)
FE  tamin e HFR gz?% é i (X‘fﬁ) & B (mi) K
66" 30.12  oplopanaxogeninC  CaoHasO4 473.64693  471.346 93 -23  [M—H] - P
67" 3043 HlESISEH CigH204 31454412 31314412 14  [M—HT 78959 1,116,928 1,146.9655, S
243.898 9, 245.894 5
68" 3059 FIBHEL CisH1:03 28541647 28111647  -43  [MTH]' - S
69" 3023  RESISEH CigH2003 30314675 29714675  -60  [M+H]' 119.084 9, 256.226 2, 2782085 S
70 3131 REEME CisHa0; 27625173 269.15173 71 [M+H]" 178.0771 S
3192 JHB CisH1203 28438396  277.0839%6  -7.3  [M+H] 178.076 9 S
% 3404 RASEH CigH2003 29663358 29513358  -15  [M—H] 116.052 2, 269.2255 S
73 3414 FBWA CigH150s 29973152 29513152  -46  [M+HHT 104.106 4, 124.999 0 S
74 36.62 SIS CisH2202 288.76773 28316773 56  [M+tH] 169.095 9, 258.143 7 S

TEXTHRLERS; AR T4 UPLC-MS/MS BN S s P-7RAT. C-ILASRE. N-fifih. S35, M-Zif.
“compared with the reference substance; *absorbed components; *confirmed by UPLC-MS/MS; P-Paeoniae Radix Rubra; C-Crataegi Folium; N-

Nelumbinis Folium; S-Salviae Miltiorrhizae Radix et Rhizoma; M-Mori Folium.

POFFAAA 20 MeEWEEEILY, 56 Q-
Marker PRI 3 1 AT AT W04 S50

33 “ANMMH-IhEE =-fRw 7 FimEE R M 2%
M

33.0 DRGEATZE R 37 MMM RIEH 623
MR, BREHE PESLIER] 2 171 4> T2DM FHE AL
1502 /> AS $55. 1354 1 HLP #50. FEAIMLRHHE
M5 3 MR BRI AR, $/MF SYTZQT Va7
IR 3 MR S AESL IR PR R 69 1S, WKL 4-A.

3.3.2  PPIMIZEHIEE KOG DS mififiie  HF 69 4
ASHERE A P AEF] STRING11.5 7E 4 Hidis 5 , 4 7 PPI
W2, 7% 69, %L 655, I AE 19,
JEE BB RUBROR, BBk o i F - Cytoscape 3.9.1
1) CytoNCA Fiiif 2% O3 AN 2 6 (interleukin
6, IL-6) R IR FE A ¥ (tumor necrosis factor, TNF-
o) I EAYIEE RS TEY) S 2R v (peroxisome
proliferator-activated receptor gamma, PPARG). &
4@ AR 9 (matrix metalloprotein 9, MMP-9).
KA K K F (epidermal growth factor receptor,

EGFR) %%, W& 4-B.

3.3.3 NI -HE TR 7 A K E 1
20 AN AZ 0 BE N NI AR 2> AR R S ON B
Cytoscape3.9.1 #fhHr, HRYEHI; degree 1, 44
SEATHIS Y AR Z . RIE TR 7T AT4H
ATEGNEET . . IR A& SYTZQT 697 2
RUWE PRI Bk A R A AR 7 T I (1) DB e 73

56 Q-Marker A R JE I, WA 4-C.

334 GO B&E44R #id GO EE£ 0¥, 15
BV A B 106 %, T ALK DNA 45
G P IR 2R . RNA RE T
1330 P o s g0 slod DCm % 13 4%,
F LR MAMEIBR . BEAE MIARX L BRSNS
ST IIREAOCIERS 25 4, T EAREILE S MO R
ity IR R T A%, WHE 4-D.
3.3.5 KEGG &&E/4H4R it KEGG #4457
PrILR 2] 42 K 558, MithS 3 PR H
AU 30 % A HE W PR I AOIE B W SRR S AL ZOR
724 (advanced glycosylation end products, AGEs) -
PEIEA LR W) AR (receptor of AGEs, RAGE) 18
S, RS s REE LB . RAARET IR
5Bk FERE A5 Ak WL 4-D.
34 SFXEER

REBHZE., RIEFR. 71 AHEH. ANHN
BEH . 785 TNF-a (PDB 10I9: 2AZ5) #8501
EERE IN-32.7. —30.9. —31.4. —31.4. —31.8.
—-34.8kJ/mol; RKBHE . HIEERE. 1 AL .
AjHNEETE . SRS 5 IL-6 (PDB fUi%: 1ALU)
S I ZE S BE D HIN-27.2. —28.1. —26.4. —25.1.
—25.9. —25.1kJ/mol. 5% (B 5) HIrxLLE 6 Mk
435 TNFo, §E 55 (1) 45 515058
4 e

2 7R 2 2% B A B S L B A ) S 1Y
TR PRIAE A R R O BREAE T A o e . Il &
F L3R H 25 Q-Marker FIRESD), ZiAHE TH
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Fig. 4 Network construction of blood components, efficacy targets and diseases
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Fig. 5 Diagrammatic diagram of molecular docking
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] Q-Marker .
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SYTZQT 697 2 BUREIR WG« shlkisrfith . v g M
3 PRI FENEPE RO AR B LR . RIEER .
FUT S AT ATANEEE . AR, SRR SN
TNF-a. 1L-6. 70 T X EH0IUE T ik 6 Malisr5 2 A
AT OB 5 Y BRI 45 A R 70 WF TR B TNF-
o~ IL-6 2 HEARARU R 7 R 701, ZERE IR« Bk
S RE TR 0 S5 500 1) R AR RN R B L R b LA R T
B WEPRAIFFESCHEHT TNF-a ML IL-6 B 50 Hi 4
VAT BB R AL 2500 L P A IR R 2L,
BRI /N RR B K h RAGE Ik B &1, #
B TNF-o FIZRIEIE . KILTE 2 BU0E RS H TNF-
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RAGE 15 5 S B E 314, (R 77 2K R
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6 Z5HE S AGE-RAGE 15 51 g i 5 3k
S RE TR AU 2 S5 5l I R “ SRR IR

Ao Bl i T PR BTG MR LAY, 6 S 3
g P 4 L 3 A R B i T e D ) AT 25 RIAT 25 1
BeH AR R ARAT BT R, BAPURE. JiE
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