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Abstract: Objective This study aimed to establish an integral quality control method for Naoxintong capsules based on the theory of
quality markers (Q-marker) in traditional Chinese medicine via multivariable statistical calculation and “active compounds-targets”
network construction. Methods Multi-statistical methods were firstly carried out to explore the specific components from different
batches of Naoxintong Capsules. The “Q-markers-targets-pathways-diseases” network was constructed using the Bioinformatics
Analysis Tool for Molecular Mechanism of Traditional Chinese Medicine (BATMAN-TCM) online analysis tool, and biological
information annotations were made. Moreover, a simultaneously determination method for Q-markers was established by using
ultra-high performance liquid chromatography (UPLC). Results Nine compounds were chose as the Naoxintong Q-markers capsules
including mulberroside A, hydroxysafflor yellow A, paeoniflorin, ferulic acid, calycosin-7-glucoside, rosemary acid, salvianolic acid
B, formononetin, and tanshinone II,. To verify the prediction, target network construction analysis was performed and indicated that
the nine Q-markers mainly targeted five proteins which were PTGIS, PTGS2, CHRNA10, ENPP1, and ADORA2A. Methodological
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validation showed that the established UPLC method had good linear relationship (»<<0.999), and all RSD values were lower than

3% in the repeatability, stability, and precision test. Conclusion Based on the multivariate statistics, network pharmacology

analysis, and UPLC multi-component quantitative analysis, a multi-angle analysis method for effective components can be

established for the integral quality control of Naoxintong Capsules.
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RAEPIA  (inflammation)
MM A EMEEH  (chronic inflammatory diseases)
PEJRIE (diabetes mellitus)
B i (renal diseases)
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Fig.2 Ingredient-target-pathway/disease association network for Naoxintong Capsules Q-markers

AR B, AR LR 3.

* - n= R.\i,/+
r (><10 10):1—11_:01(le (1)
®=Y(log24 +0.5xlog 2R, +0.25xlog2n,) 2’
i=0
HCRF=1 000 0007+ 10 000R i+ (1 —11) (3

RONTHUEIAI B . 0 HR IS, R MR /NGBS
o NIRRT 8] 1) J9ds MR IA], 4y (i T R

ML R EIR, I RFAN 0.2%F R, HiEN
35 °C, EFUREN 0.2 mL/min I, &IE5ERE,
PR B S BN R, I A A ] 2% A
HEATRE S A2 o

232 (Mik%ftE KA ACQUITY UPLC® BEH
Cis (50 mmX2.1 mm, 1.7 pm) fifk:, FEHH
N 02%FIR-/KIER (A) -ZI5HEW (B), HhE
Ve A 0~2 min, 2% B; 2~7 min, 2%~ 14%
B: 7~9min, 14%~15%B; 9~11 min, 15%~
16% B; 16%~35% B; 14~16 min,
35% B; 16~21 min, 35%~70% B; 21~23 min,
70% B; 23~28 min, 70%~100% B; 28~30 min,
100% B; 30~32 min, 100%~2% B; J5i&4T 5 min;
PR E 0.2 mL/min; iR 35 C; MK 254
nm; SRR S plo X IR RN o B T T 1
L 3.

11~14 min,

*3 BEFHMUER

Table 3 Optimization results of chromatography parameters

3

etk 14 n SR, r o) HCRF
GRS 0.1%F 13 123.134 0.002 8 294.951 13100 517
0.2% 1 2 13 121.426 0.003 8 271.305 13 127 102
0.05%2.1% 12 104.236 0.048 0 254.139 12297 164
0.1%Z. 1% 12 104.785 0.026 4 256.094 12 219 408
0.05%T IR 12 124.686 0.008 0 251.655 12 080 066
FEIR 25 C 13 123.134 0.002 8 294.951 13100 517
30 C 13 124.169 0.003 0 273.084 13119 317
35 C 13 125.990 0.003 7 272.748 13 183 360
PRFR I 0.1 mL/min 13 105.185 0.018 7 265.117 13 113 343
0.2 mL/min 13 123.134 0.002 8 294.951 13 100 517
0.3 mL/min 13 148.789 0.000 9 263.496 13 146 515
0.4 mL/min 13 147.646 0.000 8 260.041 13 123 966
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L BAATHIHERE
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I-FEH A 2-REANEEORA 3AHE 43R

S-BERWIH  6-RLFR

20 22 24 26 28 30 32 34

TFIR B 8-THIEER  9-FHEMH 1,

I-mulberroside A 2-hydroxysafflor yellow A  3-paconiflorin 4-ferulic acid 5-calycosin-7-glucosid 6-rosemary acid 7-salvianolic acid B

8-formononetin  9-tanshinone 1l

3 Q-markers X R, RLBREFR. E5REHMERKIAMRTREER UPLC EiE

Fig. 3 UPLC of Q-markers reference sample, Naoxintong Capsules sample, compound mixed sample, and negative samples

233 IRAXHMIERE S FEERIREE AL
BB ER A ATAE . PIBEER. B R
. REFR. PHREE B TREE SIS 10, 0
MRS E R, N ERIAAR, MREZRZIE, $£5), 0.22um
JEMEELL, HIfS (5 371F A 68 ng/mL. RO
TR A 83 ng/mL. A2 350 pg/mL. BZERZ 30
pg/mL. EEFEEIT 5 pg/mL. RIEFE 115
pg/mL. FHHEE B 405 pg/mL. T5MAEZER 4 ng/mL
FFZ 11, 36 pg/mL) o

2.3.4 AR S T VER) “2.1.17 T,

235 iR, BHIRAEER  ASEWE 9 F
Q-markers JR&XTHE S TAEM, %08 “2.327 iR
PAR I 73 B 26 A AT 5, DAV TR AL bR (),
PR IR (XD R AL FRZ b v LA il

2. 15 9 LA TS v 0.38~380.00 pg/mL,
H XAy &R R RIT.

DABFHERE it AT 5, TS I0AS 9] o Bk B 1)
TRA R SRR, 1508 SIN=3 5 H R (LODD,
i SIN=10 1M EER (LOQ). AJ5i% LOD 1E
0.06~3.79 ug/mL, LOQ £ 0.19~5.05 pg/mL. 9 Ff
Q-markers MIZEMETFE. ML RE. AL LOD K&
LOQ .5 4.

2.3.6 FEEEALS  REEWEL “2.3.37 TUNEAXS
MR, 122,327 T R AFESEE 6 1K
0T AR B I T R T AR o 45 3 R4 R R 9 MR
Iy AR BA INFA] RSD 7E 0.03%~0.21%, W& A RSD
1E 0.77%~1.57%, FRIEHNG 5 E R IT o

237 LREMRE % “2.0.07 WU, 4B

*4 BDEERE 9 Fh Q-markers B SR ZM4TEE.  LOD 1 LOQ

Table 4 Linear equation and range, regressions coefficents, and limits of detection and quantification of nine Naoxintong

Capsules Q-markers standards

ey £R BE B [A]/min R TTIE r LR/ (ug'mL ™) LOD/(ug'mL™) LOQ/(ug-mL™h
REH A 7.609 Y=15432X—46229 0.9996 5.05~37.86 3.79 5.05
REALHOR A 7.822 Y=2276.9X—51512 0.999 6 4.09~30.71 0.61 4.09
AJHH 9.532 Y=381.92X—8552.6 09996  50.67~380.00 1.90 7.60
Rl R R 10.332 Y=8426.5X-13935  0.999 5 1.93~14.46 0.29 1.93
BTN 10.761 Y=4800.8 X+248.63 0.999 6 0.38~9.38 0.06 0.19
PRIEFE R 13.211 Y=4115.6 X—14 667 0.999 7 4.31~43.07 0.86 431
FIEYER B 13.867 Y=3343.4X—14380 0.9997 471~47.14 0.63 4.71
TERRIE R 17.105 Y=12241 X—35194 0.999 7 3.57~35.71 0.09 0.48
PR 11, 23.739 Y=6730.6 X—4256.1 0.999 8 1.19~8.93 0.18 1.19
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FRAS TR FE R R BB AR, S
SYIHERE NI, SRR ATIIVERE SR, SR TERITE
FERE, SRS AR HERE AR, ShERRATE
FERR. DL “2.3.27 TRtk 2, 70 A 25 IR
T EXTRRIAT, TRAXTHATR . SRS s B
FESIBOERE T, 9 FIEYER Y Z A EATHE, B
WA A ER, Il 3 fs, B AR
P E EIEE R I AT AR e R g, BFS
A VRAEAHNA B ECPYZ A FHRE B Figkik
RO, GRARATRESISRAEAHNA B AT 25
e, SREACBAPERE AN B ok WAL AE
WO A EREE, SIS LIRS A B
TCRERIR LI, RS ERAEAH BT B IO 6
g, Ul RO B R A

23.8 EEMHRK 4% “2.1.17 TN H &
M 6 BRI, AR 1~6, R B IR AUt
WA, % “23.27 TR g &R R E, 12
SEAR BB T AT AR« S5 3R BoR 9 ASEeo 1 IR FE I

[B] RSD 7£ 0.02%~0.30%, U&MHF: RSD £ 0.89%~
1.63%, KIHZIEEIERI.

239 FeEtils  H “2.3.47 IR E TGS
=, S TERNE 0. 3. 6. 12, 18, 24, 36h,
e “2.3.27 TR EOIE R ARREREIGE , 10 0% B I ]
AR . R ER 9 Mo RE I [A] RSD 1
0.05%~0.82%, WAL RSD 7E 1.51%~1.86%
2.3.10  IFEEICERIRES SR RRE Ol E TR AR R
P AR COE R BERE S 6 1, HZIRAG. PL 3
AN (80%. 100%- 120%) 34T Inks mlik
W, L “2.3.27 TR EEZAFATINE 6 IR, id
SRUIETI AT F BRI . 4551 9 AR ) 3 A4S
KB 3 R G B E 99.28%~101.21%, H
RSD {H 75 FH7E 1.23%~1.96%.

2301 Sl HC1S HEmG OB R TR, AR
F2.3.3 7100 F 43 ) 25 3 A ik S VT, #ERE S L,
ORI THIRR, AR TSRS AU it &% o 15
BT HME, ERILES,

x5 1ISHBOCBREFERMNESER (n=3)
Table 5 Determination results of 15 batches of Naoxintong samples (n = 3)

fﬁ’i%%iﬁ/(mg-g*l)

ek REH A BEAEHORK A AAH FHKR BERRE REFR SHHRB UWIER JIZW 1,
2018032401 0.345 0.339 3.981 0.261 0.047 0.867 3.908 0.028 0.621
2018032402  0.356 0.336 3982  0.260 0.050 1.057 3.991 0.028 0.619
2018032403  0.360 0.336 3926  0.258 0.048 0.866 3.856 0.028 0.612
2018032404  0.346 0.339 3.950  0.263 0.049 0.862 3.944 0.028 0.623
2018032405  0.372 0.334 3.887  0.259 0.049 1.050 3.951 0.027 0.611
2018032406  0.347 0.327 3912 0.256 0.047 1.035 3.939 0.027 0.607
2018032407  0.243 0.164 3.407  0.232 0.048 1.035 3.710 0.027 0.536
2018032408  0.255 0.167 1.288  0.233 0.050 1.061 3.738 0.028 0.541
2018032409  0.313 0.183 3241  0.221 0.048 1.033 3.561 0.028 0.516
2018032410  0.380 0.277 2988 0.174 0.039 0.717 3.389 0.025 0.475
2018032411 0.399 0.286 3.038  0.179 0.041 0.620 3.332 0.025 0.486
2018032412  0.425 0.288 2908  0.170 0.040 0.592 3.163 0.023 0.454
2018032413  0.399 0.285 3.035  0.177 0.041 0.720 3.434 0.023 0.484
2018032414  0.419 0.282 2900 0.173 0.040 0.690 3.281 0.023 0.455
2018032415  0.409 0.287 3.025  0.179 0.040 0.608 3.268 0.023 0.476

3 Ui A O IS I 52 3 T AR A v A R T R IR 2

3.1 BOEBASE Q-markers #HRIEAR

w245 55 7 1) 750 1) JoT 2 A ) R I DR P 24 2
ARRERE. BT HAE T RIRRST S80S HZ A
RS, P ER IR IT R, B A
TRUE HR 272 e A 3 R O o 1T (R L 25 80 2015

B RS R ARSI, SO I RS
APPSR ATZT . FHRER B FFHSE s 347 T
ERNE, ULBHBAT RN E SR hRIs B R —, Xt
T HAR S 25 RO B R T, Rk
T AT A B G . A W B R 25 R 1)
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JR BTV . R Q-marker B XY,
R BNAFAE T Ol Jie B v i 5 R T ) D e JE
FYRHAL =0, 34T BB S]. fESCIRHIT
(PR b, SR 2 708t 7 i B9 77 St kA )
ZRWEY, L AL BREAEOR A,
ATEIE . PIERER . BEREIRT . RIEEFR. M
% By TSRRIERFIFISE 1, 1E R, FFE
W T 2 Ay 2 B s R AR R

PARZEER R, SR IR A B
ST R A WAL I N 4R
. b, PUEMN. B BERA . BRI, PUWEE.
e D7 N PE S RIS SR B
IR BRAFT S L, BAPIR. P, friGa
BT RN PLERERR AT 4 S
ZGERAE U, ARG, IR, e, i
NESEAER, A5 BB s s s, i Hi
MR E B2, REdb e DGR (AAD
(AR T PGL/TX A, WIS, CSGEh L5A I/E 1)
Refie S, BAMGR Ve, BSR4 )3 A1
LA EERSY, BABGRRPIR . PUEILAdT
BAER, IS BIERMFEER I (AB1ao) ATHHEESHNL
(FFPERN S/ N R TR TG AL, PR 8 PR R 725
B, #eE AD BE MIEACERIE Y, S E
BN F R A Tl N SR RS, B
REAGIFRIE, HEPRIEMP,
3.2 BERRE Q-markers “ Z5f 1L F AR 47 -1 BK-
B-ER” MR

2t Q-markers AR PYRE ST, 753 5 58 R
DRI IE S, 30 L o i I 9 A G P 3 % 1347 1Y
SR, BRIRNTTA. BEAWHEEER AL Y
. PIZERR . BRI REHR. FHER B,
TEARAE R ST S 1, ARG ol i 32 br 54
ATDMER T 5 AR EEE A B PTGIS (PubGene
ID: 5740). PTGS2 (PubGene ID: 5743). CHRNA10
(PubGene ID: 57053 ). ENPP1 (PubGene ID: 5167)-
ADORA2A (PubGene ID: 135) Fl 8 41550k,
WA VUMEIR AT . A 2R AT 2 R A Iy 4
MR 75 5 E % esE. 2T “thaw-ais-50m” W
CRMIRREE TR I, X R f S0 B 2 HER S O i
EHIXK, HILTTHEIX 9 b S 1E R i O i ik 52
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4 g

255 7 IR I IR 9T R0 e 2 NS PRy 28 L

TERIIZRE R B, AN A& B — 5 By 1) AR
o DRI, ARWFFER I 2 et i o d 4l & P 46 25 2
AN oA B SR o TR i
LFENE” B2 LB S S, oihfs
T AL FRIELAEI R AL AT POBERR
BERET . REFR. DK B, TRERM
FIZE AKX 9 MEBYIRZ LR IERER, HAEH
TR (S S B R R A . S BE NI AN
SEIE B VIO, o R O3t R FE I T R
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