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Spectrum-effect relationship and mechanism of anti-inflammatory effects of
different extracts of Corydalis yanhusuo

MA Ning—ningl, LI Xin', JIN Hua', DING Li—yingz, YAN Xing—xul, YAN Deng—hongl, SHENG Yuan—yuanl,
YANG Zhen', SONG Li-li'

1. Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China

2. Tianjin Jiashitang Technology Co., Ltd., Tianjin 510420, China

Abstract: Objective To establish a spectrum-effect relationship betweent anti-inflammation effects and extracts of Corydalis
yanhusuo, in order to provide ideas and methods for study of material basis of efticacy. Methods UPLC-Q-TOF/MS was used to
establishe fingerprints of different extracts of C. yanhusuo, and the flurescent enzyme was used as a marker to perform the
anti-inflammation activity test. Finally, the relationships between characteristic peaks and anti-inflammation activity was established
by partial least squares regression analysis (PLSR) and gray relational analysis (GRA). The anti-inflammatory component obtained
by spectral effect analysis was predicted by molecular docking technology, and its anti-inflammatory mechanism was preliminarily
studied. Results The 95% ethanol extract had significant anti-inflammatory activity. The characteristic peaks of No. 5 and 8—11
were significantly affected in PLSR and GRA. Molecular docking results showed that C. yanhusuo exerted anti-inflammatory effects
by acting on PKC, ERK2, IKKf, JAK1, PI3K-a, PI3K-y, TNF-q, affecting the transmission of inflammatory signals. Conclusion
The anti-inflammatory effect of C. yanhusuo is the result of the combination of various components. The main anti-inflammatory
components are coptisine, berberine, palmatine, dihydrogenine, and dehydrocryptine, which exert anti-inflammatory effects by
affecting PI3K, JAK, PKC, ERK, IKKf, and TNF-a signaling pathways.
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LB . Waters Xevo G2 Q TOF R {Y (ZE[H
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Mg ok FETF R ARAFD; Mise (EHE
Bio-Rad A &]); Modulus % afaill{X (3% [E Tuener
Designs A F] )
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FEFHZR (A5 170305) W H LT AR
AT RZGEHEEM, & KRB R KRR
B NESERMEYIIE AR Corydalis yanhusuo W. T.
Wang [Tzt TR ST NEEGR. 25E
Bl ZEEKER. —AMRBAEHAREER (it
35N 110732-200907  110713-201613 . 112026-
201601, 83218-34-2. 201101 15041817, Jii &%y
H=98%) I H H [ B 5 24 i e g B TR

SkfuhisE (b5 H23022485) FlhZERKS (it
5 H37921967) #IT-3EH Sigma AF; AJREMIE
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2.1 EHRREEUWIESEEREL

2.1.1 it @itkdE: Waters ACQUITY UPLC
HSS T3 itk (100 mmX2.1 mm, 1.8 pm); A:iE
35 C; st 0.1%HERIK (A) F 0.1%H R L
& (B); AR E 0.4 mL/min; HEREREN 3 ul; K
FEBE AR W 1.

x1 BERRES

Table 1 Chromatographic elution conditions

t/min A% B/%
0 98 2

3 90 10

5 82 18
15 70 30
23 0 100
25 0 100
27 98 2
28 98 2

2.1.2 JFIEZAE DUARAR KAT I A5 B CR A L g
ZE IR (ESD; BAHEH LN 3000 Vs B IEIR
FER 120 C; WEES RGBSR BB A<k
FUREN 700 L/hs BIAFRISIREE N 450 °Cs HESL
SRR E Y 50 Lhe 1E. B TR TR,
MS" RS, LN m/z 50~1 500
2.1.3 LS FIST IR VAR RREGRESH R
Fro BrwE, A 8 5 95%LEE (S1). 70% L%
(S2). 50% 2% (S3). 20% 2.1 (S4) MIZEMEK (S5)
EIRERE 3 ¥k, &K 2 h, JEI, AIFUEM. 21K
B PR FHEAT (S6). FMilk (S7). EEfR 2
Bg (S8). IETHEE (S9) #HL, &L, 4» 71530
WAEFEERAKE . A IR IERIRE R, T2
M. FEERIHLTELE 1 g HTEMER, &
T 50%2 1%, £ 0.22 um FLSFLIEAEGERE, B3R
A

RSP YT, /NEEG . BEEm. AL E
B SRR A 5 2R 20 B % 10 mg,
HEEE A2 10 mL 8, £ 0.22 pm FFLIEEIE
iof, RIS HR S VAT, &
2.4 AR E BRI 3 L, 1%
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Fig.1 Total ion flow chart of extracts of C. yanhusuo in positive (A) and negative (B) ion mode
2 LEHRREIYISFHEIESAER
Table 2 Characteristic peak identification results of extracts of C. yanhusuo
B2 gmin (M H] M~ H] AR AR e
il SEIAE
1 5.02 342.170 5 342.170 6 327,310, 178 CyHyNO,  PUEIEMBT OB (tetrahydrocolumbamine )
2 5.58 354.134 1 354.133 6 336,275,206, 188 CyHgNOs  J5FT i (protopine)
3 6.65 356.186 2 356.185 5 341,192,177 CyHyNO, JUEEH 5 (tetrahydropalmatine)
4 6.78 339.147 1 339.142 5 324 CyHyNO, 3B T (columbamine)
5 6.95 321.100 1 321.096 2 293,278 CioHNO, 3RS (coptisine)
6 7.20 340.154 9 340.154 7 176, 148 CyoHyNO;  WYEUV/INEERH (canadine)
7 731 370.201 8 3702022 306, 207, 190 CpHyNO, HEHIRHE (corydaline)
8’ 7.59 334.107 9 334.106 2 318, 304 CyoHsNO,  —&UARH (dihydrosanguinarine)
9 7.83 353.1627 353.158 4 338, 321, 309 CyHpNO, YT (palmatine)
100 7.94 337.1314 337.128 1 322,305,293 CyH;gNO,  /MEER (berberine)
11" 823 366.170 5 366.170 7 351,322 CpHuNO,  EEEH (dehydrocorydaline)
12 1740 355.154 5 355.157 8 299, 285, 207 CyHy0s  MEHHZE C (glyasperin C)
"5 e EL

"determination of substances based on standards
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222 RAFHBBAYHI S M5y 4l ¥ BEAS-2B 4
Mirh 12 4 (n=3), BIXTHAZ., BEAUZ . FHMEZY
Fadl (DEX) FIZEHHZR 95%LFE. 70%LHEE 50%
WL 20% 00 AWK, &5 Ak, BERO
fig. IETEEAREIIA (S1~S9). #H TNF-o
GG, BRKANIEs % 12 h J5, I B ZEKAL
FIZEFHZILE) 1 pmol/L 557% 4 h, FII TNF-0.(10
ng/mL) R 12 h, B I 2R AR o
2.2.3 NF-«xB RE/ACFRN iR T 96 fL
YRR FRAR, IO 20 uL HPRZLMRI, R 550 30
min, % 20 pL 3G, NN 100 uL %8 = E ks
TR, VAT I A SR FH e s R el .
TN 100 pL PS5 EBHG IR, RS-
SEHASTORME. HHEA R RBEHR S EE .
224 GitHESHT A SPSS 17.0 #AEHT ik
Bl o RPN RTT 200, HIREECRH ¢ i,
H X +5 Ron s, e RILE 2. SEBALE,
LEHHZR 95%REHEEN Y4 41 il NF-xB Rk /K1 2 57t i
F (P<0.05), PLRIGHER.
2.3 EHRERMRIERIEXRRNEL
2.3.1 PLSR ¥ HHaoUEE g AR ey B AR
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Fig. 2 Effects of different extracts of C. yanhusuo on
expression of NF-kB in inflammatory cells (X s, n = 3)
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Fig. 3 PLSR normalized regression coefficient graph (A) and contribution of characteristic peaks of C. yanhusuo extract to

VIP (B)
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1. 9. 2. 4. 6. 7. 11, 14, 8. 22 {J VIP f¥y K
T 1, JFHHREE RS N IEASS, i P el
5508 I (R A % T 4 T A A P A B B
232 GRA AESEBHHISHTH| Y, APLL 2
2y dRbR, WP Y NS R AR 1) 3 — 1k
BAH. RHBERNEIATERRN AL, THEA
FIRB R K. HEUTHIPIME, 155 26 NRFIFIEST
PIHIR MK R (), FHREFHS (£ 3). %K
ICRE R, U BZ A0 X 25 3 s ek . BUR 3
W r>0.8 HRFENE, MKICHIE 5. 10, 9. 8. 11,
R TR A P A R

2.3.3 PLSR fil GRA BXA LR ¥ vIP>1 fil >
0.8 IHFIEIEE S, BRI EBMREIE, SHRIEH
FHOCHE th s BMRIBUT g 5>10>9>8>11, #iH
FHIE SRR B A RIER .. & 5% T
XHEEESCERE R, 5 SIEATOER, 10 5 gE/NEE
B, 9 FUWNEDYT, 8 Sl AR, 15

*3 KEKELER

Table 3 Correlation results

I r 322 r
5 0.820 885 20 0.726 709
10 0.820 282 14 0.725 766
9 0.811 380 13 0.716 309
8 0.810 013 18 0.709 747
11 0.803 298 19 0.709 694
2 0.798 222 23 0.703 508
3 0.796 711 12 0.703 255
4 0.788 714 22 0.703 027
7 0.786 372 17 0.699 415
1 0.783 433 15 0.698 148
6 0.782 763 26 0.697 081
21 0.765 707 25 0.695 670
24 0.729 441 16 0.679 814

e DAy 2% S5 L
24 SFXtEE

AR M E A PDB 4% #E C https:/
www.resb.org/) HUERESHTHAE A OC B I8 i 4
BIREAEE-2(COX-2) . Janus M 1(JAK1).JAK2.
JAK3. FE A C (PKC). 4l AN 8 i 2
(ERK2). #ill & (3G B (IKKB) il fia e UL -3-
Bl o (PI3K-0) B ARMENLEE-3-B v (PI3K-y).
JHIRE YRR F-a (TNF-a) A ID 54354 3NTI.
5E1E. 3UGC. 4HVD. 4TXO. 4QP9. 3RZF. 4WAF.
4WWO. 2AZ5 #4755 F X B 5T FIF ISIS_Draw
SRR N YT AUmARER . A
SEHRR S5, I R T S 5 1 i xR
&5 R A 2 A AT AT AR B, SR AT AL S 4L
VB AT 431 0T HERIT AT, T 4 B 2R BT 4% A P AE 1
SERWEE 4. g5REIR, EOVT. DB, REEK
B AT fEELVE A T ERK, IKKB. JAK,. PI3K-a.
PI3K-y. PKC. TNF-a, 4 I AR 58 o 18+
ERK,.IKKB.JAK,PKC, ¥ %l i 1 T ERK,.
IKKB. JAK;. PI3K-o. PKC, U RifaE AR,
PFHASHLRAS 5 HIfL, RS RAIEH .
3 it

P SCHRIRTE, REBHR T E RS R AR,
SNEBTER I PR 2R {58 s 2 b U
TR 2R, IRIUTEHEA 2. HEM
PREUTEA B A IRIGE . RFLIH A RS E0E .
P ARBUE AN SR AR AR BGE SN, AR S %L
Rk T VEU SO A A SR L, R T IR SR
PLRIETESLIR G5 LR, AR 70%. 50%. 20%
CIETREY), ZEKIRY), A Al BEER 4
Fig S OE T R SR I AT — 8 B0 M SORE I E

T4 ERRMREH SN TGS

Table 4 Docking results of anti-inflammatory components of C. yanhusuo and selected target molecules

ABHAE B8/ (keal -mol )

s COX-2  ERK2 IKKp JAK,  JAK, JAK; PBK-a  PI3K-y PKC TNF-a
BT —  —46.7208 —46.1180 -44.5431 — — -37.9142 -34.1686 —51.3998 —32.460 4
/INBEG, —  —422270 —428625 -402869 — — 347121 -34.0413 -453180 -28.4748
ZEUMAR B — 478082 —44.4160 —429107 — — — — —48.200 5 —
TG —  -392151 —40.5071 -37.8395 — — -359839 — —-44.086 2 —
FEE —  —475172 457619 -462156 <~ — — —352397 -352484 —53.7571 -36.4433

“—7 FOREPBRSRA BRI ARSI T2 A

“— represents that anti-inflammatory active ingredient of C. yanhusuo does not act on target
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AT TN E B R BT R A S A RN 52 L)
HIFE SIS TSR R . i SCIRIRIE, IR R
MG 2 F073%, W GRA ¥ BT
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SR, BT GRA ETRERMT RGP rRY
(ORI, B Z BARHIA, 1M PLSR yERIAFoR#h T
X—J7TH, #hi%EH PLSR M1 GRA VEBEA /0 HT .
AT SEIG R FTUE B, AE SRR HU R IRV BT A R
PERSY MW 5. 104 9. 8. 11, BIEEERN. /NEERH .
BT AR, AR A CkikiE,
TER . EDVT AR R ERENS, H R
RIS — PR BCERP Y, iR T AL
FmT e, HUCNERAR PR T2 2R
L FE R 45 R

P 4 A, ADNEER. BT, SR
PRGN 25 U5 R O E A T AN R A R
FEBURAER . PI3K SABEE T 22 75 2 1R 25 1 e/
FEIENE R EA (Ak/mTOR) B AL 3HE
S G SR T 3 (STAT3) Hykik, Hik
INAE JAK/STAT3 i@ 5 NF-«xB @B “ZIL7
PR Lt T 406 NF-xB7,

IKKPB A0 BE A 2RI B LE NF-xB {56~ 3%
ik, {A1E ATP WIBFRRA/ER T, IKKB #10TBLFEL
NE-kB ({305 PKC 2502 i) ERK2 {55
W RRIE, WG ERK2 Al 40 A% A

PI3K-Akt {5 5l %

F-kB {5 i

TAT {5 S

TOR {5 5 it
N\
TNF {5 5@

4 EARPIRTEMR S BIEREE R U KRR
Fig.4 Targets of anti-inflammatory active components in C.

yanhusuo and their related pathways
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