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Abstract: Objective To establish the HPLC fingerprints of Niubangzi (4rctii Fructus, AF)-Gancao (Glycyrrhizae Radix et Rhizoma,
GRR) and to investigate the spectrum-effect relationship of the anti-inflammatory activity of AF-GRR. Methods To establish the
fingerprint of AF-GRR and evaluate the quality of AF-GRR from different manufacturers by combining cluster analysis and principal
component analysis (PCA); To prepare an inflammatory cell model using lipopolysaccharide-stimulated RAW264.7 cells, and to
investigate the anti-inflammatory activity of AF-GRR from different manufacturers by using NO secretion as an index, and to apply
gray correlation analysis (GCA) and partial least squares regression (PLSR) analysis. The spectroscopic correlations between the HPLC
peaks and the inflammatory indexes were analyzed by GCA and PLSR analysis. Results A total of 38 shared peaks were identified
in the fingerprint profile, and 13 components were recognized by the mixed control finger. The clustering analysis was consistent with
the results of PCA, and the comprehensive evaluation results showed that sample S7 had the best quality. The results of GCA showed
that the correlation degree of anti-inflammatory activity of each shared peak of AF-GRR fingerprint was F5 (liquiritin) > F17
(glycyrrhizic acid) > F1 > F3 > F4 > F9 > F11 (isoliquiritin) > F13 (arctigenin) > F19 > F23 > F21 (arctiin) > F14; By PLSR analysis,
it was found that AF-GRR fingerprint had 38 shared peaks. Among the 38 peaks, 17 peaks (VIP > 1) were significantly correlated with
their anti-inflammatory effects and F21 (VIP > 1.5) contributed more. Conclusion The HPLC fingerprints of AF-GRR established in
this study can be used for their quality evaluation, and the 17 components initially screened in the spectroscopic correlation study can
be regarded as the effective components of their anti-inflammatory effects. This study can provide a research basis and scientific basis
for the elucidation of the material basis and mechanism of action of the anti-inflammatory activity of AF-GRR.

Key words: Arctii Fructus-Glycyrrhizae Radix et Rhizoma drug pair; fingerprinting; anti-inflammatory effect; spectrum-effect
relationship; gray correlation; cluster analysis; principal component analysis; partial least squares regression analysis; quality
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Table 1 Information of Arctii Fructus-Glycyrrhizae Radix et Rhizoma samples
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Fig. 1 Fingerprint overlay of 18 batches of Arctii Fructus-Glycyrrhizae Radix et Rhizoma drug pair samples (S1—S18) and

their control fingerprints (R)
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Table 2 Similarity of common pattern between 18 batches of Arctii Fructus-Glycyrrhizae Radix et Rhizoma drug pair
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R 0.985 0.950 0.971 0.967 0.982 0.939 0.904 0.955 0.907 0.889 0.963 0.971 0.913 0.970 0.971 0.947 0.953 0.953 1.000
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It F2~F4. F7. F22~F25. F27~F30. F32~F34.
F36. F37 L0 T4 | NERSr EAR M ELT, F3.
F4. F7~F10. F12. F13. Fl4. F16. F17~F19.
F33 0 T35 2 MERr EAREMERT, F12, Fl4,
F19. F21. F22. F26. F31. F38 i T %5 3 NS
AR EREAT, F1. F6. F8. F15. F20. F35 fif

x4 EpERE
Table 4 Principal component matrix
St il g i st L
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

F1 0.4930.423 0.352 0.570 0.087| F14
F2 0.5510.417 0.428 0.365 0.011| F15
F3 0.050 0.838 0.296 0.230 0.071f F16
F4 0.564 0.656 0.408 0.021 0.205| F17
F5 0.2650.396 0.138 0.106 0.827| F18
F6  —0.1580.312 0.375 0.792 0.122) F19
F7 0.738 0.593 —0.007 —0.087 —0.096| F20

0.303

F8 —0.1100.518 0.386 0.694 0.073|] F21 —0.179 0.283
F9 0.044 0.831 0.203 0.361 0.163) F22  0.760 0.114
F10 —0.0910.858 0.394 0.040 0.270] F23  0.666 0.183
F11 0.5150.436 0.183 0.238 0.622| F24  0.933 0.199
F12  0.4850.601 0.536-0.102 0.217} F25 0.810 0.169
F13  0.4030.740 0.304 0.390 0.065] F26  0.185 0.298

0.165 0.556 0.705-0.1050.203| F27
0.281 —0.057-0.253
0.428 0.533
0.649
0.417 0.643
0.440 0.596
0.479 0.374

0.914 0.212 0.290 0.048 0.059
0.843 0.317 0.352 0.078 0.218
0.779 0.162 0.253 0.241 0.455
0.965 0.098 0.083 -0.060 0.066
0.371 0.401 0.794 0.078 -0.010
0.777 0.361 0.472 0.070 0.123
0.964 0.070 0.157 0.114 0.096
0.977 0.006 0.055 0.138 0.088
0.519 0.146 0.131 0.672 0.167
0.936 —0.084 -0.104 0.220 0.101
0.947 0.125 0.055 0.197 0.107
0.541 0.187 0.622 0.420—-0.152

0.883 0.032 F28
0.543 0.2300.392| F29
0.449 0.2370.442| F30
0.178 0.3010.421) F31
0.569 0.146 0.220f F32
0.235 0.668 0.298| F33
0.594 0.3290.148| F34
0.071 0.254 0.528| F35
0.425 0.3170.391| F36
0.187 0.1060.134f F37
0.094 0.0500.524| F38
0.867 0.1290.136

IR e AT o
Bold indicates high load.
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T5 4 F sy EAEREETT, FS. FLLL F22 0 T
55 FRU PREBERIEA, FR S SR T

U BA SZ R A i 0T 2 e R R R B — iy, T
LN FREFAEAER S KR 2R YT R 2 R4
2R SRR A EFE 6 DN E AT PCA, 4l
BB, SR ILE S, FESSARTT RN 2 28 (S4

315. 313\*

16 17
¢ 8 €3

9

S &

t[2]

S13

5 S13 BN, HRBAM G RELR 5, #
s [B) 2 A 22 S AT e SRR T L P N TR A S
FHOK o HE— D ARYE & o K otk o Bt 2R
G135, VRN 18 #HARSE - BN I T
HERWER 5, ZEMEMHES R 18 #4357
HEZMI T EE R, HE B ERT .

25 18 MAEF-HEIEZHERH RAW264.7 40
P FE AR BY Y 2200

251 MR IE RAW264.7 400K % R 9%
B, T 37 C. 5% COs 4N E: IR 40 TR 55 97
252 FEMEIE B “2.127 BNEAETIRE R
f S1), AN E R FREBCHI K 2 mg/mL (£ 0.1%

-6
S ; ? = DMSO) FIFESERA, i 0.22 um WALIEME, &H]
(1] 253 FEFHENT RAW264.7 415G PE R RZ 00
E5 TMHESE BT 5 A K RAW264.7 410, 4840 i 25
Fig. 5 Principal component score chart JEN 1.5X105~2.0X10° N/mL, &fL 200 pL HHf
#=5 ERNEEBH
Table 5 Comprehensive score of principal components
FEd  PCl PC2  PC3  PC4 PC5 ZiEfr HE4 | FEM PC1 PC2  PC3  PC4  PC5S ZiA1fis 4
SI —0.16 420 -097 -025 -0.78 2256 6 | S10 —4.95 —2.82 1.02 —0.09 048 163 18
S2 1.02 140 -199 0.00 350 2438 4 [s11 070 128 192 —0.73 —0.60 23.94 5
S3 261 096 -121 -091 0.0 1152 12 |SI2 -1.53 -0.94 —-1.01 -0.90 —0.67 1339 11
S4 080 3.8 425 113 115 2235 7 | S13 -035 -3.18 —2.06 0.64 040 1545 10
S5 —0.72 242 -0.07 —046 049 1546 9 | S14 —028 4.19 —0.72 —0.69 —0.99 22.13 8
S6 —354 268 072 1.05 -0.16 1117 13 | SI15 -3.58 020 —-1.51 —0.88 —0.70  7.39 16
S7 1208 078 036 -0.72 -0.11  59.17 1 |S16 -3.16 039 -1.10 —0.67 —0.87 846 15
S8 246 -0.88 -124 463 -101 2782 3 |S17 —446 -1.69 057 004 056 410 17
S9 —2.18 —418 271 050 -0.67 1001 14 | SI8 12.06 —0.81 034 —0.69 —0.13  59.08 2
T 96 FLHR (A A4 200 pL 5848537 48),37 C. R6 FEF-HEHI 95% B ARYN RAW264.7 4HAE
5% CO B FRFA R IR, AL R, = R (X £5,n=5)
F120 5 TE 3 N 200 uL e - W A Table 6 Effect of Arctii Fructus-Glycyrrhizae Radix et
ML 2.00 1.87 1.61 1.4+ 120 1.0 0.8+ 0.6+ 0.4 R’”z””]’:A‘i;‘;i:*;" " 7 b/l *"c:"l‘" total e"st)”“ on
e e N . .7 cell viability (Xt s,n=
0.2 mg/mL 2F 37 H F 2% 95% LB B SE Y 52 4 T — v T
N N ik K (mgmL ) ¢ TR /%
BFIE, RS AL, B 240 R, #ALINS o AL )
. N T - .00x0.
mg/mLMTT ¥ 20 uL, BT CO, FiFFa 4k sl F — 100.0043.78%
54 h, FESLLEER, WA 150 uL DMSO, #F @ et 0.2 119.74+ 1.40™
ViiR2] 15~20 min, FF&SLA K G5 TRIEE, 95% LT A5 04 119.84+2.96™
F 570 nm AAPTEWICRE (4O 8, HILAMIEE o e g
?EHE@T@%%:(A wz—A /'Q*F\)/(A e —A "i*ﬂ) 1.0 103.88 +4.65
K H GraphPad Prism 9 #3417 Ge it 2450 #r 1.2 352643.53"
SRR 6. 251 HEZN 95% LBEE Y 1.4 12.88+0.65™
= N s + *
R T 1.0 mg/mL I, ZHHLAETE (LT 90%:; 12 3?31123
MR RN 95% L BE SRR EIWRE N 220 112:50;1:38**

0.2~0.8 mg/mL I, LA KT 90% HLFl o7 &
WA /N, W] DL i S S iR LAk .

5@k #p<0.01; SXTREALE: ~P<0.01.
#P<0.01 vs blank group; “*P < 0.01 vs control group.
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254 ANFEJREIREFZEF-HEAX 95% OB
PV R Z 055 S 10 RAW264.7 4R 201 NO (15
M AL T3 A KR RAW264.7 411 f, iR #4H
P EE S 1.5X105~2.0X105 A/mL, 4L 200 pL
BAT 96 LA, 37 C. 5% CO, Bi M i 75t
W FEEALPREF TR, IER AL 200 uL % F 5
FEIE, MR NN 200 uL SHELHE (1 pyg/mL) %
R IR, 525450 RN 200 pL 0.8+ 0.7, 0.6+
0.5. 0.4, 0.3, 0.2 0.1 mg/mL 35 F-H F25%} 95%
LRI G e (1 pg/mL) &R, &4
WHE 3 MNEFL, 5% C0y. 37 CHEFEFETEIE 24 h,
F AR B U I R, A4 73 NO K
*¥. K GraphPad Prism 9 BTG 225017,
TFEREUX £sRmw, ZHMERHRRRET
ZE5rHT .

7 nTA, SIERALLE, #A4 NO & &
R EA (P<0.01); SEIAALLE, 4381-HE
ZiXt 95% LBELARY) T TG E B 0.2~0.8
mg/mL P NO &K (P<0.01), FEFIEMK
P o AR AT e e IR 4 35 - H B2 R s 1
RO, WEAHREIRE N 0.8 mg/mL #4175
418 A3 - H B 20 95% LB R IRIPT AR G
FH MR 5T
255 MRAMILRSES % “2.5.27 TUR AR &R
A, 193 18 #HARSE T H X 95% L SR
W, F RO GG SRR, R I4E NO K
Vo GERIE 8, SIEWAIE, AL NO ik
BT m (P<0.01); SHEAALEL, 18 fLFEMIgRE

®71 FET-HEANW 5% B RMMESZEESN
RAW264.7 4ff153 3 NO HIS2IE (X +s,n=3)
Table 7 Effect of Arctii Fructus-Glycyrrhizae Radix et
Rhizoma drug pair on secretion of NO from
lipopolysaccharide-induced RAW264. 7 cells (X £ s, n=3)

A BRI/ (mg'mL™)  NO/(umol-L™)
E® — 5.17+0.13
it — 11.5340.27#
R H R 0.1 11.13£0.23
95% L BE IS 0.2 10.11£0.28"
0.3 9.2040.13*
0.4 8.3440.14"
0.5 7.93+0.16™
0.6 7.7240.15™
0.7 7.46+0.13™
0.8 7.3840.07"

HIEWHMALRK: #P<0.01; HHEEALK: ~P<0.01, %8 .

#P < 0.01 vs normal group; P < 0.01 vs model group, same as Table 8.

*8 18 HAFETF-HEAN 95% B RIRY NO HihE
BIEM (X+s,n=3)
Table 8 Effect of 18 batches of Arctii Fructus-Glycyrrhizae
Radix et Rhizoma drug pair on 95% total alcohol extract on
NO secretion (X +s,n=3)

T NO/(umol-L™") G5 NO/(umol-L™")
1E% 5.8240.09 S9 6.2240.08"
it 9.54+0.07# S10 6.75+0.06™
S1 6.7140.04* S11 6.3310.07"
S2 5.6440.03* S12 7.984+0.21*
S3 6.981+0.22** S13 5.8240.04"
S4 6.97140.14* S14 6.661+0.11*
S5 6.6310.09** S15 7.0040.04"
S6 6.4740.04* S16 6.17£0.07"
S7 6.061+0.16" S17 5.6240.07"
S8 6.15+0.12** S18 5.7140.02"

ARV FE B PRI RAW264.7 & PE4HB A NO ik .
2.6 REXEKESHT (gray correlation analysis,
GCA)

GCA REWRAES R R M OCICAR A, i H 5

REREE, SR ARIE R R/ NEATHE T . 0 #r, K
ERREAEBRR, ULBHOCREE Y], X201 “ ok ”
K. FEMFEEXSE T TH. b2
E R IR &I TN - e I R (]
LERTZEAE . TR DRI R BRI K 8 I 1221,
2.6.1 JRIGHEAE T ENIATE  NTHBRE AL &
5 %A B 2 A1 AT AN R s2 e, 3B AT IR 4G
Bi AT T N AL 23] o - 38 - H B2 R
VER W25 8R bR E N BRI 31, 435 7 H B 254 95%
LSS A W AR E N+ 781, AR i) B
JFHEA Yk) (k218 MFEM ). FIFFlidh
Xik) (fNIES).
2.6.2 7RI 7 50 455 22 P 4 B R Bk 1 i 5
FRAE 2~ Kt B BE T 51 5 7 B 40t 22 1551 [A(k) ]
HMIREREE [Afk)] o RBREERT 0.8 B, RIF 7
PG REFHIREREY), R 0.6~0.8 I, KA
PR ORI P — 241,

M= | Y(k)— Xi(k)| (D

AR = [ A(k)min+ P A (k) max)/[ A(k) + P Af(K)max] 2
p NSRS, BUEN 0.5

18 HLFE S X RAW264.7 4 il NO 433 & 52 i
5 H RGBT 38 NMLA IR LK 9, S5 E
7Ny BR F34. F36 41, HA ik i K (oI B 3 K
T 0.8, B U T AR TE R 2
Pl SLRE I SE3R . &LE g TR A 5
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x99 BBHFEFTF-HEAMNHEFEIERRSMAGYAIX
BREE
Table 9 Correlation between peak areas of shared peaks
and anti-inflammatory efficacy of 18 batches of Arctii

Fructus-Glycyrrhizae Radix et Rhizoma drug pair

LA R R | LA RIBE RIBRY
F1 0.899 3 F20 0.850 29
F2 0.864 19 F21 0.875 11
F3 0.896 4 F22 0.821 35
F4 0.892 5 F23 0.877 10
F5 0.914 1 F24 0.852 27
Fo6 0.838 33 F25 0.856 24
F7 0.870 14 F26 0.870 13
F8 0.856 23 F27 0.843 32
F9 0.890 6 F28 0.856 22
F10 0.865 18 F29 0.860 21
F11 0.882 7 F30 0.847 31
F12 0.869 16 F31 0.854 26
F13 0.880 8 F32 0.850 30
F14 0.875 12 F33 0.854 25
F15 0.813 36 F34 0.748 37
F16 0.869 15 F35 0.850 28
F17 0.902 2 F36 0.796 38
F18 0.861 20 F37 0.868 17
F19 0.877 9 F38 0.827 34

X EHREENEMBEEGRAR, 5
RAW264.7 4l NO 43¥h A5 5 R S BRPE ) (i 06
TR/ A FS CHHEED) >F17 (HER) >
FI>F3>F4>F9>F11 (FHELE) >F13 (FET
) >FI19>F23>F21 (FE+F75) >Fl4.
27 BYBEESHRAYNRERE N ZFEYI
(partial least squares regression, PLSR) 434
PLSR Z3 7 72& — PR Y 40 &5 82 2 AN TN e 77 5
EAR AL BTV, R KIHT. PCAL ZooZkitla
)4 (multiple linear regression, MLR) fIt# A—1K,
HEBLETHBRFEA. TS E . HEEAD, 5
TR R, O N H T 25 R =20,
FIFH SIMCA14.1 844, % 18 fib2- 38 - H 2%t 38
AN LA W (I AN AT AR e AL AL 3, &5 RAE N E A
(X)), RAW264.7 41l NO 73 A MR & (YD,
AT PLSR 73#fr, SR WK 6, S5 REIFRRT)
A g F1. F3. F5. F6. F9. F15. F17. FI8.
F20~F23. F25. F26. F28. F29. F33~F37 5
RAW264.7 41l NO b R AHE, H437-H
B PR 2R IEAH R

R If2D 282 2838830888383 aadasaad
= [ T R e I e e I T = T R e R T e R R e o L= DR~ < =2
var ID (primary)

6 EFRHE
Fig. 6 Regression coefficient graph

BT PLSR /M 8 s e B g ik AT AR R E
P52 (variable importance projection, VIP) 43 #T.
VIP {f BT B S RIS R AR RE /7, (K
(VIP>1), fRFEREERERP0, 18 fibA4-38 - HHZ
XHRSUEIER) 38 NMLHIES RAW264.7 41/ NO
iR VIP B 7, & VIP EATEn, 43T
FZG%F 38 AN I 17 MR (VIP>1) 53
PURAE R #A55 H F21 (VIP>1.5) siskEe kK, 4+
I (F2D) 251 18 it 351 H Lt K 2
R A 2 e i E AT B

3 e

24 53 5 LA AR S L AR R VR R PR I FH 367 E
TFR A A QI PTT Z R TT,  FEDRE 245 350 I S il
AN AL A2 HES v 24 5 5 DA BB Wt 921
RlEFRR. R E A A AL —,
FE AR B I 77 7700 o S AR A i AR R

AL SRS B R R TR R
AL TR SRR . FEIR. AR
AR EEAT ORI, LA 06 5y B8 5 R0 T ARUA
HR AT T B, FAKHE R BT
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3.51

VIP

var ID (primary)

B 7 VIP $#h
Fig. 7 VIP analysis

SCHRS BAZHE B S o W - 4 2 B2y F e
(KA S RIE SR 5 4 35 1 A H B 256 B BT A0S A
TR K R VE AR R o 2R3 - H B 2G%HR
gL bR e 38 MLAIE, SIRA X ISR
WH 13 AN, 18 #HUFE S AHBUE Y >0.7, &I
JIT S (45 S0 RS 5 v T T 24 % 1 B AR i T
fro BEDIERER, U FHRREEEE R 10 B,
18 HLFEM B2 N 3 285 PCA 58] 5 Nk, Bit
Ji ETRREEN 92.272%, R RIS H &
PG TE R A B, 5 6 N4 H
B B, RERERTT IRy 2 95 (S4 5 S13 e
BERERLD, SR FEEAR B, FES A 2%
FAIAE SRR PEHIn ARSI A DG . HE—
SRR % 2 O S DTk A T 18 HERE S
HE135r, RIPMUCERIR 18 itA4-3% 1 H 5250 i
B, SO HEG R S A 2 R R BT, 4
R ORPES ST B R

AHIE T LAHE 22 BRI RAW264.7 41 A i & 2% 1%
YRR, DL NO B A N2 R Fabn 5 52 18
AR 35 7 H A P R IE Y . 1 s DA AE T R
NHEFERRA 45 25 22 AR AT IRk, MRS T
FLZNE 95% LT SR =R N 0.2~0.8 mg/mL
W, AIAEE R T 100%, #H47 3 IREE S
JE R — 3, YA ST H BN 95% LB AR
£ 0.2~0.8 mg/mL B B A HTE 77, (HBE R Bk
FEAR ARG, AT RE 5 25 R 1 E
BB NI AN MR AR I ST FERE O . TELh 22 4
TRV Bl PN W B B IR B G R T Y
X 95% L SR BL A IETE, SERA LU, 4
Zj2H NO /il i E K, 2FRIEACE, Mt
R RN, 18 HUEE SRR FRE B PR AR

RAW264.7 & E40 A NO 3 ih & . fEAVERE I,
SIS I RE A (14 NO 20 W & =, %5 8 RAW264.7
Y0 TR TR BT SR A, JCHRT COL IR B
AR U, 75 S AR R S9N AN E
WITF GBS SR AR A LR R I LV KT (AR e, 33K
ARG 0 BT R, X ATRE 2 S8 A4 NO Rl
it E R A

AHWFFERA GCA Fl PLSR Jp st 4-28 - H i
250 B R TG AT B S /AT, GCA S5k
i 38 MHATIE R ZAN T FIOREREE KT 0.8, (i
WETTRRR /NI 9 FS (HEHD >F17 (HHERD >
FI>F3>F4>F9>F11 (FHELE) >F13 (FET
) >FI9>F23>F21 (44 I0) >Fl14, U4
B H A BRI M B 2 o B R AR A
FEAER R HREE, HER. RHEE. 43T
. BT O ARG RIER, BREa
B CHHERZ) feisimid s NO. TNF-a. IL-6
(1 9 R TR - s SRS BB R AE L, 4R35 T LA
B ] Janus 8 (Janus kinase, JAK) /5%
S 5HEBE T (signal transducer and activators of
transcription, STAT) 15518 i KAEHTHAF H 2829,
AEF B PR BRI KT R RP,
PLSR T4 REiR, 4387-HEZ% 38 MLH
Wb 17 AMEHFIE (VIP>1) 5 H4T R VEF B354
X%, HAZEHIT (F21, VIP>1.5) &5l 18 fitd:
FEPH RN R AN A E R AR, 3
- 250 PR TG AR HR AR 35 7 R I in Ty
o BB SRR S, MOCHRRER I, IS 1F
A FEA 32 TP R AR R, mi IO
R0 50 A4 35 0 il R LT 9% 2 B I Ay AR 3
JeBY, — R RREEARRE T ATREH T 18 HLFE SIS HI R
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THARSUEEIA I 5 RS VR RS RO oG, ik
AR S5 - H EE S LR AT R A oS B, mONE
S H 20 PR 25 R SR TC S B A
FAHRAFIE KSR PR TR o BEAh, AHF TR
FERFE N B R P AT HB 2 520 LR 2538
BAT 5@ RIKVE, TR SRR TR SR 2172t
— B BRI

RBAR AL F ARG EA AR
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