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Spectral-effect relationship between HPLC fingerprint and cell proliferation and
differentiation of crude and sweated Dipsaci Radix
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Abstract: Objective To study the spectrum-effect relationships of fingerprints of sweated and crude Dipsaci Radix on cell
proliferation and differentiation, and find out the material basis of efficacy before and after sweating in order to provide the basis for
the impact of the efficacy. Methods The DAD detector was used to establish HPLC fingerprints of sweated and crude Dipsaci
Radix, and the relationship between the spectrum and efficiency was established by gray relational analysis. Results The chemical
composition of peaks 14 and 4 were highly correlated with the proliferation and differentiation of osteoblasts and the proliferation of
MG-63 cells. The correlations were all above 0.7. The three pharmacophore indicators associated much with the characteristic peaks
14, 4, 6, 16, 13, 11, and 5. Combined with the previous analysis, these peaks represented respectively asperosaponin VI, chlorogenic
acid, loganin, asperosaponin IV isomers, dipsacoside X, chlorogenic acid C, and caffeic acid. Conclusion Asperosaponin VI,
chlorogenic acid, loganin, asperosaponin IV isomers, dipsacoside X, chlorogenic acid C, and caffeic acid may be the main material
basis for the effect of cell proliferation and differentiation, thus affecting its efficacy.

Key words: sweating; gray correlation analysis; spectrum-effect relationship; cell proliferation; cell differentiation; asperosaponin

VI; chlorogenic acid; loganin; asperosaponin IV isomers; dipsacoside X; chlorogenic acid C; caffeic acid

Yks B E: 2018-12-13

EEWH: FHR AR HERE RS VI H (81303224); WiVl i BE 24 KR 54000 H-2018 E 5 H SRRl 2234 4 T H (2018Z2G34);
T [ 25 2 & 4R A A FE2 TREIH  (QNRC2-C12); WiiL4E 24 i W B A8 B0 R 4T 10 rh 24647 Huhn 1351 F

EBEN: B % (1993—), L, WHIHMA, BEAFFE A, MFR 2GS0 AR A K& BT 7t . E-mail: nazhidongxi@163.com

*BEEE  HAEA984—), 55, WHAEE N, BIWEFL 01, IR 250 ) J T 42 78 . Tel: (0571)87195895  E-mail:duweifeng_200158@sohu.com



* 3910 -

¢ $# Chinese Traditional and Herbal Drugs %5 50 % 25 16 3 20194 8 A

G A BT, RNEWR 2 A AR
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MAETCE CRIT” MARRE1,

H 2GR R T TR R 2k 2 o 5 2
S RGE AR, RAGHE TRk =347 58k
30T, B A AL 22 B 59T R o R U,
Hr 24 48 SC P T i i ) R 2 B R AT E Y
AEBE, SR — Wb Tk, 13 RIRE bR B
A ERCHR RZ RAE ) € OGS Y R B R T X
— R R W B 5% B R 2R 2 5 A
EJR R M3 — M KA e Y, HEFRAESTE
M2 N AE B RIS, RN BRI AL 41t
AR AL SR VT 2 IR . R, B
W25 2R T B, A R ST RS R Z TR R

ARSI 1 B W () 2 D s “ B4, R
DAD #6088 %2 37 HPLC a8 EIHE , T 2K th R B
SINTIER FUEEIT <R mT R RO S N K
HFELIH MG-63+ %)) s 20 B3t 5 7014 1 24 2k 4
RN, N FHREEW “RITY AR RIEZRT
YR FE A PR LR -
1wt
1.1 =I5 48R

Wi SD KRR, V&S, WL KEY)
SRS HLIRE, A HKIES SCXK () 2013-0016;
NBCEFE MG-63 A bk, AEA N BCE 4 iR B s
TER B E A A Y, T o R} 22 B b 40 i o
fEREEFE, T-80 CiHAT-

1.2 Y5

1200 2 R 5 = RO A 4 (SE[E Agilent 2
7] ); CO, 57748 (Thermo Fisher 24 7 ) ; Nikon TS100
{8 B A 2 B (Nikon A #)); ELX2800 HYfigHx

MR CGEERMRA T ERE O FLEFRFE
25 H PR A F]D; Nikon Yo B AEE (Nikon A+ );
BUFE S HrEt (Silicon Graphic A #]).
1.3

SRR SRR H DU NVE B, Wi B2 R0k
L AR S e N S e BB P )1 8E B Dipsacus
asper Wall. ex Henry [ FIAR . AR ATHE G 2L T
GREGT 80 CHAM MM, KITHE s
Wik Ja KA (P EZGE) 2015 SR, &77ih
CRAE” 0 T R
1.4 X5

Xof R AR TR (1S 111865-201102, iy
 93.8%). LRIRIR (fiL5 110753-201314, &4y
£ 96.6%) WNHERE (fit*5 110885-200102, S &4
#7100.0%) HEAF (5 111640-201005, Jii &5
$99.2%). g2t VI (it 111685-201003,
JRE 4 93.5%), T A A i 24 R e i AR 5
FEERR A (S 14022612, FRESH 98%).
SRR B (IS 14041411, FiEDH 98%). F4k
JRER C (A5 14041414, FiEnE 98%), TWH K
#B =2 R H ARG R A 7] . DMEM #5773 (Gibico
AFD; ANEIE BONUEFAEYAFD; 11 8K
Ji g (Sigma AF]; JREHE (Hyclone AH]); —
eI — ORI DU UM R ER (Sigma A F] D5 X2
AKMERR —48EE (PNPP, fE[E Merck AF]); ZKHER
M i CGRIUKAER G T AR AR
2 ik
2.1 HRGENEREN
211 HEASEE PRI KSR R B8R
RF” FERAARIIN 8 5 B MIZETHK, R,
WIERGE 2 — 2. BT 5omL &+, InzEis
IKEZIFE, R4, R 1 mL, BT ZAKRMAZ
T, IR, BT 10 mL Bl ER, B4,
HIFEN
2.1.2 IR ECH] RS R RRIDOM B S
B SRR WIMERR . TR, NISWi 21 VI 7
SRR A FEEIR By FAREEE C %5 40.0 mg,
BT 10mL &ifEH, MAFBEERZIE, 85, 66k
4 mg/mL X IR AW . FREEWEL 1 mL, BT
10 mL ®fH, MAREZRZIE, #B5, WEEXT
HE 5 BV 9 0.40 mg/mL R B A R
2.1.3 % Zorbax Eclipse XDB-Cis ¥ (250
mmX4.6 mm, 5 um), NN (A) -0.05%
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WS /K IE W (B), ¥EiR 30 °C, /R FHIA & 1.0 mL/min,
R A 212 nm, BEBFEF 0 min, 2% A; 0~5 min,
2%~6%A; 5~18 min, 6%~10% A; 18~40 min,
10%~20% A; 40~70 min, 20%~25% A; 70~80
min, 25%~35% A; 80~90 min, 35%~60% A;
90~110 min, 60%~70% A; 110~120 min, 70% A;
HEFEE 10 pl.

2,14 JiEEFEE FEERIN 2 h EikEheR K
WAETH. BRTREE. S8, ek, 4
FHALEEAZE 0.990 DL L, RSD fHIY/NT 5%. iifH
ZIRSUENE AR . EEM. REERLT.
VR X TR R (0 T LI 1

B
4
DU [
C
11
9 14
3
45 6 3 J‘)L
s . (W . -
0 25 50 75 100
t/min

SRR 4-4ERR S-MiHERR  6-DEHE 8-RAEF B 9-
RGFEM A 11-FEER C  14-)118EW 2 #H VI

3-loganic acid  4-chlorogenic acid 5-caffeic acid  6-loganin

8-isochlorogenic acid B 9-isochlorogenic acid A 11-isochlorogenic
acid C  14-asperosaponin VI
1 ZEEF Q). B&REE B) MER (C, “KRi
7 SHREI=E48) HPLC &igE
Fig. 1 HPLC of blank solution (A), reference substance
(B) and sample (C, low dose group of crude Dipsaci Radix)

2.2 YHBEZRSCIG

221 ZAWIRIHI B “2.1.17 TN RSE1S 2t
IR 28 TR K e 25, TCHIBOUR B A 1 g/mL
25, F 0.22 um TALIEREIEEBREE, R H
W “ARBA” HA “RITT A5 H DMEM BLRL
AR E N 50, 100, 200 mg/mL [T -

2.2.2 ST CORIFT BTG XTI RIG T AR BUHT

A SD K ERECE 40l OR MG-63 40, LA 1X10°
LT 96 FLEEFRIR T, BRI AR 100 pL,
B FRAE TR CE 2 h, o ot BRZH AN BRI R R R
KA AR, #. &R (50, 100, 200 mg/mL) 4,
FEINZG3 100 uL, B 5% CO, 53246, 37 C FH;
Fto 44 h JGHUH 96 FLEFFRAR, WHZH AL B35 TR 100
ul, JOA 20 pL 5 g/L i) MTT B &7, & 5% CO,
REFEM37 C T H55% 4 ho4a8 h G HUHY 96 FLES TR,
W 3% E3&EW, A 100 uL DMSO ¥R, R4E, FEEHR
X 490 nm MEWOCE (4 {H.

2.2.3  SRWUR VTR G A B BRI (ALP) ¥E
PERIRZIE K ERSCE AL 1X 100 N/ALEF T 24
FLEEFRBR R, FEAUINAH PRI 500 L, K5 FR4HBCE 2 h,
SrIE “2.2.27 TR, BEBOIIANZG 200 pL, & 5%
CO, 557848+ 37 C FEE3 72 ho 72 h JGHUH 24 4L
B, FHRT il 25 R T A V05 /R B AR 1 420 nm A0 4
B, BEERZGYNT K B 40 ALP JEPE 5200 .
23 RBXEESH

2.3.1 4. S IIZRdERR R1E N T
s BBk, #EMife S HPLC I ARSS &, M
HIRR, B KR SH A 5 . MG-63 4 365
KBS ANM ALP 3% P4 45 SR 0O dh 5 18 41 f) 24 3%
fHE N 100%, F4EAGMEKLENL, H5FR
(R=A zwm/A 3m) o

232 JREFEARR  ARYESWT R RIS AN
HAM HPLC K 16 NIA ISR, 5
TR ATE ARSI 25 5 R 1, TTE AT
A, Ja#E BT T AR BIAELE I A

— B, 7R R FH S A SRR AT Bk L
bR, AR
Yik=Xin/ X«

Ya SR AR, Xa RIEIEEHR, X N5 & FIEUEFIME
233 TFEOCERREAOCHEE M EW “RIT
AT G AN AR 4K B HPLC-DAD 1 5541 g 4
B A 3 AR bR 2 0] 1) SR B 3R O DRI
2.3.4 SREREHET  FESMT CRIT TR KR
HPLC-DAD & 5 200 ffa 3 5 4014 245 34 bs 2 8] 1)
KEREHET
3 #R
3.1 HPLC-DAD 5 EiE R L HIE

M “RITT R EANE R EAH K] HPLC-DAD
BIRE 3y 35 A, DLEL 2, MR I AR K /N
A 16 AN T B RRRE, 5 SR 95%
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S5
'i S4
L L S3
TWRIVTT I S2
bl sl ‘ LA, M'-.A‘. AT S1
0 1739 3478 5217  69.56 96.94 10433 121.72
t/min

3-LEHTR 4-FFR SR 6-DERE S8-RAEM B 9-7
SRR A 11-RAERR C 14-JIISERT R VI S1~83- “RRITF”
SRR . R S4~S6- “RIT” LRI, . miTEA
3-loganic acid  4-chlorogenic acid 5-caffeic acid  6-loganin
8-isochlorogenic acid B 9-isochlorogenic acid A 11-isochlorogenic
acid C 14-asperosaponin VI~ S1—S3-low, medium, and high dose
groups of crude Dipsaci Radix respectively S4—S6-low, medium

and high dose groups of sweated Dipsaci Radix respectively
2 ST FATE HPLC-DAD R4 &%
Fig. 2 HPLC-DAD fingerprints of sweated and crude
Dipsaci Radix
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NT ¥R E, dEiae S HPLC B
s, MBI R RO R 40
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R4 “2.3.27 TUF JRIGHHR AR 7, 158 SL W
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DAD Wik 16 /il i A E s . 45 R W3R
3. 4,
34 XKEEREAMKEKE

THESEW “ R BT S AN A 7 & 2 K BT
HPLC-DAD K1 55 40 B 59 58 534k 3 A 25 3R b 2 ]
(RO R BRI CER B, WAR 5~7,
3.5 XBEHRF
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EYN

F1 4 “%T” RIBEARREIZ4 HPLC-DAD R4 EiE £ HIEER
Table1 HPLC-DAD fingerprints common peaks of sweated and crude Dipsaci Radix for different doses
e B CRKIT” Bk ORI B
50 mg-mL™! 100 mg-mL™! 200 mg-mL™! 50 mg-mL"! 100 mg-mL™! 200 mg-mL™!
1 84.96 186.92 336.46 71.31 135.49 284.54
2 84.85 186.67 336.00 72.59 137.92 289.62
3 448.13 985.89 1 774.60 414.58 787.71 1654.19
4 753.08 1656.77 2982.19 420.43 798.81 1677.51
5 94.94 208.88 375.98 128.01 243.22 510.77
6 91.97 202.34 364.21 39.00 74.11 155.63
7 62.32 137.10 246.78 59.78 113.59 238.54
8 198.60 436.92 786.45 248.93 472.96 993.22
9 718.03 1 579.66 2 843.40 613.64 1165.92 2 448.43
10 640.07 1408.14 2 534.66 594.20 1128.98 2370.86
11 712.19 1566.82 2 820.28 769.42 1461.90 3 070.00
12 124.67 274.27 493.68 157.23 298.74 627.36
13 130.34 286.74 516.13 125.25 237.97 499.73
14 2 656.39 5 844.06 10 519.30 615.81 1170.05 2457.10
15 48.98 107.76 193.97 36.98 70.26 147.56
16 73.31 161.29 290.32 70.99 134.87 283.23
*2 G KT BIEHYIERK R E
Table 2 R value of pharmacodynamic effect for sweated and crude Dipsaci Radix
- _ R1H
A PR g L") A MG-63 ZNHLHAA ALP il

CRRITT Bil 50 152.45 154.96 160.00

100 172.73 174.58 172.95

200 188.81 201.69 179.05

“RAT” BEMT 50 143.12 145.52 152.37

100 149.42 153.75 168.12

200 180.65 183.54 173.40
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Table 3 Averaged R of pharmacodynamic effect for sweated and crude Dipsaci Radix

21 5 jill&/(mg-mL™") RRCE 4 MG-63 4l 51 ALP i1
CRRITT Bk 50 0.926 6 0.916 9 0.954 4
100 1.049 8 1.0329 1.0316
200 1.147 6 1.193 4 1.068 0
CRIT” sl 50 0.869 9 0.861 0 0.908 9
100 0.908 1 0.909 7 1.002 8
200 1.098 0 1.0859 1.0343

#F4 G “&F” "I/E HPLC-DAD B 16 N EiSIEmARAEL
Table 4 Average of 16 HPLC-DAD peak area for sweated and crude Dipsaci Radix

it = CRIIT” B ORI 2
50 mg-mL™! 100 mg-mL™! 200 mg-mL™! 50 mg-mL™! 100 mg-mL™! 200 mg-mL™!
1 0.463 6 1.0199 1.8358 0.389 1 0.7393 1.5525
2 0.459 6 1.0112 1.820 1 0.3932 0.747 1 1.568 8
3 0.443 3 0.9753 1.7556 0.4101 0.779 3 1.636 4
4 0.5451 1.1993 2.158 7 0.304 3 0.578 2 1.2143
5 0.364 7 0.802 4 1.444 4 0.491 8 0.934 4 1.962 2
6 0.5951 1.3093 2.356 8 0.2524 0.479 5 1.007 0
7 0.4357 0.958 6 1.725°5 0.4180 0.794 2 1.667 9
8 0.379 8 0.8357 1.504 2 0.476 1 0.904 6 1.899 7
9 0.459 8 1.0116 1.8209 0.3930 0.746 7 1.568 0
10 0.442 6 0.973 7 1.752 7 0.4109 0.780 7 1.639 4
11 0.4109 0.903 9 1.627 0 0.443 9 0.843 4 1.771 0
12 0.378 5 0.832 8 1.499 1 0.477 4 0.907 1 1.9050
13 0.4354 0.957 8 1.724 1 0418 4 0.794 9 1.669 3
14 0.685 1 1.507 3 2.713 2 0.158 8 0.301 8 0.633 7
15 0.4854 1.067 8 1.9220 0.366 4 0.696 2 1.462 1
16 0.433 8 0.954 4 1.717 9 0.420 0 0.798 1 1.6759

x5 LM “&IT” BIfE HPLC-DAD Bl 5 KR ALE HAAIEIE 25 AR IR Z 8189 KX R BN K BR B
Table 5 Correlation coefficient and correlation of HPLC-DAD and osteoblast proliferation for sweated and crude Dipsaci
Radix

e CRBT” BRI R B “RIT” B RHR R A -

£ - - - m m - RIKE
50 mg-mL 100 mg-mL 200 mg-mL 50 mg-mL 100 mg-mL 200 mg-mL

1 0.463 4 1.000 0 0.3623 0.453 4 0.7292 0.468 4 0.579 4
2 0.466 7 1.000 0 03716 0.461 1 0.7539 0.464 5 0.586 3
3 0.480 7 1.000 0 0.4150 0.495 5 0.874 4 0.449 3 0.6192
4 0.701 1 0.949 3 0.4100 0.580 6 0.744 4 1.000 0 0.7309
5 0.4612 0.674 7 0.628 9 0.565 8 1.000 0 0.3536 0.614 0
6 0.743 1 0.804 9 0.3835 0.569 1 0.6732 1.000 0 0.695 6
7 0.487 5 1.000 0 0.438 5 0.513 1 0.943 6 0.442 6 0.637 6
8 0.426 7 0.657 5 0.5338 0.508 8 1.000 0 0.336 2 0.5772
9 0.466 5 1.000 0 0.3711 0.460 7 0.7525 0.464 7 0.5859
10 0.481 4 1.000 0 0.4172 0.4972 0.880 6 0.448 6 0.620 8
11 0.470 8 0.8317 0.491 8 0.5262 1.000 0 0.3975 0.6197
12 04251 0.6519 0.5358 0.508 1 1.000 0 0.334 1 0.5758
13 0.487 8 1.000 0 0.439 7 0.5140 0.947 2 0.4423 0.638 5
14 1.000 0 0.825 8 0.436 2 0.685 6 0.7373 0.8213 0.7510
15 0.489 1 1.000 0 0.348 8 0.4549 0.676 4 0.5393 0.584 8
16 0.491 7 1.000 0 0.447 3 0.5202 0.963 3 0.443 4 0.644 3
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Table 6 Correlation coefficient and correlation of HPLC-DAD and MG-63 cells proliferation for sweated and crude Dipsaci
Radix

CRRI WO R CRIT” BEWT R REL
e et
50 mg-mL™! 100 mg'mL™" 200 mg:mL™! 50 mg-mL™! 100 mg'mL™" 200 mg'mL™!

1 0.4315 1.000 0 0.346 9 04214 0.679 8 0.424 3 0.550 6
2 0.434 8 1.000 0 0.356 5 0.4290 0.704 0 0.420 8 0.5575
3 0.448 8 1.000 0 0.401 6 0.462 7 0.823 0 0.407 2 0.590 6
4 0.7152 0.941 5 0.4220 0.5879 0.750 6 1.000 0 0.736 2
5 0.467 4 0.692 3 0.671 6 0.573 3 1.000 0 0.3521 0.626 1
6 0.7311 0.769 8 0.378 5 0.554 9 0.652 8 1.000 0 0.681 2
7 0.473 0 1.000 0 0.443 8 0.497 6 0.898 6 04184 0.6219
8 0.436 5 0.682 0 0.574 1 0.520 3 1.000 0 0.3375 0.591 7
9 0.434 6 1.000 0 0.3559 0.428 6 0.702 7 0.4210 0.557 1
10 0.449 4 1.000 0 0.403 9 0.464 3 0.829 1 0.406 7 0.592 2
11 0.4819 0.867 1 0.526 8 0.538 3 1.000 0 0.3979 0.6353
12 0.434 8 0.676 0 0.576 2 0.5196 1.000 0 0.3354 0.590 3
13 0.474 3 1.000 0 0.446 0 0.499 5 0.902 3 0.4191 0.623 5
14 1.000 0 0.803 4 0.4350 0.678 3 0.7250 0.818 2 0.743 3
15 0.501 6 1.000 0 0.3653 0.464 8 0.690 9 0.539 1 0.593 6
16 0.480 0 1.000 0 0.4558 0.507 5 0.918 5 0.4220 0.630 7

F7 4 “&F” BifE HPLC-DAD EiL 5 & 4H ALP JEMEABIRIRZ B0 KB AR BRI L BXE
Table 7 Correlation coefficient and correlation of HPLC-DAD and osteoblast ALP activity for sweated and crude Dipsaci
Radix

RRTE I RRL QYR SR AR B
353 RIRE
50 mg-mL™! 100 mg'mL™" 200 mg-mL"! 50 mg-mL™! 100 mg'mL™" 200 mg-mL"!

1 0.452 3 1.000 0 0.343 5 0.437 8 0.6111 0.438 6 0.5472
2 0.4553 1.000 0 0.3515 0.444 6 0.627 6 0.4354 0.552 4
3 0.468 0 1.000 0 0.3879 0.474 8 0.705 2 04229 0.576 5
4 0.746 9 1.000 0 0.4358 0.620 1 0.7352 0.9830 0.753 5
5 0.5053 0.768 1 0.633 5 0.604 2 1.000 0 0.3825 0.648 9
6 0.669 2 0.728 4 0.347 4 0.5163 0.5752 1.000 0 0.639 4
7 0.474 1 1.000 0 0.407 3 0.490 1 0.747 6 0.417 5 0.589 4
8 0.527 1 0.844 5 0.6110 0.613 4 1.000 0 0.4090 0.667 5
9 04551 1.000 0 0.3510 0.444 2 0.626 7 0.4356 0.5521
10 0.468 6 1.000 0 0.389 7 0.476 3 0.709 0 0.422 4 0.5777
11 0.544 0 1.000 0 0.5350 0.5953 0.9399 0.448 9 0.677 2
12 0.5251 0.837 4 0.6129 0.612 6 1.000 0 0.406 6 0.665 8
13 0.474 4 1.000 0 0.408 3 0.490 9 0.749 8 0.4172 0.590 1
14 1.000 0 0.841 0 0.442 4 0.694 3 0.716 6 0.892 7 0.764 5
15 0.5169 1.000 0 0.361 6 0.477 8 0.6314 0.5419 0.588 3
16 0.475 6 1.000 0 0.412 5 0.494 2 0.759 2 0.416 1 0.592 9
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Table 8 Correlation ranking of HPLC-DAD and cell proliferation and differentiation for sweated and crude Dipsaci Radix

RIKE 3 4 O3 5 MG-63 4l 3 5E ALP J5 1

e FFIEE 5 RIRBE FRIEIE S RIKSE FRIEIE S KK
1 14 0.7510 14 0.743 3 14 0.764 5

2 4 0.730 9 0.736 2 4 0.7535

3 6 0.695 6 0.6812 11 0.6772

4 16 0.644 3 11 0.6353 8 0.667 5

5 13 0.638 5 16 0.630 7 12 0.665 8

6 7 0.637 6 5 0.626 1 0.648 9

7 10 0.620 8 13 0.623 5 0.639 4

8 11 0.6197 7 0.6219 16 0.5929

9 3 0.6192 15 0.593 6 13 0.590 1
10 0.6140 10 0.5922 7 0.589 4
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