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Quality of Ranunculi Ternati Radix by multi-index component quantification
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Abstract: Objective To establish an HPLC method for components in Ranunculi Ternati Radix, and to evaluate the quality of
Ranunculi Ternati Radix from different origins by using the chemometrics, weighted TOPSIS, and grey correlation degree fusion
model. Method The contents of gallic acid, caffeic acid, ellagic acid, 3,4-dimethoxybenzoic acid, protoanemonin, ternatolide,
amentoflavone, 7-O-methyleriodictyol, anemonine, stigmasterol, and f-sitosterol were determined by HPLC - external standard
method. The extract, total ash, and acid-insoluble ash were detected. The quality of Ranunculi Ternati Radix was analyzed by
chemometrics, weighted TOPSIS, and grey correlation degree fusion model. Results There were significant differences of active
ingredients contents in Ranunculi Ternati Radix between different batches. The 18 batches of Ranunculi Ternati Radix samples were
divided into three groups, and the components that contributed significantly to the classification and quality of Ranunculi Ternati Radix
included ternatolide, 7-amentoflavone, gallic acid, caffeic acid, and B-sitosterol. There were significant differences in the quality of
Ranunculi Ternati Radix samples from different origins, with Henan, Anhui, and Jiangsu Provinces producing better quality Ranunculi
Ternati Radix. Conclusion The established method is simple and scientific, providing reference for the quality control of Ranunculi
Ternati Radix.

Key words: Ranunculi Ternati Radix; ternatolide; 7-amentoflavone; gallic acid; caffeic acid; ellagic acid; HPLC; chemometrics;
weighted TOPSIS; GRA
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AIECEA LR e ThRe, AR AR, HEHT R 4
Ha S HE 04 g N ELUSE T E 258 2020 FfR—
B, AR R . B BRG] K
IRy BRANE IR 3 AR S AL T E e T
AHRERRUE, RAN H B85 347 € = 7T . s AE
Ui SR ISR FH i a0 B 25 A A s T S VP A U
JRfE, UL A-[FFEEE-5-(F2 F 2E)- L H-nb - 125 TR
REEARER, TR 2 ERAE AN AR, X T
ANGHAT, TERE R RAFE—EAN L. MiEE
SO FH R AL - K 8 DRI AP 0 8 IO R R AV
PEIK Gy IRy IR AL SRR ZE SRk AT
T AT, ABRX AR AT e E AL, MEDLA
TP IR 12 20 (R B AR R B o AT 9 3 B TR 5
PR UNHERR . $EAEIR . 3.4- WAL EHFER. R
FELS R DNEENEE. B0, 7-0-H
XM, AkEER. CERE. BB HMEEE N E &
b, [EIRS RGO IR A IR RERANIEE K 5y
I Db T B 2 MU 25 il BE 253 (TOPSIS)
RO ML (GRA) BV A TF-BOEAT &0/
PR CEL o7 & 0 X322 Sk, DAB AR JICRE (1))
R .

1 #

UltiMate 3000 2 = JOBUAH t 1A%, 5 [ 2R 2Rk
HIREHE AR ; BP211D B4 Hr KF, {8 [E Sartorius
ANFE . WNHERE (kS 110885-201703, Jii & 4> %
99.7%)~ FELEAZ XU (L5 111902-202304, i &
IH98.2%) B HEE (A5 110851-201909, i
BEOE92.7%). WETIR (b5 110831-202407,
i34 90.8%) MIEEAERE (k5 111959-201903,
JREATEL 88.8%) S HE I I Hh [ 24 i A e A
bt AkHFE (L5 CFS202001, Jii &5 %
98.9%). 5. K EE (L5 CFS202301, i &7 %1 98.4%)
X R I B R AE AR AR AR NEEA

FExt i (kS Bed821, FiE4099.2%) MH 3
B Sigma AF]; 7-0-FREEER (b5 TN3243-
162481, JiiE %0 99.4%). 3,4- — ALK HF R (Hit
5 T3744-116859, JiiHE 7341 100.0%) E AL R
(fit5 TN1158-33453, Jii& /740 98.6%) Xf I I
H B AREMRHECA R AR O 88 HPLC
WA, HREFIIAN AR s R4 5
% 24 K 27 24 2 B E g e B 2000 35 N B R RHE )
/NBE Ranunculus ternatus Thunb. fFT-EEERAR, £
anfE AR 1.
x1 BNEGHREER

Table 1 Information on source of Ranunculi Ternati Radix
Gis CREEML  CREERTE T KM CREERH
S1  FMIEZE  2023-03 |S10 mH&EE 2023-03
S2 BNIKE 2023-03 | S11 mEEHESKE 2023-04
S3  FMMEE  2023-04 |S12 mEMEEE 2023-03
S4  WIFEMIEE  2023-03 |S13 JAEMILIE 2023-04
S5 WIFEBEITE  2023-03 |S14 FEMEEE 2023-05
S6 JTPHEIFHE 2023-03 |S15 %ok E 2023-04
S7  IUPEEMER 2023-03 | S16 %4 FER 2023-04
S8 PYIEiLE  2023-05 | S17 {LI&iBiE 2023-04
SO PUJIFERE 2023-05 | S18 JLIREHE 2023-03

2 FAEEHR
2.1 FRAHIE
211 AR E S BUSER KL 1.0 g,
FEEWRE, I 70%FEE 25 mL, FRE, hiFAERiE
B0 45 min, W0, b2 IR FE AR R R T i
eI, ERELIEM, HPAS.
212 RAEXMNEEBEEBESE RBERNKET
B WNERR . $RAERE . 3.4- SRR . Ak
HE. DNEEANE. B, 7-0-F HE 65
Wy FSRBR. S8R B-2 S EEXH RS, 70%
FHEEETRE ST, i) B85 Lt SO R FE 0 il o 0.676
0.910. 0.484. 0.232. 0.028. 6.710. 0.346. 0.140.
0.052. 0.084. 0.118 mg/mL {7 & X} R Fh I 45 T
R WU %9 1 mL, A 70% H EEFGRE 20 £i5, TR
5], BIf5.
2.2 Y

Capcell Pak Cis UG120 it fE (250 mm X 4.6
mm, 5um); SN CHE (A) -0.2%B5K, B
Yelii (0~11min, 16.0%A; 11~24min, 16.0%—
35.0% A; 24~41 min, 35.0%—72.0% A; 41~56
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min, 72.0%—81.0% A; 56~65min, 81.0%—16.0%
A); KK 260 nm (0~41 min K% & TR
DINMERR « RIS 3,4- WAL R JH Ak HR
NEENEE BACAZXGERA 7-0-F A 5D
210nm (41~65min A Sk H 2. TS EA B-4
I, AFURE 1.0mL/min; ¥R 30 C; #EHEE
10 pL.
23 AZuEAMRE

i 2 W TR A5 0 R VA R A VR, A
0T, W 1. TRA XTSRS T
P B 43 P HE UG NI R R BE ) TR SE AR [R], 4% (e
SEERL (DBEE>1.5),
24 4RHIFRERZE

2 W YR 5 0 R I 30
40. 100, 200 %, F2IKE TR WMHEER . EAEIR
3A-“HEHRHIR. JFAkE R DEREARE. 4
A2 TR 7-O- Eﬁﬁtxﬁﬁﬁ\ FkHaw. TR,
- 15 B AR FVEE A %of HE S Y VL, BB A0 5 g TR AU
KT B8R 55 R IV D 0 T AR AT i 1) o T e 2 11
PRfEIIZE, 738 11 Mgtk R 7R, 455

ikt 4. 10, 20,

11 o3 A AN 5T VR RV B Y 1Y 2 R IR 2
PR AR, WK 2.
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l‘ |
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LERTHR, 2R, 3-BRAEIR, 4-34-ZHARAWR, 5-J4
FERSER, 6 NERNE, 7-HTERIEEIH, 8-7-0-HIE X5 E,
9-FSKkETER, 10-Gi5HF, 11-p-73 HilE

1-gallic acid, 2-caffeic acid, 3-ellagic acid, 4-3,4-dimethoxybenzoic
8-7-0-
methyleriodictyol, 9-anemonine, 10-stigmasterol, 11-B-sitosterol.

1 EEXEB&E (A) FJE/NE (B) A HPLC EiE

Fig.1 HPLC chromatograms of mixed reference

acid, 5-protoanemonin, 6-ternatolide, 7-amentoflavone,

substances (A) and Ranunculi Ternati Radix (B)

®2 1 MESHLERR

Table 2 Linear relationship of 11 components

% VWi R? LR ((ug-mL )
BETR Y=1.538 9X 106 X—613.5 0.999 4 3.38~169.00
a7 Y=1.902 3X 106 X+953.7 0.9991 4,55~227.50
EAERR Y=1.707 1X 108 X+526.2 0.999 7 2.42~121.00
34- RHI R PER Y=09.604 3X10° X—1209.4 0.999 8 1.16~58.00
B EkE R Y=3.594 1X 105 X+326.1 0.999 2 0.14~7.00
NEE N Y=1.833 6106 X—792.5 0.999 3 33.55~1677.50
FETEAZ X T Y=1.4854X 106 X+1 132.8 0.999 9 1.73~86.50
7-O-FEL L BL Y=1.255 8 X108 X+916.2 0.999 3 0.70~35.00
EPS5E Y=8.579 2X10° X+525.9 0.999 7 0.26~13.00
T Y=7.9816X10° X+1 034.6 0.999 5 0.42~21.00
- K Y=1.036 7 X108 X—597.2 0.999 1 0.59~29.50

2.5 fEREIRLE 2.6 FREMIRIG
HUR A X E Savl, IEEE 6 IR, 4R E R BOf MR (S s, =EAE, Tl

TR UNMHERR . $FAERR . 3.4- HAESERHRR . A
LHE. DMEEARE. BN, 7-0-F %
Fpy. HRSER. THEE. p-A B EEIE A RSD
H3 5N 1.04%. 0.91%. 1.13%. 1.32%. 1.51%.
0.55%. 1.26%- 1.39%. 1.56%. 1.39%. 1.27%.

#%J5 0. 2. 4. 8. 12, 18, 24h ke, SRR T
B2 WNMHERR . BRAEER . 3.4- AR HRR. JF Ak
HER DEEARE. BN, 7-0-F FE 65
My FSkHR. . B-A S RSD {H
3N 1.21%-0.98%- 1.36%- 1.49%- 1.81%- 1.09%-
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1.47% 1.55%. 1.72%- 1.68%-. 1.60%, WM
B S TRAE 24 h WAROE .
27 EEMRAR

BORE (S & &, FATRRE 6 4, il it
WA, 3R, RIASMRETT R R, 4
WETIR. WHEER . $AERR. 3,4- —HEEARKHE.
JRESkES R DEENE. BIEAZXGER . 7-0-H
FEER, AkHER. BEE. p-ASEREN
) RSD {435 M 1.59%. 1.51%- 1.66%- 1.72%-
1.97%- 1.44%. 1.65%- 1.83%- 1.96%- 1.89%- 1.82%.
2.8 [EWEIRLE

BURTEL (S ¥y R 91, F3290.5g, K55
FRAE, DIATRE XTIV (B E TR IHERR |
AR 3. 4-—HWHEERHR. HakHR. MR
WS, BEAEAS WEEER . 7-O-HF F 2250, kSR
T B-2 S E 0.3714 0484 0.273.0.135. 0.016-
4.852. 0.176. 0.082. 0.029. 0.046. 0.059 mg/mL)
0.8+ 1.0, 1.2mL, Hill&HalmiE, H2EFEN e Wi
FUE, THEAS IR 5008 99.86%. 100.01%-
98.93%. 98.34%. 97.29%. 100.10%. 97.92%.
97.67%- 96.91%- 96.96%- 97.49%, RSD 1H7 5N
0.78%- 0.84%- 1.20%- 1.53%-0.99%- 0.67%- 1.22%-

®3 WNERRETFER. WML, SIER. 34-—FEEFXPR. RELASER.

1.39%. 1.17%-
29 EENE

B 18 #ILAHNE (S1~S18) FEfh, 20 5l sifit
AR, BRI, R AMRE TR S PR
TR WNHERZ . $FRAEER. 3.4- FHAEERHRE . JF A
LEBR. DEENEE. BERZOEN, 7-0-F kX
. FSRE R GEE. B-AHEREE S
SRR 0.470~1.376. 0.752~1.458. 0.422~
0.707. 0.224~0.443. 0.016~0.044. 7.111~12.262.
0.269~0.431. 0.121~0.258. 0.030~0.080. 0.070~
0.120. 0.071~0.173 mg/g, &M R IR 8] i & 5
HEFRER WK 3.
2.10 REY. BIRSTEEFIBMER S ME

B RIR RRANEE IR 5 o i S
25 0) 2020 4 PYA0E U 2201 2302 #ATIE,
SR WA 4.
211 EEFENH

KH SIMCA 14.1 8, LA 11 ASsr s =),
R GT FRANE IR oy e 45 oA &, % 18 it
W TEAE S AT E R b, A5 SRR ELH 2 N FRR
55, HARRATEE (R2) N 0.866, LLERD 113
Oy NREAARR, R 2 13 N ALR, F%E PCA

1.10%-+ 1.09%.

NERARE. BRZIEE. 7-0-F&X

B, BEHER. THE. -AHEBINESER (1=3)

Table 3 Determination of gallic acid, caffeic acid, ellagic acid, 3,4-dimethoxybenzoic acid, protoanemonin, ternatolide,

amentoflavone, 7-O-methyleriodictyol, anemonine, stigmasterol, and p-sitosterol in Ranunculi Ternati Herba (n=3)

Ji S Kl (mg g7")

D%y

S1 S2 S3 S4 S5 S6 ST S8 S9

S10 S11 S12 S13 S14 S15 S16  S17  S18

© 00 N oo o b~ W N B

=
o

0.739 0.786 0.815 0.979 0.877 0.932 1.007 0.628 0.573 0.595 0.470 0.519 1.277 1.324 1.230 1.376 1.182 1.056
0.974 1.044 0.988 1.106 1.139 1.175 1.044 1.195 1.384 1.346 1.458 1.415 0.831 0.876 0.805 0.752 0.917 0.948
0.541 0.498 0.562 0.553 0.534 0.591 0.550 0.467 0.445 0.465 0.431 0.422 0.651 0.680 0.693 0.707 0.666 0.592
0.268 0.302 0.390 0.361 0.342 0.371 0.393 0.273 0.435 0.370 0.443 0.388 0.297 0.224 0.323 0.243 0.258 0.355
0.031 0.029 0.020 0.024 0.028 0.023 0.021 0.023 0.018 0.020 0.016 0.019 0.035 0.037 0.038 0.044 0.040 0.033
9.763 8.487 9.649 9.474 9.134 9.271 9.424 7.926 7.523 7.893 7.272 7.111 11.254 11.776 12.015 12.262 11.512 11.177
0.356 0.427 0.431 0.354 0.392 0.415 0.370 0.328 0.373 0.269 0.347 0.339 0.331 0.323 0.312 0.301 0.289 0.281
0.162 0.176 0.166 0.193 0.180 0.186 0.207 0.121 0.147 0.165 0.152 0.141 0.208 0.258 0.219 0.250 0.232 0.226
0.057 0.054 0.037 0.044 0.051 0.043 0.039 0.043 0.033 0.037 0.030 0.034 0.064 0.067 0.071 0.080 0.074 0.061
0.089 0.081 0.091 0.085 0.087 0.091 0.080 0.072 0.076 0.077 0.073 0.070 0.112 0.117 0.110 0.120 0.115 0.107

11 0.124 0.159 0.173 0.143 0.153 0.149 0.129 0.119 0.101 0.109 0.078 0.071 0.114 0.138 0.097 0.119 0.093 0.105

L-BCE TR, 2-MHERR, 3-BRAEIR, 4-34-"WEEARTE, 5-ROA%GH, 6o/ NERNEE, 7T-HIELIGHEH, 8-7-0-FHE5E), 9-ALFHK,

10-57 85T, 11-B-25 (5%

1-gallic acid, 2-caffeic acid, 3-ellagic acid, 4-3,4-dimethoxybenzoic acid, 5S-protoanemonin, 6-ternatolide, 7-amentoflavone, 8-7-O-methyleriodictyol, 9-

anemonine, 10-stigmasterol, 11-B-sitosterol.
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FT4 BMEHZHY. BISMEENBMER S HINESLS
8 (n=2)
Table 4 Results of extract, total ash, and acid-insoluble ash

in Ranunculi Ternati Radix (n=2)

G5 RV %  BRN% BRI 1%
S1 372 6.2 2.7
S2 37.9 6.8 1.8
S3 34.8 7.1 32
S4 35.1 6.4 2.1
S5 354 5.8 1.9
S6 30.9 53 2.7
S7 325 59 2.2
S8 29.1 8.1 4.5
S9 30.2 7.4 4.4
S10 28.5 8.9 3.9
S11 29.7 8.2 3.1
S12 28.3 7.6 35
S13 452 4.5 1.9
S14 46.7 52 1.7
S15 48.1 4.8 1.5
S16 459 5.1 1.6
S17 46.2 43 1.8
S18 47.8 6.2 24

1557 B (B 2), 85 R 58 mIITE 95% B (5 X 6]
W, BT R TE S5 o 18 FUA U RE i o
3 NEEE, FHATHh I A, FTRESAT
PR . Rk, ISR KIS e,
#1217 OPLS-DA 27, Z5RBMSH R2v=0.959.
R2y=0.841. 0*=0.804, B FrEA AL ) FINFE FE
X RERER S (B 3). OPLS-DA 73#7)E, il
AR B EE R bR (VIP) ki B2 R Arid
¥, UL VIP>1 bRk, 7 HO 8 U2 25 A0 5
IR KIS A 54 WREIIMRKICH/NEE
PIBE . FEIEAZ DU . B TR WNHERR RN B-43 i
iz, WA 4.
2.12  HEEMNEIEAMI TOPSIS 57kt XEE
LA IRE

12 Excel 2016 #AEXT 18 #EATEH 11 Nk
a5 B BIKS FERAN IR A 45 SR AT
AE/ TSN
2.12.1 JIAL TOPSIS Zr#rA iy 18 LA N ELH I
BT WHERR . SRR 3.4- W AR R HR,

@s18@s17

0 4 8
FERG 1 1355
R?y{1]=0.737 R?x{2]=0.130 Ellipse: Hotelling’s 7%(95%)
2 JEINEM PCA 557

Fig.2 PCA score chart of Ranunculi Ternati Radix

.?1%}1
2 A
| ]
- 0.2 30
a0
HIE 0.1 sgs
2o ¥
K S3@ @59
H 0.1 SI7@@SI8 Sli@s12
702 S10

-1 -05 0 0.5 1
ERA 135
R2411=0.931 R?4{21=0.028 4 Ellipse: Hotelling’s 72(95%)

B3 JH/EH OPLS-DA 347[E
Fig. 3 OPLS-DA score plot of Ranunculi Ternati Radix

VIP {4

6 71 2 11 31284 109 13 14 5

6-/NEENER, 7-HUEZXGTE, 1% B TR, 2-muHR, 11-p-#
KW, 3-BAERR, 12-BHHY), 8-7-O-FHEXEHIMN), 4-34-— HIAJE
KR, 10-5 88, 9-FLER, 13-, 14-BAENRY,
5-RESRH R

1-gallic acid, 2-caffeic acid, 3-ellagic acid, 4-3,4-dimethoxybenzoic
acid, 5-protoanemonin, 6-ternatolide, 7-amentoflavone, 8-7-O-
methyleriodictyol, 9-anemonine, 10-stigmasterol, 11-B-sitosterol, 12-

extract, 13-total ash, 14-acid-insoluble ash.

4 FigkREY VIP E
Fig. 4 VIP value of each index

JAARER. DBRAN. BIEEIGEER. 7-0-H
R, AkHR. SHE. p-A MR LY
PIEFRER, BRI RRAENE R 7t bR, B
BARPREAIAGE —, 0 IR 6 ot 247 ) 1) fb Ak
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B, R R A 509 Y= [Xy—min(x)]/[max(x) —
min(x)] CIEFFRFR) . ¥y=[max(x;)—Xy]/[max(x;) —
min(x)] CHAIFEFR) o [F] A6 J5 2 5 A 5k 2550
Hreb 4865 VIP M (1.1109. 1.107 1. 0.632 7.
03636+ 0.1961. 2.7295. 1.3338. 0.3833. 0.264
2. 0.2783. 1.0023. 0.5791. 0.2458. 0.2134)
T IO, DARE B A — 38 b 1) e KA AR
5%, B/ME NS T iR IE AR A B (Dp*)
AIRAEMREE B (Dp). FXTITE () 1A

+ 14 2 N (- 14 VAN
Db = ZC:]_(Zbc*ZC ) Db = Zc:]_(ZbC_Zc ) Jb=

BitE Dyt Do Fl JpfH

2.12.2 GRA 43isiAl 18 UM N & bR
BRAG —, TR A Y,=Zy/Z,; 5 E R BE 247
TNENATE, DU E S Febr R K E N RIS

D, +D,

FRA, RAMENRESFFPH, LKA

. . 1 14 1 14 ;
cl = At P Re=—YC), Re=—%C,
= B ratphn | 144 144

_ At p duva
P Y|+ p A .

IHE S oA T &l mESHFIIRIKR
0 Cin' T Cid s BEPE I GARX T IS 7 1 1%
TIE (Rip)~ VPN KT SAENS T 5 22 555 17 51 1) K Bk
FE (Ris)o

2.12.3 HIAL TOPSIS VA5 K CECE R G XA
At IR 225 e 470 KB P 8 R S BB B8 3R AT TE X & Ak Ak
B, JRirEaA CHNENEEIRMIEE (df .
di ) FRKEIREREE (Rips Ris) o« HARE =ad+fra
E7 =ad] +pris 132G T =10 5 1 RR FCEE 250
IROKHEKIZES, Ef, KA a=p=0.5. HZHL
K yi=E}/ (Ef+E7) IWWELEEHMMIEE (v,
FRYE vi SRR SR R ATHE T . AR I S,

=5 18N EHRRMI}, dis R, Ris» Ef, E;Fyi
Table 5 Results of d;, d;, R, Ris, Ef, E;, and vyiof 18 batches of Ranunculi Ternati Radix

Y5 df d; Rib Ef E; Yi He
S1 0.598 7 0.566 7 0.652 2 0.7393 0.609 5 0.6690 0.4767 12
S2 0.698 9 05951 0.708 0 0.746 5 0.6516 0.722 7 04741 13
S3 0.5512 0.717 3 0.770 1 0.712 3 0.7437 0.6318 0.540 7 7
S4 0.569 5 0.593 3 0.676 5 0.722 8 0.634 9 0.646 2 0.4956 10
S5 0.593 8 0.607 2 0.688 4 0.722 6 0.647 8 0.658 2 0.4960 9
S6 0.562 7 0.663 2 0.716 4 0.720 6 0.689 8 0.6417 0.5181 8
S7 0.583 6 0.586 4 0.669 8 0.7599 0.628 1 0.6718 0.483 2 11
S8 0.862 1 0.344 4 0.658 5 0.8941 0.5015 0.8781 0.363 5 17
S9 0.8937 0.447 2 0.7170 0.878 4 0.5821 0.886 1 0.396 5 14
S10 0.916 3 0.358 5 0.6831 0.890 8 0.520 8 0.903 6 0.3656 15
S11 0.970 8 0.4238 0.690 4 0.9774 0.5571 09741 0.363 8 16
S12 1.000 0 0.3871 0.636 5 1.0000 0.5118 1.0000 0.3385 18
S13 0.462 3 0.836 3 0.800 4 0.7051 0.8184 0.583 7 0.5837 4
S14 0.418 2 0.9386 0.914 8 0.692 8 0.926 7 0.5555 0.625 2 1
S15 0.488 6 0.937 8 0.870 3 0.714 4 0.904 1 0.6015 0.600 5 3
S16 04971 1.0000 1.000 0 0.712 4 1.000 0 0.604 8 0.6231 2
S17 0.520 2 0.849 8 0.845 2 0.737 2 0.8475 0.628 7 0.5741 5
S18 0.536 5 0.7796 0.7910 0.672 8 0.7853 0.604 7 0.5650 6
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