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Abstract: Objective To establish the HPLC fingerprints of Gansong (Nardostachys jatamansi DC.) from different origins and
determine the content of multi-components, and to investigate the differences of the chemical components of N. jatamansi from
different origins in combination with the chemical pattern recognition method, so as to evaluate the quality of N. Jatamansi from
different origins and batches of N. jatamansi. Methods The fingerprints of 16 batches of N. jatamansi from Gansu, Qinghai and
Sichuan were established by HPLC method, and the content determination of the index components was carried out. Similarity
evaluation combined with pattern recognition techniques such as cluster analysis (HCA), principal component analysis (PCA) and
orthogonal partial least squares-discriminant analysis (OPLS-DA) were performed. Results The HPLC fingerprints of 16 batches of
N. jatamansi were matched to a total of 60 common peaks, and five peaks were identified as chlorogenic acid, cedar acid, acaciin,
nardosinone and (—)-aristolone by comparison with the control product, and the similarity of fingerprints was in the range of 0.943—
0.999. The variations of the contents of chlorogenic acid, cedar acid, acaciin, nardosinone and (—)-aristolone in 16 batches of N.
jatamansi samples were in the range of 1.046 5—4.975 3 mg/g, 0.028 4—0.108 7 mg/g, 0.016 7—0.157 4 mg/g, 7.442 1—37.869 1
mg/g, and 0.673 7—4.306 5 mg/g respectively, and the five components were significantly different among different origins. HCA
divided the 16 batches of N. jatamansi into three categories; PCA showed that the quality of different batches of N. jatamansi varied
greatly; 31 differential components, including chlorogenic acid, cedar acid, nardosinone and (—)-aristolone, were screened out by
OPLS-DA. The results of the comprehensive evaluation of fingerprint mapping showed that the quality of S4, S7 and S10 samples of
N. jatamansi was better. Conclusion Four index components, chlorogenic acid, cedar acid, nardosinone and (—)-aristolone, were
identified as the potential marker components for evaluating the quality difference of N. jatamansi, and the established HPLC
fingerprints of N. jatamansi and the method for determining the content of multi-components were stable and reliable, which can
provide scientific basis for the quality control, comprehensive evaluation and the effectiveness of the clinical application of M.
jatamansi medicinal herbs.
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Table 1 Sources of N. jatamansi

Y5 FEHb fit= KA ] R
S1 VY )1 45 BT 39 2022060301 2022-06 582
S2 VY )1 45 BT 39 2022060302 2022-06 582
S3 VY 1144 BrT 300 2022060303 2022-06 L5
S4 HilE R T AR 2 2022120601 2022-10 582 3
S5 HilE R T AR 2 2022120602 2022-10 582 3
S6 A HEET RS 2022120603 2022-10 582
S7 HilFEMHEET RS 2022120604 2022-10 582
S8 HilE R T AR 2 2022120605 2022-10 582 3
S9 HilFEMHEET RS 2022120606 2022-10 582
S10 HilFEMHEET RS 2022120607 2022-10 582
S11 HilE R T AR 2 2022120608 2022-10 582 3
S12 HilE R T AR 2 2022120609 2022-10 582 3
S13 A HEET RS 2022120610 2022-10 582
S14 A HEET RS 2022120611 2022-10 582
S15 HR 4 H e 3 LR B 2 i K A 2022101801 2022-10 582 3
S16 T T B T ARE 2 AR A 2022101802 2022-10 Li5iga

2 ik

2.1 AR HEHS HPLC 58 BIERE
2.1.1 WS B S RERIGERR. T &
e SEACE . HRAHTER . H YRR S oot e & &,
T B B 53 ) ) R — v R IR FE I RER, 43 i —
ERTIRS, Hill A& 2R 80.0 ng/mL. T &R 0.8
pg/mL. ZEAEFH 3.5 ug/mL. HAAHTEH 700.0 pg/mL.
g4 175.0 pg/mL T4 0] HE S VAT .

2.1.2 HEHASER RIS BUHRA 2408 0.5 g,
FEME, BEREMRIVIET, FEINA 95%4E 20
mL, FREFE, #AHE 30 min (30 C. 40 kHz.
600 W), Ji4, H 95% LBk e, B8, Hus:
JEM 10 mL, 7KIBZET, HH BRI EZ T 10mL
i, R4, 1 0.45 um PRALIERE, EI4E,
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AR IR 0 DASSE | S5 2B e (0% 25« Agilent
5 HC-Cys il A (250 mm X 4.6 mm, 5 um), sl
FIA 0.2% R /K VA (B) - 215 (D), #R B (0~
20 min, 10%~35%D; 20~23 min, 35%—~40% D;
23~37 min, 40%~54%D; 37~42min, 54%~69%
D; 42~47 min, 69%~72%D; 47~48 min, 72%~
10% D); RFRARE AN 1.0 mL/min; KKK 275
nm; FE¥E 30 °C; d#AEEN 10 ul.

214 REEREALS  BUHARES (SD, % “2.1.2”
TR J7 ) 4% A s v, 4% “2.1.37 T i
A ESHFE 6 Ik, MTFESLAG LR B[R] RSD
BI/NF 0.35%, WEHIAL RSD 37T 1.91%, K
ISR 5 R
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Table 2 Results of linear relationship between five components of N. jatamansi

J4r Ze 1k R? LR /(ng-mL )
SREIR Y=5710919.971 6 X+8 393.850 7 0.999 6 2.5~80.0
TER Y=16 960 170.575 7 X+310.621 9 0.999 9 0.025~0.800
ST Y=5 633 520.560 5 X+638.920 4 0.999 9 0.1~3.5
H A BT Y=3135110.179 7 X+24 125.213 9 0.999 8 21.9~700.0
Ep kgLl Y=5337882.153 5 X118 689.575 8 0.999 8 5.5~175.0
225 FEEERLE ORI “2.1.17 WUREREX  2.37% 1.98%- 1.47%- 1.64%, FKEFESIERTE 24

MR, 7R “2.1.37 TR NESREEAE 6 X, 10
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1.84%. 3.25%, RIZITIEE G R,
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Fig. 1 HPLC superimposed fingerprints and control fingerprints of 16 batches of V. jatamansi (R)
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Fig.2 HPLC diagram of mixed reference solution
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DLAE B REHE S0 B b e, F 5 16 i

FARE S IARURE, S5 4058 3 Fow, FERARUE N
0.943~0.999, H o PU)IH P MHLEE N 0.943 ~
0.974, “FIIFALE N 0.956; F g H A MLLE N
0.981~0.999, FHAEER R, “THIMLEE A 0.997;
HRHAA R A 0.959, 3 B SHEKCH AR F 2 18]
AN [FEE TR REUOT . PR B 73 B B AR AE — 08 22 5, T id
RO M 25 B H il HAA o S0 HRH
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%3 16 #HUREHMHS HPLC 55 EE AL TN AR
Table 3 HPLC fingerprint similarity evaluation results of

16 batches of . jatamansi samples

G5 MUE % 5 HHABLEE
S1 0.943 S10 0.999
S2 0.952 S11 0.999
S3 0.974 S12 0.998
S4 0.998 S13 0.999
S5 0.997 S14 0.997
S6 0.997 S15 0.959
S7 0.998 S16 0.981
S8 0.998 P (S1~S3) 0.956
S9 0.998 P (S4~S14. S16) 0.997
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Fig. 3 Cluster analysis heat map of 60 common peaks of V.

Jjatamansi
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Table 4 Characteristic values and variance contribution rate

ERO T REAEE 5 TTRRE % AR % TR /%
1 31.445 52.408 52.408
2 9.803 16.338 68.746
3 6.611 11.018 79.764
4 3.877 6.462 86.226
5 2.003 3.338 89.564
6 1.656 2.761 92.325
7 1.307 2.178 94.503

B — P SRR E =AML, B PCL
(52.408%) A1 PC2 (16.338%) JAL kR4 2 1) PCA
3 BT LA A TR = ) HAARE S (B S6
A0 BEFE, WK 4, R ERAFEHIP) 16 #t
FEMBE N 32K, 5 HCA 53R 5e4—5.

6 o
5 S3 s2 Group
S1 e ]
4 . * 2
3 ¢ 3
I L
& 38 S5
G st s
- 0
g - s6
=, S13 Si4
SI1x* ¥
-3 S5
—4 S16 t
s 51*2"'
-8 —4 0 4 8 12
PC1:52.408%
E 4 16 AR~ HOHERE PCA BIEENE

Fig. 4 Scatter plot of PCA scores of 16 batches of V.
Jjatamansi samples of different origins

PRl 73 FE R S % B 5 60 NIt I
Bl R 2 B ARG R EL, AR 5. SRR,
TR 1 BB T il 3, 4, 7. 9~22. 24,
26~31. 34, 37~39. 41. 42. 44~50. 52~56.
58, 59 MMER, gy 2 BERMT Ak 1, 2,
5. 6. 23, 33, 35, 36, 40, 57T HIMER, TR 3
FERMET ARG 8, 25, 32 MIEE, E 4 E
TR T tilklg 43 BER, o> 5 FERMT
ik 60 M5, o> 6 BERM T ikl 56
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#=5 BEFHMEE
Table 5 Factor load matrix

Hfur

S I B

HAT G 1 2 3 4 5 6 7
X1 20.075 20.720 0.472 0.368 20.165 ~0.090 20.109
X2 0.454 ~0.637 0.363 ~0.435 0.013 ~0.017 ~0.072
X3 0.692 ~0.139 ~0.343 0.245 0.287 ~0.322 0.188
X4 0.724 ~0.494 0.014 ~0.399 0.102 0.081 ~0.060
X5 0.402 ~0.776 0.375 ~0.238 ~0.052 0.010 ~0.103
X6 0.558 ~0.566 0.201 ~0.250 ~0.152 0.252 ~0.045
X7 0.706 ~0.630 0.108 0.232 0.062 -0.121 0.096
X8 0.333 ~0.579 0.592 0.422 ~0.032 ~0.114 0.033
X9 0.775 ~0.580 0.054 -0.162 0.060 ~0.120 0.014
X10 0.663 ~0.647 0.330 ~0.036 0.036 ~0.105 0.016
X11 0.643 ~0.186 0.551 0.458 ~0.077 ~0.046 0.002
X12 0.729 -0.362 0.131 0.515 ~0.139 0.086 0.037
X13 0.733 ~0.622 0.192 ~0.086 0.051 ~0.036 ~0.071
X14 0.752 ~0.251 ~0.161 ~0.139 0.129 0.207 ~0.001
X15 0.785 ~0.314 0.442 ~0.237 0.089 ~0.029 ~0.037
X16 0.703 -0.237 0.356 ~0.539 0.064 ~0.035 ~0.088
X17 0.903 ~0.019 ~0.207 0218 ~0.020 ~0.119 0.090
X18 0.940 ~0.047 0.129 ~0.183 0.144 ~0.016 0.075
X19 0.589 0.083 ~0.180 ~0.194 ~0.589 0.203 0.124
X20 0.901 0.109 ~0.133 ~0.087 ~0.255 0.061 ~0.193
X21 0.740 0.095 0.289 0.148 ~0.369 0.176 0.125
X22 0.801 ~0.179 0.374 ~0.365 0.012 0.039 0.031
X23 0.398 0.683 0.348 0.225 0.177 -0.262 0211
X24 0.812 ~0.162 0.040 ~0.473 0.176 0.012 0.188
X25 0.297 0.085 0.817 0.129 0217 0.065 0.275
X26 0.799 0.447 ~0.119 ~0.196 ~0.195 0.183 0.080
X27 0.895 0.279 ~0.259 0.000 0.026 ~0.066 0.094
X28 0.767 0.486 0.154 ~0.323 ~0.194 0.021 0.021
X29 0.878 0.224 ~0.207 ~0.198 ~0.133 ~0.034 0.265
X30 0.890 0313 0.004 ~0.078 ~0.202 ~0.060 0.005
X31 0.918 0.201 ~0.228 ~0.151 ~0.029 ~0.183 0.072
X32 0.414 ~0.426 0.608 ~0.030 -0.197 0.037 0.326
X33 0.128 0.691 0.657 0.098 0.026 0.015 ~0.137
X34 0.920 0.252 ~0.155 ~0.092 ~0.043 ~0.092 0.144
X35 ~0.060 0.758 0.618 ~0.102 0.132 0.060 0.047
X36 0.397 0.775 0.088 ~0.080 ~0.387 0.244 ~0.049
X37 0.816 0.151 ~0.456 ~0.149 ~0.020 ~0.228 0.058
X38 0.751 0.485 0.171 ~0.005 —0.111 ~0.194 ~0.288
X39 0.853 0.058 ~0.445 0.047 ~0.026 ~0.119 ~0.149
X40 ~0.057 0.786 0.477 ~0.024 0.309 0.060 0.161
X41 0.956 0.037 ~0.247 0.036 0.042 ~0.086 ~0.026
X42 0.865 0.082 ~0.373 0.102 0.149 ~0.143 ~0.172
X43 0.627 0.034 0.254 0.698 ~0.082 0.090 ~0.068
X44 0.954 0.012 ~0.192 0.036 ~0.032 ~0.156 ~0.003
X45 0.786 0.551 0.176 ~0.072 0.133 0.050 ~0.058
X46 0.724 0.415 0.106 ~0.008 ~0.073 ~0.142 0.042
X47 0.764 ~0.055 ~0.387 0.439 ~0.093 0.046 0.103
X48 0.733 0.361 0313 ~0.121 0.109 ~0.338 ~0.068
X49 0.885 ~0.156 ~0.394 0.039 ~0.060 0.044 0.002
X50 0.893 ~0.125 ~0.425 0.019 0.020 ~0.038 0.014
X51 0.500 0.237 0.344 0.209 ~0.148 ~0.242 ~0.593
X52 0.959 0.041 ~0.217 0.090 0.122 0.056 ~0.026
X53 0.753 0.331 0.077 0.348 0.256 0.092 0212
X54 0.830 ~0.209 ~0.085 0.484 —0.044 0.091 0.008
X55 0.953 0.056 ~0.192 0.059 0.161 0.107 ~0.065
X56 0.645 ~0.154 ~0.191 0313 0.106 0.607 0.048
X57 0.363 0.658 0.608 ~0.072 ~0.063 0.071 ~0.070
X58 0.769 0.208 0.078 0.053 0.179 0.325 ~0.165
X59 0.923 0.130 ~0.039 0.162 0.117 0.140 -0.221

X60 0.522 0.014 —0.138 —0.063 0.622 0.390 —0.238
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3.4.3 OPLS-DA 4 | HUF 053 Hr AN [F] 77 3 H 2
FEARZ A1H) 25, KA SMICA 14.1 #4ExF 16 it
HIA 2 60 AN FEHUEFATH W 1 OPLS-DA (i
R A R H B R2v R2ys Q23X 3 AMEHRK
P, REFRFRRT 0.5 BONAE, HFHEEEE 1
Ui B R 40 R B A 12527 S A 43 T L T
5. g5, [F HCA il PCA —8, 4l 3 %K.
200 X BRI BN 2B AT S (B 6).
Ay g B B RS (variable importance in projection,
VIP) 5 2 ik 2 F &Y E E 45, VIP E
Bk, XA ] 2 S B s ik ok 28, DL VIP>1 i
wHERLEY, B VIP B9 E (B 7) /i, 51
RE BRI ZERIEWE 314, KIRN 35, 57,
40. 33. 45. 23. 28. 38. 36. 30. 48. 9. 52.
49, 50. 41. 44. 55. 7. 18. 34. 59. 31. 26.
13, 27, 17. 46. 20, 29, 54 Sig, H 751N
SRR, 13 SUERTHM. 50 TN HFA#EE,
55 SN YRR, XLl AR H S SR
st ) 72 A 2 S 1) 3 bR M B 43 SRR AE HAA IR R
TP R VR B, B A OGTE IX B )
A, T 32 SUEHSEETH, (H 32 SUEIH R HILIE
VIP>1 [k, WET AL, #RE
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Fig.5 OPLS-DA analysis of 16 batches of N. jatamansi
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Fig. 7 VIP diagram of each component of V. jatamansi of different origins
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Table 6 Principal component factor scores and ranking of 16 batches of N. jatamansi

B% —— — — ML — ———— gews
TGy ERUF2 O FERGF3 ERMGF4 ERGFS O ERGF6 ERGT
S1 —0.820 1.202 1.106 —0.445 0.670 0.911 1.474 —0.064 12
S2 —0.647 1.759 1.139 -0.008 1.193 -0.328 0.651 0.125 8
S3 —0.458 1.542 1.054 —0.442 -1.262 -0.214 —2.402 -0.001 11
S4 1.352 0.570 —0.659 1.334 0.032 1.771 0.236 0.921 1
S5 -0.114 0.213 -1.404 0.592 0.630 0.975 -0.721 -0.115 13
S6 —2.044 -0.431 -1.504 -0.025 0.379 -0.094 0.478 -1.364 15
S7 0.763 0.598 -0.801 -0.161 -0.992 -1.488 -0.285 0.337 3
S8 0.677 0.370 -0.782 0.083 -0.676 -1.277 1.509 0.327 4
S9 0.191 0.177 -0.935 0.336 0.766 0.045 -0.719 0.062 9
S10 0.944 0.197 -0.477 0.286 -0.124 -0.605 0.143 0.503 2
Si1 0.816 -0.812 0.281 -0.777 1.682 -0.891 -1.045 0.301 6
S12 0.420 —1.464 0.555 -1.269 1.403 0.133 —0.304 0.004 10
S13 0.672 -0.698 0.324 -1.429 —1.465 2.075 0.141 0.204 7
S14 0.023 -0.712 0.300 -1.173 -1.061 —0.662 1.189 —0.185 14
S15 -2.079 -1.177 -0.133 0.595 -0.897 0.034 -0.531 -1.374 16
S16 0.305 -1.334 1.935 2.503 -0.278 -0.386 0.186 0318 5

®7 16 HERERH 5 MERDIHEE 1=3)

Table 7 Contents of five chemical components in 16 batches of N. jatamansi (n=3)

JiEE > H(mg- g ™)

.

e SERR TER ST AT S e
S1 1.670 3 0.0394 0.060 1 10.900 6 1.9215 14.591 8
S2 1.046 5 0.032 8 0.029 8 11.178 6 1.850 2 14.137 8
S3 1.130 8 0.041 4 0.157 4 13.817 1 22232 17.369 8
S4 3.244 5 0.0750 0.042 5 37.869 1 43065 455376
S5 2.3029 0.049 1 0.034 4 28.515 5 3.079 8 339817
S6 1.447 6 0.028 4 0.0182 14.570 2 1.246 1 173105
S7 2.7723 0.068 0 0.0532 323911 3.170 7 38.4553
S8 2.965 4 0.058 7 0.038 4 31.5509 2.905 4 37.518 8
S9 2.889 8 0.076 5 0.0353 33.2054 3.500 5 39.707 5
S10 2.9540 0.0770 0.0413 32.730 8 3.5929 39.396 0
S11 4.122 3 0.102 4 0.062 1 32.6597 3.722 1 40.668 6
S12 3.578 0 0.108 7 0.051 8 27.678 6 2.962 3 343793
S13 2.8130 0.101 6 0.0716 27.0134 3.2215 33.2210
S14 34170 0.087 2 0.116 2 27.637 8 2.506 8 33.7650
S15 1.997 2 0.052 8 0.016 7 7.442 1 0.6737 10.182 6
S16 49753 0.1020 0.063 7 22.6356 29834 30.7599

SFRME 2.707 9 0.068 8 0.055 8 244873 27417 30.061 4
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Fig. 8 Content determination bar graph of five index components
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