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ategy for quality control of the
multi-origins herb medicine of Gentianae
Macrophyllae Radix based on UPLC-Orbitrap-MS/
MS and HPLC-DAD†

Jiangyi Luo,‡ Hanwen Yuan,‡ Ling Liang, Qinling Xie, Sai Jiang, Yangfen Fu,
Shenghuang Chen* and Wei Wang *

Gentianae Macrophyllae Radix, the dried root ofGentiana macrophylla Pall.,Gentiana crassicaulis Duthie ex

Burk., Gentiana stramineaMaxim., or Gentiana dahurica Fisch., is a traditional Chinese medicine with multi-

origins and some adulterants. Liquid chromatography coupled to electrostatic orbitrap high-resolution

mass spectrometry (LC-Orbitrap-MS) was used to search the different components of Gentianae

Macrophyllae Radix of the four species. High-performance liquid chromatography (HPLC) combined

with fingerprint analysis, principal components analysis (PCA), and partial least-squares discrimination

analysis (PLS-DA) was also utilized to distinguish them and their adulterants based on the critical

components identified by LC-MS. A single standard to determine the multi-components (SSDMC)

method was established for the determination of the critical markers. A total of 93 compounds were

identified from Gentianae Macrophyllae Radix, including 58 common ones. Their HPLC fingerprints show

a significant difference with the adulterants. In addition, PCA and PLS-DA could make a distinction

among the four species. Loganic acid, 6′-O-b-D-glucosylgentiopicroside, swertiamarine, gentiopicroside,

and sweroside were identified as the critical markers and then quantified by the SSDMC method. The

developed strategy is powerful for the quality control and authentication of Gentianae Macrophyllae Radix.
1. Introduction

Gentianae Macrophyllae Radix, the dried root of Gentiana
macrophylla Pall., Gentiana crassicaulis Duthie ex Burk., Gen-
tiana straminea Maxim., or Gentiana dahurica Fisch., has been
used as a medicine since Han Dynasty (202 BC to 220 AD) to
dispel wind-damp, clear damp-heat, ease pain, and eliminate
deciency-heat.1–4 They are cultivated in different geographic
regions in China and are generally known as Qinjiao (QJ),
CuJing Qinjiao (CJQJ), MaHua Qinjiao (MHQJ), and Xiao Qin-
jiao (XQJ) in Chinese due to their different appearances,
respectively (Fig. 1).1,5–7 Numerous studies have proved that this
herbal medicine is abundant in iridoids and secoiridoids, such
as loganic acid and gentiopicroside, which have been recorded
as quality markers in the Chinese Pharmacopoeia (2020
edition).3,8 Loganic acid, 6′-O-b-D-glucosylgentiopicroside,
swertiamarine, gentiopicroside, and sweroside are reported to
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have various excellent activities.9–13 Studies have shown that the
content of active components of the herb medicine will affect
their pharmacological activities, which was the reason for the
differences in activity among the Gentianae Macrophyllae Radix
of the four species.14–17

In addition, there are some adulterants used as Gentianae
Macrophyllae Radix in the market (Table 1 and Fig. 1), such as
Long dan (the rhizome of Gentiana scabra Bge.), Hong qin jiao
(the root of Salvia PrzewalskiiMaxim.), and Ma bu qi (the root of
Aconitum sinomontanum Nakai.). Therefore, the identication of
different species and authentication are of great importance for
the safety and effectiveness of Gentianae Macrophyllae Radix in
clinical practice.

Liquid chromatography coupled to electrostatic orbitrap
high-resolution mass spectrometry (LC-Orbitrap-MS) has the
advantages of high resolution, quality accuracy,18 and qualita-
tive analysis of constituents by the in-house and online data-
base. Due to its stability and controllability, high-performance
liquid chromatography (HPLC) is still the classic technology for
quality control of herbal medicines in pharmacopeia
worldwide.

In this paper, the major constituents of Gentianae Macro-
phyllae Radix were analyzed by LC-Orbitrap-MS. Subsequently,
variable inuence on projection (VIP) score, K-means
RSC Adv., 2023, 13, 8847–8862 | 8847
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Fig. 1 Gentianae Macrophyllae Radix and the adulterants (A: Gentiana macrophylla Pall.; B: Gentiana crassicaulis Duthie ex Burk.; C: Gentiana
straminea Maxim.; D: Gentiana dahurica Fisch.).

Table 1 The sample information collected in this study

Sample
name Medicine Origin

Sample
name Medicine Origin

Sample
name Medicine/chinese name Origin/plant

QJ-1 QJ Yunnan QJ-15 CJQJ Sichuan QJ-29 XQJ Inner Mongoria
QJ-2 QJ Yunnan QJ-16 CJQJ Sichuan QJ-30 XQJ Qinghai
QJ-3 QJ Yunnan QJ-17 MHQJ Xinjiang QJ-31 XQJ Inner Mongoria
QJ-4 QJ Yunnan QJ-18 MHQJ Sichuan QJ-32 XQJ Inner Mongoria
QJ-5 QJ Yunnan QJ-19 MHQJ Qinghai QJ-33 XQJ Xinjiang
QJ-6 QJ Yunnan QJ-20 MHQJ Sichuan A-1 Long dan Gentiana scabra Bge.
QJ-7 QJ Yunnan QJ-21 MHQJ Qinghai A-2 Hong qin jiao Salvia Przewalskii Maxim.
QJ-8 CJQJ Yunnan QJ-22 MHQJ Sichuan A-3 Hong qin jiao Salvia Przewalskii Maxim.
QJ-9 CJQJ Yunnan QJ-23 MHQJ Sichuan A-4 Hong qin jiao Salvia Przewalskii Maxim.
QJ-10 CJQJ Sichuan QJ-24 MHQJ Sichuan A-5 Hong qin jiao Salvia Przewalskii Maxim.
QJ-11 CJQJ Sichuan QJ-25 MHQJ Sichuan A-6 Ma bu qi Aconitum sinomontanum Nakai.
QJ-12 CJQJ Sichuan QJ-26 MHQJ Tibet A-7 Du yi wei Lamiophlomis rotata (Benth.) Kudo
QJ-13 CJQJ Qinghai QJ-27 MHQJ Sichuan A-8 Bai tou wen Pulsatilla chienensis (Bge.) Regel
QJ-14 CJQJ Sichuan QJ-28 MHQJ Qinghai A-9 Bai wei Cynanchum atratum Bunge.
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calculation, and self-organizing map (SOM) were used to obtain
differentials for the compounds, which were then quantied by
HPLC and a single standard for determination of multiple
components (SSDMC) method.19–21 Finally, the ngerprint
analysis, principal components analysis (PCA), and partial least-
squares discrimination analysis (PLS-DA) were performed to
distinguish QJ, CJQJ, MHQJ, and XQJ, as well as the adulterants.
2. Materials and methods
2.1. Reagents and materials

The reference standards, including loganic acid, swertiamarine,
gentiopicroside, and sweroside, were purchased from Nature-
Standard (Shanghai, China), while 6′-O-b-D-glucosylgentiopi-
croside was supplied by Shanghai Yuanye Bio-Technology Co.,
Ltd. (Shanghai, China). HPLC-grade methanol, acetonitrile, and
formic acid were purchased from Sigma-Aldrich (Sigma-Aldrich,
8848 | RSC Adv., 2023, 13, 8847–8862
Co., Louis, USA). All aqueous solution was prepared with puri-
ed water from C'estbon (Shenzhen, China).

Thirty-three batches of Gentianae Macrophyllae Radix
(including 7 batches of QJ, 9 batches of CJQJ, 12 batches of
MHQJ, and 5 batches of XQJ) were collected from Xinjiang,
Yunnan, Tibet, Sichuan, Inner Mongolia, and Qinghai. In
addition, nine batches of its adulterants were also collected
from different provinces. The details are summarized in Table
1. All the samples were authenticated by Professor Wei Wang
(School of Pharmacy, Hunan University of Chinese Medicine),
according to the plant morphology. Voucher specimens (QJ 1 ∼
33, Long dan, Hong qin jiao-1 ∼ 4, Ma bu qi, Du yi wei, Bai tou
wen, and Bai wei) were deposited at the TCM and Ethno-
medicine Innovation & Development International Laboratory,
Innovative Material Medical Research Institute, School of
Pharmacy, Hunan University of Chinese Medicine, Changsha,
China.
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 TIC chromatogram of QJ (A), CJQJ (B), MHQJ (C), XQJ (D), and quality control sample (E).
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2.2. Sample preparation

The air-dried roots were pulverized and passed through a 50-
mesh sieve. Then, 0.2 g of the powder was accurately weighed
© 2023 The Author(s). Published by the Royal Society of Chemistry
and ultrasonic-extracted with 20 mL methanol for 30 min. Aer
10 min centrifugation at 13 000 rpm and ltration with a 0.22
mm of lter membrane, the sample solution was collected. The
RSC Adv., 2023, 13, 8847–8862 | 8849
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quality control (QC) sample was prepared by mixing an equal
volume of each sample solution.
2.3. LC-MS conditions

The LC analysis was run on a Hypersil GOLDTM Aq-C18 column
(20 × 2.1 mm, 1.9 mm) (Thermo Sencitic, MA, USA) with
a Vanquish™ Flex UPLC system at 30 °C, using 0.01% formic
acid (A) and acetonitrile (B) as the mobile phase at a ow rate of
0.3 mL min−1. The gradient elution conditions were as follows:
5–30% B (0–1 min), 30–40% B (1–5 min), 40–90% B (5–6 min),
90–95% B (6–13 min), 95% B (13–21 min), and 5% B (21–24
min). The injection volume was 4 mL. MS analysis (qualitative
analysis) was performed on a Orbitrap Exploris 120 in negative
ion mode with a full scan MS spectrum over the m/z range 150–
1000, using ion spray voltage of 2.5 kV, sheath gas of 50 Arb, aux
gas of 10 Arb, sweep gas of 1 Arb, ion transfer tube temp of 325 °
C, and vaporizer temp 350 °C. The orbitrap resolution of full
scan MS was 60 000 and MS2 was 15 000, and HCD Collision
Energies (%) was kept at 30%.
2.4. HPLC analysis

2.4.1. HPLC conditions. The HPLC analysis was conducted
on an Agilent 1260 Innity II HPLC system equipped with
a binary pump, an autosampler, a thermostated column
compartment, and a diode array detector (Agilent Technologies,
Santa Clara, CA, USA). The compounds were separated on
a Waters Atlantis® T3-C18 column (4.6 × 50 mm, 5 mm,
Waters™, MA, USA) at 28 °C. The mobile phase consisted of
0.04% aqueous formic acid (A) and methanol (B) using
a gradient program of 20–25% (B) in 0–13 min, 25–35% (B) in
13–20 min, and 35% (B) in 20–25 min. The ow rate was 1.0
mL min−1. The detection wavelength was 240 nm.

2.4.2. HPLC method validation. The precision of the HPLC
analysis method was obtained by injecting six replicates. Six
collateral sample solutions were applied to evaluate the
repeatability of the approach. The durability was evaluated by
analyzing the same sample solution and mix standards using
three different columns, including the Waters Atlantis® T3-C18
column (4.6 × 250 mm, 5 mm), Agilent 5 TC-C18 (Agilent
Technologies, Santa Clara, CA, USA) and YMC-Pack ODS-A (5
mm, 4.6 × 150 mm, YMC CO., Ltd., Kyoto 600-8106, Japan) in
two HPLC systems (Agilent HPLC 1260 II and Shimadzu LC-40
D), respectively. The precision, repeatability, stability, and
durability were measured by Relative Standard Deviation (RSD)
values of Relative Peak Area (RPA) and Relative Retention Time
(RRT). Signal-to-noise ratios (S/N) of 3 and 10 as the standard for
Limits of Detection (LOD) and Limits of Quantication (LOQ),
respectively. In order to evaluate the recovery, the standard with
known concentration was added to the accurately weighed
sample in terms of the three concentrations of the high,
medium, and low, and prepared in parallel with triplicates
according to the sample preparation method. Recovery was
then calculated as follows:

Recovery ð%Þ ¼ m1 �m2

m3

� 100%
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 The analysis of LC-MS data (A: the common peaks in Gentianae Macrophyllae Radix; B: the VIP score of 58 common peaks; C: K-means
clustering; D: SOM).

Fig. 4 The HPLC chromatograms of Gentianae Macrophyllae Radix (A) and mixed standards (B), the fingerprint of Gentianae Macrophyllae Radix
(C), and comparison of Gentianae Macrophyllae Radix and its adulterants (D).

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2023, 13, 8847–8862 | 8857
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In which, m1, m2, and m3 were the amount obtained, the half
original amount in the sample, and the amount spiked into the
sample, respectively.

2.4.3. SSDMC method development. Five reference stan-
dards at known concentrations were prepared as a mixed
standard stock solution, which was then diluted to six different
concentrations to obtain calibration curves for the quantitative
analysis of the sample. SSDMC method was conducted by
injecting one reference standard (gentiopicroside), and calcu-
lating the content of the other four components in sample
solutions according to the response factor (F).

F ¼ AS=CS

Ai=Ci
Table 3 The precision, repeatability, and stability of the analysts

Analyst

Precision (n = 6)

RRT RRA

RSD (%) RSD (%)

Loganic acid 0.10 0.09
6′-O-b-D-Glucosylgentiopicroside 0.10 0.31
Swertiamarine 0.07 0.30
Gentiopicroside 0.04 0.11
Sweroside 0.03 0.30

Fig. 5 The contents of five iridoids in Gentianae Macrophyllae Radix (A)
contents of five active components among the Gentianae Macrophyllae

8858 | RSC Adv., 2023, 13, 8847–8862
where Ai and AS are the peak area of the corresponding
compounds obtained from the sample solution and the peak
area of gentiopicroside obtained from the standard solution. Ci

and Cs are the concentration of components (mg mL−1) to be
measured in the test sample and the concentration of gentio-
picroside in the reference solution.

2.5. Data analysis

The MS/MS data was analyzed by Freestyle 1.8 and Compounds
discover 3.3 soware. The compounds were identied by
mzVault, mzCloud, ChemSpider, and Mass List Search. The VIP
scores, K-means Clustering, SOM, and Pearson correlations
were analyzed by Metaboanalyst 5.0. The ngerprint was
generated by the Similarity Evaluation System for
Repeatability (n = 6) Stability (n = 8)

RRT RRA RRT RRA

RSD (%) RSD (%) RSD (%) RSD (%)

0.28 1.82 0.75 1.63
0.30 2.23 0.66 1.68
0.26 2.12 0.54 1.59
0.18 2.12 0.31 1.73
0.14 2.19 0.23 1.71

, the co-relationships of five active compounds (B), comparison of the
Radix of the four species (C) and different regions (D).

© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra07591a


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
M

ar
ch

 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
/1

6/
20

26
 1

0:
07

:3
6 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Chromatographic Fingerprint of Traditional Chinese Medicine
(Version 2012A) soware. PCA, PLS-DA, and HCA were obtained
by SIMCA 14.1 soware.
3. Results and discussion
3.1. LC-MS analysis

The response of Gentianae Macrophyllae Radix under the
negative ion mode was better than the positive model in LC-MS
analysis (Fig. S1†). The total ion chromatograms of QJ, CJQJ,
MHQJ, XQJ, QC sample, and the adulterants are shown in Fig. 2
and S2.† The total ion chromatograms between Gentianae
Macrophyllae Radix and its adulterants exhibit great difference
in triterpenoid with retention time from 10 to 20 min (Fig. 2E).
On the basis of reference standards, literature data,8,22,23 and the
inhouse and online database (inluding mzVault, mzCloud,
ChemSpider, andMass List Search with scores of more than 90),
a total of 93 compounds were identied from Gentianae Mac-
rophyllae Radix, including 9 iridoids, 10 secoiridoids, 12 avo-
noids, 6 lignans, 38 terpenes, and 18 other types of compounds
(Table 2). There were 58 common compounds in QJ, CJQJ,
MHQJ, and XQJ (Fig. 3A). Their peak areas data was uploaded to
Metaboanalyst 5.0 for statistical analysis (one factor) to screen
out the differential components through VIP scores (Fig. 3B).
Fig. 6 PCA (A) and PLS-DA (B) analyses.

Table 4 The calibration curves of the analysts

Analyst RT (min) Calibration curve R

Loganic acid 14.91 y = 7472.7x + 1.9765 0
6′-O-b-D-Glucosylgentiopicroside 16.51 y = 3007.1x − 0.5279 0
Swertiamarine 17.56 y = 8048.6x + 5.1576 0
Gentiopicroside 20.34 y = 5858.9x + 3.1785 0
Sweroside 22.06 y = 7385.1x − 1.0209 0

© 2023 The Author(s). Published by the Royal Society of Chemistry
Compounds 18 (gentiopicroside), 12 (6′-O-b-D-glucosylgentiopi-
croside), and 13 (swertiamarine) were the critical markers due
to their high VIP scores. In addition, K-means calculation and
SOM specied that compounds 6 (loganic acid), 18 (gentiopi-
croside), 12 (6′-O-b-D-glucosylgentiopicroside), 13 (swertiamar-
ine), and 83 (soyasapogenol B) were the most critical
components (Fig. 3C and D). Therefore, the HPLC analysis
focused on these compounds.

3.2. HPLC analysis

Aer optimization, methanol-0.04% formic acid water was
nally selected as the elution system (Fig. S3†) for HPLC anal-
ysis. Five of the peaks were identied to belong to loganic acid,
6′-O-b-D-glucosylgentiopicroside, swertiamarine, gentiopicro-
side, and sweroside by comparison with the reference standards
(Fig. 4A and B). The precision, stability, and repeatability results
are shown in Tables 3 and S1.† The durability result is shown in
Table S2.† All the RSD values of the ve compounds were less
than 3.0%, which indicated this developed method was sensi-
tive, precise, and robust.

All the collected samples were analyzed according to the
HPLC method. Thereaer, the data was used to establish the
ngerprints. As a result, 16 common peaks were observed in QJ,
CJQJ, MHQJ, and XQJ (Fig. 4C). Loganic acid, 6′-O-b-D-
2 Linear range (mg mL−1) LOD (mg mL−1) LOQ (mg mL−1)

.9996 0.0065625–0.21 1.09 × 10−5 3.62 × 10−5

.9995 0.004688–0.15 2.81 × 10−5 9.36 × 10−5

.9994 0.001894–0.0606 1.00 × 10−5 3.34 × 10−5

.9996 0.025313–0.81 1.14 × 10−5 3.79 × 10−5

.9994 0.001656–0.053 8.35 × 10−6 2.78 × 10−5

RSC Adv., 2023, 13, 8847–8862 | 8859
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Table 5 The recovery of the analysts

Analytes Level Original (mg) Spiked (mg) Found (mg) Average (%) RSD (%)

Loganic acid High 2.8498 2.1 3.684 104.52 1.157
Medium 1.575 3.104 103.47 1.846
Low 1.05 2.548 102.96 1.211

6′-O-b-D-Glucosylgentiopicroside High 0.4512 0.46 0.695 101.44 1.368
Medium 0.23 0.471 103.44 1.926
Low 0.15 0.378 100.74 1.395

Swertiamarine High 0.4905 0.505 0.752 100.26 1.199
Medium 0.2525 0.508 102.09 1.464
Low 0.101 0.367 105.93 1.564

Gentiopicroside High 7.6598 4.536 8.487 101.45 1.169
Medium 3.8475 7.754 101.00 1.822
Low 1.9278 5.647 98.07 1.280

Sweroside High 0.2691 0.212 0.356 102.83 1.191
Medium 0.1378 0.271 99.62 1.853
Low 0.0636 0.203 102.63 1.616

Table 6 Comparsion of the contents determined by calibration curve and SSDMC methods

No.

Loganic acid
(mg mL−1)

6′-O-b-D-
Glucosylgentiopicroside
(mg mL−1)

Swertiamarine
(mg mL−1)

Gentiopicroside
(mg mL−1)

Sweroside
(mg mL−1)

Calibration
curve SSDMC

Calibration
curve SSDMC

Calibration
curve SSDMC

Calibration
curve

Calibration
curve SSDMC

QJ-1 0.1893 0.1872 0.0355 0.0354 0.035 0.032 0.6393 0.0045 0.0044
QJ-2 0.1985 0.1963 0.0721 0.0722 0.034 0.032 0.6421 0.0068 0.0067
QJ-3 0.1421 0.1406 0.1208 0.1210 0.023 0.022 0.4400 0.0030 0.0029
QJ-4 0.1846 0.1826 0.1196 0.1198 0.032 0.030 0.5406 0.0061 0.0060
QJ-5 0.1901 0.1880 0.0589 0.0590 0.031 0.029 0.5897 0.0064 0.0063
QJ-6 0.1459 0.1444 0.0565 0.0565 0.027 0.025 0.4982 0.0052 0.0051
QJ-7 0.1385 0.1370 0.0759 0.0760 0.035 0.032 0.6899 0.0073 0.0073
QJ-8 0.1891 0.1870 0.0476 0.0476 0.024 0.023 0.4250 0.0063 0.0062
QJ-9 0.1259 0.1246 0.0578 0.0579 0.023 0.022 0.4030 0.0040 0.0039
QJ-10 0.1814 0.1794 0.0718 0.0719 0.028 0.026 0.4835 0.0065 0.0065
QJ-11 0.0870 0.0861 0.0800 0.0801 0.030 0.028 0.5489 0.0038 0.0037
QJ-12 0.1284 0.1271 0.0711 0.0712 0.023 0.022 0.4566 0.0046 0.0045
QJ-13 0.1840 0.1819 0.0928 0.0930 0.024 0.023 0.4654 0.0056 0.0055
QJ-14 0.1810 0.1790 0.0638 0.0638 0.025 0.024 0.5344 0.0035 0.0034
QJ-15 0.0849 0.0841 0.0558 0.0559 0.025 0.024 0.4274 0.0042 0.0041
QJ-16 0.0911 0.0902 0.0330 0.0329 0.038 0.035 0.6545 0.0058 0.0057
QJ-17 0.1425 0.1410 0.0226 0.0225 0.025 0.023 0.3830 0.0135 0.0135
QJ-18 0.1297 0.1284 0.0332 0.0331 0.021 0.020 0.3502 0.0179 0.0180
QJ-19 0.1531 0.1514 0.0275 0.0275 0.024 0.022 0.3795 0.0267 0.0269
QJ-20 0.0835 0.0827 0.0242 0.0241 0.020 0.019 0.3851 0.0063 0.0063
QJ-21 0.1192 0.1180 0.0396 0.0396 0.033 0.031 0.5625 0.0231 0.0233
QJ-22 0.1325 0.1312 0.0441 0.0441 0.029 0.027 0.5574 0.0111 0.0111
QJ-23 0.1026 0.1016 0.0397 0.0397 0.024 0.022 0.3759 0.0287 0.0290
QJ-24 0.0933 0.0924 0.0430 0.0430 0.023 0.021 0.4458 0.0071 0.0071
QJ-25 0.1103 0.1091 0.0694 0.0695 0.034 0.032 0.6359 0.0104 0.0104
QJ-26 0.1383 0.1368 0.0999 0.1001 0.028 0.026 0.5438 0.0054 0.0053
QJ-27 0.1717 0.1698 0.0278 0.0277 0.024 0.022 0.4260 0.0200 0.0201
QJ-28 0.0875 0.0867 0.0484 0.0484 0.020 0.019 0.3991 0.0295 0.0298
QJ-29 0.0230 0.0230 0.0480 0.0480 0.011 0.011 0.2360 0.0073 0.0073
QJ-30 0.0783 0.0775 0.0240 0.0239 0.020 0.019 0.3645 0.0081 0.0080
QJ-31 0.0282 0.0281 0.0320 0.0320 0.001 0.002 0.0810 0.0035 0.0034
QJ-32 0.0288 0.0287 0.0463 0.0463 0.008 0.008 0.1744 0.0061 0.0060
QJ-33 0.0427 0.0424 0.0232 0.0232 0.007 0.007 0.0926 0.0142 0.0143
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glucosylgentiopicroside, swertiamarine, gentiopicroside, and
sweroside were relatively abundant in Gentianae Macrophyllae
Radix compared with it adulterates, which are the key ingredi-
ents for the authentication (Fig. 4D). The content of active
compounds is the linchpin for distinguishing Gentianae Mac-
rophyllae Radix of the four species. Gentiopicroside had
a signicant relationship with swertiamarine (p < 0.01), and
sweroside had a signicant negative relationship with 6′-O-b-D-
glucosylgentiopicroside (p < 0.05) (Table S3† and Fig. 5B). The
average content of each component in XQJ is far lower than QJ,
CJQJ, and MHQJ, and the content of sweroside in MHQJ is the
highest (Fig. 5C). In addition, the ve active components of
Gentianae Macrophyllae Radix in Yunnan, Sichuan, and Qing-
hai all show high content, and the content of sweroside in
Gentianae Macrophyllae Radix of Qinghai is the highest
(Fig. 5D). In order to further conrm the ndings, the peak area
data of 16 common compounds was used for PCA and PLS-DA,
which could also distinguish QJ, CJQJ, MHQJ, and XQJ (Fig. 6).

SSDMC method based on the optimized HPLC was devel-
oped for their simultaneous detection of the compounds. The
calibration curves, linear ranges, LOD, and LOQ of the analytes
are shown in Table 4. The average relative response factors (F)
for loganic acid, 6′-O-b-D-glucosylgentiopicroside, swertiamar-
ine, and sweroside were 0.78, 1.97, 0.67, and 0.81, with an RSD
of 1.31%, 0.89%, 0.08%, and 1.76%, respectively (Table S4†).
Additionally, the recovery of loganic acid, 6′-O-b-D-gluco-
sylgentiopicroside, swertiamarine, gentiopicroside, and swero-
side was 102.96–104.52%, 100.74–103.44%, 100.26–105.93%,
98.07–101.45%, and 99.62–102.83%, respectively (Table 5).
Combined with the results frommethod validation in the HPLC
ngerprint study, the described SSDMC approach proved to be
robust, sensitive, precise, and accurate. As shown in Table 6, the
results calculated by the SSDMC method showed no signicant
difference from the calibration curve method.

4. Conclusion

In this paper, a LC-Orbitrap-MS method was established to
analyze the common or characteristic components of Gentianae
Macrophyllae Radix originated from four species, which led to
the identication of 93 components, including 58 common
ones in the four species. It also proved that Gentianae Macro-
phyllae Radix mainly contains terpenes (iridoids and tri-
terpenes), avonoids, alkaloids, lignans, and sterols. The
terpenes (with retention time between 10 to 20 min) were the
characteristic compounds to identify Gentianae Macrophyllae
Radix and its adulterants. The established HPLC ngerprint
could also distinguish this medicine and its adulterants
depended on the ve critical compounds of loganic acid, 6′-O-b-
D-glucosylgentiopicroside, swertiamarine, gentiopicroside, and
sweroside. Another compound (peak 8) is also one of the
specic components of Gentianae Macrophyllae Radix, but it
has not been identied (Fig. 4D). In addition, HPLC combined
with PCA and PLS-DA could identify QJ, CJQJ, MHQJ, and XQJ
based on the content of 16 common peaks. The SSDMCmethod
is also powerful for the determination of ve main compounds.
It is very important to select the authentic and high-quality
© 2023 The Author(s). Published by the Royal Society of Chemistry
medicinal materials because the level of the compounds is
directly related to the clinical efficacy.6,7,14,15,24,25

In conclusion, the developed LC-Orbitrap-MS and HPLC
strategy is of great importance for quality control and authen-
tication of Gentianae Macrophyllae Radix. The further study is
needed for the comparison of pharmacological effects of Gen-
tianae Macrophyllae Radix of the four species and the impact of
geographical and ecological environment on its chemicals.
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