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Neuraminidase plays an essential role in the spread of influenza viruses via cleaving sialic acids from the host cell receptors and
virions. Neuraminidase has been regarded as an essential target for prevention and treatment of influenza infection. The one-step
high-performance liquid chromatography-fraction collector (HPLC-FC) was selected to prepare fractions from Reduning (RDN)
injection, while ultra-high-performance liquid chromatography/quadrupole-time-of-flight mass spectrometry (UHPLC/Q-TOF-
MS) was used to identify fractions depending on their retention time and molecular ion. As a result, 75 fractions were prepared
and 28 fractions out of them exhibited NA inhibitory effects with the dose-effect relationship. Exploring it further, six components
including neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and
isochlorogenic acid C were the main components that accounted for almost 80% of inhibitory activity of RDN injection.
Accordingly, these results demonstrated that this strategy could not only rapidly identify but also accurately screen active

components from traditional Chinese medicine.

1. Introduction

Influenza virus is still a threat to human lives. It possesses
two major glycoproteins enzymes, hemagglutinin (HA) and
neuraminidase (NA) [1, 2]. HA binds to the host cell re-
ceptors to facilitate viral entry, while NA facilitates the
spread of the infection by releasing newly synthesized vi-
rions into neighboring cells [3]. Replication, infection, and
spreading play a key role in the pathogenesis of the influenza
virus, especially for spreading. Accumulative evidences
demonstrated that NA played an essential role in the spread
of influenza viruses by cleaving sialic acids from the host cell
receptors and virions [4, 5]. Therefore, NA has been
regarded as an essential target for prevention and treatment

of influenza infection. Besides, NA could also be used as an
important candidate antigen for universal influenza vaccines
[6]. Zanamivir and oseltamivir, as NA inhibitors (NAIs), are
the most common drugs for combating the influenza virus.
However, drug-resistant virus of these drugs has emerged
[7]. Moreover, oseltamivir is expensive and zanamivir
cannot to be taken orally. Accordingly, with an increasing
appearance on the drug resistance of antiviral drug [8-10],
screening novel NAIs from Traditional Chinese Medicine
(TCM) has attracted great attention towards the treatment of
influenza.

Traditional Chinese Medicines (TCMs) played impor-
tant roles in clinical practice over the past years. It has been
widely accepted by most countries owing to its long-term


mailto:lijin@tjutcm.edu.cn
mailto:tcmcyx@126.com
https://orcid.org/0000-0003-3094-4777
https://orcid.org/0000-0002-4198-374X
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/8838025

clinical use and reliable efficacy. However, there are still
some challenges for exploring the pharmacology function of
TCM because the chemical structures of active ingredients
are largely undefined. In general, traditional methods for
screening active components have relied on animal and cell
models, which was complex to operation and time-con-
suming. Hence, it was essential to establish a rapid, con-
venient, and accurate method to screen and identify the
bioactive components in TCM.

Reduning injection (RDN) contains some effective in-
gredients extracted from three herbs (Flos Lonicerae, Herba
Artemisiae annuae, and Gardenia jasminoides). It has been
widely used as an antipyretic and anti-inflammatory drug in
China [11]. In clinic, RDN injection not only has been used
to treat common cold, cough, acute upper respiratory in-
fection, and acute bronchitis, but also has a potential
therapeutic effect on influenza. A novel online DPPH-CE-
DAD method [12] was developed for quality assessment of
RDN injection and a reliable pharmacology model [13] was
constructed for understanding the molecular mechanisms of
multiple components from RND injection, respectively. The
pharmacological target at signaling pathways level and the
potential target proteins and the key pathways of RDN
injection have also been investigated [14, 15]. However,
there is no report on screening and identification of NAIs
from RDN injection. Furthermore, a great number of re-
searchers paid attention to screening active components
from TCM. Ge et al. [16] established an activity-integrated
strategy to screen glucosidase inhibitors from Coptis chi-
nensis and Lu et al. [17] developed a peak fractionation
approach to screen direct thrombin inhibitors from Radix
Salvia miltiorrhiza, respectively [18]. Taking these methods
into consideration, there was little literature to screen NA
inhibitors from RDN injection and summarize the main
active components for elucidating the effective substances of
RDN injection.

In this study, an accurate strategy for preparing,
screening, and identification of NAIs from RDN injection
was developed based on NA inhibitory activity. The 75
fractions were prepared by high-performance liquid
chromatography-fraction collector (HPLC-FC) in one run
depending on the retention time. Following that, ultra-
high-performance liquid chromatography (UHPLC) and
ultra-high-performance liquid chromatography/quadru-
pole-time-of-flight mass spectrometry (UHPLC/Q-TOE-
MS) were used for the precise identification of each fraction
and NA inhibitory activities of all fractions were performed
with the same time. In total, 67 components were identified
from RDN injection and 15 active components with an
inhibitory effect against NA were screened and identified. It
was found that neochlorogenic acid, chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, iso-
chlorogenic acid A, and isochlorogenic acid C were the
main active components that accounted for 80% of in-
hibitory activity among the RDN injection. Accordingly,
the one-step work can not only identify 67 components
from RDN injection, but also screen natural NAIs from
TCM and provides a promising strategy for elucidating the
effective substances of TCM.
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2. Materials and Methods

2.1. Chemicals and Materials. Reduning injections were
offered from Jiangsu Kanion Pharmaceutical Co., Ltd.
(Lianyungang, China). Acetonitrile (Dikma Technologies
Inc., USA), methanol (Tianjin Concord Science Co., Ltd,
Tianjin, China), and formic acid (Tianjin Kermel Science
Company) were of HPLC grade. Deionized water was pu-
rified with a Milli-Q Academic ultrapure water system
(Millipore, Milford, MA, USA) and reference standards
including neochlorogenic acid, chlorogenic acid, crypto-
chlorogenic acid, isochlorogenic acid B, isochlorogenic acid
A, and isochlorogenic acid C were purchased from Chengdu
Must Biotechnology Co., Ltd. (Chengdu, China). Neur-
aminidase inhibitors screen kits were also purchased from
Beyotime Biotechnology.

2.2. Chromatographic Conditions. An Agilent 1260 HPLC
system (Agilent Technologies, Germany) equipped with a
binary pump, an online degasser, an autosampler, a column
oven, and a variable wavelength detector (DAD) was used to
separate the multiple components from RDN injection. The
separation was achieved on Agilent C,;3 column
(4.6 x 250 mm, 5 ym). The mobile phase consisted of 0.1% (v/
v) formic acid aqueous solution (A) and acetonitrile (B)
using a gradient elution of 0-15min, 5-5% B; 15-20 min,
5-6% B; 20-50min, 6-6% B; 50-55min, 6%-15% B;
55-60 min, 15%-18% B; 60-65 min, 18%-25% B; 65-70 min,
25%-35% B; and 70-75 min, 35%-90% B. The flow rate was
set at 1 mL min~". The column temperature was maintained
at 30°C. The injection volume was 10uL and detection
wavelength was set at 225 and 325 nm.

A Waters ACQUITY UHPLC System (Waters Co.,
Milford, MA) equipped with a photodiode array detector
was used in the range of 190-400nm. The system was
controlled by Empower 2 workstation. An ACQUITY
UHPLC BEH Cy4 (1.7 pm, 2.1 x 50 mm) column was used for
separation with the mobile phase 0.1% (v/v) formic acid
aqueous solution (A) and acetonitrile (B) using a gradient
elution: 0-4 min, 4-4% B; 4-6 min, 4-5% B; 6-9 min, 5-7%
B; 9-11min, 7-9% B; 11-12min, 9-12% B; 12-13 min,
12-14% B; 13-15min, 14-15% B; 15-16 min, 15-16% B;
16-18 min, 16-19% B; 18-19 min, 19-20% B; 19-20 min,
20-30% B; 20-22 min, 30-50% B; 22-23 min, 50-95% B; and
23-24min, 95-4% B. The flow rate of mobile phase was set at
0.3mL min~" and the column temperature and sample
temperature were set at 40°C and 10°C, respectively. The
injection volume was 1 yL. The detection wavelengths were
set at 225nm and 325 nm, respectively.

The identification of each fraction of RDN injection was
performed by an Agilent UHPLC-Q-TOF/MS system. The
ESI-MS spectra were acquired in the negative ion mode. The
capillary voltage was set to 3.0 kV for the negative ion mode,
high-purity nitrogen was set as the nebulization, and aux-
iliary gas with the gas pressure was 35 psig. The velocity of
drying gas was 9.0 L min~" with the temperature of 350°C,
the fragmentor voltage was at 175V, skimmer voltage was
65V, and the collision energy (CE) was at 30, respectively.
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Data was collected at the scan range of 100-1500 Da for MS
and 50-1500 Da for MS/MS. Data acquisition, exact mass,
and elemental composition analyses were controlled by Mass
Hunter software (Agilent Technologies). The mobile phase,
column, column temperature, flow rate, and gradient pro-
gram used in the UHPLC-Q-TOF/MS analysis were the
same as the UHPLC analysis.

2.3. Preparation of Sample Solutions. An Agilent series 1260
HPLC system with Fraction collector (BSZ-100, Shanghai
Qingpu Huxi Instrument, Shanghai, China) was used for
the fractions collection. The RDN injection was injected
into the HPLC system for the separation of each com-
pound. Fractions were automatically collected by using a
fixed time of 1 min. As a result, a total of 75 fractions were
prepared. They were evaporated to dryness by the ni-
trogen gas and the residues were redissolved and diluted
for the activity assay. Thus, the sample solutions for the
bioassays were obtained. In order to screen the NA in-
hibition effects with dose-effect relationship, three dif-
ferent concentrations (low, medium, and high
concentration) were prepared for activity assay. There-
fore, the dried residue was reconstituted in 150 yL water,
75 uL was for activity assay (high concentration), 75 uL
was diluted with 75uL water (medium concentration),
and finally the low concentration was diluted with 75 yL
water.

2.4. Bioassay of NA Inhibitors. 70 uL buffer solution was
added to a 96-well plate and different doses (0, 1, 2, 5, 7.5,
and 10 uL) of NA were mixed with it. Then different volumes
(20, 19, 18, 15, 12.5, and 10) pL of Milli-Q water were added
to reach the total volume to 90 yL, respectively. It was then
incubated for 2min at 37°C and then 10uL of NA fluo-
rescence substrate was added into the plate, incubating for
30 min before detection. The fluorescence value (FV) of wells
was measured at 360 nm of excitation wavelength and
450 nm of emission wavelength by Flex Station 3 Microplate
Reader. The relationship between the dose of NA and FV is
stated below:

FV = alog(dose of NA) + b. (1)

70 uL buffer of solution was added to a 96-well plate.
10 4L of NA and 10 uL of each fraction were added into it.
The volume was then adjusted to 90 uL with 10 uL of Milli-Q
water. After incubated for 2min at 37°C, 10uL of NA
fluorescence substrate was then added into the plate, in-
cubating for 30 min before detection. The inhibition rate of
each fraction was calculated by the following formula:

(10 — 10) ([FVm=FV D)= bl/a)
10

*100%,

(2)

where FVfim represented the FV of each fraction and FVfb
represented the blank background of each fraction.

inhibition percentage =

3. Result and Discussion

3.1. Optimization of Chromatographic Conditions. The
HPLC conditions were considered for obtaining chro-
matograms with better resolution. The different mobile
phases (acetonitrile-water, methanol-water), concentrations
of additive (0.1%, 0.2%, and 0.3% formic acid and phos-
phoric acid), and column temperatures (20, 30, and 40°C)
were optimized to achieve better separation. By comparing
resolutions and the peak shapes of the investigated com-
ponents, the best separation was achieved when acetonitrile-
water was selected as mobile phase and 0.1% formic acid was
chosen as an additive to the water phase. The column
temperature and flow rate were optimal at 40°C and 1 mL
min~', respectively. The HPLC chromatogram is shown in
Figure 1.

The UHPLC conditions were also considered as a re-
quirement for obtaining chromatograms with better peak
resolution in the same way as the HPLC. But the flow rate
was set as 0.3mL min . The UHPLC chromatogram is
displayed in Figure 2.

3.2. Identification of 67 Components in RDN Injection Using
UHPLC/Q-TOF-MS. The peak number, retention time,
MS/MS fragmentation ions information, and identification
of 67 components are listed in Table 1. Peak 1 was of
molecular weight 192.0634 with ions of m/z 191.0558
(C7H1106) [M-H]7 and 111.0445 (C6H702) [M-H-COz-
2H,0]" was observed in MS/MS spectra. Therefore, it was
identified as quinic acid [19]. Peak 4 had the major first-
order mass spectrum at m/z 353.0875 (C;sH,30y) [M-H]™
and the MS/MS fragments were at 191.0554 (C;H;,0¢) [M-
H-CeH,06+H,0]7,  179.0344  (CoH,0,), 161.0237
(CoH503) [CoH,0,4-H,0]7, and 135.0447 (CgH,0,)
[CoH,;04-CO,]~, which could be speculated to be an organic
acid. Peak 19 had a molecular weight of 179.0351 (CoH,0,)
with a fragment of 135.045 (CgH,0,) [CoH,0,4-CO,]™ and
therefore was identified as caffeic acid [20]. Based on the
same regular, peaks 4, 5, 10, 16, 20, 22, 25, 33, 41, 58, 61, 62,
63, and 65 were identified as two types of isomers 353.0875
(C16H1509) and 515.1197 (Cy5H,401,). They were identified
as cis-5-O-caffeoylquinic acid, trans-5-O-caffeoylquinic
acid, trans-1-O-caffeoylquinic acid, cis-1-O-caffeoylquinic
acid, cis-4-O-caffeoylquinic acid, trans-3-O-cafteoylquinic
acid, trans-4-O-caffeoylquinic acid, cis-3-O-caffeoylquinic
acid and 1,5-dicaffeoylquinic acid, 1,3-dicaffeoylquinic acid,
3,4-dicaffeoylquinicacid, = 3,5-dicaffeoylquinicacid, 4,5-
dicaffeoylquinicacid, and 1,4-dicaffeoylquinicacid depend-
ing on their different retention times [20-26]. The mass
spectrum of peak 7 with retention time of 2.93 min offered
an [M-H] ™ ion at m/z 451.0599. Characteristic product ions
243.0861 [M—H—CanOé—CO]_, 191.0547 (C7H1106), and
179.0349 (CoH;0,) were the special ions of an organic acid.
Thus, this compound could be speculated as ixoroside [27].
Peaks 24, 38, and 41 exhibited the same [M-H] ion at m/z
367.1038, while 191.0546 and 173.0344 were organic acid
special fragment. The MS/MS spectrum produced 191.0546
[M-H-CHz-C6H1206 + H20]7 and 173.0344 [M-H-CHz'
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Ficure 1: HPLC chromatogram of RDN injection. 1: neo-
chlorogenic acid; 2: chlorogenic acid; 3: cryptochlorogenic acid; 4:
isochlorogenic acid B; 5: isochlorogenic acid A; and 6: iso-
chlorogenic acid C.
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Ficure 2: UHPLC chromatogram of RDN injection. 1: neo-
chlorogenic acid; 2: chlorogenic acid; 3: cryptochlorogenic acid; 4:
isochlorogenic acid B; 5: isochlorogenic acid A; and 6: iso-
chlorogenic acid C.

C¢H,04] 7, from which it can be speculated that CH, has
been added to caffeoylquinic acid. Therefore, peaks 24, 38,
and 41 were identified as 5-O-caffeoylqunic methyl ester, 4-
O-caffeoylqunic methyl ester, and 3-O-caffeoylqunic
methyl ester [28]. Peak 47 had the special fragment ion at
367.1019 and product ion of 173.045 was obtained by losing
CgH1,06 in MS/MS spectrum. Therefore, it was identified as
3,5-di-O-caffeoylquinic methyl ester [20, 27]. Peak 65 in the
MS/MS experiment gave fragmentation information at
353.0869, 191.0543, and 161.0439, which can be regarded as
organic acid. The first-order mass spectrum ion of 659.1607
[M-H] was treated as the base peak. The ion at 497.1296 can
be formed through [M-H-C¢H;,O4+H,O] and 353.0877
through [M-H-2C¢H;,04+3H,0]. Hence, 3-O-(3-hy-
droxy, 3-methyl)glutaroyl-4-O-caffeoylquinic acid [22], 3-
O-caffeoyl-4-O-(3-hydroxy, 3-methyl)glutaroylquinic acid
[29], and 3,5-di-O-Caffeoyl-4-O-(3-hydroxy-3-methyl)-
glutaroylquinic acid [22] were therefore identified. The
same pattern was with peak 60 weighed 723.2134
(C33H49O15) and therefore it was suspected to be Jasmi-
geniposide A [22]. Peaks 14 and 35 had the first-order mass
spectrum ion of 337.0932 [M-H], the special fragment ions
of 191.0555 [M-H-CoHeO,]", 119.0503 [M-H-CoHO,-
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H,0-CO,]", and 163.039 [M-H-CyHO,-H,O] . Based on
their different retention times of 4.68 and 10.8, they were
identified as 3-p-coumaroylquinic acids and 5-p-coumar-
oylquinic acids [30]. Peaks 2, 17, and 29 offered the same
[M-H] ™ ion at the m/z 373.1137 (C,6H,,0,0). In the MS/MS
spectrum, they all had the characteristic product ions at m/z
21106 (CioH;;05)  [M-CeHy,06+ H,0],  193.0496
(C1oHoO4) [M-CH;,04]7, 167.0702 (CoHy;03) [M-
CeH,04-CO, + Hy,0J 7, 149.0602 (CoHoO,) [M-CeH;,06-
COz]i, and 123.0445 (C7H702) [M-C6H1206-
2CO, + H,0], resulting from losses of glucose, H,O, and
CO,. Depending on the difference in their retention times at
1.53, 4.97, and 9.1, they were tentatively identified as
geniposidic acid [31], secologanic acid [32], and gardoside
[21]. In the first-order mass spectrum of peak 3, the [M-H]~
ion at the m/z 391.1241 (C,¢H,,0,,) produced the MS/MS
ions as 229.0705, 211.0596, 185.081, 167.0694, and 149.0596
due to the loss of C4H,Og, CO,, and H,O, which can be
identified as shanzhiside [21]. By the similar regular pattern
of confirming the fragmentation, peaks 9, 12, 13, 18, 23, 28,
31, 32,35, 38,47, 53, 56,59, 60, 68, 70, and 71 were identified
as mussaenosidic acid, shanzhiside methyl ester, scandoside
methyl ester, gardenoside, isoshanzhiside methyl ester,
deacetylasperulosidic acid methyl ester, genipin gentio-
bioside, genipin-1b-gentiobioside, geniposide, gardenoside,
6'-O-trans-coumaroyl geniposidic acid, quercetin-3-O-
glucoside, luteolin-7-O-D-glucopyranoside, 6-O-trans-
coumaroyl geniposidic, 10-acetyl geniposide, 6'-O-trans-
coumaroyl genipin gentiobioside, 6"-O-trans-sinapoyl
genipin gentiobioside, and 6"-O-trans-cinnamoyl genipin
gentiobioside [19, 21, 22, 27, 33-36]. Peak 8 showed the
mass spectrum ion at m/z 345.1291 (C;¢H,505) [M-H] .
The product ions 165.0911 [M-H-C4H;,04] ™ and 121.1022
[M-H-C4H;,06-CO,]~ were supported to surmise it as
jasminoside [27]. Peak 11 had the major ions at m/z
183.1025 [M-H] ™ and the MS/MS fragments were 139.1125
[M-H-CO,] and 121.0956 [M-H-CO,-H,0]". Therefore, it
was identified as jasminodiol [27]. Peaks 21 and 26 were a
type of isomer which yielded the same ion at 375.1291 [M-
H]™ in the first-order mass spectrum. They had the same
prominent ion at 213.0765 [M-H-C¢H;,O6+H,0] ™ and
151.0761 [M-H-C4H;,04-CO,] . But they were speculated
to be loganic acid [37] and 8-epi-loganic acid based on their
retention times. Peak 40 gave a mass spectrum ion at
375.1667 (Cy7H,,04) with MS/MS fragments of 285.1087,
193.0491, 173.0457, and 135.0435, which were detected to be
secologanic acid [20]. Peak 28 showed the mass spectrum
ion at 389.108 [M-H] . The product fragment ions at
3451166 [M-H-CO,]", 209.0438 [M-H-C4H,,04]",
183.0653 [M-H-C4H;,O4-H,0], and 139.0066 [M-H-
CeH,04-H,0-CO,] ™ constituted the structure of deacetyl
asperulosidic acid [27]. Peaks 48 and 51 gave the [M-H] ion
at the m/z 279.123 and 281.1389. The fragments of peak 51
were 205.1219 [M-H-HCOOH-CO] ™ and 187.1107 [M-H-
HCOOH-CO-H,0]". Thus, artemisitene was detected at
peak of 51, and peak 48 was identified as artemisitene [38].
Peak 33 was detected with precursor ions at m/z 281.1386
[M-H] ", which produced MS/MS base peak ion at m/z
237.1456 [M-H-C4H,,0,-CO,]~ and 201.127 [M-H-
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TaBLE 1: UPLC/Q-TOF-MS data and identification 67 compounds in RDN injection.

Peak RT [M-H]~ MS/MS fragmentation ions Formula Identification ppm

no. (min)
127.0396; 115.0038; 111.0445; .. .

1 0.71 191.0558 109.0296 C,H,,0¢ Quinic acid 1.62
193.0496; 167.0702; 149.0602; T .

2 1.53  373.1137 123.0445 C16H2,010 Geniposidic acid 0.86
229.0705; 211.0596; 185.0810; ..

3 1.99  391.1241 167.0694: 149.0596 Ci6H24011 Shanzhiside 1.24

4 2.69 353.0875 191.0554; 179.0344; 135.0447 Ci6H 1509 cis-5-O-Caffeoylquinic acid 0.86

5 3.05 353.0875 191.0552; 179.0340; 135.0442 C16H 1500 Neochlorogenic acid 0.86

6 2.88 191.0356 111.0072; 109.0302; 101.9309 C,0HgOy4 Scopoletin -3.22

7 293 4510599  243.0861; 191.0547; 179.0349  CsoH;,0s Ixoroside 2.87

8 327 3451552 165.0911; 121.1022; 101.0245  C,¢H,cOs Jasminoside 0.84

9 352 3750201 21307655 169.08665 ISLOT60s o 4y Mussaenosidic acid 1.52

125.0605

10 4.2 353.0875 191.0559; 179.0331; 135.0469 Ci6H1509 trans-1-O-Caffeoylquinic acid 0.86

11 4.43 183.1025 139.1125; 121.0956 Ci0H1603 Jasminodiol 1.46

12 458 4051399  225.0777; 149.0599; 121.0667  Cy;H,cO1; Shanzhiside methyl ester 0.83

13 468 4491205 1031258 21113%731255 2090473 o H,.015 Scandoside methyl ester 1.25

14 4.68  337.0932 191.0555; 163.0390; 119.0503 Ci6H 15034 3-p-Coumaroylquinic acids -0.91

15 498 151.0400 151.0400 CgHgO5 Vanillin 0.45

16 496 3530875 0103 1173%'001‘;61; 173.0456: ¢ 1,50, Cir-1-O-caffeoylquinic acid 0.86
211.0600; 193.0507; 167.0708; . .

17 497  373.1137 149.0599; 1230447 C16H2,010 Secologanic acid 0.86
241.0743; 139.0333; 121.0273; .

18 5.3 449.1295 1010254 C1sH26013 Gardenoside 1.52

19 5.8 179.0351 135.0450; 134.0369 CoHgOy4 Caffeic acid -0.65

20 6.1  353.0875 192.0592; 191.1740 C16H,500 Chlorogenic acid 0.86
213.0765; 169.0866; 151.0760; . .

21 6.54  375.1291 125.0605 Ci6H24010 Loganic acid 1.52

22 6.8  353.0875 192.0580; 191.0549 C16H 500 trans-3-O-Caffeoylquinic acid 0.86

23 689 4511443 1051365 zl‘g‘%?% L3 ¢ H,00n Isoshanzhiside methyl ester 313

24 7.0 367.1038 191.0546; 149.0600; 134.0368 C7H,000¢ 5-O-Caffeoylqunic methyl ester -0.94

25 7.6 353.0875 191.0552; 179.0342; 135.0445 Ci6H1509 Cryptochlorogenic acid 0.86
195.0639; 151.0761; 125.0606; . . .

26 8.2 375.1291 107.0500 C16H24010 8-Epi-loganic acid 1.52

27 8.57  449.1294 241.0676; 11291(())2’12’ 139.3100; C3H260,3 Deacetylasperulosidic acid methyl ester 1.25

28 8.9 389.1080 345.1166; 21(;99(())433686, 183.0653; C16H2,01, Deacetyl asperulosidic acid 2.4
193.0497; 167.0656; 149.0600; .

29 9.1 373.1137 1230445) 105.0347 C16H22010 GardOSIde 0.86

30 907 5951875 01816 212253'%12‘;; 207.0656; o H,.0,, Genipin gentiobioside 0.79

31 9.8 585.1591 549.1785; 225.0769 C36H,605 Genipin-1b-gentiobioside -6.16

32 10.1  353.0875 192.0590; 191.0556 C16H 500 cis-3-O-Caffeoylquinic acid 0.86
237.1456; 201.1270; 189.1279; 2-Carboxy-4-methyl-a-methylene-3-(3-

33 104 281.1386 151.0740; 125.8689 CisH20s oxobutyl)-cyclohexaneacetic acid 3.00
225.0768; 207.0660; 123.0453; . .

34 10.7  433.1352 101.0249 CisH»6012 Geniposide -0.12
35 10.8  337.0932 191.0543; 137.0253; 119.0498 Ci6H 1504 5-p-Coumaroylquinic acids -0.91
207.0659; 147.0443; 123.0448; .

36 10.8  387.1302 101.0247 C7H24010 Vogeloside -1.36
37 113 4031242 195.0660; 125.0241; 119.0350  Cy,H,,0,, Gardenoside 0.95
38 121  367.1038 191.0540; 173.0444 Cy7H500¢ 4-O-Caffeoylqunic methyl ester -0.94
39 121 5151196 0o 0871 3350768 1910555 o 4y 0., 1,5-Dicaffeoylquinic acid ~0.19

179.0349; 135.0454
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TasLE 1: Continued.

Peak RT [M-H]~ MS/MS fragmentation ions Formula Identification ppm

no. (min)
285.1087; 193.0491; 173.0457; . .

40 12.7  375.1667 135.0435; 119.0352 C,7H,304 Secologanic acid -1.71

41 126 3671038 30%0% 11215'%53‘297; 17304505 ¢ H,40, 3-O-Caffeoylqunic methyl ester ~0.94
353.0877; 233.0644; 191.0556; 3-O-(3-Hydroxy, 3-methyl)glutaroyl-4-O-

42 129 497.1288 173.0443; 161.0449 C22H26013 caffeoylquinic acid 2.54

43 13.8 4031242 371.0974; 179.0674; 121.0292  Cy,H,,0,, Secoxyloganinc 0.95

44 141  519.1493 205.0487; 163.0393; 123.0445 Cy5H,50,, 6'-O-trans-Coumaroyl geniposidic acid 2.88
353.0853; 233.0623; 191.0554; 3-O-Caffeoyl-4-O-(3-hydroxy, 3-methyl)

45 142 497.1288 179.0330; 135.0445 C22Hz6015 glutaroylquinic acid 2.4

46 14.3  389.1080 181.0495 C16H2,01; Deacetyl asperulosidic acid 2.4

47 144  529.1355 367.1019; 193.0492; 173.0450 Cy6H26012 3,5-di-O-Caffeoylquinic methyl ester —0.66
205.1219; 187.1107; 139.0757; ..

48 15.2 279.123 119.0848 C,5H,005 Artemisitene 2.85

49 151  463.0868 301.0330 C51H50045 Quercetin-3-O-glucoside 0.09

50 151 609.144 301.0341 CoyH30016 Rutin 3.46
251.1282; 207.1365; 179.1425; C

51 152  281.1389 137.0991 C;5H,,05 Artemisinin 1.95

52 15.6  447.0926 285.0391; 447.0919 C51H5004, Luteolin-7-O-D-glucopyranoside 1.53

53 163 593.1500 285.0405 CyyH30015 Nicotiflorin 2.01

54 162 5151196 27040 ;752'(())?;23; L0576, H,,0., 1,3-Dicaffeoylquinicacid ~0.19
123.0453; 145.0256; 163.0387; T .

55 16.3  519.1493 307.0815; 193.05 Cy5H,50,5 6-O-trans-Coumaroyl geniposidic acid 2.88
101.0251; 249.0766; 205.0816; L

56 164  429.1394 191.0766; 173.0558 C1oH,601; 10-Acetyl geniposide 1.94

57 169 151197 OTSILBSEIBONT ¢ 0, 3,4-Dicaffeoylquinic acid ~0.39
353.0875; 191.0554; 179.0343; . .. .

58 17.2 515.1196 161.0237; 135.0449 Cy5H4015 3,5-Dicaffeoylquinic acid -0.19

59 187 5151196 0087 119315'%25158; 790345 ¢, 1,01, 4,5-Dicaffeoylquinic acid ~0.19

60 189 7232134 O7749L 315931'%?627; 3350760 ¢ H,Ous Jasmigeniposide A 1.09

61 191 5151196 020 11215'%%&56; 790345 o, 1,00, 1,4-Dicaffeoylquinic acid ~0.19
595.2013; 525.1608; 493.1693; .

62 19.1  757.2548 179.0574; 161.0443 C34H46019 Japonicaside A 1.65
595.2014; 493.1700; 179.0551; .

63 19.1  803.2601 161.0439 C35Hys05; Centauroside 1.78

64 19.2  695.2179 469.1398; 21155%7;;2’ 163.0396; C3,HyOy7  6'-O-trans-Coumaroyl genipin gentiobioside 1.97
497.1296; 353.0869; 335.0855; 3,5-di-O-Caffeoyl-4-O-(3-hydroxy-3-methyl)-

65 196 659.1607 191.0543; 161.0439 €017 glutaroylquinic acid L6

66 19.7  755.2380 529.1525; 225.0767; 123.0449 C34H44019 6"—O—trans—Sinapoyl genipin gentiobioside 3.18

67 19.8  725.2277 499.1413; 225.0751; 123.0450; C33Hy015  6”-O-trans-Cinnamoyl genipin gentiobioside 2.94

101.0235

CH1,04-CO,-2H,0]". This behavior is completely iden-
tical with the property of the 2-carboxy-4-methyl-a-
methylene-3-(3-oxobutyl)-cyclohexaneacetic acid. Peak 36
were located at 10.8 min in the extracted ion chromatogram
and they produced a precursor ion at m/z 387.1302. It was
tentatively assigned as vogeloside because it had fragment
ions 207.0659 [M-H-C6H1206]7, 147.0443 [M-H-C6H1206-
CH;COOH]", and [M-H-C¢H;,04-CH;COOH-HCOOH]
[39]. The total ion chromatography of 67 components from
RDN injection is shown in Figure 3. In order to further

confirm the main components from RDN injection, the
reference standards were injected to UHPLC-Q-TOF/MS.
As shown in Table 2, the precursor ions and MS/MS
fragmentation ions of neochlorogenic acid, chlorogenic
acid, cryptochlorogenic acid, isochlorogenic acid B, iso-
chlorogenic acid A, and isochlorogenic acid C were the
same as those in RDN injection (peaks 5, 20, 25, 57, 58, and
59), which gave the definite evidence to support the results
of identification. The total ion chromatography of reference
standards is shown in Figure 4.
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Ficure 3: UHPLC/Q-TOF-MS chromatography of RDN injection in a negative mode.
TasLE 2: UPLC/Q-TOF-MS data of main active compounds from RDN injection.
Peak no. RT (min) [M-H]- MS/MS fragmentation ion Formula Identification ppm
1 2.680 353.0884 191.0550; 179.0349; 135.0454 Cy6H1309 Neochlorogenic acid -1.6
2 5.848 353.0872 191.0571; 179.0301; 135.0311 Ci6H1809 Chlorogenic acid 1.7
3 7.522 353.0883 191.0560; 179.0357; 135.0444 C16H1500 Cryptochlorogenic acid -14
4 15.067 5151185  353.0887; 191.0561; 179.0367; 135.0454  CpsH,,01s Isochlorogenic acid B 1.94
5 15.249 515.1209 353.0872; 191.0570; 179.0345; 135.0434 CysH»4015 Isochlorogenic acid A 2.71
6 16.559 515.1203 353.0874; 191.0575; 179.0330; 135.0423 Cy5H,,015 Isochlorogenic acid C —-1.55
%106 3.4. Verifying the Potential Active Fractions via UHPLC and
1.2 -ESITIC UHPLC-Q-TOF/MS. A total of 75 fractions were prepared.
0.8 1 After screening the inhibitors, each fraction was injected to
04 2 3 58 the UHPLC again. Comparing each fraction with RDN

2 4 6 8§ 10 12 14 16 18 20 22
Time (min)
Ficure 4: UHPLC/Q-TOF-MS chromatography of main active
components from RDN injection. 1: neochlorogenic acid; 2:
chlorogenic acid; 3: cryptochlorogenic acid; 4: isochlorogenic acid
B; 5: isochlorogenic acid A; and 6: isochlorogenic acid C.

3.3. Screening the Potential Active Fractions of NIs. An in
vitro activity assay was performed to screen the potential
NAIs. Only fractions with dose-effect relationships were
thought of as potential active components, which were
identified and validated as the NAIs. Some components
had NA inhibition just for only one concentration but did
not exhibit dose-effect relationship and therefore could
not be selected as active components. On the other hand,
some fractions showed the inhibition with dose-effect
relationships, but the inhibition rates of each concentra-
tion were just below the limit activity at 6%. Hence, they
were not selected as active components. The reason why
the rate was chosen at 6% was that the systematic error was
6% obtained by the calibration curve for screening the
NAlIs. In total, the inhibitory ratios of 28 fractions which
were truly active fractions among the 75 fractions (frac-
tions 3, 4, 5, 6, 8, 15, 18, 19, 20, 21, 22, 23, 25, 29, 30, 31, 32,
38, 39, 40, 46, 47, 66, 67, 68, 69, 70, and 71) increased with
an increasing concentration, which exhibited obvious
relativity between the dose and the effect as shown in
Figure 5. These fractions have been indicated as the po-
tential NAIs.

injection, the components from each fraction can be pri-
marily identified depending on their retention time and
corresponding peak number. The results can be shown in
Figure 6. The fractions (3, 4, 5, 6, 8, 15, 18, 19, 20, 21, 23, 25,
27,29, 30, 31, 32, 38, 39, 40, 46, 47, 66, 67, 68, 69, 70, and 71)
contained peaks which have the same retention time with
RDN injection. Finally, the corresponding relationship be-
tween fraction number and peak number of the potential
active components with NA inhibition is shown in Table 3.

3.5. Confirmation of the Main Components with NA
Inhibition. In order to confirm the bioactivity of the
components, the main active components with NAIs rates
reaching 50% including 6 components, neochlorogenic acid,
chlorogenic acid, cryptochlorogenic acid, isochlorogenic
acid B, isochlorogenic acid A, and isochlorogenic acid C,
were selected to be further validated. ICs, value was de-
termined to be the effective concentration at which the
activity of NA was inhibited by 50%. As a result, the ICs
value of neochlorogenic acid, chlorogenic acid, crypto-
chlorogenic acid, isochlorogenic acid B, isochlorogenic acid
A, and isochlorogenic acid C were calculated as 23.79 ug
mL ™, 17.40 ugmL™", 231.7 uyg mL ™", 40.33 g mL ™", less than
10ug mL™", and 14.52ug mL™’, respectively. Studying it
further, the total inhibition ratio of these 6 components has
reached almost 80% of RDN injection. As shown in Figure 7,
comparing the inhibition ratio of RDN injection and 6
components whose concentrations were the same with RDN
injection, it was found that the inhibition ratios of screening
6 active components and RDN injection were almost the
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FIGURE 6: Comparing the chromatography of 28 potential active fractions with RDN injection.

same, indicating that the screening 6 active components
could reflect the total inhibition ratio of RDN injection
against NA. As shown in Figure 7, the inhibition ratios of
RDN injection with different dilution times and 6 compo-
nents seemed to have similar property. Moreover, these
components contained the original nucleus of quininic acid
and caffeic acid, from which it could be concluded that
chlorogenic acids were main active components against NA.

3.6. Comparison of the Developed Method and Others.
Nowadays, many researchers focused on the screening active
components from TCM. It is therefore essential to establish
the direct, rapid, and accurate methods for screening these
active components. A great number of screening methods

were based on only one concentration of components for
evaluating the biological activity. However, these methods
have not been proven to evaluate the dose-effect activity of
the selected components. In our study, the developed
method combined the isolation, screening, and identifica-
tion of bioactive compounds using the HPLC-FC for the
preparation and isolation while using UHPLC and UHPLC/
Q-TOE-MS for identifying. More importantly, three dif-
ferent concentrations (low, medium, and high concentra-
tion) were prepared by one-step HPLC-FC method for
screening the active components, making the selected active
compounds more credible via dose-effect relationship. What
is more, the developed method can also identify other
components from RDN injection. Therefore, the developed
method was not only accurate to identify 67 compounds
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TaBLE 3: The corresponding relationship between fraction number and peak number of the potential active components with NA inhibition.

Fraction number Peak number

Identification

3,4,5 1 Quinic acid
6 2 Geniposidic acid
8 3 Shanzhiside
15 5 Neochlorogenic acid
18, 19 8 Jasminoside
20 13, 14 Scandoside methyl ester, 3-p-coumaroylquinic acids
21 14, 15 3-p-Coumaroylquinic acids, vanillin
22 15 Vanillin
23,25 16 Cir-1-O-caffeoylquinic acid
29, 30, 31, 32 20 Chlorogenic acid
38, 39, 40 25 Cryptochlorogenic acid
46, 47 30 Genipin gentiobioside
66, 67 57 Isochlorogenic acid B
68 58 Isochlorogenic acid A
69 59 Isochlorogenic acid C
70, 71 61 1,4-Dicaffeoylquinic acid
100 was worth noting that neochlorogenic acid, chlorogenic
acid, cryptochlorogenic acid, isochlorogenic acid B, iso-
80 . . . . . .. .
chlorogenic acid A, isochlorogenic acid C, and quinic acid
9 were the main active components that accounted for al-
Fl 607 most 80% of inhibitory activity of RDN injection. Ac-
Z cordingly, an activity-integrated HPLC-FC and UHPLC/
Z 401 ii:f:i Q-TOEF-MS strategy was as not only accurate to identify
a the components from TCM, but also credible and eco-
20 _[/‘\ nomic for directly screening active components, which
T provided a promising paradigm for elucidating the bio-
0 T P T active components in TCM.
0 100 200 1250 2500 6250

Dilution times

—e— RDN injection

—a— 6 compounds RDN

—— Difference between inhibition of RDN
and 6 compounds

FiGure 7: The inhibition ratio of RDN injection and 6 active
components combination with different dilution times and the
difference between inhibition of RDN and 6 components
combination.

from RDN injection, but also credible for directly screening
NAIs compounds from RDN injection, which provides a
promising paradigm for elucidating the bioactive constit-
uents in TCM.

4. Conclusions

An accurate method was successfully developed to screen
NAIs from RDN injection by using HPLC-EC for prep-
aration and isolation and UHPLC/Q-TOF-MS for iden-
tification. Three different concentrations (low, medium,
and high concentration) of each fraction were prepared by
only one injection, which can be validated for screening
active components with the dose-effect relationship. In
total, 67 components were identified from RDN injection
and 15 active components showed an inhibitory effect
against NA with a dose-effect relationship. Moreover, it
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