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In recent years, many traditional Chinese medicine injections based on Panax notoginseng saponin (PNS) have been reported to cause
anaphylaxis. Previous studies on the anaphylactic saponins of PNS and their mechanism are inadequate. In this study, potential
anaphylactic saponins were obtained by the separation of PNS and preparation of each individual component through comprehensive
techniques, such as liquid chromatography, preparative chromatography, HPLC, NMR, and MS. The anaphylactic abilities of these
saponins were tested using RBL-2H3 cells via a 3-hexosaminidase release rate test. The results for the mechanism of anaphylaxis were
obtained by a proteomic analysis using RBL-2H3 cells. The results indicate that, among all the saponins prepared, gypenoside LXXV and
notoginsenoside T5 showed strong anaphylactic abilities and notoginsenoside ST-4 and ginsenoside Rk3 showed weak anaphylactic
abilities. These 4 saponins can induce anaphylaxis via direct stimulation of effector cells. The gene oncology enrichment analysis results
showed that, among these saponins, only gypenoside LXXV was related to organelles of the endoplasmic reticulum and Golgi apparatus
and biological processes in response to organic cyclic compounds. Four proteins in RBL-2H3 cells with the accession numbers
A0A0G2JWQO, D3ZL85, D4A5G8, and Q8K3F0 were identified as crucial proteins in the anaphylactic process. This research will help
traditional Chinese medicine injection manufacturers strengthen their quality control and ensure the safety of anaphylactic saponins.

1. Introduction

Over the past decade, traditional Chinese medicine (TCM)
injection, an innovative form of drug therapy, has become
increasingly popular [1, 2]. However, according to related
adverse drug reaction (ADR) reports, the ADR rate of TCM
injections has risen in the past several years [3].

Related case reports about TCM injections indicate that
the ADRs are primarily anaphylactoid reactions [3-5]. The

clinical symptoms, including angioedema, urticaria, bron-
chospasm, skin flushing, hypotension, shock, and even
death, typically appear over minutes to hours [6,7].
According to some previous studies, many exogenous
substances including impurities and solvents can induce
anaphylaxis, such as Taxol [7], Tween-80 [5, 8-10], tannic
acid [5, 10], >10 kDa molecules [5, 10], Compound 48/80 (C
48/80) [11], mercuric chloride [12], drugs with ISR [12], and
estrogens [12]. Some ginsenosides also have anaphylactic
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ability, such as ginsenoside F2 [13] and Compound K [13].
The mechanism underlying the anaphylactoid reactions is
distinct from that of IgE-mediated allergies, although they
both have the same symptoms. The complement system
plays a key role in the process of anaphylaxis induced by
many agents (e.g., radiocontrast media, liposomes, and TCM
injections) [7]. Xu et al. [5, 10] studied the anaphylactoid
reaction induced by Xuesaitong injection and discovered
that >10 kDa molecules could activate classical complement
pathways through direct stimulation to cause anaphylaxis;
Tween-80 can activate the complement system through
classical and alternative pathways; and tannic acid can in-
duce anaphylactoid reactions through coactivation of the
complement system, the kallikrein-kinin system, and co-
agulation. Another mechanism is direct stimulation, which
occurs through either direct G protein activation or opioid
receptors [7]. For example, some TCM injections can also
directly induce f-hexosaminidase and histamine release
through mast cell degranulation [7].

Panax notoginseng saponin (PNS), a common material
for TCM injections administered to cure cardiovascular
diseases, is produced from Panax notoginseng (Burk.) Chen
[5]. ADR reports indicated that the main TCM injections
based on PNS as the crude material could induce more than
12% of the total TCM injection ADRs; moreover, anaphy-
lactoid reactions mainly occurred within 30 min after the
first administration [3, 4]. However, previous studies on
PNS, especially the crude PNS extract used in TCM injec-
tions, are insufficient.

To determine the specific anaphylactic constituents in
PNS (from the crude extract of the root of Panax notoginseng
(Burk.) F.H. Chen) and elucidate the mechanism, we pre-
pared potential anaphylactic saponins via liquid chroma-
tography, HPLC, and preparative chromatography and
identified these saponins via ESI-MS and NMR. We further
analyzed the cytotoxicity and -hexosaminidase release rate
(B-HexRR) of these saponins in vitro using RBL-2H3 cells. A
proteomic analysis was performed to identify the possible
mechanism underlying the anaphylactoid reactions.

This study will help manufacturers of TCM injections
based on PNS ensure that those anaphylactic saponins are
within safe levels and control the quality of TCM injections
to avoid clinical anaphylactoid reactions.

2. Materials and Methods

2.1. Materials. Primary RBL-2H3 cells were purchased from
American Type Culture Collection (ATCC, Manassas, VA,
USA). PNS was provided by the Guangxi Wuzhou
Zhongheng  Pharmaceutical Corporation (Wuzhou,
Guangxi, China).

Cuttable silica gel GF254 thin-layer plates were pur-
chased from Silida Technology Co., Ltd. (Tianjin, China).
MCI resin was purchased from GL Sciences (Japan). YMC
chromatographic columns (Japan) were filled with reversed-
phase C;s packings. Sequencing grade modified trypsin,
dithiothreitol (DTT), and MTS cell proliferation colori-
metric assay kits were purchased from Promega (Madison,
WI, USA). Iodoacetamide (IAA) and trifluoroacetic acid
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(TFA) were purchased from Acros (Morris Plains, NJ, USA).
C 48/80 and f-D-hexosamine were purchased from Sigma-
Aldrich (St Louis, MO, USA). RIPA lysis buffer, protease
inhibitor cocktail, and phosphoprotease inhibitor cocktail
were purchased from CWBIO (Beijing, China). RPMI 1640
media and PBS were obtained from Gibco (Thermo Fisher,
Waltham, MA, USA). Fetal bovine serum (FBS) was pur-
chased from Biological Industries (Kibbutz Beit-Haemek,
Israel).

All reagents were analytically or chromatographically
pure.

2.2. Methods

2.2.1. Separation and Preparation of the Potential Constit-
uents of the Anaphylactoid Reaction. The following instru-
ments were used in the experiment: ESI-MS: Thermo Fisher
Q-Exactive Mass Spectrometer; NMR: Bruker DRX-500
NMR Spectrometer; HPLC: Agilent 1260 HPLC and Cos-
mosil 5C;g-MS-II (4.6 x 250 mm, 5um) analytical high-
performance liquid chromatographic column; and prepar-
ative HPLC: Shimadzu LC-20AR HPLC and Agilent
ZORBAX Eclipse XDB C18 (20 x 250 mm, 7 ym) preparative
high-performance liquid chromatographic column.

PNS (400g) was separated using an MCI chromato-
graphic column and eluted by 55% ethanol and 95% ethanol
in series. The eluent of 95% ethanol was further separated
and isocratically eluted by an ODS chromatographic column
using 85% methanol. Ten out of 11 fractions were obtained,
and each had a volume of 100 mL. The eleventh fraction was
eluted by 100% methanol. The fractions were analyzed by
HPLC and merged. Finally, 8 subfractions were obtained: Fr.
1-2, Fr. 3, Fr. 4, Fr. 5, Fr. 6, Fr. 7-8, Fr. 9-10, and Fr. 11.

2.2.2. Cell Culture. RBL-2H3 cells were maintained in RPMI
1640 media with 10% FBS and 1% penicillin-streptomycin
solution (100x) at 37°C and 5% CO,. Single-cell suspensions
were plated at a density of 5-8 x 10° cells/mm” on a culture
dish (D=100mm). When the cells reached over 80% con-
fluence, they were harvested and passaged at a ratio of 1: 3.

2.2.3. Anaphylactic Properties of the Subfractions. Five
milliliters of each subfraction was concentrated and freeze-
dried in a Heidolph Rotary Evaporator (Heizbad Hei-VAP,
Heidolph Instruments GmbH & CO. KG, Germany) and
Biocool Freeze Dryer (Biocool FD-1C-50, Boyikang, Bei-
jing), respectively. The obtained powders were weighed and
added to the RPMI 1640 culture media with 1% DMSO, and
the final concentration of each solution was 200 yg/mL.
Exponentially growing RBL-2H3 cells in 6-well dishes
were washed with PBS 3 times. Two milliliters of the tested
supernatant was added to the corresponding wells, in-
cluding the negative control group (RPMI 1640 culture
media with 1% DMSO) and the positive control group (C
48/80; 20 ug/mL). Each group was made in triplicate. The 6-
well dishes were incubated in an incubator (37°C, 5% CO,)
for 30 min before the supernatants were discarded. The
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dishes were placed under an inverted microscope (Nikon
Eclipse TS100-F, Japan) for observation. The groups with
high degranulation rates were considered to have the
potential constituents of the anaphylactoid reaction.

2.2.4. Preparation and Identification of the Potential Sapo-
nins of the Anaphylactoid Reaction. Isocratic elution and
preparative separation of Fr. 3, Fr. 5, and Fr. 7-8 were
conducted using preparative chromatography with mobile
phases of 68% methanol/water, 74% methanol/water, and
80% methanol/water, respectively. The eluents were subse-
quently concentrated and freeze-dried into powders before
analysis by ESI-MS and NMR for molecular weight and *C-
NMR information.

2.2.5. ICs; Test. Each saponin was dissolved in RPMI 1640
media into solution or dispersed suspension. Exponentially
growing RBL-2H3 cells in a 96-well dish were washed with
PBS before they were incubated with the corresponding
saponins. The control group only contained the culture
medium and RBL-2H3 cells, while the blank group only
contained the culture medium. Cells were incubated for 24 h,
and the supernatants were discarded. After washing with
PBS 3 times, 100 4L culture medium was added to each well,
and then MTS reagents were added for an incubation of
approximately 30 min. The dish was subsequently placed on
a microplate reader to record the absorbance.

2.2.6. f-Hexosaminidase Release Rate. Exponentially
growing RBL-2H3 cells in 24-well dishes were washed with
RPMI 1640 media 3 times. Then, 100 4L of RPMI 1640
medium was added to each well before incubation for
10 min. Another 100 4L of each tested constituent at dif-
ferent concentrations was added to the corresponding wells.
Incubations of 15 min, 30 min, 1h, and 2h were conducted
before an ice bath for 10min to end the reaction. Fifty
microliters of the supernatant in each well together with the
substrate (-D-hexosamine; 4 mM) were added to a 96-well
dish before incubation for 1h at 37°C. Then, 150 yL of stop
solution (glycine buffer; pH 10.7; 200 mM) was added to
each well to stop the reaction. The absorbance (absorbance
of supernatant, AoS) at 405 nm was measured for all wells.
The rest of the supernatant in the 24-well dishes was re-
moved, and 200 uL of 0.5% Triton X-100 was added to each
well to lyse the cells. The lysate of each well was centrifuged
at 3000 rpm for 1 min, and 50 yL of the supernatant in each
well was transferred to a 96-well dish. S-D-Hexosamine
(4 mM) as the substrate was added to each well at the same
time. The 96-well dish was incubated at 37°C for 1h before
150 uL of stop solution was added to each well. The ab-
sorbance (absorbance of lysate, AoL) at 405nm was mea-
sured for all wells. f-HexRR can be calculated using the
following equation:

AoS — blank 4

100%.
(AoL - blank ,,; ) + (A0S — blank , ) X 100%

B — HexRR =

(1)

2.2.7. Proteomic Analysis. RBL-2H3 cells of different groups
were collected into the corresponding microtubes and
centrifuged at 4000 rpm for 4 min before the supernatant
was discarded. The cells were washed with PBS and
centrifuged once again, and the supernatant was discarded.
RIPA lysis buffer and protease inhibitor were added before
treatment in an ice bath for 30 min. The cells were then lysed
via ultrasonication. Protein concentrations were measured
using the bicinchoninic acid (BCA) method.

Urea (8 M) and DTT (final concentration 10 mM) were
added to the microtubes containing the cell lysate at volume
ratios of 1:1 and 1:2, respectively. The mixture was incu-
bated at 37°C for 4 h before IAA was added (IAA:DTT=5:
1, mol/mol). The mixture was further incubated in the dark
for 1 h at room temperature. NH,;HCOj3 (50 mM) was added
to the mixture to dilute urea to below 1 M. Sequencing grade
modified trypsin was added (trypsin: protein =1:50, w/w).
The mixture was incubated in a water bath at 37°C for
10-16 h.

The mixture was desalted before the peptide concen-
tration was measured via a NanoDrop (Thermo Fisher,
Waltham, MA, USA). LC-MS/MS analysis was performed
on a Q-Exactive HF Hybrid Quadrupole-Orbitrap mass
spectrometer (Thermo Fisher Scientific) coupled online to a
nanoflow LC system (EASY-nLC 1000, Thermo Fisher
Scientific). Peptides were delivered onto a 2 cm self-packed
trap column (100 ym inner diameter, 3 ym resin, ReproSil-
Pur C18-AQ, Dr Maisch GmbH) in solvent A (0.1% formic
acid FA in HPLC grade water). After loading and washing,
the peptides were transferred to a 12cm column (150 ym
inner diameter, 1.9 ym resin, ReproSil-Pur C18-AQ, Dr
Maisch GmbH) and separated over 78 min nonlinear gra-
dients from 6% to 95% solvent B (0.1% FA in ACN) at a flow
rate of 600nL/min. The exact elution gradients were as
follows: 0-16 min, 6%-10% B; 16-51 min, 10%-24% B;
51-71 min, 24%-34% B; 71-72 min, 34%-95% B; 72-78 min,
95% B.

The peptides were ionized using a 2.0kV spray voltage
and a capillary temperature of 320°C. The data acquisition
was performed in the OT-IT mode. Full MS scans (300 to
1,400 m/z) were performed at a resolution of 120,000, a
maximum injection time of 80 ms, and an AGC target value
of 3e6. Tandem mass spectra were generated for up to 20
precursors by HCD with a normalized collision energy of
27%. The dynamic exclusion was set to 12's. The MS2 spectra
were read out in the Orbitrap at a resolution of 15,000 with
an AGC target value of 5e4 and a maximum injection time of
19 ms.

2.2.8. Data Analysis. The raw files were searched by Thermo
Proteome Discoverer (PD) (2.1.1.21) software against the
protein database uniprot_rat_170221, which contains 8094
proteins. The parameters and settings were as follows:
precursor mass tolerance, 15 ppm; fragment mass tolerance,
20 mmu; enzyme name, trypsin; max missed cleavage sites,
2; static modification, carbamidomethyl; dynamic modifi-
cations, acetyl and oxidation. The confidence level was set to
95%.



Differentially expressed proteins were determined by the
ratio of protein expression of the adjacent groups. The
expression of upregulated proteins in the high dose group/
medium dose group, medium dose group/low dose group,
and low dose group/control group was all above 1.2;
downregulated proteins in the high dose group/medium
dose group, medium dose group/low dose group, and low
dose group/control group were all below 1/1.2. Cluster
heatmaps were drawn based on the upregulated proteins and
downregulated proteins. Gene Oncology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses were based on the upregulated proteins, down-
regulated proteins, and the DAVID (Database for Anno-
tation, Visualization and Integrated Discovery) tool.

3. Results and Discussion

3.1.  Anaphylactic  Properties of the Subfractions.
Photographs of RBL-2H3 cells incubated with each sub-
fraction are presented in Figure 1. The cells in the positive
control groups were strongly degranulated and showed
blurred cell membranes and obvious granules. In contrast,
few cells in the negative control groups showed degranu-
lation. Fr. 3, Fr. 5, and Fr. 7-8 were shown to induce de-
granulation of RBL-2H3 cells (>50% degranulated cells)
while Fr. 1-2, Fr. 4, Fr. 6, Fr. 9-10, and Fr. 11 showed no
anaphylactic properties.

3.2. Structural Identification of the Potential Saponins of the
Anaphylactoid Reaction. Compounds 1, 2, and 3 were ob-
tained from the eluents of Fr. 3. Compounds 2, 3, and 4 were
obtained from the eluents of Fr. 5. Compounds 5, 6, and 7
were obtained from the eluents of Fr. 7-8. All compounds
were white amorphous powders that showed a red color on
thin-layer plates when reacting with 10% ethanol sulfate
solution. The >*C-NMR spectra are shown in Figure S1, and
the data are listed in Supplementary Materials. The data for
compounds 1 and 4 were in accordance with the data in [14],
and they were identified as notoginsenoside T5 (noto-T5)
and notoginsenoside T4 (noto-T3), respectively. The data for
compounds 2 and 3 were in accordance with the data in [15];
therefore, they were identified as ginsenoside Rk3 (Rk3) and
ginsenoside Rh4 (Rh4), respectively. The data for com-
pounds 5, 6, and 7 were in accordance with the data in
[16-18], respectively; therefore, they were identified as
ginsenoside Rg3 (Rg3), gypenoside LXXV (gyp-LXXV), and
notoginsenoside ST-4 (noto-ST-4), respectively. Notably, all
of the above saponins are rare saponins in PNS.

3.3. Basic Physical and Chemical Information of Each Saponin.
Saponins on a microgram scale were weighed and mixed
with 1 mL of RPMI 1640 media with 1% DMSO at room
temperature. The chemical structure, chemical formula,
molecular weight, and solubility of each saponin are shown
in Table 1.

Noto-T3 was not involved in the following studies
because it presented flocculent precipitate and aggregation
in the solution and was hard to be solved or shattered into
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small pieces, which was not suitable for the follow-up
experiments.

3.4. ICsy Test. To prepare an appropriate concentration
gradient of each saponin, an ICs, test was performed based
on RBL-2H3 cells using the MTS assay. The average cell
viability of each group is shown in Table S1.

The ICs, value of each saponin was obtained by linear
interpolation. According to the ICs, value of each saponin,
the concentrations of the low, medium, and high dose
groups were set geometrically, following the rules that the
dose of high dose groups was close to but lower than the IC5,
value (Table 2). According to the experiments, C 48/80 could
induce abnormal absorbance in the ICs test. Therefore, the
low, medium, and high dose groups of C 48/80 were set
based on [12].

3.5. B-Hexosaminidase Release Rate. The f}-hexosaminidase
release rate is the gold standard to quantitatively evaluate the
level of anaphylactoid reactions [7, 10, 19]. According to
clinical reports, anaphylactoid reactions induced by TCM
injections containing PNS mainly occur within 30 min after
administration, and few ADR cases still occur within 30 min
to 2 h after administration [20]. Therefore, 4 periods of time
(15min, 30min, 1h, and 2h) were set to investigate the
B-HexRR of the control group, C 48/80 group, and 6 saponin
groups (Figures 2(a)-2(d)).

The results indicated that, compared with the control
and C 48/80 groups, Rg3 had no anaphylactic ability, gyp-
LXXV and noto-T5 had strong anaphylactic abilities, and
noto-ST-4 and Rk3 had weak anaphylactic abilities
(Figure 2(e)). For Rh4, the results cannot support the
conclusion that it possesses anaphylactic ability. Surpris-
ingly, its high dose group with an incubation time of 1 h even
induced a significantly lower S-HexRR.

These results also demonstrated that gyp-LXXV, noto-
T5, noto-ST-4, and Rk3 can directly activate f3-hexosa-
minidase release and degranulation from RBL-2H3 cells,
which suggested that these saponins can induce anaphylaxis
via direct stimulation of effector cells.

3.6. Proteomic Analysis. To investigate the mechanism of
the anaphylactoid reaction induced by the potential
anaphylactic saponins in PNS, differentially expressed
proteins of each saponin group with an incubation time of
30 min were studied. According to the filter conditions,
proteins were screened and classified into upregulated
proteins and downregulated proteins (Table 3). Based on
the upregulated and downregulated proteins, cluster
heatmaps were drawn (Figure 3); GO and KEGG en-
richment analyses were also carried out via the DAVID
tool. GO enrichment analyses of the biological process
(BP) (p <0.005), cellular component (CC) (p <0.005), and
molecular function (MF) (p <0.005) categories are dis-
played in Figure 4. The KEGG enrichment pathway
analysis results are shown in Figure S2.
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Ficure 1: Continued.
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FIGURE 1: Anaphylactic property test results of each subfraction. The anaphylactic property was tested by the observation of RBL-2H3 cells
incubated with each subfraction using an inverted microscope (200x). RBL-2H3 cells showed no degranulation in (a) the negative control
group and strong degranulation (blurred cell membrane and obvious granules) in (b) the positive control group. Cells in the group of (d) Fr.
3, (f) Fr. 5, and (h) Fr. 7-8 showed anaphylactoid reactions (>50% degranulated cells). Cells in the group of (c) Fr. 1-2, (e) Fr. 4, (g) Fr. 6, (i)
Fr. 9-10, and (j) Fr. 11 showed no anaphylactoid reactions (<30% degranulated cells).

TaBLE 1: Name, chemical structure, chemical formula, molecular weight, and solubility of each potential anaphylactic saponin.

Name Structure Chemical formula and molecular weight Solubility (in RPMI 1640 media with 1% DMSO)
CyHesO12

Noto-T5 750 Soluble
Cs6HeoOs

Rk3 620 Soluble
Cs6HeoOs

Rh4 620 Soluble
C3HesO9

Noto-T3 666 Insoluble, flocculent precipitate, and aggregation
CyoH7,043

Rg3 Ho 284 Soluble

(e}
HO/%/U
HO—HO o o
HO

OH
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TaBLE 1: Continued.

Name Structure Chemical formula and molecular weight Solubility (in RPMI 1640 media with 1% DMSO)
CyH7,045

fxygc_v 784 Soluble
Cy47HgoO17

Noto-ST-4 916 Soluble

TaBLE 2: IC5, values and concentrations of the low, medium, and high dose groups of each potential anaphylactic saponin.

1Cso Low Medium High
Noto-ST-4 (mM) 0.040 0.008 0.015 0.030
Rg3 (mM) 0.040 0.008 0.015 0.030
Rh4 (mM) 0.075 0.015 0.030 0.060
Rk3 (mM) 0.085 0.015 0.030 0.060
Gyp-LXXV (mM) 0.140 0.030 0.060 0.120
Noto-T5 (mM) 0.140 0.030 0.060 0.120
C 48/80 (pg/mL) — 10 20 40

f-hexosaminidase release rate
B-hexosaminidase release rate

SsE HAsSI HSsST =Rsm =s% ~SsI =3
C48/80 noto-ST-4  Rg3 Rh4 Rk3  gyp-LXXV  noto-T5

()

WEr HS3Z& ~23@m ~23® 23T 23 —“3IZ
C48/80 noto-ST-4 Rg3 Rh4 Rk3  gyp-LXXV noto-T5

control
control

B-hexosaminidase release rate
B-hexosaminidase release rate

AS T RSIE AsSm _AsSE "SI _RsT 2SI
C48/80 noto-ST-4 Rg3 Rh4 Rk3  gyp-LXXV noto-T5

SAST AsSm _ASIT "SI AsSm 2SIz _AsT
C48/80 noto-ST-4 Rg3 Rh4 Rk3  gyp-LXXV noto-T5
(0) (d)

FiGure 2: Continued.
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4+ Rh4 —— C48/80
Rk3
(e)

FI1GURE 2: B-HexRRs of all tested groups and the anaphylactic ability of each saponin. 8-HexRRs of the control groups, C 48/80 groups, noto-
ST-4 groups, Rg3 groups, Rh4 groups, Rk3 groups, gyp-LXXV groups, and noto-T5 groups were tested with different incubation times of (a)
15 min; (b) 30 min; (c) 1 h; and (d) 2 h. (e) Anaphylactic ability of each saponin at a concentration of 0.03 ymol/mL was determined by the
B-HexRRs of the control groups and C 48/80 groups. L=1low dose group, M =medium dose group, and H=high dose group. The
concentrations of each low dose group, medium dose group, and high dose group are shown in Table 2. Each group was repeated 3 times,
and the data are expressed as the mean + SEM (n=3). * p <0.05 and ** p < 0.01, compared with the corresponding control group (¢-test). The
B-HexRR of the high dose group of Rh4 with an incubation time of 1 h was significantly lower than that of the control group, while all the
other significant differences were significantly higher.

TasLE 3: Number of upregulated and downregulated proteins and total identified proteins of each saponin group with an incubation time of
30 min.

Upregulated Downregulated Total
Noto-ST-4 26 22 4372
Noto-T5 39 57 5025
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FiGgure 3: Continued.
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FiGure 3: Cluster heatmaps of the significantly upregulated and downregulated proteins of the (a) noto-ST-4 groups, (b) Rg3 groups,
(c) Rh4 groups, (d) Rk3 groups, (e) gyp-LXXV groups, and (f) noto-T5 groups with an incubation time of 30 min.

4., Discussion

The B-HexRR results were in accordance with a previous
study showing that Rg3 could inhibit mast cell-mediated
allergies by blocking degranulation [21].

Theoretical studies have suggested that anaphylactoid
reactions are most closely related to the endoplasmic re-
ticulum and Golgi apparatus, which are the most crucial

organelles in the formation of granules (Figure 5(a)) [19].
Our results of the gyp-LXXV groups were consistent with
this conclusion. According to the GO enrichment analysis
results of CC, only the gyp-LXXV groups, which present
strong anaphylactic abilities, are related to the endoplasmic
reticulum (GO:0005793, GO:0005783) and Golgi apparatus
(G0O:0005793). Other groups are only related to certain
common organelles such as the nucleus, mitochondrion, and



10

Evidence-Based Complementary and Alternative Medicine

3 e
0:0000460 GO:0000460 ‘maturation of 588 rRNA'
G0:0032418 010000470 GO0000470 ‘maturation of LSU-rRNA
GO:0030687 GO0035195 gene silencing by miRNA
. 600042273 ribosomal large subunit biogenesis
G0:0019900 GO:0005070 GO:0060338  regulation of type I interferon-mediated signaling pathway
Gooosezs vegulation ofcll adhesion medited by integrin
600019201 ’ GOD007I73 epidermal growth factorseceptr sigaaling pathway
GOUBR0STT3 GO:0043254 regulation of protein complex assembly
GO:0000165  GO:0005776 coodBrs GO0l inositol ipid-medited signaling
D term ©0:0080664 GO:0048015 phosphatidylinositol-mediated signaling
GO:0000165 MAFK cascade GO:0033628 GO:0042102 ‘positive regulation of T cell proliferation
5 SR —— o e““.‘mfm,:m ERE) G0:0048017.GO:0060338 GO0038127 ‘ERBB signaling pathviay
T possmelocaliston ’ G0:0016303555048015 GO:0052742 Go0is13 e recepor signaling
20 GO005773 vacuole GO:0035195 0, 0003924200485 500007173 GO0030687 relotome e sbsn precunon
GO:0005776 autophagosome G0:0052813-50:0043402G0.0046934 _ GO0030684 preribosome
GO:0019900 kinase binding G0:0048013-GO1 0:0043254 GO:0055029 ‘nuclear DNA-directed RNA polymerase complex
GO001901 protin kinise binding GO:0038 1 070 SH3/SH? adaptor actvity
15 Goos27a2 phosphatidyinositol kinase actviy
GO0016934  phosphatidylinositol-45-bisphosphate 3-kinase activity
Gonola0s 1-phosphatidylinostol->Kinase a
Go003s004 tidylinositol 3-kin
- - z x‘lorc 2 N - - o 2 ' GO:0052813 sitol bisphosphate kin:
- Zescore GO:0003924 GTPs
category
coun 2 s
* - @: @ W Q@ @
MF MF
(a) (b)
erm i
G0:0046540 Go0070126 mitochondrial transltional termintion GO0051061 Goozs11 y soting
GO00i8285 organelefisson 600032511 Go:0005762 Go0010458 exitfrom mitoss
600097526 GO0050681 regalation of mRNA processing GO0031081 nuclear envelope disassembly
G0:0070527 platelet aggregation 600010458 GO:0031468 nuclear envelope reassembly
GO0070125 mitochondria translational clongation GO0006998 ‘nuclear envelope organization
’ GO03109 homotypic cel-cell adhesion y GO0006338 chromatin remodeling
G0070125 GOQ045069 Gosuneits ‘ranltona termination 3 Gg&ggﬁ;g?g&g,g;ggmms 600016239 Goastion e A Tt el
G0:0070126 G0:0006415 GO002543 mitochondrial translation GO:0051494 GO.0005856-GO:0006415 GO070126 mitochondrial translational termination
|60:000678:2050684 GO:0006414 GO006414 translational clongation |60:0071425 Goossiozs  Gooustoss Go071427
6010048285 GO:0032543 Gosoion31 SnRNA modiication GO0005998 N GORETD460,0008405 Go0072666 establshment of protin ocalization to vacuole
60:0030176— GO:0070527  GO:0005681 GO:0033160 GO:1902739 regulation ofnterferon-alpha secrtion 60:0006336-CO TTTETH GO000841S . CGO:0072686 GO001578 ‘microtubule bundle formation
109 1802741:00:1202739] (G006 translocati E 60:0070125 ‘mitochondrial translational elongation
GO:0005525 ) 0040031 GO:0060119 inner ear receptor cell development 0 GO:0019752 carboxylic acid metabolic process
GO:0060119 Go1s027a1 posiive rgulation of ntrferon-alph secttion GO006115 wanslational termination
GO:0045069 regulation of viral genome replication 2 GO:0032543 mitochondrial translation
GO005763 ‘mitochondrial smllribosomalsubunit GO006414 transltionl clongation
GO0030176  integral component of endoplasmic rticulum membrane GOws1232 regulation of RNA metabolic process
Gou97 spliccosomal trisnRNP complex GO0031028 MRNA transport
GOS0 Ut/ Us x US tri-snRNP complex GO0006406 mRNA export from nucleus
Goooses1 spliccosomal complex GO006105 RNA export from nucleas
GO:0005525 GTP binding 600016239 positive regulation of macroautophagy
° -5.0 -25 0.0 25 GO:0031098 stress-activated protein kinase signaling cascade
Zeeom Z-score. GO:0005762 ‘mitochondrial large ribosomal subunit
acgory tegory GOnoosss6 eytoskeleton
P @2 s 6 8 P count @ 2 4 6 s GO:0072686 ‘mitotic spindle.
ME MF
(0 (d)
GO:0030947 GO0:0043276
e
GO0l response toorganic cyclic compound
GO:0030947 regulation of p G0:0017004
GO:0018344 protein geranylgeranylation G0:0071900
GO:0010324 embrane invagination
N GO:0005793 G0:0090288 GO0046325 ‘negative regulation of glucose import N D term
Goo12 Jation of DNA-emplated transcription, iniiation GO0017004 cptochrome complex assrmbl
60:0005793 GO0 end et 7 comggr oSS GOo0oesss PRl
GO:0005783— G0:0070125. GO:0010829 negative regulation of glucose transport E} - GO:0043488 llation of mRNA stability
GO0 - 0008414 6O 00mA 8 cope1822 s prfwn o] & GO:0018570 G0:1902850 G0:0018024 GO0016570 s
p Goauroize mitochondrilranditionaltermination =, GO0016279 () 00 4m0es Goaoirs anaiki
&0000585: GO00286 £ GO045737
GO0090288 i GO:1904029 egulaton of cyclin-dependent protein kinasescivity
GO0010610 egulaton of platelet derived growth facor eceptor sgnaling pathay B GO0071500 vegulation of proein serine/threonine kinas ativity
Gooo1zs ‘itochondrial translationl clongation GOr1902850 mictotubule cytoskeleton organization insolved i mitosis
GO0006415 wanslational termination GO00#3123 positive regulation of-kappab kinase/NF-kappa sgnaling
Gogons3 mitochondrial trnsltion Go0072686 ‘mitotic spindle
GO0006414 translations clongation Goons024 histone-lysine N-methyliransferase activiy
GO0072657 protin localization o membrane GO0042054 fone methylransferase activity
GO000s882 Go016279 protin-ysine N-methyhranseras acivity
3 Y T 3 GO0005793 endoplasmic reticulum-Golg ntermedise compartment 25 00 p
e GO0005783 endoplasic etculum e
aegory GO:0003723 RNA binding category
3 Go00228%0 inorganic cation transmembrane transporter activity )
P 0 @ @: B v e @ @@
ME MF

(e)

®

FIGURE 4: GO analysis results of BP, CC, and MF of the (a) noto-ST-4 groups, (b) Rg3 groups, (c) Rh4 groups, (d) Rk3 groups, (e) gyp-LXXV

groups, and (f) noto-T5 groups with an incubation time of 30 min.

cytosol, which may participate in almost every biological
process of cell activities.

According to the GO enrichment analysis results of BP,
only the gyp-LXXV groups are related to the response to
organic cyclic compound (GO:0014070), which indicates
that gyp-LXXV (organic cyclic compounds) could trigger
these responses and finally induce anaphylaxis.

Further analysis demonstrated that there were 4 proteins
in common in the differentially expressed proteins of the
strong anaphylactic groups (gyp-LXXV groups and noto-T5
groups), namely, AOA0OG2JWQO, D3ZL85, D4A5G8, and
Q8K3FO, all of which were downregulated proteins and not
included in the differentially expressed proteins of the other
4 groups (Figure 5(b)). This result indicated that these 4
proteins had a higher possibility of playing a key role in the
anaphylactoid reactions of RBL-2H3 cells.

For gyp-LXXV, KEGG enrichment pathway analysis re-
sults were not obtained after data filtration. For the noto-T5
and other 4 groups, the KEGG enrichment pathway analysis

result was not consistent with RBL-2H3 cells and anaphy-
lactoid reactions (Figure S1). The results indicate that the
molecular mechanism of the anaphylactoid reactions induced
by gyp-LXXV and noto-T5 requires further in-depth study.

Although gyp-LXXV and noto-T5 were identified as
strong anaphylactic saponins and noto-ST-4 and Rk3 were
identified as weak anaphylactic saponins, these findings do
not necessarily mean that every TCM injection based on
PNS will induce anaphylaxis. In fact, incomplete clinical
reports indicated that anaphylactoid reactions induced by
several main TCM injections based on PNS had an overall
incidence rate of less than 1% and varied according to the
batch [20, 22], which also indicates that anaphylactic sa-
ponins are most likely to be rare saponins and that the
occurrence of anaphylaxis depends on the total content of
these rare saponins. Other related factors include the
dripping speed, age, sex, and body constitution [3, 4]. Here
we only discuss the potential anaphylactic abilities of these
saponins and offer a guide for TCM injection manufacturers.
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5. Conclusions

In conclusion, among the 7 saponins identified, gyp-LXXV
and noto-T5 had strong anaphylactic abilities, noto-ST-4
and Rk3 had weak anaphylactic abilities, and Rg3 had no
anaphylactic ability. Anaphylactic saponins can induce
anaphylaxis via direct stimulation of effector cells. The re-
sults of proteomic studies indicated that the anaphylactoid
reaction of gyp-LXXV was related to the biological processes
in the response to organic cyclic compounds and the cellular
components of the endoplasmic reticulum and Golgi ap-
paratus. Four proteins were most likely to play key roles in
the anaphylactoid reactions of RBL-2H3 cells, and their
accession numbers were AOA0OG2JWQO, D3Z185, D4A5GS,
and Q8K3F0. To avoid clinical anaphylactoid reactions,
manufacturers should strictly control the ingredients of
TCM injections based on PNS and ensure that gyp-LXXV,
noto-T5, noto-ST-4, and Rk3 are within safe levels.
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