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Abstract
Objective: Research the chemical constituents of Paeonia suffruticosa that are responsible for
its anti-infective properties. Methods: Several column chromatographic methods were used
to purify the chemical constituents from P. suffruticosa, including medium pressure liquid
chromatography, Sephadex LH-20, and normal silica gel. A disc diffusion method was used
to screen for antibacterial activity, and their anti-virulence activity was assessed on the type
III secretion system (T3SS) of Salmonella pathogenicity island 1 (SPI-1) in Salmonella
enterica serovar Typhimurium UK-1  8956 by SDS-PAGE and western blots. Results:
Twenty-one compounds were identified. Compounds 7, 8 and 17 showed moderate activity
against S. aureus ATCC25923, compounds 8, 9 and 10 showed weak activities against B.
subtilis ACCC11060. Meanwhile, phenols (14–18) and flavonoids (20 and 21) inhibited T3SS
protein secretion of S. typhimurium without affecting bacterial growth. Furthermore, a strong
inhibitory effect was observed for 17 and 20 on SPI-1 mediated invasion of HeLa cells.
Additionally, no toxicity was observed for these compounds. Conclusion: P. suffruticosa has
anti-infective properties due in part to the fact that phenols and flavonoids can block the
secretion of T3SS-associated protein effectors.

Keywords: Paeonia suffruticosa; anti-infective activity; type III secretion system; phenols and
flavonoids
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Background

Paeonia suffruticosa Andrews (P. suffruticosa) also known as the
“moutan” or “tree peony”, is one of the most commonly used
medicinal plants in China [1, 2]. The roots of P. suffruticosa have been
used in traditional medicine to treat tumors, inflammation, and
hypertension [3, 4]. They also have been used as a remedy for
important Chinese medicine such as Liu Wei Di Huang Pill. More than
260 compounds including monoterpenoids and their glucosides,
triterpenoids, flavonoids, phenols, paeonol, and resveratrol have been
identified in the genus of Paeonia [5–8]. Pharmacological studies have
shown that “Moudan Cortex” has the function of anti-inflammatory,
antibacterial, anti-infection, etc.[9–14]. Those molecules and extracts
attenuate infection but do not exhibit significant bactericidal activity,
such as Nadin Marwan Almosnid et al. reported that the monoterpene
glycosides, 6-O-vanillyoxypaeoniflorin, mudanpioside H and
galloyl-oxypaeoniflorin, showed moderate antibacterial activity with
MIC values of 100 to 500 g/mL; Zhou et al. reported the buds extract
showed antimicrobial activity against Staphylococcus aureus and
Escherichia coli O157:H7 with MIC of 1.56 mg/mL and 6.25 mg/mL
[10, 14]. Therefore, the antibacterial and anti-infection active
constituents and mechanisms still need to be screened and
characterized, especially effective against clinical pathogens [15].
Developing anti-virulence agents against multi-drug resistant

bacteria is an attractive strategy because of its non-bacterial feature
[16]. Among them, type III secretion system (T3SS), the protein
transport needle-like nano-machines, can mediate interactions
between Gram-negative bacteria and their hosts, and therefore, play
an essential role in the infection process.
In this experiment, we identified 21 compounds (1–21) from the

ethanol extract of P. suffruticosa. Further, we screened their
antimicrobial activity using the disc diffusion method and their
anti-virulence activity against T3SS by SDS-PAGE and western blot in
vitro. Our results suggested that phenols and flavonoids can block the
secretion of T3SS-related protein effectors such as SipA, SipB, SipC,
and SipD. However, none exhibited excellent antibacterial activity,
which explains the anti-infective properties of P. suffruticosa.

Materials and methods

Plant materials
The P. suffruticosa roots were purchased from Anhui Tongling, Peony
trade net Co Ltd (China).

Culture of the strains
The bacterial strains including Salmonella enterica serovar
Typhimurium UK-1  8956 (S. typhimurium), Proteusbacillus vulgaris
CPCC160013, Staphylococcus aureus ATCC 25923 and Bacillus subtilis
ACCC11060 were used in this study. All the bacterial strains were
grown on Luria-Bertani (LB) agar media (1% tryptone, 0.5% yeast
extract, 1% NaCl, pH 7.4). S. typhimurium was cultured in LB broth or
on LB agar plates supplemented with 0.2% L-arabinose at 37°C/220
rpm or 25°C/ 220 rpm [17].

Compounds isolation
The air-dried P. suffruticosa roots (1.0 kg) were smashed and then
extracted with ethyl acetate (EA) at room temperature 3 times. A

rotary evaporator evaporated the extract. Depending on these
compounds’ polarity and molecular weight, we used medium pressure
liquid chromatography, high performance liquid chromatography and
Sephadex LH-20 interleaved. The EA extract was subjected to medium
pressure liquid chromatography over RP-18 silica gel eluted with 30,
50, 70, 90 and 100% MeOH (v/v) and 20 fractions were obtained,
respectively. According to the thin-layer chromatography (TLC)
results, 4 fractions (Fr.1–4) were obtained. Compounds 1 (5.0 g), 3
(4.8 mg), 6 (20 mg), 13 (8.3 mg), 14 (4.8 mg) and 16 (24.8 mg) were
purified by column chromatography (RP-18, Sephadex LH-20, and
silica gel) from Fr.1. Fr.2 was subjected to column chromatography
over Sephadex LH-20 eluted with MeOH and then were purified by
high performance liquid chromatography (Waters 2545) to obtain 8
(12 mg), 9 (4.5 mg) and 15 (16.4 mg) were purified. In the same way,
5 (44.2 mg), 7 (78 mg), 18 (9.3 mg), 20 (6.2 mg) and 21 (5.2 mg)
were separated from the Fr.3 and compound 17 (2.8 g) was purified
from Fr.4.
Another 1 kg of air-dried P. suffruticosa roots were extracted with
70% EtOH. By using the method of liquid-liquid extraction, the BuOH
extract was obtained and further purified to obtain 2 (10.1 mg), 4 (8.8
mg), 10 (6.5 mg), 11 (9.2 mg), 12 (35.8 mg) and 19 (7.5 mg).

Disc diffusion method
The antibacterial activities of compounds (1–21) against S.
typhimurium, S. aureus ATCC25923, P. vulgaris CPCC160013 and B.
subtilis ACCC11060 were detected via a paper disc diffusion assay
[18]. Compounds under test were dissolved in dimethyl sulfoxide
(DMSO) at a concentration of 20 mg/mL. These compounds were
uptaken at a concentration of 80 μg/disc onto 6 mm diameter paper
discs and laid on the surface of the agar medium. Gentamycin was
used as a positive control. The assay plates were cultured at 37°C for
24h and checked for the presence of an inhibition zone.

Profiling of secreted protein in bacterial culture supernatants
The effects of compounds 1–21 on the secretion of Salmonella
pathogenicity island 1 (SPI-1) effector proteins at a concentration of
100 μM were examined. Csn-B was used as the positive control.
Negrea et al. and Li et al. with some modifications were used to isolate
and detect the secreted protein in bacterial culture supernatants [19,
20]. Briefly, 1:10 dilution of S. typhimurium overnight cultures in LB
(0.2% L-arabinose) for 4 h with or without compounds at indicated
concentrations at 37°C /220 rpm. Secreted proteins in the 1 mL
culture supernatant were precipitated with a final concentration of
10% cold trichloroacetic acid (TCA) and then centrifuged at 12,000 g
for 10 min at 4°C and washed with 500 μL cold acetone. The
precipitation was repeated twice and dried for 15 min. The proteins
were denatured and separated via 10% SDS-PAGE and stained with
Coomassie blue.

Western blot analysis
Western blot was performed as described previously [20].

Bacterial growth curve
S. typhimurium was amplified in LB at 37°C /220 rpm for 12h, then
diluted 1:100 in fresh LB and incubated with the compounds at the
indicated concentrations for 7 h. The OD600 of the cultures was
measured at the indicated time points using a microbial plate reader
(Bio-Rad 680, USA). Three replicate samples were used for each
experiment.

Cytotoxicity assay
The sulforhodamine B (SRB) method was used to determine the effect
of compounds on the growth rate of host cells [21]. HeLa cells were
seeded in 96-well plates at a density of 4 × 104 cells per well and
incubated overnight at 37°C in a 5% CO2 incubator. Then, cells were
treated with different concentrations of compounds 17, 18, 20 and
also set the positive control and blank control with isovolumetric
DMSO and Dulbecco’s modified eagle medium (DMEM) (10% Fetal
bovine serum- FBS) for 12 h at 37°C. Discard the culture medium

Highlight
Twenty-one compounds including a new one were isolated from
the root extract of Paeonia suffruticosa. Those compounds
showed weak antibacterial activities. Whereas, phenols and
flavonoids especially the main constituent paeonol showed
anti-virulence activity against T3SS of Salmonella. Therefore, this
study provide the reasonable evidence for the medicinal use of P.
suffruticosa.
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softly, cells were fixed with the presence of 100 μL 10% TCA in
advance of cold. Allow standing for more than 1 h. After removing the
solution of TCA, distilled water slowly washes 5 times. Cells were
stained with 100 μL staining solution of SRB and incubated 30 min at
room temperature. Discard the SRB, 1% acetic acid washes 5 times to
remove the unbound staining solution. 100 L 10 mM tris (pH 10.0)
was added to the 96-well plates for dissolving the remaining SRB. The
Microplate Reader tested the OD570 value.

Detection of SipC in the invasion assay

HeLa cells were seeded at the density of 2 × 106 in 50 mm cell culture
plates and incubated at 37°C, and 5% CO2 in DMEM culture media
supplemented with 10% FBS for 16 h. S. typhimurium was incubated
with the compound of 100 M at 37°C for 4 h. HeLa cells were FBS
starved for 30 min and then infected with Salmonella at a multiplicity
of infection of 50 for 10, 25, and 40 min at 37°C also with the addition
of those compounds. The cell pellet was collected and lyzed in 200 μL
radio Immunoprecipitation assay (RIPA) lysis buffer. The cell lysate
was centrifuged at 13, 000 g, 5 min at 4°C. The supernatant was
denatured and detected by western blot. All experiments were
performed in triplicates.

Results

Structure determination of compounds 1–21
Twenty-one compounds (1–21, Table S1) were purified from the roots
extract of P. suffruticosa (1.0 kg) by repeated column chromatography
of medium pressure liquid chromatography, Sephadex LH-20, normal
silica gel, and high performance liquid chromatography. Their
structures were determined based on their 1D, 2D nuclear magnetic
resonance (NMR), and electrospray ionization mass spectrometry
(ESIMS) data and compared with those reported. They belonged to
monoterpenes or their glycosides (1–8, 10–12), alkaloids (9), phenols
(13–19) and flavonoids (20–21). Their structures, names, formulas,
and related references are listed in Table S1 and their 1H and 13C NMR
spectra are provided in Figure S1–S27. Speak with the emphasis here
are compounds 11 and 12, they were first isolated as natural products
from the genus Paeonia, and 12 is a new one. The 1D, 2DNMR spectra
and ESIMS of 12 were provided in Table S2 (Figure S1–S7).

Antibacterial activity
The disc diffusion assay indicated that compounds 7, 8, and 17
showed moderate activity against S. aureus ATCC 25923 at 80 g/disc
with an inhibition zone of 10, 8, and 10 mm, respectively. Compounds
8, 9, and 10 showed weak activities against B. subtilis ACCC11060 at
80 g/disc with the inhibition zone of 12, 10, and 8 mm. Paeonol (17)
was the main constituent (2.8 g from 1 kg root extract) of Paeonia. It
was considered to be the active antibacterial constituent, but our
results suggested that paeonol showed no antibacterial activities
against tested strains at 80 g/disc [11].

Compounds 14–18 and 20–21 inhibited the secretion of SPI-1
effector proteins and 17 and 20 also blocked the invasion of S.
typhimurium into HeLa cells
When grown in temperature-induced conditions, S. typhimurium can
secrete SPI-1 effector proteins into the culture supernatant, which are
used to assist them in invading and infecting eukaryotic cells [20].
Among the 21 compounds, 14–18 and 20–21 exhibited specific
inhibitory effects on the secretion of the T3SS effectors SipA, SipB,
SipC, and SipD without affecting FliC (Figure 1A). Furthermore, we
tested the effects of 14–18 and 20–21 on the growth of Salmonella.
The results (Figure 1C) suggested that none of the seven compounds
affected the growth of S. typhimurium at a concentration of 100 μM,
which indicated that they might be virulence inhibitors.
Therefore, compounds 17 and 20 (Figure 1B) were further
evaluated for the effects on SPI-1 mediated invasion. Firstly, the SRB
method measured the cytotoxicity of 17 and 20 on HeLa cells. The
results suggested that no apparent toxic effects were observed
compared to the DMSO control at several concentrations of less than
100 μM during a 4 h incubation (Figure 2A). Secondly, the inhibitory
effects of 17 and 20 on the invasion of HeLa cells were assessed. After
Salmonella infection of HeLa cells, western blot showed that the SipC
levels were barely visible in the medium and abundant in HeLa cells,
indicating that Salmonella was able to successfully invade HeLa cells.
The presence of 17 and 20 significantly reduced the content of SipC in
HeLa cells compared to the DMSO control (Figure 2B). Therefore, 17
and 20 can reduce the invasive ability of Salmonella on HeLa cells.

Figure 1 Compounds inhibited the secretion of SPI-1 effectors and did not affect the growth of S. typhimurium. (A) The inhibitory activities
of compounds 1–21 (100 M, respectively) against the secretion of SPI-1 effector proteins of S. typhimurium. SipA/B/C/D, SPI-1 effector proteins;
FliC, flagellar filament protein; M, marker; C, Csn-B positive control; D, DMSO control; (B) The Coomassie blue staining or Western blotting results
of compounds 17, 18 and 20 inhibited secretion of SPI-1 effector proteins; (C) Compounds at a concentration of 100 M did not significantly inhibit
the bacterial growth. SPI-1, Salmonella Pathogenicity Island 1.
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Figure 2 Compounds 17 and 20 inhibit the invasion of S. typhimurium into HeLa cells. (A) Compounds 17 and 20 at a range of concentrations
from 12.25 to 100 M did not significantly inhibit the growth of HeLa cells; (B) The western blot results of inhibitory effects of 17 and 20 on the
invasion of S. typhimurium into HeLa cells at a final concentration of 100 M with MOI 50.

Discussion

Although some antimicrobial properties of monoterpene glycosides,
paeonol, benzoic acid, methyl gallate, and
1,2,3,4,6-penta-O-galloyl-beta-d-glucopyranose from Paeonia and the
crude extract have been reported, the MIC reported by different
studies varied ranging from 100 to 500 μg/mL [11, 14, 15, 22].
Our antibacterial assay of compounds 1–21 also suggested that

monoterpenoids and their glycosides (1–8, 10–12), alkaloid (9),
phenols (13–19) and flavonoids (20 and 21) showed no evident
activities against all tested bacterial strains at the concentration of 80
g/disc. The results suggested that all the isolated compounds are not
good bactericides.
By studying the secretion of T3SS proteins associated with bacterial

virulence, we have found phenols (14–18) and flavonoids (20–21),
especially 17 and 20, can inhibit the secretion of effector proteins
rather than the growth of S. typhimurium, and also inhibit SPI-1 effect
SipC into HeLa cells, which provided an explanation for the
anti-infective properties of P. suffruticosa.
The inhibitory effect of plant phenols and flavonoids on the

secretion of the SPI-1 effector proteins have been reported [23–25].
Our results further suggest that the phenols and flavonoids from P.
suffruticosa, such as 17 and 20 also block the SPI-1 T3SS virulence
effector, which may be responsible for the anti-infective activity of P.
suffruticosa.

Conclusions

In conclusion, 21 compounds (Table S1) were obtained from the root
extract of P. suffruticosa. The antibacterial bioassay demonstrated that
1–21 were not good bactericides. The anti-infective property of P.
suffruticosa should be due to inhibiting the secretion of the T3SS
effectors of some related compounds such as 17 and 20. Compound 17
(paeonol) is one of the main active ingredients in the root bark of P.
suffruticosa and an important index for the quality control of these
materials. Compound 20 (quercetin) and flavonoids with 1, 2-catechol
motifs have been reported as SPI-1 T3SS inhibitors. Although a
number of medicinal plants have been used to treat infections by
enteric bacterial pathogens, the action mechanisms have been unclear.
Focusing on T3SS responsible for bacterial virulence, we have found
phenols and flavonoids can explain the traditional usage of P.
suffruticosa as anti-infective properties.
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