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This study was designed to determine whether the 50% EtOH fraction from AB-8 macroporous resin fractionation of a 70% EtOH
extract of P. Alkekengi (50-EFP) has antibacterial and/or anti-inflammatory activity both in vivo and in vitro and to investigate the
mechanism of 50-EFP anti-inflammatory activity. Additionally, this study sought to define the chemical composition of 50-EFP.
Results indicated that 50-EFP showed significant antibacterial activity in vitro and efficacy in vivo. Moreover, 50-EFP significantly
reduced nitric oxide (NO), prostaglandin E

2
(PGE

2
), tumor necrosis factor alpha (TNF-𝛼), interleukin 1 (IL-1), and interleukin 6

(IL-6) production in lipopolysaccharide- (LPS-) stimulated THP-1 cells. Nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-
2) (examined at the protein level) in THP-1 cells were suppressed by 50-EFP,which inhibited nuclear translocation of p65. Consistent
with this anti-inflammatory activity in vitro, 50-EFP reduced inflammation in both animal models. Finally, seventeen compounds
(8 physalins and 9 flavones) were isolated as major components of 50-EFP. Our data demonstrate that 50-EFP has antibacterial and
anti-inflammatory activities both in vitro and in vivo. The anti-inflammatory effect appears to occur, at least in part, through the
inhibition of nuclear translocation of p65. Moreover, physalins and flavones are probably the active components in 50-EFP that
exert antibacterial and anti-inflammatory activities.

1. Introduction

The continued evolution of dangerous multidrug resistant
bacteria has led to significant increases in morbidity and
mortality due to bacterial infections. Additionally, many of
the currently prescribed antibacterial drugs have significant
adverse side effects [1]. Consequently, the urgency for devel-
oping new highly effective and safe antibacterials is height-
ened [2]. To this end, increased attention is being given to
the search for antibacterial drugs amongnatural products and
specifically traditional Chinese medicines (TCMs).

One of the most common physiological responses to bac-
terial infection is the inflammatory response, which is often
triggered by changes in humoral and cellular components
after tissue injury [3]. The expression of inflammation medi-
ators such as NO, PGE

2
, and cytokines is regulated by the

transcriptional regulator NF-𝜅B [4], the expression of which
is in turn regulated by a complex signaling cascade [5].When
monocytes are stimulated with LPS, inhibitory kappa B𝛼
(I𝜅B) is phosphorylated by the I𝜅B kinase 𝛽 (IKK) complex,
ubiquitinated, and rapidly degraded, resulting in the release
of NF-𝜅B, which can translocate to the nucleus and bind to a
host of NF-𝜅B-binding promoter regions. Genes activated by
NF-𝜅B included diverse proinflammatory mediators such as
iNOS, COX-2, TNF-𝛼, IL-1𝛽, and IL-6. Moreover, theMAPK
signaling pathways stimulated with the LPS-TLR4 combina-
tion can activate various transcription factors, such as NF-
𝜅B and c-Jun, which also modulate the production of inflam-
matory mediators and cytokines [6]. In healthy tissues, this
inflammatory response plays an essential role in host survival
and tissue repair. However, these inflammatory mediators
can be overexpressed by some stimuli leading to serious
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inflammatory disorders [7, 8]. When this occurs, anti-
inflammatory drugs are a common therapeutic approach for
controlling the inflammatory process. Since bacterial infec-
tions can often elicit a problematic inflammatory response,
medicines that can provide both an antibacterial and anti-
inflammatory response would be of particular therapeutic
interest.

P. alkekengi (Chinese name: Jindenglong) is a perennial
herb taxonomically classified in the Solanaceae family and
found widely throughout China. P. alkekengi fruits, calyces,
roots, and whole plants have been used in traditional Chi-
nese prescriptions, including clinical use of the fruits and
calyces. Analysis of ancient medicinal research revealed that
P. alkekengi has long been used as a traditional Chinese
medicine (TCM) for a variety of ailments, including sore
throat, cough, eczema, hepatitis, urinary problems, and
tumors [9]. In a previous study, our research team identified
a P. alkekengi extract fraction (50-EFP) effective for treating
pharyngitis. Upon further investigation we have determined
that the main components of that fraction included physalins
and flavones. Because other studies have indicated that
physalins and flavones have excellent antibacterial and/or
anti-inflammatory activity [10–12], we set out to determine
whether 50-EFP also has antibacterial and anti-inflammatory
activity.

2. Materials and Methods

2.1. Plant Material. The calyces of P. alkekengi were collected
fromMaoer Mountain in Heilongjiang province in 2008 and
the original plant was identified by Professor Zhenyue Wang
of Heilongjiang University of Chinese Medicine. A voucher
specimen (Number 20080602) was deposited at the Herbar-
ium of Heilongjiang University of Chinese Medicine, China.

2.2. Strains and Reagents. Seven bacterial strains, including
four Gram-positive bacteria, Staphylococcus aureus (ATCC
26112), Staphylococcus epidermidis (ATCC 27342), Staphylo-
coccus saprophyticus (ATCC 24582), and Enterococcus fae-
cium (ATCC 35667), and threeGram-negative bacteria, Pseu-
domonas aeruginosa (ATCC 27853), Streptococcus pneumo-
niae (NCTC 7465), and Escherichia coli (ATCC 87394), were
obtained from Beijing ZK Kangtai Biological Co. (Beijing,
China).These organisms were stored at −20∘C supplemented
with 10% glycerol. Beef extract, peptone, and agar powder
were purchased fromAoboxing Bio-tech Co. (Beijing China).
Roswell Park Memorial Institute (RPMI) 1640, fetal bovine
serum (FBS), LPS, penicillin, and streptomycinwere obtained
fromGibcoBRL (NY,USA).Dimethyl sulfoxide (DMSO)was
purchased from Beijing Chemical Works (Beijing, China).
TNF-𝛼, IL-1𝛽, IL-6, and PGE2 ELISA detection kit were
purchased from R&D Systems (Minneapolis, MN). All anti-
bodies were purchased from Santa Cruz Biotechnology (CA,
USA). All chemicals were purchased from Sigma (St. Louis,
MO, USA).

2.3. Preparation of 50-EFP. The dried calyces of P. alkekengi
(5 kg) were extracted with 70% ethanol (20 L) under reflux
conditions for 2 h, for 2 times, to give a residue (1.4697 kg)

after removal of solvent under reduced pressure. Then the
extract solution (suspended in H

2
O) flowed slowly through

AB-8 macroporous resin chromatographic column (10 ×
60 cm)with a flow rate of 2 BV/h.The remainingwater extract
(300.2 g) was fractioned with H

2
O, 50% (104.6 g, 50-EFP),

and 95% EtOH.

2.4. Isolation and Identification of Compounds from 50-
EFP. The 50-EFP (105.0 g) was subjected to silica gel (200–
300 mesh, Qingdao Marine Chemical Co., Qingdao, China)
column chromatography with a stepwise CH

2
Cl
2
-MeOH

gradient (30 : 1; 20 : 1; 10 : 1; 8 : 1; 5 : 1; 1 : 1, v/v) and finally
with MeOH alone, to give eight fractions I–VIII. Fractions
of II (19.8 g), III (15.6 g), IV (21.4 g), V (10.3 g), and VI
(19.8 g) were further separated by octadecyl silica gel (ODS,
35–55 𝜇m, Fuji) column chromatography with MeOH-H

2
O

gradient (10%, 30%, 50%, 70%, and 95%). Subfractions from
ODS column chromatography were separated and purified
by preparative HPLC (Waters 600) with MeOH-H

2
O to

afford 17 compounds (1–17). The structures of compounds
1–17 were determined by detailed NMR (Bruker DPX 400)
data analyses, ESI-MS (Waters, Milford, MA, USA), and
comparison of their spectral data with literature values.

2.5. Chromatographic Conditions. This analysis was per-
formed using aWaters 2695HPLC system and Symmetry C

18

column (150 × 4.6mm, Part Number WATO 45905). Before
the analysis, 50-EFP was dissolved in methanol to a con-
centration of 5.0mg/mL for the HPLC analysis. The mobile
phase consisted of acetonitrile (A) and aqueous phosphoric
acid (0.05% v/v) (B). The concentrations of solvent A in the
linear gradient program were as follows: 5–8% at 0–15min,
8–18% at 15–25min, and 18–35% at 25–60min. The mobile
phase flow rate was 1.0mL/min and the column temperature
was controlled at 35∘C. The UV wavelength was 230 nm. Ten
microliters of samples was injected to the column.

2.6. Animals. Male ICRmice (6–8weeks)were used through-
out the experiments. The animals were housed under stan-
dard laboratory conditions (temperature at 25±1∘C, humidity
at 60%, and light from6 a.m. to 6 p.m.), given standard rodent
chow, and allowed free access to water. All procedures were
approved by the Animal Care and Use Committee of China
Pharmaceutical University and conform to the revised Guide
for the Care and Use of Laboratory Animals published by the
US National Institute of Health (NIH) Publication Numbers
85-23 (1996).

2.7. Acute Toxicity. The acute toxicity test for 50-EFP evalu-
ated any possible toxicity. ICR mice (𝑛 = 10 in each) were
tested by orally administering different doses of 50-EFP by
increasing or decreasing the dose according to the responses
of animals [13].The givenmaximumdosewas 12.8 g/kg, while
the control group only received distilled water. All animals
were observed for any gross effect or mortality within 24 h.

2.8. Antibacterial Activity. The antibacterial activities of 50-
EFP were evaluated by determining the minimum inhibitory
concentration (MIC) andminimal bactericidal concentration
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(MBC) in vitro. The MIC of 50-EFP for the isolated bac-
terial strains were determined by tube dilution method as
previously described with as light modification [14]. Briefly,
bacterial strains were grown on Mueller-Hinton (MH) agar
plates and suspended in MH broth. The inoculum suspen-
sions were prepared from 6 h broth cultures incubation and
adjusted to obtain a 0.5 McFarland standard turbidity and
were then diluted 1000-fold with the respective medium to
the concentration of 1.5× 105 CFU/mL. Twofold serial diluted
concentrations of 50-EFP were added in MH broth ranging
from 0.20625 to 26.4mg/mL. To adjust the interference by
plant pigments, a parallel series of mixtures with uninoc-
ulated broth was prepared. The bacterial suspensions were
aerobically incubated for 18 h at 37∘C. Triplicate samples were
performed for each test concentration. MIC was defined as
the lowest concentration inhibiting visible growth.

The MBC determination was carried out by spreading
0.1mL of the cultures in each tube without visible growth
onto sample free MH agar and incubated for 18 h. MBC was
considered as the highest dilution at which almost bacterial
inoculum was killed. The experiments were performed in
triplicate.

2.9. Pseudomonas aeruginosa or Staphylococcus aureus-
Induced Sepsis. Mice were randomly divided into six groups
to receive 0.9% saline (normal and saline group, i.p.), amox-
icillin (200mg/kg), or 50-EFP (160, 320, and 640mg/kg,
i.p.). The mice were challenged intraperitoneally with Pseu-
domonas aeruginosa or Staphylococcus aureus (0.5mL) con-
taining 1.5× 105 CFU/mL to induce sepsismodel, respectively.
Mice were treated with 50-EFP and amoxicillin, respectively,
for one day (1, 6, and 12 h) before infection and 1, 6, and 12 h
after infection. The mortality of the mice was observed for
24 h.

2.10. Cell Culture. The THP-1 cell, obtained from Cell Bank
of the Chinese Academy of Sciences (Shanghai, China), was
cultured in RPMI 1640 containing 10% heat-inactivated FBS
supplemented with 1% penicillin/streptomycin under stan-
dard conditions. The cells were kept at 37∘C in a humidified
atmosphere of 5% CO

2
. The cells were seeded in 96-well

(1 × 105 cells/mL) or 6-well (1 × 106 cells/mL) plates.

2.11. Cell Viability Assay. Cell viability was assessed by
morphology and by reduction of MTT by mitochondrial
dehydrogenases, according to the manufacturer’s instruction
(Sigma). THP-1 cells were treated with 50-EFP (0.2, 1, 5, 25,
100, and 500 𝜇g/mL) and the plates were incubated for 24 or
48 h. The cells were then washed once before adding 100 𝜇L
of FBS-free medium containing MTT (5mg/mL). After 4
hours of incubation at 37∘C, the medium was discarded and
the formazan blue that formed in the cells was dissolved
in dimethyl sulfoxide (DMSO). The optical density was
measured at 570 nm.

2.12. NO Quantification. The accumulation of NO, a sta-
ble end product extensively used as an indicator of NO
production, was assayed using the Griess reagent. THP-1

cells were seeded on 6-well tissue culture plates at 1 × 106
cells/mL containing the medium (2mL), after which they
were incubated with LPS (1 𝜇g/mL) for 24 h. 50-EFP (25, 50,
and 100𝜇g/mL)was pretreated for 6 h before LPS stimulation.
The supernatants were mixed with equal amounts of Griess
reagent. Samples were incubated at room temperature for
10min. The absorbance was subsequently read at 540 nm
using a microplate reader.

2.13. Determining TNF-𝛼, IL-1𝛽, IL-6, and PGE
2
Production.

The amount of proinflammatory cytokines released in the
culture mediumwasmeasured using TNF-𝛼, IL-1𝛽, IL-6, and
PGE
2
ELISA kits based on the quantitative sandwich enzyme

immunosorbent technique. THP-1 cells were cultured in six-
well plates. 50-EFP (25, 50, and 100 𝜇g/mL)was pretreated for
6 h before LPS stimulation. After treatment, THP-1 cells were
incubated with LPS (1𝜇g/mL) for 24 h. Levels of TNF-𝛼, IL-
1𝛽, IL-6, and PGE

2
in the culturemedia were quantified using

ELISA detection kits. The absorbance was read at a wave-
length of 450 nm using a microplate reader.

2.14. Nuclear Extract Protein Preparation. After treatment
with 50-EFP, THP-1 cells were harvested, washed with
PBS, centrifuged, and resuspended in ice-cold buffer A
(10mMHEPES (pH 7.0), 1.5mMMgCl

2
, 10mMKCl, 0.5mM

DTT, and 0.2mMPMSF). After 10min of ice incubation, the
cells were again centrifuged, resuspended in buffer C (20mM
HEPES (pH 7.9), 20% glycerol, 420mMNaCl, 1.5mMMgCl

2
,

0.2mMEDTA, 0.5mMDTT, and 0.2mMPMSF), and incu-
bated for 20min at 0∘C. After vortex mixing, the resulting
suspension was centrifuged, and the supernatant (nuclear
extract) was stored at −70∘C. The protein concentration of
the nuclear extract was determined by the Bradford method
using the Bio-Rad protein assay kit (Bio-Rad Laboratories,
Hercules, CA, USA).

2.15. Western Blot Analysis. THP-1 cells in serum-free RPMI
1640 medium were incubated with 50-EFP for 6 h before LPS
treatment. After treatment, cells were harvested, washed with
PBS, and lysed with cell lysis buffer containing 1% phenyl-
methylsulfonyl fluoride.The lysate was centrifuged for 15min
at 12000×g and 4∘C to remove insoluble materials. Super-
nates were then collected. Protein concentration was mea-
sured by bicinchoninic acid assay. Equal amounts of protein
(20𝜇g) from each sample were separated by 10% SDS-PAGE
and transferred onto a nitrocellulose membrane (Millipore
Corporation, USA). Nonspecific sites were blocked by the
incubatingmembranes (2 h at room temperature) in 5% (w/v)
nonfat milk powder in Tris-buffered saline containing
0.05% (v/v) Tween-20 (TBS-T). Thereafter, the membranes
were incubated overnight at 4∘C with primary antibod-
ies from Santa Cruz Biotechnology. The membranes were
washed with TBS-T and incubated with the appropriate
secondary HRP-conjugated antibodies at 1 : 1000 dilution.
Following a 30min wash, the membranes were visualized by
enhanced chemiluminescence. Band intensity was measured
and quantified.
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Table 1: MIC and MBC of 50-EFP.

Strains 50-EFP (mg/mL) Ceftriaxone sodium (𝜇g/mL)
Staphylococcus aureus ATCC 26112 (MIC) 0.825 8.00
Staphylococcus aureus ATCC 26112 (MBC) >3.30 16.00
Staphylococcus epidermidis ATCC 27342 (MIC) 0.825 8.00
Staphylococcus epidermidis ATCC 27342 (MBC) 6.60 16.00
Staphylococcus saprophyticus ATCC 24582 (MIC) 1.65 8.00
Staphylococcus saprophyticus ATCC 24582 (MBC) 3.30 16.00
Enterococcus faecium ATCC 35667 (MIC) 1.65 4.00
Enterococcus faecium ATCC 35667 (MBC) >6.60 8.00
Pseudomonas aeruginosa ATCC 27853 (MIC) 0.825 0.06
Pseudomonas aeruginosa ATCC 27853 (MBC) 1.65 8.00
Streptococcus pneumoniae NCTC 7465 (MIC) 0.825 0.06
Streptococcus pneumoniae NCTC 7465 (MBC) >13.20 8.00
Escherichia coli ATCC 87394 (MIC) 1.65 8.00
Escherichia coli ATCC 87394 (MBC) 3.30 16.00

2.16. Xylene-Induced Ear Edema and Cotton Pellet Implanta-
tion in Mice. The xylene-induced ear edema test was used
to assess anti-inflammatory activity following the procedure
described previously. ICR mice were randomized into five
groups (𝑛 = 10), including a control group, a positive group
(aspirin-treated, 80mg/kg, i.g.), and 50-EFP treatment
groups (50, 100, and 200mg/kg, i.p.). Test groups ofmicewere
given 50-EFP once every day for 3 consecutive days. Xylene
(0.05mL) was applied to the anterior and posterior surfaces
of the right ear of each mouse 1 h after the last administration
of 50-EFP. The left ear remained untreated and saved as a
control. Ear disk of 7.0mm in diameter was punched out and
weighed.The weight difference between the left and the right
ear disk of the same animal was evaluated as the extent of
edema.

Two cotton pellets, weighing 10±1mg each, sterilized in a
hot air oven at 120∘C for 2 h, were implanted subcutaneously
through a skin incision, one on each side of the abdomen of
the animal under light ether anesthesia and sterile technique
[15]. Control groups received the vehicle (saline, 10mL/kg),
while the positive group was treated with 200mg/kg of
Qingkailing particles. Test groups of mice were given 50-EFP
(50, 100, and 200mg/kg, i.p.) once per day for 7 consecutive
days simultaneously. On the 8th day after implantation, mice
were anesthetizedwith pentobarbital sodium (50mg/kg, i.p.).
Both implanted cotton pellets were dissected and dried at
60∘C for 18 h, and their dry weight was calculated.

2.17. Statistical Analysis. Data from at least three independent
experiments were expressed as mean ± SD. Statistical com-
parisons between different groupswere performed using one-
way ANOVA, followed by Student-Newman-Keuls test. The
level of significance was set at 𝑝 < 0.05.

3. Results

3.1. Compounds from 50-EFP. Seventeen known compounds
(1–17) were isolated from 50-EFP. Eight physalins (1–8) were

identified as physalin P (1), physalin G (2), physalin O (3),
physalin N (4), physalin B (5), physalin E (6), physalin J (7),
and physalin F (8), and nine flavones (9–17) were identified
as apigenin-7-O-𝛽-D-glucoside (9), apigenin-7, 4O-𝛽-D-di-
glucoside (10), luteolin (11), chrysoeriol-7-O-𝛽-D-glucoside
(12), diosmetin-7-O-𝛽-D-glucoside (13), luteolin-4-O-𝛽-D-
glucoside (14), luteolin-3-O-𝛽-D-glucoside (15), luteolin-7-
O-𝛽-D-glucoside (16), and luteolin-7,3-O-𝛽-D-di-glucoside
(17) by comparing their NMR spectroscopic and ESI-MS data
with the literature values, respectively.

3.2. Acute Toxicity of 50-EFP inMice. An acute toxicity study
in mice indicated that the administration of graded doses of
50-EFP up to 12.8 g/kg produced no adverse effects on the
general behavior or appearance of the mice and all the mice
survived through the experimental evaluation period.

3.3. Antibacterial Activity

3.3.1. Antibacterial Activity In Vitro. Theantibacterial activity
of 50-EFP was quantitatively assessed by determining the
MIC andMBC against seven bacterial strains, including four
Gram-positive bacteria and three Gram-negative bacteria
(Table 1). The results showed that the 50-EFP possessed
antibacterial potential against each of the tested strains with
MIC and MBC values ranging from 0.825 to 1.65 and 1.65 to
13.20mg/mL, respectively.

3.3.2. Antibacterial Activity In Vivo. A Staphylococcus aureus-
or Pseudomonas aeruginosa-induced sepsis model in mice
was used to investigate the antibacterial efficacy of 50-EFP
in vivo (Table 2). The mortality rate for untreated control
groups infected with either S. aureus or P. aeruginosa was
100% within 24 h. At doses of 160, 320, and 640mg/kg, 50-
EFP significantly reducedmortality rates to 33.3%, 33.3%, and
58.3%, respectively, in S. aureus-infected mice. Likewise, at
doses 160, 320, and 640mg/kg, 50-EFP reduced mortality
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Table 2: Protective effect of 50-EFP in Staphylococcus aureus and Pseudomonas aeruginosa infection-induced sepsis in mice.

Groups Number Staphylococcus aureus (24 h) Pseudomonas aeruginosa (24 h)
Mortality Mortality rate (%) Mortality Mortality rate (%)

Model 12 12 100 12 100
Amoxicillin (200mg/kg) 12 2 16.7 3 25.0
50-EFP (640mg/kg) 12 4 33.3 6 50.0
50-EFP (320mg/kg) 12 4 33.3 7 58.3
50-EFP (160mg/kg) 12 7 58.3 7 58.3

rates to 50%, 58.3%, and 58.3%, respectively, in P. aeruginosa-
infected mice.

3.4. In Vitro Anti-Inflammatory Activity of 50-EFP. The
anti-inflammatory effect of 50-EFP was assessed in LPS-
stimulated THP-1 cells, a human monocytic cell line. First,
the potential cytotoxicity of 50-EFT toward THP-1 cells was
assessed in a standard viability assay using the colorimet-
ric dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT). Viability was unaffected by 50-EFT concen-
trations up to 500 𝜇g/mL (Figure 1(a)). Next, we investigated
the 50-EFP effects on suppressing the levels of NO and PGE

2

in the LPS-stimulated promonocytic cells. Pretreatment with
50-EFP prior to LPS stimulation caused a significant reduc-
tion in NO and PGE

2
production in a 50-EFP concentration-

dependentmanner (𝑝 < 0.01; 50 and 100 𝜇g/mL, Figure 1(b)).
Additionally, Western blot analysis indicated that the expres-
sion of the genes that synthesize NO and PGE

2
(iNOS and

COX-2, resp.) was markedly reduced in a dose-dependent
fashion by 50-EFP pretreatment (Figure 1(c)). Notably, 50-
EFP pretreatment did not affect the expression level of the
𝛽-actin control. These results suggest that 50-EFP suppresses
both iNOS and COX-2 expression at the transcriptional level
in addition to the protein level, resulting in the reduced
expression of NO and PGE

2
.

The expression of iNOS and COX-2 is normally induced
by NF-𝜅B activation. For this to occur the p65 protein NF-
𝜅B must translocate from the cytosol to the nucleus—a
process that is mediated by phosphorylation and degradation
of the I-𝜅B𝛼 subunit. Therefore, we assessed whether the
impact of 50-EFP on iNOS and COX-2 expression occurs
via an effect on p65 translocation by Western blot analysis
(Figures 2(b) and 2(c)). Interestingly, 50-EFP pretreatment
does repress LPS-induced nuclear translocation of p65 and
I-𝜅B𝛼 phosphorylation almost completely, implying that 50-
EFP prevents I-𝜅B𝛼 degradation and NF-𝜅B activation. Next,
ELISA analysis was used to investigate the effect of 50-EFP
on the LPS-stimulated expression of other NF-𝜅B-regulated
genes: TNF-𝛼, IL-1𝛽, and IL-6. Whereas LPS stimulation
significantly increased the production of the cytokines in
untreated cells, 50-EFP pretreatment at 25, 50, and 100 𝜇g/mL
significantly suppressed the release of TNF-𝛼, IL-1𝛽, and IL-6
in a dose-dependent manner (Figure 2(a)).

3.5. Inhibition of Acute Ear Edema Induced by Xylene and
Cotton Pellet-Induced Granulomatous Tissue Formation. A
xylene-induced acute ear edema model in mice was used
to investigate whether 50-EFP exerts anti-inflammatory

effects in vivo. Whereas untreated animals show significant
ear edema, treatment with 200mg/kg 50-EFP significantly
reduced ear edema (Figure 3(a)). These results indicate that
50-EFP does repress the inflammatory response induced by
xylene. Additionally, 50-EFP significantly inhibited granulo-
matous tissue formation induced by cotton pellet in a dose-
dependent manner (𝑝 < 0.05, 100mg/kg; 𝑝 < 0.01, 200mg/
kg).

3.6. HPLC Analysis of 50-EFP. The main components pro-
file of 50-EFP was analyzed via HPLC. The representative
chromatogram is shown in Figure 3(b). The identification of
constituent of 50-EFP was based on the retention times and
UV spectrum in comparison with authentic standards at a
wavelength of 230 nm. Peak purity check and identification
were conducted via a 210–400 nm UV scan through a
diode array detector. Eight components (luteolin-7-O-𝛽-D-
glucoside (6), apigenin-7-O-𝛽-D-glucoside (7), diosmetin-7-
O-𝛽-D-glucoside (8), physalin J (9), physalin F (10), physalin
O (11), physalin B (12), and physalin P (13)) were identified in
50-EFP.

4. Discussion

Physalis alkekengi var. franchetii (Solanaceae) is a herb widely
used in popularmedicine for its antifebrile and detoxification
effects and to treat sore throats. In a previous study, we found
that 50-EFP can also be used to treat pharyngitis. Pathologies
causing pharyngitis include a wide range of conditions with
two primary underlying causes: inflammation and bacterial
infection of pharyngeal mucosa [16–18]. Therefore, we inves-
tigated whether a key fraction of P. alkekengi extract known
as 50-EFP has inherent antibacterial and anti-inflammatory
activities.

Despite the advances in antibiotics in the past 70 years,
infectious diseases still are an important cause of worldwide
morbidity and mortality and account for approximately one-
half of all deaths in tropical countries [19, 20]. Therefore,
new antibacterial drugs with novel targets are necessary. The
antibacterial activity of 50-EFPwas assessed by broth dilution
method in vitro. Bacterial infection was observed in both
Gram-positive and Gram-negative strains. In the present
study, we found that 50-EFP not only inhibited the growth
of both strains (MIC), but also killed them (MBC) in vitro. In
addition, we also assessed the antibacterial activity of 50-EFP
toward S. aureus and P. Aeruginosa in vivo. P. aeruginosa is the
most common pathogen that causes respiratory pneumonia,
gastrointestinal disorders, bacteremia, and skin infections
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Figure 1: Effects of 50-EFP on THP-1 cell viability. (a) Cells were incubated with increasing concentrations of 50-EFP (0.2, 1, 5, 25, 100, and
500 𝜇g/mL) for 12 h or 24 h. Cell viability was measured by the MTT assay. (b) Effect of 50-EFP on LPS-induced NO and PGE

2
production

in THP-1 cells. THP-1 cells were pretreated with 50-EFP for 6 h before being incubated with LPS for 24 hours. The culture supernatant
was analyzed for NO or PGE

2
production. (c) Total cellular protein was isolated and LPS-induced iNOS and COX-2 expression levels were

measured using Western blotting analysis. ##𝑝 < 0.01 versus control, ∗𝑝 < 0.05; ∗∗𝑝 < 0.01 versus LPS only group. Data are representative of
three independent experiments.
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Figure 2: Continued.
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Figure 2: Effect of 50-EFP on LPS-induced TNF-𝛼, IL-1𝛽, and IL-6 cytokine production. (a) THP-1 cells were pretreated with 50-EFP for
6 h before being incubated with LPS for 24 hours. Production of TNF-𝛼, IL-1𝛽, and IL-6 cytokine was measured by ELISA. (b, c) Effect of
50-EFP on translocation of the NF-𝜅B (p65) subunit into the nucleus and release of I-𝜅B𝛼 into the cytosol upon LPS stimulation. The cells
were treated with LPS alone or with LPS and 50-EFP for 6 hours.The level of I-𝜅B𝛼 protein in the cytosol and NF-𝜅B (p65) protein present in
the cytosol and nucleus was determined by the Western blot analysis using anti-I-𝜅B𝛼 or anti-NF-𝜅B (p65) antibody. 𝛽-actin and TBP were
used for cytosolic and nuclear control protein, respectively (in relative protein density units). ##𝑝 < 0.01 versus control, ∗𝑝 < 0.05; ∗∗𝑝 < 0.01
versus LPS only group. Data are representative of three independent experiments.
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Figure 3: Anti-inflammatory effects of 50-EFP in mice. (a) Xylene-induced ear edema in mice and cotton pellet granuloma in mice. Data are
presented as mean ± SD, 𝑛 = 10. ∗𝑝 < 0.05, ∗∗𝑝 < 0.01, as compared with the model group. (b) HPLC chromatograms of 50-EFP, luteolin-
7-O-𝛽-D-glucoside (6), apigenin-7-O-𝛽-D-glucoside (7), diosmetin-7-O-𝛽-D-glucoside (8), physalin J (9), physalin F (10), physalin O (11),
physalin B (12), and physalin P (13).
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[21] and S. aureus is a major nosocomial pathogen that causes
serious infections such as toxic shock syndrome andnecrotiz-
ing pneumonia [22, 23].We found that this antibacterial effect
was also observed in an animal model of septic infection by
either S. aureus or P. aeruginosa. These results confirm that
50-EFP does have broad-spectrum antibacterial activity and
the potential for development as a systemic antibiotic.

In addition to its antibacterial activity, 50-EFP also has
significant anti-inflammatory properties. In LPS-stimulated
monocytes, 50-EFP inhibits the production and expression
of a number of cytokines and inflammatory mediators,
including NO, PGE

2
, iNOS, COX-2, TNF-𝛼, IL-1𝛽, and

IL-6, and the effect appears to be dependent on 50-EFP
concentration. The basis of the 50-EFP anti-inflammatory
activity appears to be inhibition of NF-𝜅B activation and
nuclear translocation. Activation of NF-𝜅B requires phos-
phorylation and degradation of an NF-𝜅B repressor, I-𝜅B𝛼
[24, 25]. Once freed from I-𝜅B𝛼, NF-𝜅B can translocate to
the nucleus, where it is an inducer of a number of genes,
including the inflammatory response genes repressed by 50-
EFP [6]. Our results reveal that treatment with 50-EFP signif-
icantly represses I-𝜅B𝛼 phosphorylation and NF-𝜅B nuclear
translocation, and consistent with this, we found that the
expression of other NF-𝜅B-regulated genes is also repressed
by 50-EFP.

Importantly, the in vitro anti-inflammatory activity of
50-EFP is also manifested in vivo. In both an ear edema
model and a cotton pellet granulomatous tissue model, 50-
EFP showed a profound ability to reduce acute and chronic
inflammatory reactions. These data provide a better under-
standing of the positive impact of P. alkekengi var. franchetii
(Solanaceae) treatment of pharyngitis and indicate signifi-
cant potential for the continued development of combined
antibacterial/anti-inflammatory therapies based on the 50-
EFP extract.

To further develop the potential therapies of 50-EFP,
we had isolated and identified its components. We found
that 50-EFP contains eight major components in two key
medical classes: physalins and flavones. Previous studies
have reported that physalins have suppressive activities on
macrophage and lymphocyte cultures in vitro and also inhibit
the production of proinflammatory mediators such as TNF-
𝛼 [12]. Similarly, flavones have been reported to show signif-
icant antibacterial activity via the diffusion method and can
suppress chemokine production in human monocyte THP-1
cells [10]. Thus, it is highly likely that the beneficial effects of
50-EFP, and thus P. alkekengi, are due to a unique combina-
tion of specific physalins and flavones found in the 50-EFP
extract. Our mechanistic analysis and component identifica-
tion should therefore provide a solid basis for more advanced
evaluation and development of these components as potential
therapeutic agents.This study also confirms the potential and
underlying basis for treating inflammation-causing bacterial
infections with traditional oriental medicines.
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