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ABSTRACT: The aim of the present study was to assess antimicrobial
effects of naringenin (NRG), luteolin (LUT), myricetin (MCT), and
protocatechuic acid (PCA) identified in a Hibiscus rosa sinensis flower against
two reference strains and five clinical isolates of Helicobacter pylori. NRG
displayed the most growth inhibitory and bactericidal activities to seven
bacterial strains including six strains resistant to one or several antibiotics,
azithromycin (MIC, 16−32 mg/L), erythromycin (MIC, 32 mg/L),
levofloxacin (MIC, 32 mg/L), and/or metronidazole (24−64 mg/L),
followed by LUT and MCT, while PCA showed weak activities toward the
strains. These constituents had similar antibacterial activities toward the
seven tested strains suggesting that these constituents and the antibiotics do
not have a common mechanism of anti-H. pylori activity. NRG, LUT, and
MCT resulted in a high percentage of coccoid forms of H. pylori. NRG
exhibited the highest anti-biofilm formation activity. MCT produced the
strongest inhibition of urease activity followed by LUT and PCA, whereas the activity of NRG was similar to standard inhibitor
thiourea. The four constituents had no significant toxicity to human cell lines. A global attempt to decrease utilization of antibiotics
justifies the need for further research on H. rosa sinensis derived materials containing NRG, LUT, MCT, and PCA as potential
products or lead compounds for the prevention or treatment of diseases caused by H. pylori infection.

■ INTRODUCTION

Helicobacter pylori infection is one of the major health concerns
because of its high infection rate in humans. The bacterial
infection is strongly associated with atrophy and intestinal
metaplasia, active gastritis, peptic ulcer, and gastic cancer.1−3

Since H. pylori has been known as a human carcinogenic factor,
several antibiotic combination regimens in addition to a proton
pump inhibitor and/or bismuth have been often prescribed to
achieve high eradication rates. However, the complex regimens
often come with a number of adverse effects, such as nausea,
vomiting, abdominal pain, headache, dizziness, bad taste, skin
rash, fatigue, and diarrhea,4 as well as a cause of disturbance in
gut microbiota balance, e.g., increase in the incidence of
harmful bacteria such as Clostridium difficile,5,6 and the cost of
combination therapy needs to be considered. In addition, the
recurrence of H. pylori infection after successful eradication
and increase of the infection rate of the multiple-drug resistant
strains have often made recommended therapies less
effective.5,7,8 The high prevalence of resistant H. pylori strains
might be due to excessive and unregulated use of these
antibiotics.7,8 These issues highlight a critical need for the
development of new anti-H. pylori agents with a novel
mechanism of action to establish an effective antibiotic-

resistance management strategy based on all available
information on the nature and extent of drug resistance in
H. pylori.
Phytochemicals, especially those from consumable plants,

have been suggested as potential alternatives for anti-H. pylori
agents. This is an interesting and promising approach because
plants contain a source of bioactive chemicals that have been
perceived as relatively safe for humans by the public and often
act at multiple and novel target sites, thereby decreasing the
potential for resistance development.9 Many attempts have
been undertaken to develop plant preparations and their
constituents as potential sources of commercial antibacterial
products for prevention or treatment of H. pylori infection. In
particular, Hibiscus rosa sinensis L. (Malvaceae) is an evergreen
shrub or small tree native to tropics and subtropics with
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varying colors of flowers, but the red flower variety is widely
planted as a fence or hedge plant and used for medicine.10 All
parts of the plant have been traditionally used in folk medicine.
The phytochemical constituents, pharmacological effects, and
medicinal uses of H. rosa sinensis have been well described.11,12

However, no information has been obtained to consider the
potential use of H. rosa sinensis for managing and controlling
drug-resistant strains of H. pylori.
The aim of the present study was to assess growth-inhibiting

and bactericidal activities of constituents from H. rosa sinensis
flower toward two reference strains and five antibiotic resistant
isolates of H. pylori. H. pylori urease inhibition activity of the
constituents was compared to that of thiourea, a potent H.
pylori urease inhibitor. The effects of the constituents on
biofilm formation and morphological transformation of the
bacterial strains were also examined.

■ RESULTS

Antibiotic Resistance. The antibacterial activities of five
common antibiotics toward all H. pylori strains are recorded in
Table 1. All five clinical strains showed resistance from two to
four tested antibiotics, OX.64 resistant to azithromycin,
erythromycin, levofloxacin, and metronidazole (MICs, 16−32
mg/L), OX.63 resistant to azithromycin, erythromycin, and
metronidazole (MICs, 32−64 mg/L), OX.67 and OX.83
resistant to azithromycin and erythromycin (MICs, 64 mg/L),
and OX.22 resistant to erythromycin and metronidazole
(MICs, 32 mg/L). No strains showed resistance to amoxicillin.
The two reference strains were susceptible to all five tested
antibiotics, except for ATCC 43504 resistant to metronidazole.

Bioassay-Guided Fractionation and Identification. H.
rosa sinensis flower ethanol extract and its solvent soluble
fractions were tested against H. pylori ATCC 43504 by paper-
disc diffusion. The results indicated that the ethyl acetate-

Table 1. In Vitro Minimal Inhibitory Concentrations (MICs) and Bactericidal Concentrations (MBCs) of Five Antibiotics
toward Test Strains of H. pylori by the Broth Dilution Bioassay

MICa (MBC) mg/L

compound ATCC 43504 ATCC 51932 OX.22 OX. 63 OX.64 OX.67 OX.83

amoxicillin 0.031 (0.063) 0.063 (0.125) 0.063 (0.25) 0.063 (0.25) 0.031 (0.125) 0.031 (0.125) 0.063 (0.25)
azithromycin 0.5 (1.0) 0.5 (1.0) 0.5 (1.0) 32 (128) 16 (128) 32 (128) 32 (128)
erythromycin 0.063 (0.125) 0.063 (0.125) 32 (128) 32 (128) 32 (128) 32 (128) 32 (128)
levofloxacin 0.125 (0.25) 0.125 (0.25) 0.063 (0.5) 0.063 (0.5) 32 (128) 0.063 (0.25) 0.75 (1.25)
metronidazole 32 (192) 2 (4) 32 (256) 64 (256) 32 (256) 2 (4) 1 (2)

aMIC resistance breakpoints for amoxicillin (>0.5 μg/mL), azithromycin (>1 μg/mL), erythromycine (>0.5 μg/mL), levofloxacin (>1 μg/mL),
and metronidazole (>8 μg/mL).13−15

Figure 1. Structure of four principles. Protocatechuic acid (PCA) (A), naringenin (NRG) (B), luteolin (LUT) (C), and myricetin (MCT) (D).
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partition fraction (EtOAC fr.) showed the most growth
inhibitory activity followed by the hexane-partition fraction
(Hexane fr.). At concentrations of 10 and 5 mg/disc of EtOAC
fr., the inhibition zone diameters were 32.0 and 20.3 mm,
respectively. The EtOAC fr. was used to identify peak active
fractions for the next steps in the isolation and purification.
The four active principles were protocatechuic acid (PCA),

naringenin (NRG), luteolin (LUT), and myricetin (MCT).
Principle 1, PCA (Figure 1A) was obtained as a light brown
powder and identified on the following evidence: UV (EtOH):
λmax (nm) 265, melting point: 220−222 °C, ESI-HRMS, m/z
153.0195 [M−H]−, corresponding to molecular formula
C7H6O4 with a degree of unsaturation of 5, and the data of
1H NMR, 13C NMR, and HBMC are shown in Table S1 and

Figure S1A. Principle 2, NRG (Figure 1B) was gained as a
white powder, UV (EtOH): λmax (nm) 288, melting point:
250−252 °C, ESI-HRMS, m/z 271.0627 [M−H]−, corre-
sponding to molecular formula C15H12O5 with a degree of
unsaturation of 10, and the data of 1H NMR, 13C NMR, and
HBMC are displayed in Table S1 and Figure S1B. Principle 3,
LUT (Figure 1C) was obtained as yellow crystals, UV
(EtOH): λmax (nm) 346, melting point: 329−331 °C, ESI-
HRMS, m/z 287.0530 [M−H]+, corresponding to molecular
formula C15H10O6 with a degree of unsaturation of 11, and the
data of 1H NMR, 13C NMR, and HBMC are presented in
Table S1 and Figure S1C. Principle 4, MCT (Figure 1D) was
obtained as a orange yellow powder, UV (EtOH): λmax (nm)
376, melting point: 356−358 °C, ESI-HRMS, m/z 319.0422
[M−H]+, corresponding to molecular formula C15H10O8 with

Table 2. In Vitro Minimal Inhibitory Concentrations (MICs) and Bactericidal Concentrations (MBCs) of H. rosa sinensis
Flower Constituents toward Test Strains of H. pylori by the Broth Dilution Bioassay

MIC (MBC) mg/L

compound ATCC 43504 ATCC 51932 OX.22 OX. 63 OX.64 OX.67 OX.83

NRG 100 (1000) 100 (1000) 100 (1000) 100 (1000) 100 (1000) 100 (1000) 100 (1000)
LUT 125 (1250) 125 (1250) 125 (1250) 125 (1250) 125 (1250) 125 (1250) 125 (1250)
MCT 150 (1250) 150 (1250) 150 (1250) 150 (1250) 150 (1250) 150 (1250) 150 (1250)
PCA 250 (1500) 250 (1500) 250 (1500) 250 (1500) 250 (1500) 250 (1500) 250 (1500)

Figure 2. Time-course bactericidal activity of H. rosa sinensis flower constituents at various concentrations ranging from MICs to MBCs toward H.
pylori ATCC 43504. NRG (A), LUT (B), MCT (C), and PCA (D). The mean values (±SD) for the log number of CFU/mL were plotted.
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a degree of unsaturation of 11, and the data of 1H NMR, 13C
NMR, and HBMC are shown in Table S1 and Figure S1D. The
interpretations of proton and carbon signals of compounds 1,
2, 3, and 4 were largely consistent with those of Tor et al.,16

Kyriakou et al.,17 Chaturvedula and Prakash,18 and He et al.,19

respectively.
Growth Inhibitory Activities of Test Compounds. The

growth inhibitory activities of the four constituents toward
antibiotic-susceptible strains ATCC 51932 and six antibiotic-
resistant strains (ATCC 43504, OX.22, OX.63, OX64, OX.67,
and OX.83) of H. pylori are recorded in Table 2. Based on
MIC values, NRG has the most growth inhibitory activities
(100 mg/L) followed by LUT and MCT (125 and 150 mg/L,
respectively). The growth inhibitory activity of PCA was the
least of any of the constituents (MICs, 250 mg/L).
Interestingly, all the constituents were of similar growth-
inhibiting activity toward both antibiotic-susceptible and
-resistant strains, suggesting a lack of resistance to the
compounds in the antibiotic resistant strains.
Bactericidal Activities of Test Compounds. The MBCs

of the four constituents toward the tested strains were likewise
compared (Table 2). NRG showed the highest bactericidal
activity (MBC, 1000 mg/L), while PCA showed the lowest
activity (MBC, 1500 mg/L). LUT and MCT had similar
bactericidal activity (MBCs, 1250 mg/L). All the compounds
possessed similar toxicity to both antibiotic-susceptible and
-resistant strains, indicating a lack of resistance in the resistant
strains.
The time course of bactericidal activities of NRG, LUT,

MCT, and PCA at various concentrations toward H. pylori
ATCC 43504 was likewise investigated (Figure 2). The results
revealed that the viable count of the bacteria was reduced in a
dose-dependant manner. Treatment of H. pylori with NRG at
five times the MIC reduced the viability of H. pylori by ∼4
log10 and ∼2.5 log10 over 36 and 24 h, respectively, while
treatment with NRG at the MIC resulted in ∼1 log10 reduction
in 48 h (Figure 2A). Treatment with LUT at four times the
MIC resulted in ∼3 log10 reduction in 12 h (Figure 2B).
Treatments with MCT at the MIC and eight times the MIC
caused reductions of ∼2.7 and ∼4.2 log10 in 24 and 36 h,
respectively (Figure 2C). Treatments with PCA at the MIC
and four times the MIC resulted in reductions of ∼2 log10 and
∼6 log10 in 36 and 48 h, respectively (Figure 2D).
Anti-Biofilm Formation Activity. The inhibitory effect of

the four compounds on biofilm formation by H. pylori ATCC
43504 is shown in Figure 3. NRG exhibited the pronounced
antibiofilm activity, reducing H. pylori biofilm formation by
85.9 and 52.7% at concentrations of 1/2 × MIC (50 mg/L)
and 1/4 × MIC (25 mg/L), respectively. MCT showed to
reduce biofilm formation by 39.5% at a concentration of 1/2 ×
MIC (75 mg/L), while LUT and PCA did not show
antibiofilm activity at test concentrations.
Effect on Morphology of H. pylori. The proportion of

the coccoid versus spiral form of H. pylori ATCC 43504 was
determined at 500 and 1000 mg/L of the constituents for 24
and 48 h of post-treatment (Figure 4). The effect of
concentration (F = 1186.99; df = 8, 45; P < 0.0001) and
exposure time (F = 1765.93; df = 1, 45; P < 0.0001) on
conversion of H. pylori to the coccoid form was significant. The
concentration by exposure interaction was also significant (F =
295.94; df = 8, 45; P < 0.0001). NRG caused considerable
conversion to the coccoid forms (95 versus 16.5% at 1000 and
500 mg/L), while PCA caused the lowest conversion (12% at

1000 mg/L), and the proportion of conversion caused by PCA
at 500 mg/L was not significantly different from that in the
control group (P > 0.05). LUT (87.5 versus 14.7% at 1000 and
500 mg/L) caused higher conversion to the coccoid forms
than MCT (79 versus 15% at 1000 and 500 mg/L).

Cytotoxicity. In order to determine the selectivity of the
anti-H. pylori, the cytotoxic effect of the test materials on four
human cell lines HeLa, MRF7, Jurkat, and fibroblast was
examined (Table 3). NRG, LUT, MCT, and PCA showed no
significant cytotoxicity toward these cell lines with CC50 values
of 46.59−133.3, 5.12−49.83, 7.61−76.11, and >200 mg/L,
respectively, compared with the positive control camptothecin
(CC50 of 0.005−1.57 mg/L, P < 0.001).

Urease Inhibitory Activity. The three constituents MCT,
LUT, and PCA exhibited stronger urease inhibitory activity
than the positive compound thiourea (Table 4). MCT caused
a steep dose−response curve of the percentage of urease
inhibition (slope value of 2.26) and presented the strongest
activity (IC50 at 0.063 mM) (Table 4) and complete inhibition
at 0.402 mM (Figure 5). LUT was more effective than PCA
(values of IC50, 0.402 and 0.486 mM, respectively). No

Figure 3. Effect of H. rosa sinensis flower constituents at
concentrations of sub-MICs on H. pylori ATCC 43504 biofilm
formation 48 h of post-treatment. NRG (shaded square), MIC 100
mg/L; MCT (square with diagonal lines), MIC 150 mg/L; LUT
(square with vertical lines), MIC 125 mg/L; PCA (unshaded square),
MIC 250 mg/L.

Figure 4. Effect of H. rosa sinensis flower constituents at
concentrations of 500 and 1000 mg/L on H. pylori ATCC 43504
morphology 24 (shaded square) and 48 h (unshaded square) of post-
treatment.
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significant difference in the inhibition was found between NRG
and thiourea (values of IC50, 0.575 and 0.573 mM,
respectively).

■ DISCUSSION
Widespread use of antibiotics has resulted in the spreading of
antimicrobial resistance that in turn caused low rates of
eradication.5,7 Preparations and biochemicals derived from
plants are potential antibacterial agents against H. pylori since
some of them have multiple functions and act at multiple target
sites.9 Numerous products derived from plants have high
effectiveness against antibiotic-resistant strains of H. pylori, and
they are likely to be a benefit to resistance management
strategies. Previously, constituents glabridin and glabrene
isolated from Glycyrrhiza glabra, licochalcone A from G.
inflata, licoricidin and licoisoflavone B from G. uralensis were
investigated to have in vitro growth inhibitory activities against
both reference strains and clarithromycin- and amoxicillin-
resistant strains,20 and glycyrrhetinic acid from G. glabra was
highly effective toward reference strains and 29 isolates of H.
pylori including five metronidazole-resistant strains and two

clarithromycin-resistant strains.21 Interestingly, although the
three medicinal licorices have been used as a crude drug since
the ancient times in oriental countries, these H. pylori strains
have not developed resistance to the constituents of the
plants.20 Constituents 1,2,3,4,6-penta-O-galloyl-D-glucopyra-
nose, methyl gallate, and paeonol derived from Paeonia
lactiflora were observed to have growth-inhibiting and
bactericidal activities on three H. pylori reference strains and
four isolates resistant to amoxicillin, clarithromycin, metroni-
dazole, or tetracycline.22 In the present study, the bioactive
principles were identified as the phenolic acid protocatechuic
PCA (1), the flavanone naringenin NRG (2), the flavone
luteolin LUT (3), and flavonol myricetin MCT (4). NRG,
LUT, and MCT showed the pronounced growth-inhibiting
and moderate bactericidal activities against all test H. pylori
strains, although the concentrations of these constituents were
lower than those of the test antibiotics. These four constituents
displayed growth-inhibiting and bactericidal activities toward
six strains resistant to azithromycin, erythromycin, levofloxacin,
and metronidazole (strain OX.64), azithromycin, erythromy-
cin, and metronidazole (strain OX. 63), azithromycin and
erythromycin (strains OX. 67 and OX.83), erythromycin and
metronidazole (strain OX.22), and metronidazole (strain
ATCC 43504). These findings that NRG, LUT, MCT, and
PCA were equal in antibacterial activity toward both antibiotic-
susceptible and -resistant strains of H. pylori suggest that these
constituents and the macrolides azithromycin, erythromycin,
fluoroquinolone levofloxacin, or nitroimidazole metronidazole
do not share a common mode of action. Moreover, the four
constituents exhibited no significant cytotoxicity toward HeLa,
MRF7, Jurkat, and fibroblast cell lines suggesting that their
anti-H. pylori activities might not be due to general toxicity.
Previously, it was investigated that NRG, LUT, and PCA
possessed potent growth inhibitory activities against several H.
pylori reference strains23 or clinical strains.24 PCA was also
reported to have growth inhibitory activity against 15
susceptible, 11 clarithromycin-resistant, and 9 metronidazole-
resistant strains of H. pylori.25 LUT, known as a potential
anticancer, antioxidant, and anti-inflammatory flavonoid,26,27

was reported to exhibit an inhibitory effect on arylamine N-
acetyltransferase activity in H. pylori strains isolated from
gastroduodenal disease patients.28 The antibacterial activity of
LUT on methicillin-resistant Staphylococcus aureus (MRSA)
was proven to be due to increasing cytoplasmic membrane
permeability, disrupting the cell wall structure and inducing
cell lysis.29 NRG was found to have a synergistic antibacterial
effect with antibiotics ampicillin, methicillin, tetracycline, and
vancomycin on MRSA.30 MCT was reported to possess growth
inhibitoty and bactericidal activities against multidrug-resistant
Burkholderia cepacia and a growth inhibitoty effect toward
vancomycin-resistant enterococci and Klebsiella pneumoniae.31

The present finding showed promise of developing novel and

Table 3. Cytotoxic Effect of Test Compounds on Four Human Cell Lines by the Sulforhodamine Assay

CC50 mg/L (95% CLa)

compound MCF7 Jurkat HeLa Fibroblast

NRG 93.74 (86.22−101.28) 46.59 (44.24−48.90) 65.18 (60.52−69.83) 133.30 (124.94−141.63)
LUT 8.64 (8.22−9.10) 5.12 (4.35−5.90) 8.36 (7.70−9.02) 49.83 (45.54−54.13)
MCT 31.69 (30.43−32.97) 7.61 (7.24−8.01) 36.81 (32.77−40.85) 76.11 (72.65−79.57)
PCA >200 >200 >200 >200

camptothecin 0.005 (0.004−0.006) 0.005 (0.004−0.006) 0.890 (0.802−0.978) 1.570 (0.731−2.410)
aCL denotes the confidence limit.

Table 4. Effect of Test Compounds and Thiourea on H.
pylori ATCC 43504 Urease Activity by the Salicylate-
Hypochlorite Method

compound IC50 mM (95% CLa) slope ± SE

MCT 0.063 (0.062−0.065) 2.26 ± 0.070
LUT 0.402 (0.397−0.430) 2.16 ± 0.080
PCA 0.486 (0.467−0.506) 2.00 ± 0.075
NRG 0.575 (0.553−0.599) 1.38 ± 0.045

thiourea 0.573 (0.546−0.602) 1.79 ± 0.093
aCL denotes the confidence limit.

Figure 5. H. pylori urease inhibitory activity of H. rosa sinensis flower
constituents.
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effective antibacterial agents even toward antibiotic-resistant
strains of H. pylori from materials derived from H. rosa sinensis.
Investigations on antibacterial activities and the mechanisms

of action of naturally occurring agents may contribute to
development of novel and selective H. pylori control
alternatives with novel target sites and safe with low or no
side effects.22 Although the mechanisms of action of
biochemicals such as phenolic acids, flavonoids, terpenoids,
and alkaloids toward H. pylori have still remained not fully
understood, major modes of action of flavonoids and phenolics
suggested involving multiple bacterial cellular targets, such as
reducing membrane fluidity,32 inactivating microbial adhesions
and cell envelope transport proteins and disrupting cell
membranes,33 changing membrane permeability and disrupting
proton motive force and membrane-associated functions, and/
or intracellular acidification, resulting in disruption of H+,K+-
ATPase required for ATP synthesis of microbes.34 In addition,
inhibitory effects on biofilm forming properties of H. pylori
may be caused by antibacterial agents. Biofilm formation of H.
pylori is one of the major reasons causing the failure of
antibiotic treatment and infection recurrence.35 In the present
study, the inhibitory effect of the constituents derived from H.
rosa sinensis on biofilm formation by H. pylori was evaluated.
Highly effective antibiofilm activity was observed for NRG, and
weak antibiofilm activity was also recorded for MCT. NRG was
reported to significantly inhibit bacterial motility36 that has
been shown to play an important role in biofilm formation and
attachment of cells to a surface, involve in cell−cell
communication, and spread.37−40 It susgests that the inhibitory
effect of NRG on biofilm forming acitivity of H. pylori may be
due to its inhibition of bacterial motility and modulation of
bacterial cell−cell communication activity. MCT was found to
strongly inhibit biofilm formation in S. aureus strains that
overexpress efflux protein genes.41

Moreover, morphological transformation caused by anti-
microbial agents has also been considered in studies of modes
of anti-H. pylori action. The coccoid form has lower levels of
metabolism and synthesis of protein and DNA than the spiral
form.42 The coccoid form may be a disadvantage for
colonization and survival of the bacterium on the gastric
mucosa.43,44 Coccoid forms are able to maintain their
metabolic activities, pathogenicity, and may revert to spiral
forms once they live in suitable conditions.43−45 Previously, it
was reported that polyphenol 1,2,3,4,6-penta-O-galloyl-D-
glucopyranose, and phenolic constituents methyl gallate and
paeonol derived from the P. lactiflora root,22 and sesquiterpene
lactone dehydrocostus lactone from Magnolia sieboldii leaves
showed bactericidal properties against H. pylori and also
induced significant conversion to coccoid cells.46 In the
present study, a proportional relationship between the
percentage of coccoid cells induced by the flavonoid
constituents NRG, LUT, and MCT and their bactericidal
activity was also observed. This suggests that the coccoid cells
induced by the constituents contribute to the amount of dead
bacteria. MCT was found to inhibit DNA synthesis in Proteus
vulgaris.47

Urease plays important roles in survival, colonization, and
pathogenesis of H. pylori in the harsh acidic environment of the
stomach.48 It contributes to the persistence of the bacterial
infection.49 Urease, therefore, is considered to be one of the
most effective and promising targets for developing anti-
bacterial agents against the pathogen.50,51 Many plant
secondary metabolites have been pointed out as remarkable

H. pylori urease inhibitors.50 In addition, their multiple effects
toward metabolism activities of H. pylori were also investigated.
For example, epigallocatechin gallate (EGCG) from the green
tea plant showed to inhibit growth and urease activities and
motility of H. pylori;52 1,2,3,4,6-penta-O-galloyl-β-D-glucopyr-
anose and methyl gallate from the P. lactiflora root exhibited
growth-inhibiting, bactericidal and urease inhibitory activities
and induced morphological transformation of the pathogen.22

In the present finding, among the four anti-H. pylori
constituents derived from H. rosa sinensis, MCT exhibited
the highest urease inhibitory activity followed by LUT and
PCA, whereas NRG has the weakest activity and was similar to
the control thiourea. Flavonol MCT and flavone LUT were
found to have high effects on H. pylori urease.53 PCA was
recorded to effectively inhibit growth of several susceptible and
drug-resistant H. pylori and show a morderate effect on urease
activity of these bacterial strains,25 and flavanone NRG was
found to show little effect on the urease activity.24

In conclusion, H. rosa sinensis flower derived preparations
containing NRG, LUT, MCT, and PCA could be useful as
sources of potential products for the prevention or treatment
of diseases caused by H. pylori in light of their effects on
antibiotic-resistant strains of H. pylori. The action of the
constituents against H. pylori may be an indication of at least
one of the pharmacological actions of the H. rosa sinensis
flower. For practical use of H. rosa sinensis flower derived
materials as effective and novel anti-H. pylori agents to process,
further studies are needed to determine their in vivo activities
and for human safety.

■ MATERIALS AND METHODS
Instrumental Analyses. 1H and 13C NMR spectra were

recorded in (CD3)2SO or CD3OD using a Bruker AVANCE
III 500 MHz spectrometer, and chemical shifts are given in δ
(ppm). HRMS was performed using a Bruker MicroTOF-QII.
Melting point was recorded using a Stuart Melting point/
SMB30. UV spectra were obtained in ethanol with a T92+
spectrophotometer (PG Instruments, UK). Merck precoated
silica gel plates (Kieselgel 60 F254) were used for analytical
thin-layer chromatography (TLC). Merck preparative layer
chromatography plates (PLC silica gel 60F254, 2 mm thickness)
and Scharlau silica gel 60 (0.06−0.2 mm) (Scharlau, Spain)
were used for isolation and purification.

Materials. Pure organic compounds naringenin (NRG)
(98%), protocatechuic acid (PCA) (≥98%), luteolin (LUT)
(≥98%), and myricetin (MCT) (≥98%) were purchased from
Santa Cruz Biotechnology Inc. (Dallas, TX). Levofloxacin
(≥98%) and azithromycin (≥95%) were provided by Sigma-
Aldrich. Erythromycin (≥92%), metronidazole (≥99%), and
amoxicillin (≥98%) were provided by Santa Cruz Biotechnol-
ogy Inc. Brucella broth (BB), brain heart infusion (BHI) broth,
and newborn bovine serum (NBS) were provided by Becton,
Dickinson and Company (Sparks, MD) and Hyclone (Longan,
UT), respectively. All other chemicals and reagents used in this
study were of analytical grade quality and available
commercially.

Bacterial Strains and Culture Conditions. The two
standard strains (ATCC 43504 and ATCC 51932) and five
clinical isolates OX.22, OX.63, OX.64, OX.67, and OX.83 of H.
pylori were used in this study. The clinical isolates were
obtained in 2017 from the Microbiology Lab at OUCRU
(Oxford University Clinical Research Unit, Ho Chi Minh City,
Vietnam) from patients with duodenal and stomach ulcers. All
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strains were stored in BHI broth and 25% glycerol in a liquid
nitrogen container until use. The bacterial strains were grown
on Brucella agar supplemented with 10% NBS at 37 °C for 3
days in a microaerophilic jar using Oxoid CampyGen gas packs
(Thermo Scientific, UK).
Human Cell Lines and Cell Cultures. HeLa cells (ATCC

CCL2, cervix carcinoma cell line), MCF7 cells (ATCC HTB-
22, human breast cancer cell line), and Jurkat cells (ATCC
TIB-152, blood cancer cell line) were purchased from the
American Type Culture Collection (Manassas, Rockville), and
fibroblast cells derived from human foreskins were provided by
the Lab of Molecular Biology Department of Genetics,
University of Science, VNU-HCM. These cell lines were
cultured in Eagle’s minimal essential medium (EMEM)
supplemeted with 10% fetal bovine serum (FBS), 2 mM L-
glutamine, 20 mM HEPES, 0.025 μg/mL amphotericin B, 100
IU/mL penicillin, and 100 μg/mL streptomycin, at 37 °C and
5% CO2. HeLa, MCF7, and Jurkat cells used were between
passages 4 and 20, and fibroblast cells used were between
passages 2 and 5.
Extraction and Isolation. An air-dried powder (9 kg) of

H. rosa sinensis red flower petals was pulverized and extracted
with absolute ethanol followed by liquid−liquid fractionation
with hexane, ethyl acetate, and water (Figure S2). Isolation of
active fractions and principles was guided by a bioassay against
H. pylori ATCC 43504. In brief, 5 and 10 mg of the extract or
each fraction/paper disc (1 mm thickness, 6 mm diameter,
Whatman, GE Healthcare UK Limited) were tested by the
paper-disc diffusion method as previously described.54 The
ethyl acetate-soluble fraction was most active against the
bacterium and repeatedly subjected to column chromatog-
raphy, TLC, and PLC to obtain four active principles. The
isolation and purification of the four principles are briefly
described in Figure S2.
Microbiological Assay. Minimal inhibitory concentrations

(MICs), minimal bactericidal concentrations (MBCs), and
time killing of the test materials toward all H. pylori strains
were determined by the broth microdilution assay as reported
previously.22,55

For MICs, serial dilutions of concentrations (25 to 2000
mg/L) of the test compounds were performed in 0.05 mL of
10% NBS-supplemented Brucella broth in sterile 96-well
plates. The final concentration of DMSO in all assays was 2.5%
or less. Subsequently, 0.05 mL of bacterial suspension (5 × 106

CFU/mL) of each strain from cultures on Brucella agar was
added to each well. The plates were then incubated at 37 °C in
microaerophilic jars and shaken at 50 rpm for 48 h. MICs are
defined as the lowest concentrations that visibly inhibited
bacterial growth using resazurin as an indicator. Different
antibiotics, amoxicillin, metronidazole, erythromycin, levoflox-
acin, and azithromycin served as positive controls. Negative
controls contained the DMSO solution.
MBC values of the test materials were identified following

the MIC assays and carried out in 24-well plates with the
brucella agar medium.55 An amount of 0.01 mL of each well
that retained the blue color of the indicator was taken and
dropped onto the agar medium. The agar plates were
incubated in microaerophilic jars at 37 °C for 72 h. The
lowest concentrations, which exhibited no growth on the
subculture, were determined as MBC values.
The time-killing assay was performed in sterile 96-well plates

with the test compounds at concentrations ranging from MICs
to MBCs. Bacterial viability was measured after 0, 6, 12, 18, 24,

36, and 48 h by a plate colony count technique as described
previously.22 The control without the test compounds was also
performed.

Biofilm Formation Inhibitory Assay. The biofilm
inhibition assay was carried out in 96-well plates by the crystal
violet assay as reported previously.56,57 In brief, the bioassay
was prepared like the bioassay of MIC identification with the
H. pylori ATCC 43504 suspension (108 CFU/mL) and the test
compounds at concentrations of sub-MICs (1/2 ×MIC, 1/4 ×
MIC, and 1/8 × MIC). Blank and background wells, which
contained DMSO and compounds, respectively, without the
bacterial suspension, were similarly prepared. The biofilm
formation was measured after 2 days by staining with crystal
violet solution 0.1% at a wavelength of 595 nm using a
Microlisa Plus microplate reader (Micro Lab Instruments,
India).

Effect on Morphology of H. pylori. H. pylori ATCC
43504 was cultured in Brucella broth without or with the test
materials at 500 and 1000 mg/L in microaerophilic conditions
for 24 and 48 h. The bacterial suspension (15 μL) was evenly
spread and fixed on slides and then stained with 0.3%
methylene blue solution. The proportion of coccoid versus
spiral-shaped bacteria was determined using a Euromex-
BioBlue Lab microscope equipped with a Euromex camera
(Netherlands). Counts of 200 bacteria from each slide were
done as reported previously.42

Cytotoxicity Assay. The cytotoxicity of the four test
materials to HeLa, MCF7, Jurkat, and fibroblast cells was
evaluated by a sulforhodamine (SRB) assay described
previously.58 In brief, cells were seeded onto 96-well plates
at a densiy of 5 × 103 cells/well (HeLa), 104 cells/well (MCF7
and fibroblast), and 5 × 104 cells/well (Jurkat) for 24 h. The
culture medium was then removed from the wells and replaced
with a medium containing various concentrations of the test
materials (0−200 mg/L) in DMSO. After incubation for 48 h,
the cells were washed once with phosphate-buffered saline
(PBS), fixed with cold trichloroacetic acid solution (50% w/v)
for 20 min, and stained with 0.2% SRB for 20 min. After gently
washing five times with acetic acid solution (1%), the protein-
bound dye was solubilized in 10 mM Tris base solution. The
absorbance was read at 492 nm by the microplate reader.
Camptothecin was used as a positive control. Each treatment
was performed in triplicate and repeated three times in
independent experiments.

Inhibition of Urease In Vitro. Inhibition of H. pylori
ATCC 43504 urease was determined by measuring ammonia
production in 96-well plates by the salicylate-hypochlorite
method with minor modification.59 In brief, the assay mixtures
containing 0.25 μg of urease crude (0.04 urease units) in 0.1
mL of the EDTA-sodium phosphate buffer (pH 7.3) and the
constituents at different concentrations were preincubated at
37 °C for 90 min with rotation at 50 rpm. An amount of 0.05
mL of urea solution (10 mM) in the sodium phosphate buffer
was added to each well, and the plates were incubated in 30
min. Blank and background wells were similarly prepared but
with inactive urease by heating at 100 °C in 30 min. Then stop
solutions including 0.035 mL of solution A (146% Na salicylate
+ 0.1% sodium nitroprusside) and 0.065 mL of solution B
(1.78% NaOH +11.57% Na citrate + 0.54% NaOCl) were
added in sequence. The ammonia released by the urease
activity was quantified by measuring the absorbance on the
microplate reader at 625 nm. The protein content was
determined using a Bradford protein assay kit. BSA was used
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as a protein standard. Thiourea served as a standard reference
inhibitor. One unit of urease is defined as the amount of
enzyme that releases 1 μM NH3 per minute, at 37 °C, pH =
7.3. Each treatment was performed in triplicate and repeated
three times in independent experiments.
Statistical Analysis. MIC and MBC values of each test

sample were results from at least three independent experi-
ments performed in triplicate (n ≥ 9). Antimicrobial activity of
the test constituents with MIC values of <0.1, 0.1−0.62, 0.62−
1.25, 1.25−2.5, and >2.5 mg/mL was classified as extremely
high, high, moderate, low, and no growth inhibition,
respectively.60 Percentages of cytotoxicity and urease activity
inhibition were calculated as described previously.58,61

Cytotoxicity to human cell lines and urease inhibition activity
were presented as CC50 (50% cytotoxic concentration) and
IC50 (molar concentration producing 50% inhibition of
enzyme activity), respectively, and calculated using the
GraphPad Prism 5 software program. The CC50 and IC50
values of the treatments would be declared significantly
different if their 95% confidence limits did not overlap. The
Bonferroni method was used to test for multiple comparisons
among the treatments. The percentage of biofilm inhibition
was calculated as follows (%): 100 − 100 × (ODtreatment −
ODbackground)/(ODcontrol − ODblank).
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Souza, E. L.; de Siqueira-Juńior, J. P. Inhibitory effects of flavonoids
on biofilm formation by Staphylococcus aureus that over expresses
efflux protein genes. Microb. Pathog. 2017, 107, 193−197.
(42) Cole, S. P.; Kharitonov, V. F.; Guiney, D. G. Effect of nitric
oxide on Helicobacter pylori morphology. J. Infect. Dis. 1999, 180,
1713−1717.
(43) Andersen, A. P.; Elliott, D. A.; Lawson, M.; Barland, P.;
Hatcher, V. B.; Puszkin, E. G. Growth and morphological trans-
formations of Helicobacter pylori in broth media. J. Clin. Microbiol.
1997, 35, 2918−2922.
(44) Wang, X. F.; Wang, K. X. Cloning and expression of vacA gene
fragment of Helicobacter pylori with coccoid form. J. Chin. Med. Assoc.
2004, 67, 549−556.
(45) Mazaheri Assadi, M.; Chamanrokh, P.; Whitehouse, C. A.;
Huq, A. Methods for detecting the environmental coccoid form of
Helicobacter pylori. Front. Public Health. 2015, 3, 147.
(46) Lee, H.-K.; Song, H. E.; Lee, H.-B.; Kim, C.-S.; Koketsu, M.;
Ngan, L. T. M.; Ahn, Y.-J. Growth Inhibitory, Bactericidal, and
Morphostructural Effects of Dehydrocostus Lactone from Magnolia
sieboldii Leaves on Antibiotic-Susceptible and-Resistant Strains of
Helicobacter pylori. PLoS One 2014, 9, No. e95530.
(47) Mori, A.; Nishino, C.; Enoki, N.; Tawata, S. Antibacterial
activity and mode of action of plant flavonoids against Proteus vulgaris
and Staphylococcus aureus. Phytochemistry 1987, 26, 2231−2234.
(48) Kusters, J. G.; van Vliet, A. H.; Kuipers, E. J. Pathogenesis of
Helicobacter pylori infection. Clin. Microbiol. Rev 2006, 19, 449−490.
(49) Kao, C. Y.; Sheu, B. S.; Wu, J. J. Helicobacter pylori infection: An
overview of bacterial virulence factors and pathogenesis. Biomed. J.
2016, 39, 14−23.
(50) Modolo, L. V.; de Souza, A. X.; Horta, L. P.; Araujo, D. P.; de
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