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Background: Smilax glabra Roxb. (SGR), known as “tufuling” in China, is a medical
and edible plant, which has anti-inflammatory, antibacterial and antineoplastic
activity. SGR is extensively utilized in the remedy of gastroenteric disorders
associated with H. pylori infection. However, the precise mechanism
underlying the anti-H. pylori function of SGR remains to be elucidated.

Aim: The inhibitory impact of SGR on the growth of H. pylori was examined.
Subsequently, SGR against H. pylori urease (HPU) and jack bean urease (JBU) was
investigated to illuminate the inhibitory effects, kinetic types, sites of inhibition,
and potential mechanisms of action.

Methods: UPLC-ESI-MS/MS was applied to identify the components of SGR. The
anti-H. pylori effect of SGR was conducted by agar dilution method. The enzyme
inhibitory activities of SGR and its primary constituents were assessed through a
modified spectrophotometric Berthelot (phenol-hypochlorite) assay. The
kinetics of urease inhibition were analyzed using Lineweaver-Burk plots. To
explore the underlying mechanisms, sulfhydryl group reagents and NiZ*
binding depressors were employed. Additionally, molecular docking
simulations were conducted to examine the binding interactions between the
main compounds of SGR and urease.

Results: A total of 34 compounds including astilbin, engeletin, isoengeletin,
neoastilbin, isoastilbin and neoisoastilbin are identified in SGR. SGR was observed
to inhibit the growth of three H. pylori strains (ATCC 43504, NCTC 26695, and
ICDC 111001) with minimum inhibitory concentration (MIC) values spanning a
range of 0.5 to 1.5 mg/mL. Moreover, SGR exerted a significant inhibitory effect
on HPU and JBU, with ICsq values of 1.04 + 0.01 mg/mL and 1.01 + 0.01 mg/mL,
separately. Enzyme kinetics analysis showed that SGR was a slow binding, non-
competitive depressor to HPU, and a slow binding, mixed depressor to JBU. In-
depth mechanism exploration showed that thiol compounds had better
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protective effect on HPU or JBU than inorganic substances, implying that the
active site of SGR repressing urease may be the sulfhydryl group. Furthermore,
glutathione reactivated SGR-inhibited urease, demonstrating that the inhibition
was reversible. Additionally, astilbin and engeletin exhibited a certain inhibitory
role towards urease activity, with astilbin inhibiting urease more than three times
as strongly as engelitin. Enzyme kinetics analysis established that the inhibitory
role of astilbin on enzymes was consistent with that of SGR. Molecular docking
study indicated that astilbin and engeletin interacts with sulfhydryl groups at the
active site of urease.

Conclusion: These results indicated that SGR could prominently inhibit H. pylori
growth through targeted suppression of its secreted urease. This investigation
provides substantial experimental evidence supporting the consideration of
SGR as a safe and promising natural treatment for H. pylori-associated

gastrointestinal diseases.
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1 Introduction

Helicobacter pylori (H. pylori) is a kind of gram-negative, spiral,
and microaerobic bacteria. Epidemiological studies showed that
nearly 50% of the world’s population is infected with H. pylori
(Tshibangu-Kabamba and Yamaoka, 2021). Numerous studies have
demonstrated that H. pylori is an important pathogenic factor in
both acute and chronic gastritis, as well as peptic ulcers (Koch et al.,
2023; Taillieu et al., 2023). Furthermore, H. pylori is tightly relevant
to the development of gastric carcinoma and gastric lymphoma,
which leads to its classification as a class 1 carcinogen by WHO (de
Martel et al., 2020; Feng et al., 2023).

Urease (EC 3.5.1.5), a nickel-reliant metalloenzyme, is
predominantly found in bacteria, fungi, microorganisms, and
diverse plants and soils (Kurdi and M-Ridha, 2023). The key to
the urease activity lies in its active center, which contains two nickel
ions (Ni**) coordinated with carboxylated lysine and bound to a
flexible fragment flap region within the molecular structure of the
urease (Kappaun et al., 2018; Zambelli et al., 2011). The presence of
Ni** in the active center and sulfhydryl groups are crucial for urease
catalytic capacity (Cunha et al, 2021; Mazzei et al, 2021b).
Additionally, urease possesses the capability to hydrolyze and
generate substantial quantities of ammonia, which has adverse
effects in various fields, such as medicine, agriculture, and animal
husbandry (Duff et al., 2022; Ryvchin et al., 2021). Particularly, in
the medical field, the urease generated by H. pylori catalyzes the

Abbreviations: AHA, acetylhydroxamic acid; BA, boric acid; DTT, dithiothreitol;
GSH, glutathione; HPU, H. pylori urease; JBU, jack bean urease; L-cys, L-cysteine; MIC,

minimum inhibitory concentration; NaF, sodium fluoride; SGR, Smilax glabra Roxb.
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breakdown of urea through a series of reactions, producing a
significant amounts of carbon dioxide and NHj;, which in turn
promotes the development and progression of inflammation (Naz
et al,, 20205 Yang et al., 2022). Besides, excess of ammonia has the
potential to neutralize stomach acid and promote H. pylori growth,
leading to gastritis, ulcers, lymphoma, and other H. pylori-related
diseases (Guo et al., 2020). Moreover, research has indicated that
ureolytic bacteria that secrete urease are closely associated with
urinary tract conditions, including kidney and bladder stones
(Svane et al., 2024; Wagenlehner et al., 2020). Inhibition of urease
activity has been established as an effective approach for preventing
and treating gastrointestinal diseases and urinary tract infections
(Heylen et al., 2024; Kanlaya and Thongboonkerd, 2022).
Therefore, the search for therapeutic H. pylori infection-
associated drugs through the repression of H. pylori urease
(HPU) activity is a major focus of current researchers.

Smilax glabra Roxb. (SGR), known as “tufuling” in China, is a
common plant from Liliaceae in China (Zhao et al., 2020). SGR has
important edible values, and its rhizome is often used to stew nutritious
soup, soak wine, and make guiling jelly. Moreover, the dried rhizome of
SGR was a common Chinese herbal medicine which possesses many
effects such as detoxification, dehumidification and joint relief (Fayad
et al,, 2021; Wang et al, 2017). Modern pharmacological researches
have demonstrated that SGR mainly possessed immune regulation
(Guo et al, 2024b), anti-inflammatory (Huang et al., 2023), anti-
oxidant (Zhao et al.,, 2020), anti-bacterial (McMurray et al., 2020), anti-
gastric cancer (Guo et al,, 2024a) and analgesic properties (Ilyas et al,,
2024). Clinically, it is extensively utilized in the treatment of chronic
gastritis and musculoskeletal pain (Bao et al., 2018; Wu et al., 2022).
Furthermore, flavonoids and flavonoid glycosides, including astilbin,
neoastilbin and engeletin, were the main active ingredients,
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contributing to the anti-bacterial, anti-inflammatory, and analgesic
activities of SGR (Lu et al., 2015; Shi et al, 2023). Additionally, Wang
et al. found SGR to be a significant depressor of H. pylori during
preliminary screening of traditional Chinese herbal remedies (Wang
et al., 1994).

Thus, numerous researchers have established that SGR is
beneficial in the remedy of gastrointestinal disorders. However,
the pharmacological effects and mechanisms of SGR and its
ingredients against HPU have not been clarified. Therefore, this
study aimed to probe the repression and underlying mechanism of
SGR extract against HPU through enzyme activity assay, kinetic
experiment, inhibition site investigation, and molecular docking.
This study will help to elucidate the effective substances and
mechanism of SGR against H. pylori, and will provide a vital
foundation for the exploitation of innovative anti-H. pylori drugs
and novel urease depressors from traditional Chinese medicine.

2 Materials and methods
2.1 Chemicals and reagents

Campylobacter agar medium was purchased from Thermo
Fisher Scientific. Acetylhydroxamic acid (AHA), jack bean urease
(JBU, type III with specific activity 40.3 U/mg solid) and urea were
obtained from Sigma Aldrich. Boric acid (BA) and sodium fluoride
(NaF) were purchased from Maclin (Shanghai, China).
Dithiothreitol (DTT) and L-cysteine (L-cys) were obtained from
Solaibao (Beijing, China). Glutathione (GSH) was obtained from
Meilun (Dalian, China). HEPES (Amresco >99%) was from
BioFroxx. All chemicals and reagents were of analytic purity.

2.2 Preparation of herbal extract

SGR was purchased from Zunyi (Guizhou, China) and
authenticated by one of our authors (Qiang Lu). A voucher
specimen has been deposited at the Zhuhai Campus of Zunyi
Medical University for reference (No. 20240516). The materials
were crushed using swing grinder. Medicinal powder was extracted
with 70% ethanol in 1:15 (g: mL) ratio using hot reflux method,
which was followed by successive repeated twice. The extracting
solution was filtrated via a 200-mesh sieve and centrifuged at 8000
rpm for 20 minutes. The resulting supernatant was then
concentrated and lyophilized under vacuum conditions.
Additionally, dried sample in a loose or powdered state is viewed
as the standard and stored at -4 °C.

2.3 UPLC-MS/MS analysis

SGR extraction was dissolved in acetonitrile and filtrated
through 0.22 um microporous membrane. The Acquity UPLC
system equipped with the Waters Xevo G2 Q-Tof system
integrated with a switchable electrospray ion source interface
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(ESI) was used to UPLC-MS/MS analysis. Analytical separation
was conducted by Acquity UPLC BEH C18 (100 mmx2.1 mm, 1.7
um). The mobile phase is acetonitrile (eluent A) and formic acid
aqueous solution (eluent B), with a linear gradient elution: 0~2.0
min, 3%A;2.0~12.0 min, 3%~21%A; 12.0~17.0 min, 21%~46%A;
17.0~25.0 min, 46%~70%A; 25.0~28.0 min, 70%~100%A, at a
flowrate of 0.4 mL/min. The injecting volume was 5 pL and the
column oven temperature was 40°C. Complete ESI positive
ionization scanning from m/z 50-1200Da. Data collection and
analysis were performed using TOF-MS® software and Peak View
1.2 software, and the main active components of SGR were deduced
according to the precise molecular weight and secondary
fragment information.

2.4 H. pylori strains and preparation of
HPU

H. pylori was inoculated in Campylobacter agar and grown on
Columbia agar with appropriate bovine serum albumin at 37°C,
98% humidity, and low aerobic conditions (5% O,, 10% CO,, and
85% N,) for 72 hours. Three days later, H. pylori was collected by
scraping and then suspended in phosphate buffered saline (PBS).
Besides, the H. pylori concentration was calibrated to 1x10® CFU/
mL by turbidimetric method. Standard HPU was extracted from H.
pylori strain ATCC 43504 following the approach detailed by
Matsubara et al. (2003). The resulting HPU preparation
represents a crude enzyme extract, which has been widely
adopted for initial inhibitor screening studies (Li et al., 2018; Tan
et al,, 2017; Yu et al, 2015). All inhibition assays included
appropriate controls (enzyme blanks and solvent controls) to
ensure specific detection of urease activity.

2.5 Minimal inhibitory concentration assay

In this study, three H. pylori strains—ATCC 43504, NCTC
26695, and ICDC 111001—were utilized to evaluate the
antimicrobial activity of SGR. Mueller-Hinton blood agar plates
were prepared with varying SGR concentrations ranging from 0 to
1.5 mg/mL. A 100 pL suspension of each H. pylori strain was
inoculated onto the respective SGR-supplemented plates. Positive
controls (metronidazole) and negative controls (solvent water) were
included in experiments. The plates were then incubated under
microaerophilic conditions for three days. The minimum inhibitory
concentration (MIC) was defined as the lowest concentration of
SGR or metronidazole at which no bacterial growth was observed
compared to negative control wells.

2.6 Standard urease activity test

The protein concentration of HPU was tested utilizing BCA
protein detection kit. Standard urease test mixture consists of 150
mM urea in HEPES buffer (20 mM). HPU solution of varying
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concentrations was mixed with 150 mM urea as the substrate in a
HEPES buffer (20 mM), and then reacted at 37 °C for 20 min.
Urease vitality was assessed based on ammonia levels generated
during the reaction. Ultimately, residual urease activity was
measured by modified Berthelot (phenol hypochlorite) at 595 nm.
This experiment was performed three times in parallel. The result
revealed that the HPU activity was determined to be 17.0 U/mg
compared to JBU (40.3 U/mg).

2.7 Inhibition experiment of urease activity

Test drug solution with equal volume and different
concentration was mixed with urease and incubated in a 96-well
plate at 37°C for 20 min. AHA was used as the positive control,
while urease with urea (no depressor) served as the negative control.
Moreover, urea solution (150 mM) was admixed and coincubated at
ambient temperature for 20 min. Residual urease activity was
measured via using the modified Berthelot method. The
percentage of residual activity (RA%) was calculated as (Asample
Ablanky y( Anegative control _ pblanky, 10006 where AYM7K represents the
background absorbance without urease. Calculating the half-
maximal inhibitory concentration (ICs) of the depressor to assess
the impact of the test drug towards enzyme activity. Each
experiment was conducted in triplicate for validation.

2.8 Determination of inhibition type

Residual urease activity was determined by pre-incubating test
drug, urease mixture with a series of urea concentrations. Michaelis
constant (Kjs) and maximum velocity (v,,,,) values are obtained
from the Lineweaver-Burk plots of 1/v and 1/urea by plotting the
reciprocal reaction velocity and substrate concentration. Variation
characteristics of urease kinetic parameters K,; and v,,,, were
analyzed by adding different concentrations of test products to
determine the type of inhibiting effect on HPU. Each sample was
performed in triplicate.

2.9 Analysis of reaction progress curve

A functional relationship was established by measuring the
impact of incubation time on ammonia concentration in the
presence or absence of test drug solution. Before the reaction
began, test drug mixed with urease was immediately reacted in a
non-pre-incubated system. In contrast, test product was mixed with
urease and incubated for 20 minutes prior to the addition of urea to
the pre-incubation system. Urease vitality was determined
according to standard measurements at various time points.
Using a curve-fitting computer program, the experimental points
are fitted into the following integral equation describing the
progression curve:

P(t) = Vit + (Vo — V(1 — e ) /K,
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Where, P, represents the accumulated product yield at time t
and 0, V and V, denote the initial and steady-state velocities of the
reaction, while k,,, stands for the apparent velocity constant.

2.10 Protective assay of the SGR-inhibiting
enzyme

2.10.1 Impact of thiol compounds on SGR
inhibition of urease

Urease was combined with SGR solution (1.5 mg/mL),
incubated for 20 minutes, and then sulthydryl compounds (DTT,
GSH and L-cys) were added. Experiment was repeated three
times simultaneously.

2.10.2 Impact of inorganic compounds on SGR
inhibition of urease

After incubating mixture of urease and SGR solution (1.5 mg/
mL) for 20 min, inorganic compounds including 1.25 mM BA or NaF
were added. Experiment was repeated three times simultaneously.

2.11 SGR-thiol-urease interplay assay

2.11.1 Effect of incubating time towards urease
vitality

The mixture containing urease, SGR solution (1.5 mg/mL), and
1.25 mM sulthydryl compound (DTT, GSH and L-cys) was
coincubated at 37 °C in 20 mM HEPES bufter for 5, 10, 20, and 40
min, respectively, removed at each time point, and measured residual
urease activity. Assay was repeated three times simultaneously.

2.11.2 Impact of adding order towards urease
activity

Culture mixture consists of HPU, and 1.25 mM sulfhydryl
compound (DTT, GSH, or L-cys) in 20 mM HEPES buffer. Each
test was carried out in parallel three times.

The ingredients of the culture mixture are blended as follows:

1. SGR solution and sulthydryl compound were co-incubated
for 20 min, followed by the introduction of urease.

2. Urease was incubated with sulthydryl compound for 20
min and then added into SGR solution.

3. Urease was incubated with SGR solution for 20 min,
followed by the introduction of sulthydryl compounds.

2.12 Reactivation of depressor-inactivated
urease

Urease in the mixture was pre-incubated with the SGR solution
(2 mg/mL) for 20 minutes. Subsequently, 1.25 mM GSH was
introduced and coincubated with the pre-incubator to detect
residual urease activity of the mixture at diverse time intervals.
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Residual enzyme vitality was inspected both before and after the
introduction of GSH. Experiment was carried out three times
in parallel.

2.13 Molecular docking analysis

Molecular docking software AutoDock Vina 1.1.2 was utilized
to analyze the potential binding sites of astilbin and engeletin to
urease. The selection of these two ureases was based on their
complementary biological relevance: HPU (PDB ID: 1E9Y,
resolution: 3.00 A) represents the primary therapeutic target for
H. pylori infection, while JBU (PDB ID: 3LA4, resolution: 2.05 A)
serves as a well-characterized reference with conserved catalytic
domains that facilitates comparative mechanistic analysis. The 3D
structure of astilbin and engeletin was obtained from PubChem
database. The compound and target protein formats were converted
to PDBQT files using AutoDockTools 1.5.6 software. Before
docking, all water molecules were eliminated, and hydrogen
atoms were placed on the receptors and given an electric charge.
A cubic grid box of 60 x 60 x 60 A with 0.375 A spacing was
centered at the average coordinates of the two Ni*" ions (for HPU
X=127.864, Y=126.349, Z=87.546; for JBU X=-39.959, Y=-44.679,
Z=-74.986) to cover the entire active site. Docking employed the
Lamarckian GA (10 runs, exhaustiveness=8) with Vina’s scoring
function. Method validation confirmed reproducibility (RMSD< 2.0
A for re-docked ligands). The resulting binding poses were analyzed
using PyMOL for 3D visualizations, with binding energies
compared between targets to elucidate species-specific interactions.

2.14 Statistical analysis

In this study, GraphPad Prism 13.0 software was utilized for
data visualization. Data are presented as mean * standard error
(S.EM). SPSS 29.0 software was employed for statistical analysis.
Results were processed applying one-way analysis of variance
(ANOVA) to determine statistical differences between groups,
followed by the Dunnett test. The significance degree was set at
p< 0.05.

3 Results
3.1 UPLC-ESI-MS/MS analysis

As illustrated in Figure 1 and Table 1, UPLC-ESI-MS/MS test
revealed the 40 compounds including astilbin, engeletin,
isoengeletin, neoastilbin, isoastilbin, and neoisoastilbin were
identified in the SGR extract under positive and negative ion
mode analysis. Moreover, the compounds can be roughly
classified as organic acids, flavonoids, phenols, sesquiterpenes,
etc., according to the precise molecular weight and secondary
fragment information.
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3.2 MIC of SGR against H. pylori

As illustrated in Table 2, SGR exhibited varying degrees of
growth inhibition against the three H. pylori strains under a culture
condition of pH 7.2. Notably, the MIC of SGR against the standard
strain ATCC 43504 was determined to be 1.5 mg/mL. In contrast,
the MIC values for the strains NCTC 26695 and ICDC 111001 were
significantly lower, both at 0.5 mg/mL, indicating greater
susceptibility of these strains to SGR’s antimicrobial effects. In
comparison, the standard antibacterial agent metronidazole
demonstrated significant anti-H. pylori activity against strain
ICDC 111001, with an MIC of 2.0 ug/mL.

3.3 SGR-inhibition urease activity

As shown in Figure 2, SGR demonstrated a significant
inhibitory effect on HPU and JBU, with ICs, values of 1.04 + 0.01
mg/mL and 1.01 + 0.01 mg/mL, separately. In addition, the ICs,
values of AHA, as standard urease depressor, were 4.93 + 0.11 ug/
mL and 1.56 + 0.10 pug/mL for inhibiting HPU and JBU, separately.

3.4 SGR-inhibitive type analysis

As illustrated in the Lineweaver-Burk plot, all lines crossed at
one location on x-axis, indicating that the kinetic parameter Kj; of
inhibition of HPU by SGR remained basically unchanged, while the
value of V,,,, gradually decreased after adding various
concentrations of SGR (Figure 3A). According to Lineweaver-
Burk mapping analysis, the inhibitory type of SGR on HPU was
non-competitive depressor. Additionally, the equilibrium
parameters for binding of SGR to the free enzyme (K;) and to the
enzyme-substrate complex (K;;) were 0.10 £ 0.01 mg/mL and 0.12 +
0.01 mg/mL, respectively, based on the relationship between the
slope or intercept of the line in the Lineweaver-Burk diagram and
the concentration of the suppressant (Figures 3a, b).

As depicted in Figure 3B, the plot of 1/v versus 1/urea consisted
of multiple lines intersecting at one location in the second quadrant.
Ky gradually elevated and V,,,, gradually declined following
adding various concentrations of SGR. This suggested that SGR
was a mixed suppressant for JBU. Moreover, the equilibrium
parameters of K; and K, were 0.02 + 0.02 mg/mL and 0.61 + 0.08
mg/mL, separately (Figures 3c, d).

3.5 Reactive progress curves

As illustrated in Figure 4, depressor concentration and
incubation time were found to have significant impacts towards
the binding rate between SGR and urease. The curve fitting of the
reaction process between SGR and HPU in unincubated and
incubated system, shows a characteristic concave curve
(Figures 4A, B), indicating rapid hydrolysis of urease at the initial
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FIGURE 1

Chemical composition analysis of Smilax glabra Roxb. (SGR). (A) The plants, rhizomes, and 70% ethanol extracts of SGR. Total ion chromatogram of
SGR in positive (B) and negative ion mode (C). (D) Flavonoids including astilbin, engeletin, isoengeletin, neoastilbin, isoastilbin, neoisoastilbin was

identified as the main chemical component of SGR.

velocity (V). With the influence of SGR on urease, there was a
gradual inhibition on urease activity, resulting in a change in the
hydrolysis urease from V|, to steady-state velocity (V) based on the
first-order velocity constant (K,p,). Similarly, the reactive progress
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of SGR-JBU combination in unincubated and incubated system
displayed a typical concave curve (Figures 4C, D), demonstrating
that the combination had a constant equilibrium rate V,, from the
beginning, with the hydrolysis urease rate decreasing from V, to V.
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TABLE 1 Peak assignment of SGR extracts using LC-MS/MS in positive and negative ionization modes.

tr Calculated

10.3389/fcimb.2025.1617330

Component name Formula Adducts ) Classify
(min) (m/z)
1 Shikimic acid C;H,005 -H 0.66 173.0456 137.0247, 78.9603 Organic acid
2 Malic acid C4HgOs5 -H 0.67 133.0143 72.9946 Organic acid
271.0636, 245.0812, 179.0351, X
Epi hi H -H 4. 289.071 Fl
3 picatechin C,5H 406 33 89.0718 137.0242, 109.0298 avonoids
425.0882, 407.0762, .
4 Procyanidin Bl C30H26015 -H 5.59 577.1352 Flavonoids
289.0717, 161.0249
179.0359, 137.0253,
5 5-O-Caffeoylshikimic acid Ci6H1605 -H 597 335.0772 Phenols
135.0454, 93.0358
6 8-O-Caffeoylshikimic acid Cy6H1605 -H 6.14 335.0772 289.0719, 245.0816, 203.0711 Phenols
7 Catechin Cy5H1404 -H 6.16 289.0718 161.0248, 137.0248, 109.0301 Flavonoids
1,8-Dihydrxy-
8 ydrxy CisH,06 | -H 617 287.0562 137.0248, 109.0301 Flavonoids
3,5-dimethoxyxanthone
9 4-0O-Caffeoylshikimic acid Cy6H1605 -H 6.53 335.0772 179.0356, 161.0247, 135.0456 Phenols
10 Smiglanin Cy5H;609 -H 7.44 339.0722 192.0066, 136.0168, 80.0278 Flavonoids
11 Isomer of Astilbin Cy1H,,01, -H 8.14 449.1089 269.0456, 151.0041, 125.0249 Flavonoids
Dihydrok: ferol-5-O-f3-
12 ihydrokaempferol-5-O-f CoHyo01 | -H 8.47 449.1089 269.0456, 259.0625, 151.0042 Flavonoids
D-glucopyranoside
341.0668, 217.0144,
13 Cinchonain Ia Cy4H5009 -H 8.82 451.1035 Phenols
189.0198, 109.0301
303.0518, 285.0416, R
14 Isoastilbin C5H»,0p, -H 8.97 449.1089 Flavonoids
151.0046, 125.0249
15 Cimicifugic acid B C,1H2001; -H 8.98 447.0933 303.0518, 285.0416, 151.0046 Phenylacetates
i 343.0134, 305.0692, R
16 Isoastilbin C5H»,0p, +H 9.07 451.1235 153.0184, 149.0237 Flavonoids
303.0525, 285.0419, .
1 N ilbi H -H . 449.1 Fl
7 eoastilbin C,1H5,01, 9.36 9.1089 1510048, 125.0250 avonoids
18 Neoastilbin Cy1H,,04, +H 9.43 451.1235 305.0673, 153.0177, 149.0229 Flavonoids
303.0517, 285.0417, .
1 Astilbi H -H 10.28 449.108 Fl d
9 stilbin C51H»,0p, 9 151.0047, 125.0249 avonoids
343.0159, 195.0284,
20 Astilbin C,1H2,01; +H 10.31 451.1235 Flavonoids
153.0194, 149.0236
341.0664, 289.0710,
21 Isomer of Cinchonain Ia Cy4H2009 -H 10.40 451.1035 Phenols
217.0146, 189.0199
300.0271, 271.0436.
22 tin-3-O-0t-L-rh id Cy1Hy0 -H 10.48 447.0933 ? ’ Fl id
Quercetin rhamnoside 21H2001, 255.0311, 145.0300 avonoids
303.0509, 285.0409, 259.0612, i
2 Neoi ilbi H -H 10.52 449.1 Fl
3 eoisoastilbin C,1H5,01, 0.5 9.1089 1510045, 125.0248 avonoids
) 341.0668, 269.0456, Benzenoid
24 7-Hydroxyaloin A C,1H5,040 -H 10.55 433.114 X
178.9989, 125.0247 aromatic compound
287.0560, Dihydrofl id
25 Engeletin CoH;,0 | H 1070 433.114 yeroTavonot
269.0463, 259.0616,152.0120 glycosides
26 5,7,3,5-Tetrahydroxyflavanone Cy5H,,06 +H 10.72 289.0707 153.0199,149.0235 Flavanones
337.0894, 285.0400,
27 K ferol-3-O-rh ids C,1H00 -H 11.86 431.0984 Fl 1 gl id
aempfero rhamnoside 21H20010 227.0367, 167.0361 avonol glycosides
(Continued)
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TABLE 1 Continued

tr Calculated
(min) (m/2)

Component name Formula Adducts

Classify

287.0556, 269.0456, 259.0609, R
28 Isoengelitin C,1H5,040 -H 12.02 433,114 Flavonoids
178.9989, 152.0115

341.0663, 289.0715,
29 Cinchonain Ib C54H000 -H 1243 451.1035 Phenols

189.0194, 177.0193

30 Isomer of Cinchonain Ia Cy4H5000 -H 12.68 451.1035 341.0662, 177.0192, 109.0299 Phenols

31 Germacrone C,5H,,0 +H 16.00 219.1743 119.0852, 91.0539 Sesquiterpenes
32 Dehydrocurdione Cy5H,,0, +H 20.93 235.1693 219.1402, 179.1064 Sesquiterpenes
33 Safrol Ci0H100, +H 21.86 163.0754 105.0329 Hydrocarbons
34 Butyl isobutyl phthalate Ci6H2,04 +H 22.55 279.1591 149.0228, 121.0279 Phthalic Acids

The reactive progress curves of JBU and HPU were consistent with
the slow-binding suppression depicted by Morrison and Walsh
(Morrison and Walsh, 1988).

TABLE 2 Minimal inhibitory concentrations (MICs) of SGR against
H. pylori strains.

Test drug H. pylori strains MIC (mg/mL)
SaR ATeC 30 ' 3.6 Protective test of the SGR-depressing
SGR NCTC 26695 0.5 enzyme
SGR ICDC 111001 0.5
Three thiol-containing substances (DTT, GSH and L-cys) were
Metronidazole ICDC 111001 2x107° . . . L. . .
utilized to probe the possible inactivation sites of SGR-induced
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FIGURE 2

Inhibitory effects of various concentrations of SGR on HPU (A) and JBU (B). Inhibitory role of AHA towards HPU (C) and JBU (D). The experimental
data are exhibited as means + SEM (n = 3).
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FIGURE 3

Enzymatic kinetics analysis of SGR against urease. Lineweaver-Burk plots were constructed to illustrate the inverse of reaction velocities against the
reciprocal of urea concentration for HPU (A) and JBU (B). These plots were generated in the presence of SGR at dosages of 0.0, 0.50, 1.0, and 2.0
mg/mL. (a, ¢) The inhibitive constant K; was gained by plotting the slope of the Lineweaver Burk plot against the dosages of SGR. (b, d) The inhibitive
constant Kjs was gained by plotting the intercept of the Lineweaver Burk plot against the dosages of SGR. The experimental data are emerged as

means + SEM (n = 3).

urease. As depicted in Figures 5A, B, the thiol-containing compounds
exhibited a higher level of activity on urease than in the free of thiol-
containing substances. Therefore, the sulfhydryl group of urease may
be tightly relevant to the inactivation of urease by SGR.

Numerous researches have demonstrated that the inorganic
substances BA and NaF are competitive urease depressors that
repress urease activity via binding to nickel ions in the active center
of urease (Mazzei et al., 2019). As illustrated in Figures 5C, D, SGR,
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BA, and NaF exhibit various degrees of inhibition on urease activity.
The urease activity in the SGR mixed system containing BA or NaF
significantly decreased, even lower than that in the SGR group,
suggesting that BA and NaF may synergistically depress the activity
of HPU and JBU with SGR. Therefore, sulthydryl compounds were
shown to restore urease activity more effectively than inorganic
compounds. This suggests that SGR may bind to the thiol group,
which is the active site of urease.
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Reactive progress curves of SGR against HPU and JBU. Reaction progress curve system can be divided into non-preincubated system [HPU (A), JBU
(C)] and preincubated system [HPU (B), JBU (D)]. Curves were generated by evaluating the correlation between ammonia amount and incubating
time (0—-45 minutes) in the presence of SGR at dosages of 0.0, 0.5, 1.0, and 2.0 mg/mL. Experimental data are presented as means + SEM (n = 3).

3.7 SGR-thiol-urease interplay assay

As seen in Figure 6, thiol-containing substances can alleviate the
inactivation of SRG on urease. Enzyme activity was tightly relevant
to the coincubation time of urease, sulthydryl compounds, and SGR
(Figures 6A, B). In addition, the addition sequence of urease,
sulfhydryl compounds, and SGR has no significant effect on
enzyme activity (Figures 6C, D).

3.8 Reactivation of SGR-inactivated urease

As depicted in Figure 7, the urease activity decreased by
approximately 80% after co-incubating urease and SGR for 20
minutes compared to its initial activity. However, with the
addition of 1.25 mM GSH, HPU or JBU activities recovered
approximately 40% of initial levels. The results indicated that the
SGR-induced HPU or JBU reaction was reversible. The recovery of
urease inhibitory activity by GSH further supports that sulthydryl at
the active site of urease exert a crucial function in the inactivation of
urease by SGR.
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3.9 Enzyme inhibitory effect of the main
active ingredients of SGR

As depicted in Figure 8, the active ingredients of SGR have a
good inhibitory effect on urease. The ICs, of astilbin depressing
HPU and JBU was 1.47 + 0.01 mM, and 2.22 + 0.02 mM, separately.
The ICs, of engeletin repressing HPU and JBU was separately 5.89
+0.01 mM and 6.67 + 0.01 mM, suggesting that the inhibitory effect
of engeletin on urease is not as effective as that of astilbin.

3.10 Inhibition type analysis of astilbin on
urease

As shown in Figure 9, the Kj; value did not greatly change,
whereas the v,,,, value declined with increasing astilbin
concentration, implying that the inhibitory type of astilbin on
HPU was non-competitive type (Figure 9A). The equilibrium
inhibition parameters Ki and Kis were 0.87 + 0.01 mM and 0.87
+ 0.01 mM, separately (Figures 9a, b). In contrast, during the
binding process between astilbin and JBU, the K,, value was
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#p< 0.05, ## p<0.01 vs. SGR group.

increased while v,,,, was decreased with increasing astilbin
concentration, consistent with the kinetic characteristics of mixed
inhibition (Figure 9B). The inhibition parameters Ki and Kis were
0.20 £ 0.01 mM and 1.17 + 0.10 mM, separately (Figures 9c¢, d).

3.11 Molecular docking simulation

The molecular docking analysis was carried out, and the
resulting interactions were visualized utilizing the Pymol software.
The most probable binding modes of ligand with urease were
depicted by the enzyme surface and cartoon mode. As shown in
Figures 10A-D, astilbin exhibited docking scores of -8.0 kcal/mol
for HPU and -7.6 kcal/mol for JBU. In HPU, astilbin formed
hydrogen bonds with ARG 338, MET 317, HIS 138, HIS 221,
GLY 279, and ALA 169 in the mobile flap region, and interacted
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. *p< 0.05, **p< 0.01 vs. urease;

with CYS 321, HIS 322, MET 366, and ALA 365 via hydrophobic
forces, potentially stabilizing the flap in an open conformation and
inhibiting catalytic activity. In JBU, astilbin hydrogen-bonded with
GLY 638, MET 637, MET 588, and GLN 635, and engaged in
hydrophobic interactions with HIS 593, ALA 440, ARG 609, and
ARG 639, similarly stabilizing the flap in an open state and
inhibiting enzyme activity.

Additionally, as illustrated in Figures 10E-H, engeletin
demonstrated notable affinity for urease, with binding docking
scores of -7.5 kcal/mol for HPU and -7.3 kcal/mol for JBU.
Specifically, engeletin formed hydrogen bonds with key amino
acid residues in the mobile flap region of HPU, including ARG
338, HIS 322, VAL 320, and ASN 168. Similarly, engeletin
interacted with the amino acid residues HIS 593, MET 588, MET
637, and GLN 635 of JBU through hydrogen bonding, further
highlighting its binding potential.
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4 Discussion

As a traditional Chinese medicine, SGR is recognized for its
properties in detoxification and moisture removal, as well as its
ability to dispel wind and enhance joint strength (Fu et al., 2022).
The primary constituents encompass flavonoids, phenolic, organic
acids, polysaccharides, and other related compounds (Wang et al.,

2019a). Notably, astilbin, a type of flavonoids, has significant anti-
inflammatory (Fang et al., 2024), anti-gastric cancer (Zhang et al,
2024a), anti-bacterial (Moulari et al., 2006) and analgesic effects
(Ilyas et al., 2024). Modern pharmacological studies revealed that
the clinical applications of SGR include the treatment of
rheumatoid arthritis (Wang et al., 2019b), hepatitis (Hua et al,
2018), urinary tract infections (Huang et al., 2019) and bacterial
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Frontiers in Cellular and Infection Microbiology 12

frontiersin.org


https://doi.org/10.3389/fcimb.2025.1617330
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Tang et al.

IC5=1.47 £ 0.01 mM

Residual activity (%)

N
g

2 3
Astilbin (mM)

@

1257

1C5)=5.89 + 0.01 mM

—
2 [
9,1 (=]
1 re

o
<

]
1
251 !
1
1

Residual activity (%)

S

(=]

Engelitin (mM)

FIGURE 8

10.3389/fcimb.2025.1617330

=

125+

1004

1C5=2.22 + 0.02 mM
75

Residual activity (%)

50F---------> '
)
251 !
[}
]
0 T T T T 1
0 1 2 3 4 5
Astilbin (mM)
D
1257
= 1001 1C5y=6.67 £ 0.01 mM
£ .
,E 751
@
Y
= S0f------------------S |
= 1
= 1
‘w251 |
] 1
& |
0 T T — 1
0 2 4 6 8
Engelitin (mM)

Inhibitory effect of the main active ingredients of SGR on urease. Astilbin-induced enzyme inactivation on HPU (A) and JBU (B). Inhibitory action of
engeletin towards HPU (C) and JBU (D). Data are presented as means + SEM (n = 3).

infections. Moreover, SGR has apparent anti-H. pylori and can
significantly inhibit the formation of gastric ulcer (Abaidullah et al,
2023), which is consistent with the previously reported protective
effect of SGR on gastric mucosal injury. In the present study, our
findings revealed that SGR exhibited significant growth-inhibitory
activity against the three standard H. pylori strains: ATCC 43504,
NCTC 26695, and ICDC 111001. This further underscore SGR’s
potential as an effective antimicrobial agent against H. pylori.
Nevertheless, the precise mechanism of SGR against H. pylori
remains to be clarified.

Ammonia produced through urease hydrolysis modifies the
gastric environment and neutralizes gastric acid, thereby facilitating
the growth and colonization of H. pylori in the stomach (Giizel-
Akdemir and Akdemir, 2025), resulting in host damage. Therefore,
urease produced by H. pylori exerts a crucial function in the
pathogenesis of gastric and duodenal ulcers. Currently, the
screening of urease depressors for H. pylori infection derived
from natural Chinese herbs has become as a prominent research
topic globally (Aliyeva-Schnorr et al., 2023; Zhang et al., 2024b).
Besides, urease is sourced from bacteria, fungi, algae (Righetto et al.,
2020), exhibiting monomer structure with varying subunit
compositions. Although the sources of urease are different, they
have similar amino acid sequence and active site structure. Thus,
they share a common catalytic mechanism, characterized by the
presence of Ni** and thiols groups at the active site of urease
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(Proshlyakov et al., 2021). In this study, JBU was utilized as a model
system due to its well-characterized hexametric structure and
conserved catalytic mechanism with HPU (over 50% sequence
identity in flap regions) (Follmer, 2008; Li et al., 2018). The
present proofs testified that SGR could observably inhibit the
activities of HPU and JBU in a dose-reliant pattern, suggesting
that the enzyme inhibitory activity of SGR is closely associated with
its anti-H. pylori activity while demonstrating broad-spectrum
urease inhibition capability.

JBU exists as a hexamer, with each subunit (91kDa) comprising
two Ni** and fifteen cysteine residues (Mazzei et al., 2021a). The
difference is that HPU contains only two types of subunits o (68-73
kDa) and [ (8-17 kDa). Moreover, the subunit structure of HPU is
characterized by a large, internally hollow quadruplet ((03);),)
(Kusters et al., 2006). Notably, both enzymes share conserved
nickel-containing active sites and essential cysteine residues for
flap mobility (Li et al., 2018; Lu et al., 2020), justifying JBU’s use as a
pharmacological proxy. In the present study, enzyme kinetics
analysis showed that SGR was a non-competitive depressor for
HPU and a mixed depressor for JBU, suggesting that the difference
in kinetic mechanism may be connected with the structural
differences between HPU and JBU. Nevertheless, these differences
require much deeper investigation and analysis.

The key to catalyze urease activity lies in its active center nickel
jons (Ni**) (Nim et al., 2023) and sulfhydryl (-SH) group (Kumar
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Kinetic investigation of urease inhibition by astilbin. Lineweaver-Burk plots of HPU (A) and JBU (B) were described in the non-existence and
existence of diverse astilbin dosages. (a, ¢) The inhibitory parameter Ki was gained by plotting the slopes of Lineweaver-Burk plots versus astilbin
dosages. (b, d) The inhibitory parameter Kis was gained from the plot of the intercepts of Lineweaver-Burk plots versus astilbin dosages.

and Kayastha, 2010). In this study, two types of protectors were
employed, one being thiol compounds and the other being
inorganic compounds which affect urease activity by different
mechanisms. Generally, thiols reagent, including DTT, GSH, and
L-cys, interacts with the sulthydryl groups located at the active site.
On the other hand, inorganic compounds such as NaF and BA
interact with Ni*" to inhibit the binding of the depressor to the
active site of urease. The combination of SH-blocking reagents or
competitive Ni** compounds with the depressor has been widely
used to investigate the potential urease inhibition targets of
depressors (Lu et al., 2020). For instance, He et al. (2022)
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demonstrated that coptisine can interact with Ni**, the active
center of urease, as well as with the essential sulthydryl group
within the active site, thereby inhibiting urease activity. Lu et al.
(2022) demonstrated that sanguinarine significantly inhibits HPU
activity by targeting sulthydryl and Ni**. Yu et al. (2015) reported
that patchouli alcohol inhibited urease activity through interactions
with sulthydryl groups. The findings of this study indicated that
sulfhydryl reagents including DTT and GSH exhibited effective
protective roles against HPU and JBU. In addition, compared with
SGR-induced enzyme activity, BA and NaF have synergistic
inhibitory effects on HPU and JBU. These results suggest that the
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FIGURE 10

Molecular docking analysis of astilbin and engeletin with urease. Enzyme surface and cartoon mode of the interplay between astilbin and HPU (A, B)/
JBU (C, D). Enzyme surface and cartoon representations of the interaction between engeletin and HPU (E, F)/JBU (G, H). The yellow dashed line

represents hydrogen bonding interactions.

repressive mechanism of SGR towards HPU and JBU may be
related to the blocking of sulfhydryl active sites. Nevertheless,
further investigation is required to probe the mechanisms
underlying the inhibitory roles of SGR on urease.

For further proving whether the urease inhibition by SGR is
reversible, GSH was used for the reactivation test. Results of the
curve analysis confirmed that both enzymatic activities were
reversible. Specifically, SGR-blocked HPU and JBU activity could
be reactivated by GSH. Notably, both HPU and JBU activities
demonstrated recovery to 40% of their initial levels. Restoration
of SGR-modified urease activity by sulthydryl compounds further
supports the crucial role of sulfhydryl groups at the active site in
SGR-induced urease inhibition. The results were consistent with
those reported in previous studies (Lu et al., 2022; Tan et al., 2017).
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Flavonoids were the major chemical components of SGR. In
particular, flavonoids such as astilbin, neoastilbin, isoastilbin,
neoisoastilbin, engeletin, and isoengeletin demonstrated
significant anti-inflammatory (Zhan et al., 2024) and anti-
bacterial properties (Sharma et al., 2020). The results of enzyme
activity inhibition showed that astilbin and engeletin exhibited a
certain inhibitory effect on urease activity. Consistent with urease
inhibition by SGR, astilbin exhibited a non-competitive depressor
to HPU, and a mixed depressor to JBU. Notably, this kinetic
congruence between the crude extract and its purified marker
compound (astilbin) suggests that the observed inhibition
patterns in SGR primarily reflect the combined effects of its key
flavonoid constituents, though the apparent kinetic parameters
represent composite values from all bioactive components. In
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addition, molecular docking simulation technology offers enhanced
technical support for validating the rationale behind the underlying
mechanisms. The results indicated that astilbin and engeletin form
tight hydrogen bonds and hydrophobic contacts with several amino
acid residues located on the mobile flap of HPU, fixing the helix-
turn-helix motif atop the active site pocket. This results in the
stabilization of the flap conformation in an open state and
ultimately in the inactivation of the enzyme. The docking results
further support that astilbin’s specific binding mode can dominate
the overall inhibition kinetics even in the complex SGR matrix, as
evidenced by the consistent non-competitive patterns between
purified astilbin and the whole extract. Research results indicated
that astilbin and engeletin are closely associated with the anti-urease
activity of SGR. While these findings highlight the major
contributors to SGR’s urease inhibition, we acknowledge that
minor constituents may influence the overall activity. This reflects
a characteristic pharmacological feature of herbal extracts, which
warrants further systems-level investigation in the future.

5 Conclusion

This study demonstrated significant growth inhibition of H.
pylori by SGR. Moreover, our experimental findings indicated that
SGR exerted a significant inhibitory role towards HPU and JBU in a
concentration-reliant pattern. Flavonoids including astilbin and
engeletin are the main active ingredients of SGR-induced urease
inactivation. Enzyme kinetic analysis showed that SGR was a slow
binding, non-competitive suppressant to HPU, and a slow binding,
mixed suppressant to JBU. In-depth mechanistic studies uncovered
that sulthydryl groups at the active site of urease are responsible for
the enzyme inactivation by SGR. SGR has shown significant
potential in the medical field the remedy of gastroenteric diseases
associated with H. pylori infection. In this experiment, we provide
effective scientific evidence support for the traditional Chinese
medicine SGR in the H. pylori-associated gastrointestinal diseases.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

References

Abaidullah, M., La, S., Liu, M,, Liu, B., Cui, Y., Wang, Z,, et al. (2023). Polysaccharide
from Smilax glabra Roxb mitigates intestinal mucosal damage by therapeutically
restoring the interactions between gut microbiota and innate immune functions.
Nutrients 15, 4102. doi: 10.3390/nu15194102

Aliyeva-Schnorr, L., Schuster, C., and Deising, H. B. (2023). Natural urease inhibitors
reduce the severity of disease symptoms, dependent on the lifestyle of the pathogens. J.
Fungi 9, 708. doi: 10.3390/j0f9070708

Bao, Y., Li, H,, Li, Q. Y., Li, Y., Li, F., Zhang, C. F,, et al. (2018). Therapeutic effects of
Smilax glabra and Bolbostemma paniculatum on rheumatoid arthritis using a rat paw
edema model. Biomed. Pharmacother. 108, 309-315. doi: 10.1016/j.biopha.2018.09.004

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2025.1617330

Author contributions

YT: Writing — original draft, Methodology, Investigation. FY: Data
curation, Investigation, Writing — original draft. XW: Writing - original
draft, Formal analysis, Validation. YZ: Investigation, Formal analysis,
Writing — original draft. RT: Investigation, Writing — original draft. XH:
Writing - original draft, Investigation. QL: Resources, Writing —
review & editing, Supervision, Conceptualization. CL: Funding
acquisition, Writing - review & editing, Project administration,
Supervision, Conceptualization.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was funded by
the future “science and technology elite” project (No. ZYSE-2022-
01), and the Key Project of Department of Education of Guangdong
Province (No. 2023ZDZX2076).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Cunha, E. S., Chen, X., Sanz-Gaitero, M., Mills, D. J., and Luecke, H. (2021). Cryo-
EM structure of Helicobacter pylori urease with an inhibitor in the active site at 2.0 A
resolution. Nat. Commun. 12, 230. doi: 10.1038/s41467-020-20485-6

de Martel, C., Georges, D., Bray, F., Ferlay, J., and Clifford, G. M. (2020). Global
burden of cancer attributable to infections in 2018: A worldwide incidence analysis.
Lancet Glob. Health 8, €180-€190. doi: 10.1016/52214-109X(19)30488-7

Duff, A. M,, Forrestal, P., Ikoyi, I, and Brennan, F. (2022). Assessing the long-term
impact of urease and nitrification inhibitor use on microbial community composition,
diversity and function in grassland soil. Soil Boil. Biochem. 170, 108709. doi: 10.1016/
j.s0ilbio.2022.108709

frontiersin.org


https://doi.org/10.3390/nu15194102
https://doi.org/10.3390/jof9070708
https://doi.org/10.1016/j.biopha.2018.09.004
https://doi.org/10.1038/s41467-020-20485-6
https://doi.org/10.1016/S2214-109X(19)30488-7
https://doi.org/10.1016/j.soilbio.2022.108709
https://doi.org/10.1016/j.soilbio.2022.108709
https://doi.org/10.3389/fcimb.2025.1617330
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Tang et al.

Fang, Z., Wang, G., Huang, R., Liu, C., Yushanjiang, F., Mao, T., et al. (2024). Astilbin
protects from sepsis-induced cardiac injury through the NRF2/HO-1 and TLR4/NF-xB
pathway. Phytother. Res. 38, 1044-1058. doi: 10.1002/ptr.8093

Fayad, S., Le Scanff, M., Waffo-Teguo, P., and Marchal, A. (2021). Understanding
sweetness of dry wines: First evidence of astilbin isomers in red wines and quantitation
in a one-century range of vintages. Food Chem. 352, 129293. doi: 10.1016/
j.foodchem.2021.129293

Feng, Y., Duan, T. J,, Huang, Q., Li, Z. Y., Liu, Y. P,, Luo, M. S,, et al. (2023). The
clinicopathological characteristics of gastric cancer and precancerous conditions in
gastric DLBCL and MALT lymphoma patients: A multi-center retrospective study.
Ann. Med. 55, 2193423. doi: 10.1080/07853890.2023.2193423

Follmer, C. (2008). Insights into the role and structure of plant ureases.
Phytochemistry 69, 18-28. doi: 10.1016/j.phytochem.2007.06.034

Fu, D., Zhou, J,, Xu, S, Tu, J., Cai, Y., Liu, J., et al. (2022). Smilax glabra Roxb.
flavonoids protect against pathological cardiac hypertrophy by inhibiting the Raf/
MEK/ERK pathway: In vivo and in vitro studies. J. Ethnopharmacol. 292, 115213.
doi: 10.1016/j.jep.2022.115213

Guo, Y., Mao, W,, Bai, N,, Jin, L., Tang, S., Lin, X,, et al. (2024b). Integrated network
pharmacological analysis revealed that Smilax glabra Roxb. alleviates IMQ-induced
psoriatic skin inflammation through regulating T cell immune response. J.
Ethnopharmacol. 325, 117836. doi: 10.1016/j.jep.2024.117836

Guo, M., Zeng, J., Wang, Z.,, and Shen, Y. (2024a). Advances in the chemical
constituents, pharmacological activity, and clinical application of Smilacis Glabrae
Rhizoma: A review and predictive analysis of quality markers (Q-markers). Heliyon 10,
€29557. doi: 10.1016/j.heliyon.2024.e29557

Guo, Y., Zhang, Y., Gerhard, M., Gao, J. J., Mejias-Luque, R., Zhang, L., et al. (2020).
Effect of Helicobacter pylori on gastrointestinal microbiota: A population-based study
in Linqu, a high-risk area of gastric cancer. Gut 69, 1598-1607. doi: 10.1136/gutjnl-
2019-319696

Giizel-Akdemir, O., and Akdemir, A. (2025). Urease inhibitors for the treatment of
H. pylori. Expert Opin. Ther. Pat. 35, 17-30. doi: 10.1080/13543776.2024.2423004

He, Y., Zhang, X,, Li, M., Zheng, N., Zhao, S., and Wang, J. (2022). Coptisine: A
natural plant inhibitor of ruminal bacterial urease screened by molecular docking. Sci.
Total Environ. 808, 151946. doi: 10.1016/j.scitotenv.2021.151946

Heylen, R. A, Cusick, N., White, T., Owen, E. ], Patenall, B. L., Alm, M., et al. (2024).
Rational design and in vitro testing of new urease inhibitors to prevent urinary catheter
blockage. RSC Med. Chem. 15, 3597-3608. doi: 10.1039/d4md00378k

Hua, S, Zhang, Y., Liu, J., Dong, L., Huang, J., Lin, D., et al. (2018). Ethnomedicine,
phytochemistry and pharmacology of Smilax glabra: An important traditional Chinese
medicine. Am. J. Chin. Med. 46, 261-297. doi: 10.1142/50192415X18500143

Huang, L., Deng, J., Chen, G., Zhou, M,, Liang, J., Yan, B,, et al. (2019). The anti-
hyperuricemic effect of four astilbin stereoisomers in Smilax glabra on hyperuricemic
mice. J. Ethnopharmacol. 238, 111777. doi: 10.1016/j.jep.2019.03.004

Huang, Y., Ye, Y., Xu, D, Ji, J., Sun, J., Xu, M,, et al. (2023). Structural
characterization and anti-inflammatory activity of a novel neutral polysaccharide
isolated from Smilax glabra Roxb. Int. ]. Biol. Macromol. 234, 123559. doi: 10.1016/
j.ijbiomac.2023.123559

Ilyas, S., Baek, C. Y., Manan, A., Choi, Y., Jo, H. G,, and Lee, D. J. P. (2024).
Mechanistic exploration of Smilax glabra Roxb. in osteoarthritis: Insights from network
pharmacology, molecular docking, and in vitro validation. Pharmaceuticals 17, 1285.
doi: 10.3390/ph17101285

Kanlaya, R., and Thongboonkerd, V. (2022). Persistent Escherichia coli infection in
renal tubular cells enhances calcium oxalate crystal-cell adhesion by inducing ezrin
translocation to apical membranes via Rho/ROCK pathway. Cell. Mol. Life Sci. 79, 381.
doi: 10.1007/s00018-022-04414-y

Kappaun, K., Piovesan, A. R, Carlini, C. R,, and Ligabue-Braun, R. (2018). Ureases:
Historical aspects, catalytic, and non-catalytic properties - A review. J. Adv. Res. 13, 3—
17. doi: 10.1016/j.jare.2018.05.010

Koch, M. R. A, Gong, R, Friedrich, V., Engelsberger, V., Kretschmer, L., Wanisch, A., et al.
(2023). CagA-specific gastric CD8" tissue-resident T cells control Helicobacter pylori during
the early infection phase. Gastroenterology 164, 550-566. doi: 10.1053/j.gastro.2022.12.016

Kumar, S., and Kayastha, A. M. (2010). Soybean (Glycine max) urease: Significance of
sulfhydryl groups in urea catalysis. Plant Physiol. Biochem. 48, 746-750. doi: 10.1016/
j.plaphy.2010.05.007

Kurdi, S. S., and M-Ridha, M. J. (2023). The enhancement of sand properties by the
use of plant-derived urease-induced calcium carbonate precipitation. Afr. J. Biol. Sci. 5,
23-44. doi: 10.48047/AFJBS.5.4.2023.23-44

Kusters, J. G., van Vliet, A. H., and Kuipers, E. J. (2006). Pathogenesis of Helicobacter
pylori infection. Clin. Microbiol. Rev. 19, 449-490. doi: 10.1128/CMR.00054-05

Li, C. L, Huang, P., Wong, K. B,, Xu, Y. F,, Tan, L. H,, Chen, H. B,, et al. (2018).
Coptisine-induced inhibition of Helicobacter pylori: elucidation of specific mechanisms
by probing urease active site and its maturation process. J. Enzyme Inhib. Med. Chem.
33, 1362-1375. doi: 10.1080/14756366.2018.1501044

Lu, Q, Li, C. L, and Wu, G. S. (2020). Insight into the inhibitory effects of Zanthoxylum
nitidum against Helicobacter pylori urease and jack bean urease: Kinetics and mechanism.
J. Ethnopharmacol. 249, 112419. doi: 10.1016/j.jep.2019.112419

Frontiers in Cellular and Infection Microbiology

17

10.3389/fcimb.2025.1617330

Lu, Q., Zhang, Z. S., Xu, Y. F.,, Chen, Y. ], and Li, C. L. (2022). Sanguinarine, a major
alkaloid from Zanthoxylum nitidum (Roxb.) DC., inhibits urease of Helicobacter pylori
and jack bean: Susceptibility and mechanism. J. Ethnopharmacol. 295, 115388.
doi: 10.1016/j.jep.2022.115388

Lu, C. L, Zhu, Y. F, Hu, M. M,, Wang, D. M,, Xu, X. J,, Lu, C. ], et al. (2015).
Optimization of astilbin extraction from the rhizome of Smilax glabra, and evaluation
of its anti-inflammatory effect and probable underlying mechanism in
lipopolysaccharide-induced RAW264.7 macrophages. Molecules 20, 625-644.
doi: 10.3390/molecules20010625

Matsubara, S., Shibata, H., Ishikawa, F., Yokokura, T., Takahashi, M., Sugimura, T.,
etal. (2003). Suppression of Helicobacter pylori-induced gastritis by green tea extract in
Mongolian gerbils. Biochem. Biophys. Res. Commun. 310, 715-719. doi: 10.1016/
j.bbrc.2003.09.066

Mazzei, L., Cianci, M., Benini, S., and Ciurli, S. (2019). The structure of the elusive
urease-urea complex unveils the mechanism of a paradigmatic nickel-dependent
enzyme. Angew. Chem. Int. Ed. 58, 7415-7419. doi: 10.1002/anie.201903565

Mazzei, L., Cirri, D., Cianci, M., Messori, L., and Ciurli, S. (2021a). Kinetic and
structural analysis of the inactivation of urease by mixed-ligand phosphine halide Ag(I)
complexes. J. Inorg. Biochem. 218, 111375. doi: 10.1016/j.jinorgbio.2021.111375

Mazzei, L., Contaldo, U., Musiani, F., Cianci, M., Bagnolini, G., Roberti, M., et al.
(2021b). Inhibition of urease, a Ni-enzyme: The reactivity of a key thiol with mono- and
di-substituted catechols elucidated by kinetic, structural, and theoretical studies.
Angew. Chem. Int. Ed. 60, 6029-6035. doi: 10.1002/anie.202014706

McMurray, R. L., Ball, M. E. E,, Tunney, M. M., Corcionivoschi, N., and Situ, C.
(2020). Antibacterial activity of four plant extracts extracted from traditional Chinese
medicinal plants against Listeria monocytogenes, Escherichia coli, and Salmonella
enterica subsp. enterica serovar Enteritidis. Microorganisms 8, 962. doi: 10.3390/
microorganisms8060962

Morrison, J. F., and Walsh, C. T. (1988). The behavior and significance of slow-
binding enzyme inhibitors. Adv. Enzymol. Relat. Areas Mol. Biol. 61, 201-301.
doi: 10.1002/9780470123072.ch5

Moulari, B., Pellequer, Y., Lboutounne, H., Girard, C., Chaumont, J. P., Millet, J.,
et al. (2006). Isolation and in vitro antibacterial activity of astilbin, the bioactive
flavanone from the leaves of Harungana Madagascariensis Lam. ex Poir.
(Hypericaceae). J. Ethnopharmacol. 106, 272-278. doi: 10.1016/j.jep.2006.01.008

Naz, F.,, Kanwal, Latif, M., Salar, U., Khan, K. M., Al-Rashida, M., et al. (2020). 4-
Oxycoumarinyl linked acetohydrazide Schiff bases as potent urease inhibitors. Bioorg.
Chem. 105, 104365. doi: 10.1016/j.bioorg.2020.104365

Nim, Y. S,, Fong, I. Y. H,, Deme, J., Tsang, K. L., Caesar, J., Johnson, S., et al. (2023).
Delivering a toxic metal to the active site of urease. Sci. Adv. 9, ead7790. doi: 10.1126/
sciadv.adf7790

Proshlyakov, D. A., Farrugia, M. A., Proshlyakov, Y. D., and Hausinger, R. P. (2021).
Iron-containing ureases. Coord. Chem. Rev. 448, 214190. doi: 10.1016/
j.ccr.2021.214190

Righetto, R. D., Anton, L., Adaixo, R, Jakob, R. P., Zivanov, J., Mahi, M. A, et al.
(2020). High-resolution cryo-EM structure of urease from the pathogen Yersinia
enterocolitica. Nat. Commun. 11, 5101. doi: 10.1038/s41467-020-18870-2

Ryvchin, R,, Dubinsky, V., Rabinowitz, K., Wasserberg, N., Dotan, I., and Gophna, U.
(2021). Alteration in urease-producing bacteria in the gut microbiomes of patients with
inflammatory bowel diseases. J. Crohns Colitis 15, 2066-2077. doi: 10.1093/ecco-jcc/
jjab101

Sharma, A., Gupta, S., Chauhan, S., Nair, A., and Sharma, P. (2020). Astilbin: A
promising unexplored compound with multidimensional medicinal and health
benefits. Pharmacol. Res. 158, 104894. doi: 10.1016/j.phrs.2020.104894

Shi, W., Wu, Z,, Wu, J,, Jia, M., Yang, C., Feng, J., et al. (2023). A comprehensive
quality control evaluation for standard decoction of Smilax glabra Roxb based on
HPLC-MS-UV/CAD methods combined with chemometrics analysis and network
pharmacology. Food Chem. 410, 135371. doi: 10.1016/j.foodchem.2022.135371

Svane, S., Lyngsie, M. C,, Klitgaard, J. K,, and Karring, H. (2024). Synergistic
inhibition of ureolytic activity and growth of Klebsiella pneumoniae in vitro suggests
cobinding of fluoride and acetohydroxamic acid at the urease active site and provides a
novel strategy to combat ureolytic bacteria. Heliyon 10, €31209. doi: 10.1016/
j-heliyon.2024.e31209

Taillieu, E., De Witte, C., De Schepper, H., Van Moerkercke, W., Rutten, S., Michiels,
S., et al. (2023). Clinical significance and impact of gastric non-Helicobacter pylori
Helicobacter species in gastric disease. Aliment. Pharmacol. Ther. 57, 1432-1444.
doi: 10.1111/apt.17488

Tan, L. H,, Li, C. L., Chen, H. B,, Mo, Z. Z,, Zhou, J. T, Liu, Y. H., et al. (2017).
Epiberberine, a natural protoberberine alkaloid, inhibits urease of Helicobacter pylori
and jack bean: Susceptibility and mechanism. Eur. J. Pharm. Sci. 110, 77-86.
doi: 10.1016/.¢jps.2017.02.004

Tshibangu-Kabamba, E., and Yamaoka, Y. (2021). Helicobacter pylori infection and
antibiotic resistance - from biology to clinical implications. Nat. Rev. Gastroenterol.
Hepatol. 18, 613-629. doi: 10.1038/s41575-021-00449-x

Wagenlehner, F. M. E., Bjerklund Johansen, T. E., Cai, T., Koves, B., Kranz, J., Pilatz,
A, et al. (2020). Epidemiology, definition and treatment of complicated urinary tract
infections. Nat. Rev. Urol. 17, 586-600. doi: 10.1038/s41585-020-0362-4

frontiersin.org


https://doi.org/10.1002/ptr.8093
https://doi.org/10.1016/j.foodchem.2021.129293
https://doi.org/10.1016/j.foodchem.2021.129293
https://doi.org/10.1080/07853890.2023.2193423
https://doi.org/10.1016/j.phytochem.2007.06.034
https://doi.org/10.1016/j.jep.2022.115213
https://doi.org/10.1016/j.jep.2024.117836
https://doi.org/10.1016/j.heliyon.2024.e29557
https://doi.org/10.1136/gutjnl-2019-319696
https://doi.org/10.1136/gutjnl-2019-319696
https://doi.org/10.1080/13543776.2024.2423004
https://doi.org/10.1016/j.scitotenv.2021.151946
https://doi.org/10.1039/d4md00378k
https://doi.org/10.1142/S0192415X18500143
https://doi.org/10.1016/j.jep.2019.03.004
https://doi.org/10.1016/j.ijbiomac.2023.123559
https://doi.org/10.1016/j.ijbiomac.2023.123559
https://doi.org/10.3390/ph17101285
https://doi.org/10.1007/s00018-022-04414-y
https://doi.org/10.1016/j.jare.2018.05.010
https://doi.org/10.1053/j.gastro.2022.12.016
https://doi.org/10.1016/j.plaphy.2010.05.007
https://doi.org/10.1016/j.plaphy.2010.05.007
https://doi.org/10.48047/AFJBS.5.4.2023.23-44
https://doi.org/10.1128/CMR.00054-05
https://doi.org/10.1080/14756366.2018.1501044
https://doi.org/10.1016/j.jep.2019.112419
https://doi.org/10.1016/j.jep.2022.115388
https://doi.org/10.3390/molecules20010625
https://doi.org/10.1016/j.bbrc.2003.09.066
https://doi.org/10.1016/j.bbrc.2003.09.066
https://doi.org/10.1002/anie.201903565
https://doi.org/10.1016/j.jinorgbio.2021.111375
https://doi.org/10.1002/anie.202014706
https://doi.org/10.3390/microorganisms8060962
https://doi.org/10.3390/microorganisms8060962
https://doi.org/10.1002/9780470123072.ch5
https://doi.org/10.1016/j.jep.2006.01.008
https://doi.org/10.1016/j.bioorg.2020.104365
https://doi.org/10.1126/sciadv.adf7790
https://doi.org/10.1126/sciadv.adf7790
https://doi.org/10.1016/j.ccr.2021.214190
https://doi.org/10.1016/j.ccr.2021.214190
https://doi.org/10.1038/s41467-020-18870-2
https://doi.org/10.1093/ecco-jcc/jjab101
https://doi.org/10.1093/ecco-jcc/jjab101
https://doi.org/10.1016/j.phrs.2020.104894
https://doi.org/10.1016/j.foodchem.2022.135371
https://doi.org/10.1016/j.heliyon.2024.e31209
https://doi.org/10.1016/j.heliyon.2024.e31209
https://doi.org/10.1111/apt.17488
https://doi.org/10.1016/j.ejps.2017.02.004
https://doi.org/10.1038/s41575-021-00449-x
https://doi.org/10.1038/s41585-020-0362-4
https://doi.org/10.3389/fcimb.2025.1617330
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Tang et al.

Wang, Y., Bi, C, Pang, W., Liu, Y., Yuan, Y., Zhao, H., et al. (2019b). Plasma metabolic profiling
analysis of gout party on acute gout arthritis rats based on UHPLC-Q-TOF/MS combined with
multivariate statistical analysis. Int. J. Mol. Sci. 20, 5753. doi: 10.3390/ijms20225753

Wang, S., Fang, Y., Yu, X, Guo, L., Zhang, X., and Xia, D. (2019a). The flavonoid-rich
fraction from rhizomes of Smilax glabra Roxb. ameliorates renal oxidative stress and
inflammation in uric acid nephropathy rats through promoting uric acid excretion.
Biomed. Pharmacother. 111, 162-168. doi: 10.1016/j.biopha.2018.12.050

Wang, X. L, Jiao, W. L, Lv, Z. S, Yang, S., and Chen, G. F. (1994). Preliminary
screening of Chinese herbal medicine in inhibiting Helicobacter pylori. Chin. ]. Integr.
Tradit. Western Med. 14, 534-536.

Wang, M., Yang, X. B,, Zhao, J. W,, Lu, C. J., and Zhu, W. (2017). Structural
characterization and macrophage immunomodulatory activity of a novel
polysaccharide from Smilax glabra Roxb. Carbohyd. Polym. 156, 390-402.
doi: 10.1016/j.carbpol.2016.09.033

Wu, H,, Wang, Y., Zhang, B, Li, Y. L, Ren, Z. X,, Huang, J. J., et al. (2022). Smilax
glabra Roxb.: A review of its traditional usages, phytochemical constituents,
pharmacological properties, and clinical applications. Drug Des. Dev. Ther. 16, 3621-
3643. doi: 10.2147/DDDT.S374439

Yang, W, Feng, Q., Peng, Z., and Wang, G. (2022). An overview on the synthetic
urease inhibitors with structure-activity relationship and molecular docking. Eur. J.
Med. Chem. 234, 114273. doi: 10.1016/j.ejmech.2022.114273

Frontiers in Cellular and Infection Microbiology

18

10.3389/fcimb.2025.1617330

Yu, X. D, Xie, J. H, Wang, Y. H,, Li, Y. C, Mo, Z. Z,, Zheng, Y. F,, et al. (2015).
Selective antibacterial activity of patchouli alcohol against Helicobacter pylori based on
inhibition of urease. Phytother. Res. 29, 67-72. doi: 10.1002/ptr.5227

Zambelli, B., Musiani, F., Benini, S., and Ciurli, S. (2011). Chemistry of Ni** in
urease: Sensing, trafficking, and catalysis. Acc. Chem. Res. 44, 520-530. doi: 10.1021/
ar200041k

Zhan, G. Z., Guo, X. Y., Qiu, Z. C,, Cai, L. Y., Hu, Q., Gao, Y., et al. (2024). Rapid
evaluation of the quality of Smilax glabra Roxb. using QADS based on FT-NIR
combined with multiple intelligent algorithms. Food Chem. 453, 139633.
doi: 10.1016/j.foodchem.2024.139633

Zhang, X., Wang, G., Kuang, W., Xu, L., He, Y., Zhou, L., et al. (2024b).
Discovery and evolution of berberine analogues as anti-Helicobacter pylori agents
with multi-target mechanisms. Bioorg. Chem. 151, 107628. doi: 10.1016/
j.bioorg.2024.107628

Zhang, G., Zhuang, X,, Lin, S., and Wang, Y. (2024a). Astilbin inhibits the
proliferation and induces apoptosis of gastric cancer cells (AGS) by targeting the key
inflammatory markers. Pharmacogn. Mag. 20, 1276-1285. doi: 10.1177/
09731296241264612

Zhao, X., Chen, R,, Shi, Y., Zhang, X,, Tian, C., and Xia, D. (2020). Antioxidant and
anti-inflammatory activities of six flavonoids from Smilax glabra Roxb. Molecules 25,
5295. doi: 10.3390/molecules25225295

frontiersin.org


https://doi.org/10.3390/ijms20225753
https://doi.org/10.1016/j.biopha.2018.12.050
https://doi.org/10.1016/j.carbpol.2016.09.033
https://doi.org/10.2147/DDDT.S374439
https://doi.org/10.1016/j.ejmech.2022.114273
https://doi.org/10.1002/ptr.5227
https://doi.org/10.1021/ar200041k
https://doi.org/10.1021/ar200041k
https://doi.org/10.1016/j.foodchem.2024.139633
https://doi.org/10.1016/j.bioorg.2024.107628
https://doi.org/10.1016/j.bioorg.2024.107628
https://doi.org/10.1177/09731296241264612
https://doi.org/10.1177/09731296241264612
https://doi.org/10.3390/molecules25225295
https://doi.org/10.3389/fcimb.2025.1617330
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Component characterization of Smilax glabra Roxb., and its inhibitory activity against Helicobacter pylori through targeted suppression of its secreted urease
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Preparation of herbal extract
	2.3 UPLC-MS/MS analysis
	2.4 H. pylori strains and preparation of HPU
	2.5 Minimal inhibitory concentration assay
	2.6 Standard urease activity test
	2.7 Inhibition experiment of urease activity
	2.8 Determination of inhibition type
	2.9 Analysis of reaction progress curve
	2.10 Protective assay of the SGR-inhibiting enzyme
	2.10.1 Impact of thiol compounds on SGR inhibition of urease
	2.10.2 Impact of inorganic compounds on SGR inhibition of urease

	2.11 SGR-thiol-urease interplay assay
	2.11.1 Effect of incubating time towards urease vitality
	2.11.2 Impact of adding order towards urease activity

	2.12 Reactivation of depressor-inactivated urease
	2.13 Molecular docking analysis
	2.14 Statistical analysis

	3 Results
	3.1 UPLC-ESI-MS/MS analysis
	3.2 MIC of SGR against H. pylori
	3.3 SGR-inhibition urease activity
	3.4 SGR-inhibitive type analysis
	3.5 Reactive progress curves
	3.6 Protective test of the SGR-depressing enzyme
	3.7 SGR-thiol-urease interplay assay
	3.8 Reactivation of SGR-inactivated urease
	3.9 Enzyme inhibitory effect of the main active ingredients of SGR
	3.10 Inhibition type analysis of astilbin on urease
	3.11 Molecular docking simulation

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


