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Abstract: A major strategy to combat implant-associated infections is to develop implant coatings
with intrinsic antibacterial activity. Since hydroxyapatite (HAp) coatings and antibiotic administration
are commonly used in clinical settings, developing HAp-coated implants with localized antibiotic-
releasing properties has attracted popularity. Considering the antibacterial metal species (Ag, Zn,
Cu, etc.) in metal–organic frameworks and their drug delivery capacity, in this study, a gentamicin-
loaded zeolitic imidazolate framework-8 nanolayer was deposited on a plasma-sprayed HAp coating
(HAp/ZIF-8@Gent), which served as a Gent and Zn2+ reservoir. The investigation on the binding
interaction between ZIF-8 and HAp indicated that the growth of ZIF-8 was through a Zn2+ seed
layer on the HAp coating via an adsorption–replacement mechanism, instead of simple physical
adsorption. The HAp/ZIF-8@Gent coating exhibited a sustained drug-release property, and the
cumulative concentration of released Gent reached 239.8 ± 7.1 µg/mL on day 8. Compared to
the HAp-Zn and HAp/ZIF-8 coatings, the HAp/ZIF-8@Gent coating exhibited significantly higher
antibacterial activity against E. coli. This was ascribed to the combined antibacterial effects of Zn2+ and
Gent. The cytocompatibility of the HAp/ZIF-8@Gent coating was confirmed via cell proliferation.
Above all, the ZIF-8-modified HAp coating with localized delivery of Gent and Zn2+ possessed
excellent antibacterial activity and acceptable cytocompatibility, showing potential in mitigating
implant-associated infections.

Keywords: hydroxyapatite; gentamicin; ZIF-8; Zn2+; antibacterial activity

1. Introduction

Titanium (Ti) and its alloys have found extensive applications as metallic bone im-
plants [1], attributed to their remarkable mechanical properties and biocompatibility [2–4].
In order to enhance the fixation of Ti-based implants to bone, hydroxyapatite (HAp)
coatings are fabricated on the implant surfaces in clinical settings as HAp constitutes the
inorganic composition of natural bone [5–8]. Although HAp-coated implants have achieved
successful applications in the past several decades, implant-associated infections (IAIs)
which result from bacterial adhesion and biofilm formation seriously impair clinical out-
comes of implants [9–11]. Nowadays, IAIs are considered to be one of the most prevalent
and intricate hurdles in orthopedic [12]. In order to combat IAIs, current medical tech-
niques mainly involve systemic antibiotic treatments [13]. However, higher-concentration
antibiotics must be administered to maintain sufficient drug concentration at the lesion site.
In the past, the antibacterial use of hydroxyapatite doped with transition metal elements
(Ag, Zn, Cu, etc.) has been widely studied [14–16]. However, in order to improve its bio-
compatibility, it will inevitably lead to a decrease in antibacterial activity. To mitigate these
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challenges, developing HAp-coated implants with localized antibiotic-releasing properties
has attracted popularity.

Metal–organic frameworks (MOFs), considering their high surface area and tunable
composition, exhibit a range of potential applications in drug delivery and catalysis sup-
port [17–19]. As a member of the MOF family, zeolitic imidazolate framework-8 (ZIF-8),
comprising Zn2+ ions and 2-methylimidazole ligands, possesses a crystalline topology
similar to that of zeolites [17,20,21]. A recent work by Taheri and colleagues demonstrated
that the released Zn2+ from the degradation of ZIF-8 endowed ZIF-8 with antibacterial ac-
tivity. ZIF-8 has a higher degradation rate in phosphate buffer saline, resulting in stronger
antibacterial activity even than antimicrobial agent ZnO [20]. The remarkable thermal
stability and biodegradability of ZIF-8 endow it with potential in drug delivery [18]. For
instance, ZIF-8 nanoparticles can serve as a carrier for various antibacterial and antitumor
agents, enhancing drug loading capacity and extending drug release duration [19,22,23].
However, it is worth noting that previous studies have predominantly focused on the
research of ZIF-8 nanoparticles. The utilization of ZIF-8 as a drug carrier on orthopedic
implants remains unexplored. Due to the metal ion adsorption properties of ZIF-8 and
HAp, previous studies have combined ZIF-8 with HAp particles as an absorbent in the
removal of metallic pollutants in waste water [24,25]. The surface of HAp is saturated with
negatively charged PO4

3−, which is able to absorb metal cations (Zn2+, Pb2+, Cd2+ etc.)
through an adsorption–replacement mechanism [26–28]. Thus, the introduction of a Zn2+

seed layer on HAp can facilitate the nucleation and in situ growth of ZIF-8 crystal.
In this study, ZIF-8 nanolayer was deposited on a plasma-sprayed HAp coating

(HAp/ZIF-8) via a facile “one-pot” method. The binding interaction between ZIF-8 and
HAp was investigated via XRD, Raman, and XPS analysis. A gentamicin-loaded HAp/ZIF-
8 (HAp/ZIF-8@Gent) coating was employed to investigate the combined antibacterial
effects of Zn2+ and Gent against E. coli. The ZIF-8 modified, Zn2+-absorbed, and pure HAp
coatings served as controls. The cytocompatibility of the HAp/ZIF-8@Gent coating was
evaluated by measuring osteoblastic cell proliferation.

2. Materials and Methods
2.1. Coating Preparation

Utilizing the vacuum plasma spraying system (F4-VB, Sulzer Metco, Winterthur,
Switzerland), a hydroxyapatite (HAp, CAM Bioceramics, Leiden, Netherlands) coating was
prepared on a Ti-6Al-4V substrate (Ø10 mm × 2 mm, Shenyang Zhonghang Titanium Co.,
Shenyang, China) [29]. Initially, 0.7435 g of Zn (NO3)2 ·6H2O (99.99%, Sinopharm Chemical
Reagent Co., Shanghai, China) was dissolved in 50 mL of deionized water, yielding solution
A. Subsequently, the plasma-sprayed HAp coating was immersed in solution A and stirred
magnetically for 30 min, resulting in the formation of an HAp-Zn coating. Following
this, 0.4105 g of 2-methylimidazole (≥98%, Titan Technology Co., Ltd., Shanghai, China)
was dissolved in 50 mL of deionized water to obtain solution B. Solution B was then
slowly introduced into solution A, and under ambient conditions, the mixture was stirred
for 4 h, giving rise to the precursor coating. To facilitate the secondary growth of ZIF-8
on the coating surface, the precursor coating underwent immersion in a mixed solution
comprising deionized water, Zn (NO3)2 6H2O, and 2-methylimidazole for a duration of
4 h. Following this immersion, the coating was rinsed multiple times with pure water and
dried. Consequently, the HAp/ZIF-8 coating was successfully obtained.

The procedures for fabricating the HAp/ZIF-8@Gent coating closely parallel those for
the HAp/ZIF-8 coating, with the exception of a slight modification to solution B during the
preparation. Specifically, gentamicin sulfate (Gent, Titan Technology Co., Ltd., Shanghai,
China) was introduced into the 2-methylimidazole solution at a concentration of 5 mg/mL.

2.2. Surface Characterization

Employing the grazing incidence diffraction mode of an X-ray diffractometer (XRD,
D8 Discover Davinci, Bruker Corporation, Rheinstetten, Germany), the characterization
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analysis of the phase composition of the coating was conducted. Furthermore, the analysis
of the organic chemical components on the surface of the coating was performed using
the in situ laser Raman spectrometer (Raman, in Via, Renishaw, United Kingdom), and
the Fourier infrared spectrometer (FTIR, Spotlight400, PerkinElmer Corporation, Waltham,
MA, USA) The surface morphological features of the coating were examined using a field
emission scanning electron Microscope (FE-SEM, Magellan 400, FEI Corporation, Hillsboro,
OR, USA), along with energy spectrum analysis. Additionally, the component analysis
of the coating’s surface was carried out through X-ray photoelectron spectroscopy (XPS,
Escalab 250Xi, Thermo Fisher Scientific, Waltham, MA, USA).

2.3. Establishment of the Calibration Curve

The characterization of Gent solution at various concentrations (10–150 µg/mL) in
phosphate buffer solution was performed using a UV–Visible spectrophotometer (UV–Vis,
UV-4100, Metashi, Shanghai, China). The wavelength, λmax, corresponding to the highest
peak was selected, and the function relating the absorbance intensity to the concentration
of Gent was recorded. Subsequently, a standard curve was generated from these data and
utilized for subsequent experiments. Each experiment was conducted thrice, yielding an
average value and standard deviation.

2.4. In Vitro Drug Release

The linear relationship was established as a standard curve between absorbance
(A) and Gent concentration (C) at the maximum peak-absorption wave length (256 nm).
To assess the temporal evolution of gentamicin (Gent) release from HAp/ZIF-8@Gent
coatings, the coatings were immersed in 4 mL of PBS buffer solution (pH 7.4) and incubated
at 37 ◦C in a constant-temperature chamber. At specific time intervals, 1 mL of PBS sample
was extracted to ascertain the release kinetics, with an equivalent volume of fresh PBS
replenished after each sampling. Sample collection was conducted at 30 min, 1 h, 2 h,
4 h, 8 h, 24 h, 48 h, 5 days, and 8 days, followed by Gent release calculations based on a
standard curve.

2.5. In Vitro Antibacterial Testing

The antibacterial efficacy of four types of coatings, namely, HAp, HAp-Zn, HAp/ZIF-
8, and HAp/ZIF-8@Gent, was evaluated using the agar diffusion method. The samples
were grouped and placed in disposable glass dishes, undergoing dual-sided ultraviolet
sterilization for 30 min as preparation. Sterile PBS solution was employed to dilute E. coli
bacterial suspension to a concentration of 105 CFU/mL. Subsequently, 100 µL of the diluted
suspension was evenly spread onto LB culture medium (Haibo Biotechnology, Qingdao,
China). Post-sterilization, the coated samples were individually positioned onto the culture
medium, lightly pressed with sterile forceps to ensure optimal contact between the samples
and the medium. The petri dishes were then placed in a constant-temperature incubator
set at 37 ◦C for 24 h. Upon completion of the incubation, the dishes were retrieved and
subjected to photography using a standard camera, with the measurement and recording
of the sizes of the inhibition zones.

The antibacterial efficacy of the four coatings was evaluated using the plate counting
method. E. coli bacterial suspensions were diluted to a concentration of 105 CFU/mL in LB
liquid culture medium. Subsequently, 20 µL of the diluted bacterial suspension was added
to the surface of each sample. The samples were then placed in a constant-temperature
incubator set at 37 ◦C for static cultivation of 24 h. Then, 980 µL PBS was used to wash
a sample. The bacterial suspension was subjected to ten-fold dilution using PBS, and
100 µL of the diluted suspension was uniformly spread onto LB solid culture medium.
Subsequently, the Petri dishes were positioned in a constant-temperature incubator set at
37 ◦C for 18 h. The dishes were retrieved for photography, and the bacterial colony counts
were recorded.

The antibacterial efficacy (%) can be calculated using the following formula:
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Antibacterial Efficacy (%) = (1 − Experimental Group Bacterial Concentration/Control
Group Bacterial Concentration) × 100%.

2.6. Cell Culture

The murine pre-osteoblastic cell line MC3T3-E1 (purchased from the Cell Bank of
the Chinese Academy of Sciences) was cultured in α-MEM (Hyclone, Logan, UT, USA)
supplemented with 10% fetal bovine serum (Wisent, Nanjing, China). The cells were
cultured in a CO2 incubator at 37 ◦C with medium replacement every two days.

2.7. Cell Proliferation Assay

The proliferative behavior of MC3T3-E1 cells on the surfaces of the four coating
materials was assessed using the CCK-8 kit (Tongren institute of chemistry, Kyushu Island,
Japan). Each aseptic material was placed carefully in a 48-well cell culture plate. Well-
growing MC3T3-E1 cells were collected and digested, and the cell suspension concentration
was adjusted. A volume of 100 µL of cell suspension (containing 104 cells/mL) was seeded
onto the surface of each material in the wells and allowed to sit for 3–4 h, with a normal
control group established. After the cells adhered to the sample, we added culture medium.
The cells were cultured in a CO2 incubator at 37 ◦C for 1, 4, and 7 days. After the incubation
period, the culture medium was discarded from each well. Subsequently, 1 mL of fresh
culture medium and 0.1 mL of CCK-8 solution were added to each well. The cells were
further incubated at 37 ◦C in a 5% CO2 cell culture incubator for an additional 2–3 h.
Carefully, the solution from each well was aspirated and transferred to a 96-well plate.
The optical density (OD) values of each well were measured at 450 nm using a microplate
(Multiskan Spectrum, Thermo Fisher Scientific, Waltham, MA, USA) reader.

2.8. Statistical Analysis

The data are presented as the mean ± standard deviation (SD) from three paral-
lel experiments. Statistical analysis was conducted using GraphPad Prism 8.0 software,
employing one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test
for pairwise comparisons. Significance levels are denoted by * (p < 0.05), ** (p < 0.01),
and *** (p < 0.001).

3. Results
3.1. Coating Characterization

Figure 1A shows the SEM images of as-prepared HAp, HAp/ZIF-8, and HAp/ZIF-
8@Gent coatings. The surface of the HAp coating exhibited typical microstructure features
of plasma-sprayed coating, which was built up of molten and semi-molten droplets. Com-
pared to the HAp coating surface, the successful growth of nanoparticles was observed on
the surfaces of both HAp/ZIF-8 and HAp/ZIF-8@Gent coatings. As shown in Figure 1B,
in addition to Ca, P, and O elements, the presence of Zn and C elements was observed in
HAp/ZIF-8. The percentage content of each element in the coating is shown in Table 1.
These findings affirm the successful loading of ZIF-8 nanoparticles onto the surface of
hydroxyapatite (HAp).

Table 1. The percentage of each element content in HAp/ZIF-8 coating.

Element Weight% Atomic%

Ca 19.06 9.31
P 13.75 8.69
O 48.03 58.73
Zn 5.97 1.79
C 13.19 21.49
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Figure 1. (A) SEM images of HAp, HAp/ZIF-8, and HAp/ZIF-8@Gent coatings. (B) Elemental
distribution maps of the HAp/ZIF-8 coating surface.

The XRD patterns of the HAp, HAp/ZIF-8, and HAp/ZIF-8@Gent coatings are illus-
trated in Figure 2A. The distinctive peaks of HAp were observed for the three coatings.
Specifically, the diffraction peaks at 2θ = 25.8◦, 31.7◦, 32.8◦, 34.0◦, and 39.7◦ correspond to
the (002), (211), (300), (202), and (130) crystal planes of hydroxyapatite (PDF#74-566), re-
spectively. The incorporation of ZIF-8 or ZIF-8@Gent did not induce significant alterations
in the crystalline structure of the underlying hydroxyapatite (HAp).

Further FTIR analysis was conducted, as shown in Figure 2B. In the spectrum of Gent,
it can be observed that the bands at 1640 cm−1 and 1532 cm−1 were N-H shear vibration
absorption bands [30,31]. Moreover, a distinct absorption band was evident in the range of
900 to 1300 cm−1, corresponding to the stretching vibrations of C-N and C-O groups [32].
Compared to HAp, HAp/ZIF-8 exhibited increased peak intensity in the wavenumber
range of 900 to 1300 cm−1, which was ascribed to the stretching vibrations of C-N groups
of ZIF-8 [33,34]. Meanwhile, the FTIR spectrum of the HAp/ZIF-8@Gent coating exhibited
a notable augmentation in both the intensity and width of the absorption peaks within
the wavenumber range of 900 to 1300 cm−1 and 525 to 630 cm−1, indicating the successful
loading of Gent within the coating.
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3.2. Binding Interactions between ZIF-8 and HAp

To investigate the binding mode between ZIF-8 nanoparticles and HAp coating, a
Zn2+-absorbed HAp (HAp-Zn) coating was prepared. The XRD patterns of the HAp-Zn
and HAp coatings are shown in Figure 3A. The diffraction peak intensity of HAp-Zn was
slightly reduced compared to that of HAp. This phenomenon may be attributed to the
exchange of Zn2+ with Ca2+ in HAp, thereby influencing the atomic positions or atomic
density within the crystal lattice [35]. Interestingly, after loading with Zn2+, the diffraction
peak of the (211) crystal plane in HAp-Zn shifted to a higher 2θ value (Figure 3B). Moreover,
the unit cell parameters of HAp-Zn were found to decrease compared to those of HAp
(Table 2). This phenomenon arose from the ion exchange of Ca2+ by Zn2+, considering the
smaller ionic radius of Zn2+ (0.74 Å) than that of Ca2+ (0.99 Å) [36,37]. The Raman spectra
of the HAp and HAp-Zn coatings are shown in Figure 3C. The peak at 961 cm−1 for the
HAp coating corresponded to the symmetric stretching vibrations of P-O in PO4

3− [38]. In
contrast, the peak intensity in the HAp-Zn coating was decreased and the width of the peak
was broadened. These indicated that Zn2+ occupied the HAp lattice through ion exchange
reactions. XPS spectra of HAp and HAp-Zn coatings were also analyzed to investigate
the interaction between Zn2+ and HAp (Figure 3D). In the spectrum of HAp-Zn, peaks
corresponding to the Zn 2p orbitals were detected at 1022.1 eV and 1045 eV. Moreover,
there was a slight shift and weakening of Ca and P peaks in HAp-Zn compared to HAp.

Table 2. Unit cell parameters of HAp and HAp-Zn.

Sample
Unit Cell Parameters (Å)

a c

HAp (PDF#74-566) 9.424 6.879
HAp 9.419 6.896

HAp-Zn 9.377 6.895

HAp has excellent metal ion adsorption properties [6,36], and its adsorption mech-
anisms include (i) a dissolution–precipitation mechanism, which means that HAp first
dissolves phosphate and then combines with metal ions; and (ii) an adsorption–replacement
mechanism, whereby metal ions are first adsorbed on the surface of hydroxyapatite and
then replace Ca2+. Based on the above results, it is suggested that HAp-Zn predominantly
involved an adsorption–replacement mechanism, further facilitating the heteronucleation
of ZIF-8 crystals on the surface of HAp.
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3.3. Drug Release Behavior of HAp/ZIF-8@Gent Coatings

As depicted in Figure 4A, the cumulative release rate of Gent in HAp/ZIF-8@Gent
coatings gradually increased with the soaking time. In the initial 4 h, the total content of
drug release reached 38.5%. The initial burst-released drug was mainly from the adsorbed
drug on the HAp surface. Subsequently, the drug release rate markedly decelerated. This
was probably because the ZIF-8 nanolayer, as a drug carrier, allowed for the sustained
release of Gent. The drug release extended to 8 days. This might fulfill the antibacte-
rial requirement for orthopedic implants in clinical settings that antibiotic release within
1–2 weeks can effectively prevent bacterial infection.

The cumulatively released Gent concentration is shown in Figure 4B. The drug con-
centration achieved 92.3 µg/mL within 4 h and reached equilibrium on the eighth day with
a maximal value of 239.8 ± 7.1 µg/mL. The released Gent concentration in our study fell
within the range of effective antibacterial concentration as reported previously. In the work
by Zhang et al. [39], Gent was covalently grafted into the sodium alginate layer on the Ti
implant surface, which also reached a concentration of approximately 87 µg/mL within
4 h. The coated Ti implant exhibited an in vitro and in vivo anti-infection ability. Nishtha
Gaur et al. [40] utilized cold atmospheric plasma (CAP) to trigger the release of Gent from
sodium polyacrylate particles in a hydrogel matrix. By activating using CAP for 2 min,
the released concentration of Gent reached 65 µg/mL, which could effectively eradicate
bacteria both in the planktonic state and within biofilms.
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3.4. In Vitro Antibacterial Activity

The in vitro antibacterial efficacy of the coatings against Gram-negative E. coli was
assessed through the classical plate count method and the disc diffusion assay. The results of
bacterial colony counting are shown in Figure 5A. For the HAp coating, a significant number
of colonies was observed. In contrast, HAp-Zn and HAp/ZIF-8 coatings significantly
inhibited the formation of colonies with HAp/ZIF-8 showing greater effect. Moreover,
there were almost no colonies for the HAp/ZIF-8@Gent coating. The antibacterial efficiency
of the HAp-Zn, HAp/ZIF-8, and HAp/ZIF-8@Gent coatings was 38.65%, 81.16%, and
99.99%, respectively.

Zn constitutes a pivotal trace element within the human body, exerting significant roles
in immune regulation, prevention of cellular apoptosis, and bone metabolism [41]. Accord-
ing to antecedent research reports, elevated concentrations of Zn2+ manifest outstanding
antibacterial and anti-inflammatory characteristics [41–43]. The principal antibacterial
mechanisms include disruption of intracellular homeostasis, augmentation of bacterial
membrane permeability, and bacterial polysaccharide synthesis [41,44]. The antibacte-
rial effect of the HAp-Zn coating was mainly ascribed to the released Zn2+. In contrast,
the HAp/ZIF-8 coating with higher Zn2+ release exhibited higher antibacterial efficiency
than the HAp-Zn coating. With the combined antibacterial effects of Zn2+ and Gent,
the HAp/ZIF-8@Gent coating possessed the highest antibacterial efficiency. Gent is an
aminoglycoside broad-spectrum antibiotic widely employed in the treatment of severe
infections [45,46]. Its primary mode of action involves electrostatic binding with nega-
tively charged phospholipid head groups, thereby impeding bacterial protein synthesis.
Subsequently, Gent forms non-specific complexes by binding with specific ribosomal pro-
teins, inducing the formation of non-specific complexes, consequently leading to mRNA
misreading [46,47].

The results of the antibacterial zone experiment are presented in Figure 5B. It was
clear that a noticeable antibacterial zone was observed around the HAp/ZIF-8@Gent
coating, while no antibacterial zone was observed for the HAp, HAp-Zn, and HAp/ZIF-8
coatings. These outcomes may be attributed to the close adherence of the coating to the
surface of the culture medium during testing, thereby suppressing the leaching of Zn2+ and
consequently hindering its antibacterial efficacy. In contrast, the surface of the HAp/ZIF-
8@Gent specimens featured water-soluble Gent, facilitating the dissolution of Gent and
thus enabling an efficacious antibacterial effect.
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3.5. Cytocompatibility of the Coatings

MC3T3-E1 cells were cultured on the surfaces of HAp, HAp-Zn, HAp/ZIF-8, and
HAp/ZIF-8@Gent coatings for 1, 4, and 7 days, and the results of cell proliferation activity
are shown in Figure 6. Observation reveals a continual proliferation of osteoblasts on the
surfaces of all samples over the entire culture period. However, the HAp-Zn, HAp/ZIF-8,
and HAp/ZIF-8@Gent coatings showed lower levels of cell proliferation than the HAp
coating. The inhibitory effect on cell proliferation was the most pronounced on day 4 but
was relieved on day 7. Considering that the HAp/ZIF-8@Gent coating showed a lower level
of cell proliferation than the HAp/ZIF-8 coating, this indicated that the inhibitory effect
was ascribed to the released Zn2+ and Gent from the coating surface [48]. Upon surpassing
the zinc tolerance threshold in biological cells, cytotoxic responses are triggered [49].
Literature reviews have explored that within the concentration range of 1 to 100 µM, Zn2+

demonstrates effective antibacterial properties without inducing cytotoxic effects [50]. It
was worth mentioning that the relative cellular viability of the HAp, HAp-Zn, HAp/ZIF-8,
and HAp/ZIF-8@Gent coatings surpassed 70% that of the control. In accordance with ISO
10993.5 standards [51], cellular viability exceeding 70% [in comparison to the control group
(cells inoculated in culture wells)] is deemed indicative of non-cytotoxicity. Pursuant to
said standards, HAp, HAp-Zn, HAp/ZIF-8, and HAp/ZIF-8@Gent demonstrated non-
cytotoxicity at 1 day, 4 days, and 7 days. This indicated that the HAp, HAp-Zn, HAp/ZIF-8,
and HAp/ZIF-8@Gent coatings exhibited acceptable cytocompatibility.
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In our study, the incorporation of Gent into the ZIF-8 deposited on the coating surface
can further augment the antibacterial efficacy of the composite coating. The synergistic
antibacterial effects between ZIF-8 nanoparticles and Gent prove efficacious in eradicating
Gram-negative bacteria. The aforementioned outcomes underscore that HAp/ZIF-8@Gent
not only exhibits outstanding antibacterial prowess but also demonstrates commendable
biocompatibility.

4. Conclusions

In this study, we employed a facial “one-pot” approach to synthesize a ZIF-8 nanolayer
on a HAp coating surface, which served as Gent and Zn2+ reservoir. The binding interaction
between ZIF-8 and HAp involved an adsorption–replacement mechanism, whereby Zn2+

ions were first adsorbed on the HAp surface and then replaced Ca2+ ions in HAp. The
HAp/ZIF-8@Gent coating displayed a sustained drug-release property, and the released
Gent concentration within 8 days fell in the range of effective antibacterial concentration
as reported previously. Furthermore, the HAp/ZIF-8@Gent coating exhibited a higher
antibacterial effect than the HAp-Zn and HAp/ZIF-8 coatings, showing 99.99% antibac-
terial efficiency against E. coli. The results of osteoblastic cell proliferation confirmed the
cytocompatibility of the HAp/ZIF-8@Gent coating. The ZIF-8@Gent coating, with excellent
antibacterial activity and acceptable cytocompatibility, offers a promising new approach to
mitigating implant-associated infections.
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