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Facile and single-step entrapment of
chloramphenicol in ZIF-8 and evaluation of its
performance in killing infectious bacteria with
high loading content and controlled release of the
drug†

Sajjad Soltani and Kamran Akhbari *

Mutations in infectious bacteria and reduced drug efficacy have forced researchers to test new systems

that combine carriers and drugs to improve performance. Here, CLN@ZIF-8 nanoparticles were

synthesized by simple single-step entrapment of chloramphenicol (CLN) in zeolitic imidazolate framework-

8 (ZIF-8). Chloramphenicol is a widely used antibiotic and ZIF-8 is a MOF (metal–organic framework) with

proven good properties as a carrier. In this route, a high drug loading content (DLC) of 32.58 ± 2.65% and

a drug loading efficiency (DLE) of 56.80 ± 6.68% were obtained. In a new and practical approach, drug

release was evaluated under conditions similar to infectious environments containing higher

concentrations of H2O2 and controlled release was achieved. Phosphate buffer played a decisive role in

the destruction of the structure and release of the drug. The antibacterial activity was also measured by

viable cell count assay and the results showed that CLN@ZIF-8 had a favorable efficacy in a short time. The

structure of the compounds was also characterized using a variety of instrumental techniques.

1. Introduction

Biomedicine is being developed and updated along with other
sciences and with the development of nanotechnology.1,2 In
the field of using drugs to treat diseases, conventional
methods are not able to respond fully, and the search for new
advanced technologies is vital. Drugs may lose their
effectiveness by direct administration for reasons such as low
solubility, instability and metabolism. On the other hand,
burst and premature release of drugs can lead to side effects
such as damage to healthy cells.3–5 In order to overcome these
problems, smart drug delivery has been considered for several
years. Targeted systems can lead to controlled drug delivery,
drug protection, good distribution, biodegradation and
improved drug bioavailability.6–9 Polymeric nanoparticles,10

lipids,11 mesoporous silica12 and MOFs13 are among the new
drug carriers. MOFs are crystalline compounds that result
from arrays of metal segments (clusters/ions) attached to
organic linkers (multi-dentate ligands) and because of their
inherent properties are promising candidates for use in the

medicine, environment and energy fields.14–17 Permanent
porosity, excellent available surface area, adjustable pore size
and high thermal/mechanical/chemical stability make MOFs
more attractive materials than other carriers.17–19 After the
pioneering work of Férey et al. on the use of the MIL-MOF
family,20 various MOFs have been introduced for drug
delivery.21 ZIF-8 (zeolitic imidazolate framework-8) is one of
the most well-known MOFs that was first synthesized by
Huang et al.22 and has been widely used in biomaterials
applications such as imaging,23 membranes,24 sensing,25

biocatalysts26 and cargo delivery.27–30 ZIF-8 with the Zn(2-
MeIm)2 formula has a zeolite-like topology that is synthesized
from zinc ions and 2-methylimidazole ligands.31 ZIF-8 has
been an excellent nanocarrier for cargoes such as proteins,27

enzymes28 and a variety of drugs29,32,33 due to its unique
properties. Its high surface area and 11.8 Å pore size allow a
satisfactory amount of active material to be loaded into ZIF-8,
and unlike many MOFs, its 3.4 Å pore size aperture
minimizes explosive release.32,34 The fact that both
components of ZIF-8 are biological components is the cause
of its low toxicity and biocompatibility.35,36 Chloramphenicol
(CLN) is an amphenicol antibiotic extracted from Streptomyces
venezuelae in 1947 and has been used clinically at short
intervals. CLN has high antibacterial power and is effective
against a variety of infectious microorganisms, so it is used to
treat and prevent various infectious diseases in humans and
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animals.37–39 This drug with high lipophilicity shows a high
ability to penetrate into body tissues.40,41 CLN is mainly used
topically and is available in commercial forms such as eye
drops, gels, and ointments to treat eye, ear and skin
infections. Factors that have led to the popularity of CLN are
that this antibacterial agent is still effective against
multidrug-resistant bacteria and has a low cost.37,38,42 Due to
the fact that a high dose of CLN has side effects,43 efforts
have been made to solve this problem.44 The most crucial
solution was to obtain new formulations. In this regard,
different research groups have loaded, complexed or
composited CLN with various organic and inorganic materials
such as transition metals,45 silica,46 hydroxyapatite,44

polylactide-co-glycolide,41 collagen sponges,47 gelatin48 and
chitosan.39 The purpose of the above-mentioned studies was
to increase the efficiency and, generally, targeted drug release.
In smart drug delivery, the goal is to achieve the gradual
collapse of a carrier and slow release of the drug with the
help of external stimuli. It is desirable to use the intrinsic
properties of damaged sites, where, in the case of cancer cells,
the acidic microenvironment inside them is used to achieve
this purpose.29,32,33 Recently, H2O2-sensitive drug delivery
systems based on MOFs have also been considered.49–52

Bacterial infections have also been shown to produce high
levels of H2O2.

52,53 Inspired by this finding, the controlled
release of 3-azido-D-alanine from MIL-100 (Fe) MOF has been
reported in an infectious microenvironment dependent on
the concentration of H2O2. The resulting structure at
infectious concentrations (50 μM) exhibited rapid drug release
due to structural degradation.52 Herein, in light of the above,
we investigated the potential of ZIF-8 in the single-step
entrapment of chloramphenicol and its release behavior in
H2O2 under conditions similar to infectious environments.
Also, the antibacterial activity of the product was evaluated by
viable cell count method.

2. Materials and methods
2.1. Materials

Chloramphenicol was donated by Jaber Ebne Hayyan
Pharmaceutical Company, Tehran, Iran. The reagents
required for the synthesis, including 2-methylimidazole
(2-MeIm) (Sigma-Aldrich), Zn(NO3)2·6H2O (Merck), and
triethylamine (TEA) (Merck) were of analytical grade.
Phosphate-buffered saline (PBS) and Tris buffer were
purchased from Merck Company and DNAbiotech Company,
respectively. Hydrogen peroxide was provided by drm-chem
Company, Iran. All materials were used as received.

2.2. Characterization

Fourier transformed infrared (FT-IR) spectra were acquired
with a Bruker (Tensor 27) spectrometer by scanning from 500
to 4000 cm−1. X-ray diffraction (XRD) analysis was conducted
on a D8 Advance diffractometer (Bruker, Germany) using a
Cu-Kα source (λ = 1.542 Å). Flat plate diffraction data were
collected in the 2θ range of 5–80°. The thermal behaviors of

the samples were evaluated using an SDT Q600 V20.9 Build
20 thermal gravimetric analyzer (TGA) instrument in Ar flow,
from 40 to 1000 °C with a heating rate of 10 °C min−1. The
surface images and energy-dispersive X-ray spectra of the
samples were obtained with a TESCAN MIRA3 scanning
electron microscope (SEM). The electric charge was
determined with a HORIBA SZ-100 Z zeta potential analyzer.
UV-visible absorption measurements were taken on a
Rayleigh spectrophotometer in the range of 200–400 nm.
Nitrogen adsorption and desorption measurements were
carried out at 77 K using a Micromeritics ASAP 2020 analyzer.

2.3. Synthesis of CLN@ZIF-8

Synthesis and entrapment of CLN in ZIF-8 was done in 4
entries. In the synthesis of entry 4, a solution of
Zn(NO3)2·6H2O (0.20 g in 4.5 mL H2O) was added to a
mixture solutions of 2-methylimidazole ligand (0.3312 g in 5
mL H2O + 0.2 mL TEA) and CLN (0.125 g in 5.5 mL H2O).
After stirring the solution for 90 s, the precipitate was
separated from the solution by centrifugation at 7000 rpm
for 10 min, washed twice with water and separated again by
centrifugation. Finally, the Falcon tube containing the
product was dried overnight at 30 °C in a vacuum oven.

2.4. Drug capacity of CLN@ZIF-8

The capacity of ZIF-8 for entrapment of CLN was measured
with DLC and DLE, which are as follows:

Drug loading content (DLC) %
= (weight of incorporated CLN)/(weight of CLN@ZIF-8) × 100

Drug loading efficiency (DLE) %
= (weight of incorporated CLN)/(total weight of CLN) × 100

To release the entire amount of the drug, after adding 0.2 mL
of 2 M hydrochloric acid to 0.010 g of CLN@ZIF-8, the
solution was diluted to 100 mL to complete the dissolution
of the sample. Absorption of the clear solution at the
characteristic absorption peak of CLN at 276 nm was
recorded with the UV-vis spectrophotometer. Concentrations
were determined using a CLN calibration curve (Fig. S1 in
the ESI†).

2.5. Release of CLN

Drug release was tested in triplicate by immersing 10 mg of
the sample in vials filled with 80 mL phosphate-buffered
saline (PBS) solutions containing 0.5 μM and 50 μM H2O2.
Sampling of the vials during shaking was performed by
removing a 2.5 mL aliquot at a scheduled time and quickly
replenishing it with the same fresh PBS solution. During the
study, the temperature was kept at 37 °C with continuous
shaking. The concentration of the released drug was obtained
by using the recorded absorption of the drug in solution
using the UV-vis spectrophotometer at 276 nm with the aid
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of the calibration curve of CLN. As control, the release was
also performed in Tris buffer.

2.6. Antibacterial activity

The antibacterial activity of CLN@ZIF-8, ZIF-8, and CLN
was measured by viable cell count method similar to our
previous studies.54 The performance of the compounds was
tested on Escherichia coli (ATCC 25922) and Staphylococcus
aureus (ATCC-6538) bacteria. First, bacteria solutions at a
concentration of 1×105 CFU mL−1 were prepared by
inoculating them in sterile Mueller Hinton broth medium.
Then, according to DLC, CLN@ZIF-8, ZIF-8, and CLN
solutions were prepared. Erlenmeyer flasks containing the
solutions were incubated at 37 °C at 100 rpm. The
solutions were sampled at 30 min, 6 h, and 24 h and
cultured on plates containing sterile trypticase soy agar
medium, and the plates were incubated at 37 °C for 24 h.
The results were recorded as the percentage reduction in
viable colonies.

3. Results and discussion

The synthesis of CLN@ZIF-8, which was accompanied by in
situ entrapment of CLN into ZIF-8, was performed according
to Fig. 1. In this regard, 4 entries were tested with the aim of
achieving an optimal state between the DLC and DLE
indicators (Table 1). In entry 1, 0.025 g of CLN along with the
other conditions mentioned in Table 1 led to a DLC = 4.71%
and DLE = 57.69%. Increasing the amount of the drug to
0.125 g and reducing the mixing time to 5 min gave a DLC =
31.77% and DLE = 48.92%. DLC = 32.19% and DLE = 30.48%
were obtained in entry 3 by doubling the amount of CLN and
reducing the mixing time to 1.5 min. The values obtained for
the two indicators indicate that doubling the drug amount is
not a desirable action. Therefore, 0.125 g of the drug was
selected as the optimal amount. In entry 4, with 0.125 g of
the drug and a mixing time of 1.5 min, DLC = 35.65% and
DLE = 64.04% were obtained, which were optimal states. The

results also showed that reducing the stirring time to 1.5 min
did not have an adverse effect on performance. Triplicate
testing of the last entry resulted in a final DLC = 32.58 ±
2.65% and DLE = 56.80 ± 6.68%. To confirm that the ligand
does not affect the results for loading and release, different
concentrations of 2-MeIm were examined using UV-vis
spectrophotometer (Fig. S2 in the ESI†). It is known that the
ligand has a maximum absorption at 205 nm, and its
absorption range does not interfere with that of the drug.

3.1. IR spectroscopy

IR spectroscopy was applied to identify the presence of the
drug and the type of interactions with the MOF through the
characteristic absorption bands. The infrared spectra of CLN,
ZIF-8 and CLN@ZIF-8 are available in Fig. 2. The CLN and
ZIF-8 spectra are consistent with previously reported
cases.45,55 In the CLN spectrum, the band at 1680 cm−1 is
associated with the CO bond in the amide functional
group.56,57 The bands at 1518 cm−1 and 1345 cm−1 are
assigned to the nitro functional group's asymmetric and
symmetric stretching vibrations, respectively.45,58 Stretching
vibrations specific to the CC bonds in the aromatic ring
can be detected with the band at 1563 cm−1.45,56 The
absorption in the 608 cm−1 region can also be attributed to
C–Cl stretching.48 For ZIF-8, the bands of C–H aromatic and
C–H aliphatic vibrations are observed at 3134 cm−1 and 2929
cm−1, respectively.55,59 The absorption peaks at 1585, 1419,
and 1309 cm−1 belong to the CN, CC, and C–N stretching
vibrations in the imidazole ring, respectively.55,59 The signals
in the ranges of 940–1200 cm−1 and 650–800 cm−1 are also
related to the in-plane and out-of-plane bending modes of
2-MeIm ligand, respectively.59,60 In the case of CLN@ZIF-8,
the spectrum shows that bands related to CLN and ZIF-8 are
present simultaneously, indicating that ZIF-8 is synthesized,
and the drug is fixed. However, some shift in the CO band
of the drug can be detected towards a lower wavenumber,
which results from its interaction with zinc ions (CO⋯Zn)
in the ZIF-8 structure.

3.2. X-ray powder diffraction (XRPD) and SEM-EDS study

In order to confirm the formation of the ZIF-8 structure, XRPD
analysis was performed. The XRPD patterns of ZIF-8, CLN and
CLN@ZIF-8 are shown in Fig. 3. The position of characteristic
diffraction peaks in 2-theta values of 7.3, 10.4, 12.7, 16.5, and
18.1 is in accordance with the pattern of original ZIF-8
samples.22,61 The conformance between the diffraction patterns
of ZIF-8 and CLN@ZIF-8 confirms the formation of the sodalite
structure of ZIF-8 in CLN@ZIF-8. The lack of a specific
diffraction pattern reveals the amorphous nature of the drug.
The absence of the amorphous diffraction pattern of the drug
in the final pattern indicates the encapsulation of the main
parts of drug molecules in the pores.32,62

The microstructure and components of CLN@ZIF-8 were
studied using SEM-EDS. As can be seen in Fig. 4, CLN@ZIF-8
has a relatively uniform composition of quasi-cubic particles

Fig. 1 Schematic of the in situ single-step synthesis method of
CLN@ZIF-8.
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with smooth edges. The synthesis method of CLN@ZIF-8 has
produced particles with different morphologies compared to
the conventional rhombic dodecahedra reported in other
studies.63 The chemical composition of the sample was
examined by EDS analysis (Fig. S3 in the ESI†). The presence
of chlorine as a distinct element of the drug along with other
structural elements is another confirmation of the successful
loading of the drug.

3.3. Thermal responses

The responses of ZIF-8 and CLN@ZIF-8 to heat were
investigated by the TGA technique. The thermal graphs of the
samples are presented in Fig. 5. Four weight loss steps are
observed for ZIF-8. In the first stage, the water content of the
structure in cavities or on the surface is separated in the
temperature range of 25–100 °C, and then in the second
stage, the free adsorbed ligands are removed at a
temperature of 175–255 °C. Immediately in the third stage,
which is accompanied by a noticeable weight loss up to 300
°C, the structure is decomposed, which in the fourth stage
leads to gradual carbonization to high temperatures. In
CLN@ZIF-8, the presence of the drug altered the thermal
response and led to the overlap of the CLN and ZIF-8 weight
loss stages. The interval between the two curves also confirms
the entrapment of the drug.63,64 In the CLN@ZIF-8 curve,
after removal of the adsorbed molecules, the structure is
disintegrated from 160 °C, which occurs at a lower
temperature than the ZIF-8 disintegration. Earlier

Table 1 Entries and their details in the synthesis of CLN@ZIF-8

Entry Zn(NO3)2·6H2O in H2O (g mL−1) 2-MeIm in H2O (g mL−1) CLN in H2O (g mL−1) Stirring time (min) TEA (mL) DLC (%) DLE (%)

1 0.4/3.5 0.6624/6 0.025/3.5 60 0.4 4.71 57.69
2 0.2/3.5 0.3312/5 0.125/5.5 5 0.4 31.77 48.92
3 0.2/3.5 0.3312/5 0.25/6 1.5 0.2 32.19 30.48
4 0.2/4.5 0.3312/5 0.125/5.5 1.5 0.2 35.65 64.04

Fig. 2 Infrared spectra of CLN, ZIF-8 and CLN@ZIF-8.

Fig. 3 XRPD patterns of ZIF-8, CLN and CLN@ZIF-8. Fig. 5 Thermal graphs of ZIF-8, CLN and CLN@ZIF-8.

Fig. 4 SEM images of CLN@ZIF-8 in a) bulk and b) magnified form.
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degradation arises from the melting of 2-MeIm at 145 °C and
CLN at 153 °C.65 Encapsulation of some ligands with the
drug occurs during rapid synthesis of ZIF-8, as previously
reported.66,67 In fact, the weight loss that started at 160 °C is
a combination of the drug and ligand evaporation and then
the beginning of the destruction of the ZIF-8 network. The
delay recorded in the melting of the drug can also be
attributed to its entrapment in ZIF-8 pores, which protect the
molecules from heat.68 The simultaneous presence of ligands
and drugs and their gradual release, which also interfered
with the destruction of the structure, has caused the
boundary between the temperature stages to be not well
defined, and even the amount of the loaded drug cannot be
accurately obtained with this analysis.

3.4. Drug location

In the first attempt to find out the location of the drug, zeta
potential (ZP) analysis was performed. As demonstrated in
Fig. 6, the drug-free ZIF-8 has a ZP of 11.0 mV in the positive
charge range, while in the case of CLN@ZIF-8 and CLN, the
values are 10.1 mV and 12.3 mV in the negative charge range,
respectively. The proximity of the absolute zeta potential of
these two compounds to that of ZIF-8 indicates that some of
the drug molecules are adsorbed on the surface. The change
in surface charge is evidence of the entrapping of drug
particles in the ZIF-8 framework.69,70 According to the
measurement made with Mercury software, CLN has a
maximum dimension of about 7.2 Å (Fig. S4 in the ESI†),
which can be easily placed in pores with a size of 11.8 Å
during the synthesis of ZIF-8. The opposite charge between
the drug and ZIF-8 makes them prone to electrostatic
interaction.33,71 A higher intensity value of the ZP of
CLN@ZIF-8 compared to that of ZIF-8 indicates its higher
dispersion and better cellular uptake.33 As a complementary
measure, N2 adsorption and desorption analysis was
performed (Fig. S5 in the ESI†), and BET surface areas of 863

and 191 m2 g−1 and total pore volumes of 0.45 and 0.11 cm3 g−1

for ZIF-8 and CLN@ZIF-8 were obtained, respectively. The
reduction in surface area and pore volume in CLN@ZIF-8 reflects
the occupation of pores by drug molecules. As mentioned earlier,
rapid synthesis and entrapment of some ligands result in lower
values than those synthesized by the solvothermal method.61,72

However, it should be noted that the solvothermal method for the
synthesis of ZIF-8 is time-consuming, requires solvents such as
DMF, and is costly. By summarizing the results of the two analyses
and referring to the TGA and XRPD analysis results, it can be
inferred that the main part of the drug molecules are established
within the ZIF-8 pores.

3.5. In vitro H2O2-sensitive release

As mentioned earlier, most reported studies have evaluated
stimulant-sensitive release under acidic and cancer-like
conditions,32,33,62 while the specific release behavior from
drug carriers in environments similar to infectious cells
needs to be specifically addressed. Therefore, we first decided
to monitor drug release from CLN@ZIF-8 in PBS dependent
on the concentration of H2O2 under simulated conditions,
with an infectious environment and a normal environment
containing 50 μM and 0.5 μM H2O2, respectively. The
cumulative release curves are shown in Fig. 7. As can be seen
in the curves, the release is directly related to the H2O2

concentration, and with increasing concentration, the
released amount increases. Regardless of the released
amount, the trend of the curves is the same in all three cases.
At first, the release was accompanied by a higher slope up to
6 h, and with a lower slope, the maximum release rate was
reached within 12 h, which then continued with a slight
decrease up to 24 h. This release behavior indicates that
CLN@ZIF-8 can be considered as a system with gradual drug
release for up to around 24 h. The difference between the
maximum release rates in the two environments is about
10%, which indicates that the drug is released more in
infected cells, but it cannot be denied that drug uptake

Fig. 6 Zeta potentials of ZIF-8, CLN and CLN@ZIF-8. Fig. 7 The cumulative release curves of CLN from CLN@ZIF-8 in PBS.
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occurs in healthy tissues and relative selectivity has occurred.
It has already been reported that the type of buffer used can
effectively destroy the structure.73–75 For this reason, the
release of CLN@ZIF-8 in the Tris buffer was also evaluated
(Fig. S6 in the ESI†). As is known, the release was still
dependent on the H2O2 concentration, but it had a lower
release rate compared to PBS, so at a concentration of 50 μM,
100% release was reached after 72 h. These results are
consistent with the results of a previous report where more
degradation occurs in PBS than in Tris buffer.75 The
difference in the behavior of the two buffers arises from their
contents, and in the case of ZIF-8 in PBS, it has been proven
that phosphate anions have a strong affinity for the zinc
metal, ligand replacement, and the formation of zinc
phosphate components.30,73,75 Therefore, it can be
understood that in CLN@ZIF-8, the destruction of the
structure and release of the drug were due to the
simultaneous effects of PBS and H2O2, among which the role
of the buffer was predominant. For H2O2, just as the
protonation of a ligand in acidic media causes the collapse of
MOF structures,76 the gradual degradation of the ZIF-8
structure can be due to the oxidizing properties of H2O2

molecules. The slow release of the drug indicates that the
drug is entrapped and adsorbed via weak CO⋯Zn
coordination bonds in CLN@ZIF-8. This result confirms the
data obtained from FT-IR, XRPD, TGA and ZP analyses.

3.6. Antibacterial study

The activity of the antibacterial compounds was evaluated
using viable cell count assay. In this method, the
effectiveness of the compounds in contact with bacteria over
time is determined from the reduction in the number of
viable cells of bacteria. Images of the plates showing the
viable colonies (Fig. S7 in the ESI†) and the results are
summarized in Table 2. It is obvious that all the compounds
have bactericidal potential, and their effectiveness increases
with time, so most of the antibacterial activity has occurred
in 6 h. The antibacterial function is consistent with the drug
release curve in which a significant amount of the drug is
released within 6 h and is either maintained or improved for

up to 24 h. For CLN@ZIF-8, colony reductions of 99% and
40% for E. coli and S. aureus occurred in 30 min, respectively,
and within 6 h, the percentage of reduction for both bacteria
reached more than 99.9%. This indicates that CLN@ZIF-8
has favorable antibacterial activity in a short time. It is
important to note that CLN@ZIF-8 has always been more
potent than both CLN and ZIF-8 agents, especially in the
early hours. In fact, the simultaneous presence of CLN and
ZIF-8 has led to synergistic power in CLN@ZIF-8. The process
of reducing the number of colonies indicates that the drug
has little activity in 30 min, even less than that for ZIF-8, but
over time and upon controlled release, CLN has helped to
improve the antibacterial activity. ZIF-8's antibacterial activity
is also noteworthy, and perhaps the effect seen in CLN@ZIF-
8 in the early hours can be attributed to it. ZIF-8's
antibacterial activity has also been reported in a previous
report.77 Continuity in ZIF-8 antibacterial activity indicates its
significant contribution to the obtained results at all times.

4. Conclusion

In this work, single-step synthesis of CLN@ZIF-8 was
performed using chloramphenicol trapping during ZIF-8
synthesis. The characterization techniques such as FT-IR,
XPRD, EDS, TGA, ZP analysis and N2 adsorption and
desorption confirmed the successful synthesis and
encapsulation of the drug in the pores of the ZIF-8
framework. Measurements by UV-vis spectrophotometry
showed significant DLC and DLE values of 32.58 ± 2.65% and
56.80 ± 6.68%, respectively. Cumulative drug release was
investigated in H2O2-containing phosphate buffer and Tris
buffer. It was found that CLN@ZIF-8 had a relatively selective
release under conditions similar to infectious environments
with high concentrations of H2O2 (50 μM), which was
controlled and gradual. However, phosphate groups caused
PBS to have a dominant effect on the degradation and release
of the drug. Evaluation of antibacterial activity by viable cell
count method revealed that CLN@ZIF-8 has a greater effect
compared to CLN and ZIF-8, and in a short time within 6 h,
can neutralize both Gram-negative and Gram-positive
bacteria. According to the results, it can be concluded that in
CLN@ZIF-8, ZIF-8 is able to be a suitable carrier for CLN,
which improved the release and access to the drug and
resulted in a more favorable antibacterial activity.
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Table 2 Percentage of viable cells of S. aureus and E. coli over time

Sample

Reduction of S. aureus (%)

30 min 6 h 24 h

ZIF-8 ∼40 90 95
CLN 10 >99 >99
CLN@ZIF-8 ∼40 >99.9 >99.9
Blank 0 0 0

Sample

Reduction of E. coli (%)

30 min 6 h 24 h

ZIF-8 10 90 >99.9
CLN 20 >99 >99
CLN@ZIF-8 99 >99.9 >99.9
Blank 0 0 0
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