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ABSTRACT

In recent decades, due to the spread of various diseases that have
endangered human health, as well as due to inefficiency and less
effectiveness and side effects of existing drugs and treatments, special
attention has been paid to new treatments. One of these methods is the use
of drug carriers. To this end, in this study, the ZIF-8 NPs were synthesized.
These nanoparticles were characterized by FT-IR, TGA, SEM, BET, Zeta
Potential, and UV-visspectroscopy. After synthesis, cefazolin drug was loaded
on these nanoparticles. The drug loading amount was 12.54%. Then drug
release in phosphate buffer with pH=7.4 was investigated. The release rate
was 82.61%, which is excellent. These outcomes demonstrated that ZIF-8

nanoparticles have good potential for the controlled release of cefazolin.
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INTRODUCTION

There has been significant progress in the medicinal industry in the bygone few decades. With the greatening
number of illnesses, different novel drugs and various drug delivery procedures have been found 1 However, the
remedial effect of drugs has to be reduced strongly due to their poor solvability, speedy release, short circulation,
and nonselective bio dispensation [2- Nanomedicine is significantly searching to better the effect of therapeutic
factors. Drug delivery systems remarkably smoothed this way through the typical method for the encapsulation of
medicinal agents, memorize them versus degradation and control the drug release process [ With progress in the
field of nanomedicine - Many nanoscale carriers have appeared over the past decade for drug delivery, cell, and
tissue imaging [5 Lately, nanoparticles with functionalized carbon family networks such as graphene, graphene
oxide, carbon nanotubes, carbon dots, and fullerenes have demonstrated considerable promise for cancer
targeting and drug delivery in special chemotherapy treatments [6.7 The dimension and surface attributes of
magnetic nanoparticles converted them suitable candidates for the manufacture of functional nanostructures. By
modifying magnetic nanoparticles with biocompatible materials, products became closer one step to medical and
pharmaceutical applications such as diagnostics and drug delivery systems [8- Notwithstanding all the advantages
of extending nanomaterials, there are yet some substantial subjects stayed that should be attended to avoid
affecting living organisms in detrimental ways [°! If wide tries are made for extending nanotechnology and its
betterment, it is possible to make the world a safer place for living (10 Lately, metal-organic frameworks (MOFs)
have been extensively utilized as new drug carriers the cause of the tunable pore size, significant pore volume,
great specific surface area, and very typical crystalline porous network specification 1112 Between the MOFs,
Zeolitic Imidazolate Frameworks (ZIFs) have attracted very consideration, for their various applications for instance,
gas storage, chemical separation, catalysis, sensing, and drug delivery, owing to their excellent porosity, rigid
structure, high surface area, good biocompatibility, and particular chemical and thermal stabilities [13.14- Between
ZIFs, ZIF-8 was exclusively promising for the usage as a drug carrier because ZIF-8 was a biocompatible and
nontoxic MOF made from metal zinc ions with an organic ligand 2-methylimidazole (1516l Zeolitic imidazolate
framework-8 can be utilized to build pH-responsive drug delivery systems [11- Yang, et al. synthesized folate-
targeted zinc-based nano MOFs through post-synthetic modification and investigated their efficiency as a targeted
drug carrier in vitro. In the drug loading examination, the MOFs functionalized with folate rapidly adsorbed up to 24
wt% 5-fluorouracil. The percentage of drug release was 49% at 24 h [171- Wang, et al. showed two Zn (Il)-based MOFs
with extra negative charges that have been utilized as drug carriers of 5-fluorouracil. The loading of the 5-
fluorouracil drug into MOFs was around 0.22 g/g and 0.38 g/g (18 Mocniak, et al. illustrate methods for the loading
cisplatin drug, and a Pt (IV) cisplatin pro drug into two MOF, UiO66 and UiO66- NH2. The EDX analysis shows that
the cisplatin loading is 4.7 wt% in UiO66 and 4.9 wt% in UiO66-NH2. UiO66 releases 22.73 ug of cisplatin per mg of
nanoparticle in the first 24 h, and UiO66-NH: releases 5.88 ug of cisplatin per mg of nanoparticle 19l Vasconcelos,
et al. investigated the loading of the doxorubicin into the ZIF-8. They showed that doxorubicin is loaded into ZIF-8 to
amount 0.049 g/g1. The percentage of doxorubicin release was obtained 66% during 30 days 201 Chowdhuri, et al.
have successfully designed and built core-shell up conversion nanoscale MOFs. The doxorubicin drug is loaded into
NMOFs to amount 1.42 g/g1, and showed pH-responsive drug release [21- Nadizadeh, et al. extended a
mechanically new in situ drug loading method into Cu-NMOFs. Ibuprofen-loaded NMOFs were synthesized via ball-
milling at room temperature in 2 h. The percentage of loading for ibuprofen in two MOFs was characterized by
about 50.54% and 50.27%. Entire of the loaded drug was released in 1 day 22
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Although much research has been done on the controlled release of drugs, due to the importance and practicality
of this issue in treating various diseases, more research is still needed in this area. Therefore, in this study, we
examined the effect of zeta potential of nanoparticles on drug loading amount. These cases have been less studied
before. In this study, ZIF-8 nanoparticles as carriers for loading and controlled release of cefazolin were
investigated. The ZIF-8 NPs were synthesized in methanol solvent at room temperature. These nanoparticles were
characterized by FT-IR, TGA, SEM, BET, Zeta Potential, and UV-visspectroscopy. After synthesis, cefazolin drug was
loaded on these nanoparticles. The drug loading amount was 12.54%. Then drug release in phosphate buffer with
pH=7.4 was investigated. The release rate was 82.61%, which is excellent. These outcomes demonstrated that ZIF-

8 NPs have good potential for the controlled release of cefazolin.

MATERIALS AND METHODS

Synthesis of ZIF-8 nanoparticles

One solution was prepared by adding 0.1466 g of Zn (NO3)2.6H20 to 10 ml of methanol and stirring for 20 min on
the stirrer, and the second solution was prepared by adding 0.3244 g of 2-methylimidazole to 10 ml of methanol
and stirred on the stirrer for 20 min, Zinc nitrate solution was then added to the 2-methylimidazole solution. The
mixture was slightly milky, and then stirred for one hour the stirrer. Then Synthesis solution was centrifuged at
10,000 rpm for 10 min. The synthesized nanoparticles were washed twice with 5 ml of methanol, and finally, the
synthesized zeolitic imidazolate framework-8 NPs were dried in an oven at 40°C through 48 h (23]

Cefazolin loading method in ZIF-8 nanoparticles

Cefazolin solution was prepared with 5 ml of deionized water with pH=5 at a concentration of 100 ppm, and 0.01 g
of nanoparticles were added to this solution. The solution was put in an ultrasonic bath for 2 min, and then the
solution for 24 h was stirred on a stirrer, then the solution was centrifuged at 10,000 rpm for 10 min.

Method of investigating the release of cefazolin loaded in ZIF-8 nanoparticles

To investigate the release of cefazolin, ZIF-8 nanoparticles loaded with cefazolin were added to 20 ml of phosphate
buffer with pH= 7.4. This solution was put inside the incubator at a speed of 120 rpm at a temperature of 37°C. At
certain intervals, the solution was removed from the incubator, and after centrifugation of the solution, the

absorption amount of cefazolin released was obtained by a spectrophotometer.

RESULTS AND DISCUSSION

FT-IR analysis

The formation of ZIF-8 and cefazolin@ZIF-8 were approved by FT-IR analysis (Figure 1).The band in the spectral
section of 3000-2500 cm-1could have pertained to N-H, C-H and O-H stretching vibrations of hydroxyl, methyl and
amine groups on zeolitic imidazolate framework-8 nanoparticles [24- In the FT-IR spectrum of ZIF-8 nanoparticles,
the bands observed on 3135 and 2928 cm* corresponding to aromatic C-H stretching and aliphatic C-H stretching
of imidazole, respectively [25261The peak at 1584 cm can be allocated as the C=N stretch mode, particularly [27-
Whereas the strong and writhed bands at 1500-1350 cm! are related with the all loop stretching 28 The bands in
the spectral area of 1350-900 cm are for the in-plane bending of the loop, while those under 800 cm are
allocated as out-of-plane bending 291 The peak is seen in 1382 cm™ corresponds to the all loop stretching. The
peaks are seen in 690 and 760 cm were related to aromatic sp2 C-H bending [l The absorption band at 420 cm-1
was related to the Zn-N stretching [30 Evaluating the spectra obtained for the cefazolin@ZIF-8 with ZIF-8, it was
RRDD| Volume 6 | Issue 3 |August, 2022
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recognized that the spectra for the two samples demonstrated similarities very much. However, in the sample of

cefazolin@ZIF-8, the sharpness and intensity of the peaks were incremented (Figure 1) [1]:

Cefuzolin@ZIF-8

Transmittance (%)
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Figure 1. FTIR spectra of ZIF-8 and cefazolin@ZIF-8.
Thermal analysis

To investigate the mass changes in the ZIF-8 NPs and cefazolin@ZIF-8 by applying heat, a TGA analysis was
performed, and the results of this analysis are shown in Figure 2. According to the ZIF-8 TGA curve, the curve
consists of two parts. In the first part, which is up to about 278.3°C, a minimaldecrease in mass of 7.25 % occurred.
It turns out that this is the stage of loss of sample moisture and the disappearance of soluble methanol molecules
from cavities and other components of the nanoparticle surface [31- In the second part of the curve, which is up to
about 700.8°C, the mass decreased by 69.70%, which is related to the destruction of the organic molecules of 2-
methylimidazole 32 As the TGA curve of amoxicillin @ZIF-8 is very similar to that of ZIF-8, it shows that the thermal

stability of ZIF-8 is not affected by the entry of drug molecules (Figure 2) [1]:
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Figure 2. TGA curves of the ZIF-8 and cefazolin@ZIF-8 NPs. Note: (—) ZIF-8; (—) Cefazolin@ZIF-8
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Surface morphology

SEM analysis was performed to evaluate the morphology of the surface and size of the ZIF-8 nanoparticles and
cefazolin@ZIF-8. Based on these images, it is observed that the particle size is below 100 nm. The SEM images of
ZIF-8 and cefazolin@ZIF-8 (Figure 3A and 3B) show the relative particle size 40 nm and 54 nm, respectively.
Therefore, it is observed that with the adsorption of cefazolin in nanoparticles, the size of nanoparticles has

increased.
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Figure 3. SEM analysis. A. SEM image of ZIF-8 NPs; B. SEM image of cefazolin@ZIF-8 NPs.

BET analysis

BET analyses were made to specify the porosity and surface area of cefazolin@ZIF-8 and ZIF-8. Nitrogen adsorption-
desorption isotherms of ZIF-8 NPs and cefazolin@ZIF-8 NPs and pore size distribution are shown in Figures 4 and
5.The decrease in pore volume and BET surface area of cefazolin@ZIF-8 (0.3119 cm3 g1/663.93 m2 g1), as
compared to ZIF-8 (0.6687 cm3 g1/1437.5 m2 g1) confirmed the loading of cefazolinin ZIF-8 nanoparticles (Figures
4 and 5).
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Figure 4. Nitrogen adsorption-desorption isotherms of ZIF-8 NPs and cefazolin@ZIF-8 NPs. Note: (—e—) ZIF-8
Adsorption; (—e—) ZIF-8 Desorption; ( —e—) Cefazolin@ZIF-8 Adsorption; ( ) Cefazolin@ZIF-8 Desorption
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Figure 5. Pore size distribution curves of ZIF-8 NPs and cefazolin@ZIF-8 NPs. Note: (—¢—) ZIF-8; (—*—)
Cefazolin@ZIF-8

Zeta potential analysis

In order to obtain the isoelectric point of the synthesized ZIF-8 NPs, zeta potential analysis was taken from these
nanoparticles (Figure 6). To obtain this analysis, up to 6 solutions of synthesized nanoparticles were prepared in
phosphate buffers with pH 2.5, 3.5, 5, 7, 9, and 10. The zeta potential of these six solutions was measured.
Investigation of the effect of zeta potential on drug loading

According to the results obtained from the zeta potential analysis of nanoparticles, the isoelectric point of
nanoparticles is between pH 2.5 and 3.5. On the other hand, pKa of the drug cefazolin is 3.6. So these two values
are very close to each other. Hence, the surface charge of the nanoparticles and the drug is the same, and this
reduces the drug loading. However, considering these conditions, the amount of drug loading obtained is

reasonable and good (Figure 6).
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Figure 6. Zeta potential curve of ZIF-8 NPs.
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Drug release study

Using the absorption data obtained from the spectrophotometer, the cefazolin drug's release curve was obtained in
phosphate buffer with a pH=7.4, as shown in Figure 7. The drug loading percentage is 12.54%, which indicates that
the loading rate of cefazolin in nanoparticles is excellent. The total concentration of the released cefazolin drug is
10.36 ppm, which is released within six h. Of the 12.54 ppm loaded drug, 10.36 ppm has been released. In other
words, 82.61% of the loaded cefazolin drug has been released. Therefore, it is observed that ZIF-8 nanoparticles

showed an excellent loading, and release rate for cefazolin (Figure 7).
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Figure 7. Cefazolin release profile from cefazolin@ZIF-8 in a phosphate buffer solution with a pH=7.4.

Investigation of drug release kinetics models

In this section, to investigate the release kinetics of cefazolin from ZIF-8 nanoparticles, zero-order, first-order,
Higuchi, Korsmeyer-Peppas, and Hixson-Crowell models were investigated. The data obtained for drug release were
fitted with these models. The results of these fits are given in Table 1. According to these results, it is observed that
the correlation coefficient (R2) of the fit of these models is higher for the first-order model than other models, so the
drug release kinetics among these five models is closer to the first-order model (Table 1) (33

Table 1. Results of fitting of cefazolin release kinetic models.

R2 Parameter Model

0.6413 | KO=4.4186 Zero order

0.9872 | K1=11.4171 First order

0.8287 | KH=5.6340 Higuchi

0.9294 | KKP=7.22 n=0.30 Korsmeyer-Peppas

0.5677 | KHC=1.7387 Hixson-Crowell
CONCLUSION

In recent decades, on the one hand, due to the occurrence of various diseases, which have endangered human
health, and on the other hand, the side effects of existing drugs, much attention has been paid to the issue of drug
carriers and controlled release of drugs. In this study, the loading and controlled releases of cefazolin drug by ZIF-8
nanoparticles were investigated. ZIF-8 nanoparticles were synthesized at room temperature and in a methanol
solvent. Cefazolin was successfully loaded into ZIF-8 nanoparticles after synthesis nanoparticles. Therefore,

cefazolin@ZIF-8 nanoparticles were created. The ZIF-8 nanoparticles and cefazolin@ZIF-8 nanoparticles have been
RRDD| Volume 6 | Issue 3 |August, 2022
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characterized with diverse characterization tools. The loading of cefazolin drug was corroborated by diverse
analyses of FTIR, BET, and so on. Thermal analysis showed that, loading of cefazolin into ZIF-8 did not affect its
thermal stability. The percentage of cefazolin loading in ZIF-8 nanoparticles was 12.54%, which is a high value in
drug loading. The percentage of cefazolin release in phosphate buffer with pH=7.4, during six h, was obtained
82.61%. The percentage of drug release is high and excellent. The outcomes of this study show that ZIF-8
nanoparticles demonstrated excellent behavior in loading and releasing cefazolin and, therefore, can be very
promising carriers in this case.
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