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A B S T R A C T   

Zn(II)-ZMT material development based on natural zeolite mordenite type (ZMT) as a drug carrier for ibuprofen 
has been explored and assessed. The ion exchange method was carried out to prepare Zn(II)-ZMT material. XRD, 
FTIR, and FESEM-EDS were used to characterize the physico-chemical characteristics of all materials. The per-
formance of Zn(II)-ZMT as a drug delivery agent for ibuprofen was also evaluated using drug loading-release, 
zeta potential measurement, and cytotoxicity testing. Six kinetic models (including the zero-order, first-order, 
Peppas-Sahlin, Higuchi, Hixson-Crowell, and Korsmeyer-Peppas models) were utilized to simulate the drug 
release process. Meanwhile, a microtetrazolium (MTT) assay was used to analyze the material’s cytotoxicity. The 
Zn(II)-ZMT material has a drug loading content (DLC) of 90.37 % and an efficiency entrapment content (EEC) of 
54.22 %, according to drug loading. The drug releases kinetic modeling of Ibuprofen from Zn(II)-ZMT followed 
the Hixson-Crowell model. This material exhibits good biocompatibility based on a cytotoxicity test using the 
MTT assay. Ibu@Zn(II)-ZMT has a zeta potential of − 61.55 mV ± 0.1 mV. These findings suggest that the 
material in the dispersion system has a high degree of stability, indicating that it will not flocculate or coagulate 
in the body. Furthermore, Zn(II)-ZMT is an inorganic substance that has the potential to be employed as a 
medication delivery material in the future.   

Introduction 

Cancer is a disease in which cells lose control of their development 
and cause aberrant cell proliferation in certain body areas. This 
abnormal cell development can harm other bodily tissues near cancer 
through blood veins and lymph vessels. It can move to other body parts 
distant from its origin (metastasis). The spread of cancer cells to healthy 
tissues in different body organs might harm them, impairing their ability 
to function [7]. Treating cancer in the body as soon as possible is critical 
to prevent aberrant cells from multiplying. Cancer mortality remains 

high despite advances in understanding cancer’s molecular basis, 
detection, and therapy. Surgery, radiation treatment, chemotherapy, 
hormone therapy, and immunotherapy have solved this condition [4]. 

Cancer drugs are usually packaged in a concave shape so that drugs 
often leak before reaching the cancer target and cause cancer therapy to 
be not optimal [17]. As a result, cancer therapy necessitates using a 
carrier material that can regulate medication release, often known as a 
drug delivery system. A medication delivery system distributes phar-
maceuticals directly to target tissues to produce a therapeutic impact 
without affecting other tissues [29]. Today, drug delivery 
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nanotechnology has developed with more efficient and specific results. 
One of these developments is porous inorganic materials in medicinal 
substances or compounds. Researchers have succeeded in synthesizing 
porous inorganic drug delivery materials in recent years. One of them is 
the synthesis of mesoporous silica SBA-15. This material was synthe-
sized using a triblock copolymer mold, Pluronic P123, and tetraethyl 
orthosilicate (TEOS) as a source of silica [47]. Inorganic materials have 
water-insoluble qualities, excellent physico-chemical stability, and are 
leak-proof, medication release can be precisely regulated by using them. 
Mesoporous silica (MSN) nanoparticles, carbon nanomaterials, and gold 
nanoparticles are inorganic materials with physicochemical stability for 
drug delivery agents [17]. However, modifying inorganic nanomaterials 
is quite tricky, and expensive reagents for synthesis will be considered 
for using these materials in the future. Naturally porous inorganic ma-
terials can be used as an alternative to solve this problem. One example 
is the use of natural zeolite. 

A three-dimensional inorganic crystalline substance made of silicon, 
aluminum, and oxygen is called zeolite [2]. Zeolites have been widely 
used in catalysis, ion exchange, adsorption, and separation applications. 
Recently, it has been known that zeolites have potential in medical 
applications as a matrix for developing anti-cancer drug molecules [14]. 
The use of zeolites as carriers of anti-cancer compounds has been re-
ported by Vilaça et al. [46], using 5-fluorouracil as the model drug. 
Concurrent administration of zeolite and medicine does not eliminate 
the drug’s pharmacological effect. The advantages of zeolite as a drug 
delivery agent are reducing toxicity, increasing drug efficacy, allowing 
the drug to be released in a controlled manner into the cancer area, and 
preventing drug degradation [46]. Natural zeolites have a unique nano- 
sized pore structure and large surface area. Small pore size can confine 
drug molecules causing interactions between drug molecules and the 
pore walls. The structure and mineral content of zeolites vary depending 
on the formation process. The zeolite used in this study is a natural 
zeolite-type mordenite obtained from Ende Flores. This natural zeolite 
consists of quartz and 50 % mordenite [31]. 

Previously, we have reported preparing natural zeolite mordenite 
type (Cu(II)-Mor) as a drug carrier for ibuprofen and meloxicam. The 
results show that this material has a good toxicity value but has low 
biocompatibility [30]. Therefore, this paper will report another part of 
our research to improve the biocompatibility of the drug delivery agent 
we developed based on ZMT from Ende Flores, Indonesia. Modification 
of ZMT as a drug delivery agent was carried out using Zn(II) as a coor-
dinating cation. The Zn(II) ion was chosen because, in this case, the 
prepared composite is more homogeneous, uniform, stable and safe for 
the human body. Zn(II) is also a cofactor of several enzymes and is 
essential in regulating how neurons can communicate with each other 
[23]. 

Evaluating Zn(II)-ZMT as a drug delivery agent and loading and 
releasing Ibuprofen Zn(II)-ZMT were conducted. Ibuprofen was chosen 
as a drug model because ibuprofen is reported to have anti-cancer ac-
tivity, particularly for breast and lung cancer [11,16]. Ibuprofen is a 
well-known non-steroidal anti-inflammatory medicine (NSAID) used to 
treat inflammatory rheumatoid arthritis and lessen severe pain [35]. 
Ibuprofen is synergistic when used with anti-cancer drugs to reduce 
colon tumor size [21]. The physico-chemical characterization of Zn(II)- 
ZMT and Ibu@Zn(II)-ZMT materials was led by using X-ray Diffraction 
(XRD) and Fourier Transform InfraRed (FTIR) and Field Emission 
Scanning Electron Microscopy with Energy Dispersive X-ray Spectros-
copy (FESEM-EDX). We will also report drug release kinetics modeling 
using six kinetic models: zero-order, first-order, Peppas-Sahlin, Higuchi, 
Hixson-Crowell, and Korsmeyer-Peppas. Appropriate kinetic models will 
help determine designs in drug delivery applications. Furthermore, the 
determination of the zeta potential of the Ibu@Zn(II)-ZMT material and 
the cytotoxicity test of the Zn(II)-ZMT and Ibu@Zn(II)-ZMT materials 
using the microtetrazolium (MTT) assay will also be reported too. 

Materials and methods 

Reagents and materials 

The Tropical Disease Diagnostic Center Airlangga University in 
Surabaya, Indonesia, provided the African green monkey kidney cells 
(Vero). In our laboratory, reverse osmosis (RO) water and activated 
natural zeolite from Ende Flores, Indonesia, were created. 99.0 % so-
dium chloride (NaCl), 99.0 % ZnSO4⋅.7H2O ReagentPlus®, and pH 4, 
pH 7, and pH 9 buffers. MTT Reagent (3-(4,5-dimethylthiazole-2-yl)- 
2,5-diphenyltetrazolium bromide), Minimum Essential Medium Eagle 
(MEM), Dimethyl sulfoxide (DMSO), Phosphate-Buffered Saline (PBS), 
Trypsin-EDTA solution, Fetal Bovine Serum (FBS), and Trypan Blue are 
some of the other ingredients in DMEM (Dulbecco’s The P.T. Merck 
Chemicals and Life Sciences PP Plaza 4th floor, Jalan TB. Simatupang 57 
Jakarta 13,760 was used for the acquisition of all chemicals. 

Zn(II)-ZMT material preparation 

The method approach by Khatamian et al., [23] 11 was used to 
prepare the Zn(II)-ZMT material. ZMT (0.5 g) was agitated for 24 h while 
suspended in a 5 mL, 3 M NaCl solution. The finished powder was then 
separated and thoroughly cleaned using demineralized water in a 
centrifuge at 2000 rpm before being dried at 60 ◦C. The ZMT powder 
was mixed with a 25 mL, 1 M solution of ZnSO4⋅7H2O for 24 h, sepa-
rated, and repeatedly rinsed with demineralized water in a centrifuge at 
2000 rpm, and finally dried at 60 ◦C. 

Drug carrier characterization 

The instrumentation such as X-ray diffraction (Shimadzu XRD 7000, 
Japan), FESEM-EDS (Thermo Scientific Quatro S), and FTIR (Perkin 
Elmer, with attenuated total reflectance method at a resolution of 4 cm-1 
in the range of 400–4000 cm-1, scan 16 times) was used to characterize 
The Physico-chemical properties of Zn(II)-ZMT and Ibu@Zn(II)-ZMT 
materials. 

Zeta potential measurement 

Zeta potential Horiba SZ-100, dispersant Aquadest, Size range ±
200 mV, was used to research the stability of the drug-carrier material’s 
dispersion. Before measurement, Zn(II)-ZMT and Ibu@Zn(II)-ZMT were 
crushed in RO water. 

Ibuprofen calibration curve 

The calibration curve was using ibuprofen (1000 ppm ibuprofen mg/ 
L), a standard solution. It made a series of these standard solutions with 
concentrations ranging from 2 mg/l to 16 mg/L. Then the solution was 
measured using UV–vis at a wavelength of 200 nm. In this study, the 
linear equation used for the ibuprofen calibration curve was y =
0.0021x + 0.0137. 

Loading ibuprofen on Zn(II)-ZMT 

Loading Ibuprofen was carried out using the method by Karavelidis 
et al., [22] and Sun et al., [44] with significant modifications. A total of 
1000 mg of Zn(II)-ZMT was put in several separate containers with a 
volume of 75 mL, each containing 600 mg of ibuprofen. Then the 
mixture was stirred at room temperature for 1 to 24 h. After the stirrer 
process, the sample was filtered and dried at 30 ◦C for 2 h. Meanwhile, 
the filtrate was measured using UV–vis at a wavelength of 200 nm. The 
results of loading ibuprofen on Zn(II)-ZMT (Ibu@Zn(II)-ZMT) were then 
calculated using the percentage of drug loading content (DLC, %) and 
entrapment efficiency content (EEC, %) equations are still determined 
through equations (1) and (2), respectively [22]. 
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Drug loading content (%) =
Weight of drug in Zn(II) − ZMT

Weight of Zn(II) − ZMT
• 100 (1)  

Entrapment Efficiency content (%) =
Weight of drug in Zn(II) − ZMT

Weight of drug fed initially
• 100

(2)  

2.7 Drug release ibuprofen from Zn(II)-ZMT 

Ibu@Zn(II)-ZMT samples were divided into 50 mL of pH 7 buffer 
solution, pH 4 acid buffer solution, and pH 9 alkaline buffer solution. 
Then, the solution was stirred for 24 h. The sample solution was then 
obtained at regular intervals of 5 mL, and 5 mL of a buffer solution with 
the same pH was added, keeping the sample volume at 50 mL. A 
particular wavelength was then measured using UV–vis at 200 nm after 
5 mL of the solution had been centrifuged at 1500 rpm for 5 min. The 
level of ibuprofen in the sample solution does not change after a certain 
amount of desorption time. Presumably, the medicine has been released. 

2.8 Cytotoxicity (MTT assay) material 

The Vero cell cytotoxicity test was performed using the MTT method. 
In this study, ATCC CCL-81-designated Vero cells were utilized. These 
Vero cells were isolated using the kidney of an African green monkey. 
Vero cells were first introduced to the DMEM culture medium with a cell 
density of 5 × 104 cells/mL for the cytotoxicity test. The cells were then 
put in 96-well plates, where they were cultured for 24 h at 37 ◦C with 5 
% CO2 content. 

The material was discarded, and Phosphate Buffer Saline was 
cleaned after 24 h (PBS). Zn(II)-ZMT or Ibu@Zn(II)-ZMT is the sample at 
that point. In this investigation, the concentrations of Zn(II)-ZMT and 
Ibu@Zn(II)-ZMT were adjusted to 200 μg/mL, 100 μg/mL, 50.25 μg/mL, 
12.5 μg/mL, and 6.25 μg/mL. This step was carried out by triplication. 
Some wells just had solvent poured into them as a negative control. 
When orange formazan had developed after 4 h of incubation at 37 ◦C 
and 5 % CO2, 10 L of MTT reagent was added. The analysis was then 
conducted using an ELISA multiplate reader at 595 nm [34]. The 
calculation of the percentage of living cells was completed using Equa-
tion (3).   

Results and discussion 

Synthesis of Zn(II)-ZMT 

Mordenite-type natural zeolite (ZMT) was modified to form a Zn(II)- 
ZMT material. The ZMT sample was first suspended in a NaCl solution. 
NaCl is used to maximize the ion exchange power and adsorb of ZMT. 
Research conducted by Cheng et al., [6] showed that the zeolite, after 
modification with NaCl, had a larger pore size to increase the adsorption 
capacity. Furthermore, the ZMT suspended in the NaCl solution is 
modified with the coordination cation, Zn(II), by adding the ZMT to the 
ZnSO4⋅7H2O solution. The modification with Zn(II) is to stabilize ZMT. 
ZMT with Zn(II) is modified through ion exchange. Zeolite has a nega-
tively charged part, Al3+, where an Al atom with a valence of 3 must 

bind four oxygen atoms. This negative charge allows zeolites to bind 
cations with weak bonds such as Na. Because of this weak bond, Na ions 
can be exchanged for Zn(II) metal ions. 

Characterization of Zn(II)-ZMT 

XRd 
XRD characterization was carried out on Zn(II)-ZMT and Ibu@Zn(II)- 

ZMT materials to see whether the Zn(II)-ZMT synthesis affected the 
crystallinity change of ZMT or not. Besides that, to see if there is a 
change in crystallinity and ibuprofen loading on Zn(II)-ZMT. A typical 
reflection’s high and low intensities will reveal the material’s crystal-
linity [32]. The results of the characterization of Zn(II)-ZMT and 
Ibu@Zn@ZMT using XRD are presented in Figure 1fig1. 

Fig. 1a) is a diffractogram of Zn(II)-ZMT. Fig. 1a), three typical in-
tensities of Zn sulfate appear at 2θ: 14.52◦, 20.15◦, and 31.51◦. These 
results are related to research by Saha & Podder [39] and Ersan et al., 
[9]. Fig. 1 a) indicates that the synthesis of Zn(II)-ZMT has been suc-
cessfully carried out. Fig. 1b) is the Ibu@Zn(II)-ZMT diffractogram. It is 
known that ibuprofen has a characteristic reflection intensity that will 
appear in the interplanar direction, which is 14.5◦, 7.2◦, 5.3◦, 4.7◦, and 

4.0o, with typical peaks at 6.1◦, 12.2◦, 16.6◦, 19.0◦ and 22.3◦. [27]. 
Based on Fig. 1b), it can be seen that the typical diffractogram at 2θ 
corresponds to the specific reflection of ibuprofen, namely at 5.34◦, 
7.33◦, 12.09◦, 16.63◦, 19.68◦, and 22.28◦. These results indicate that 
loading ibuprofen on Zn(II)-ZMT was successful. 

FTIr 
The characterization of drug delivery materials using FTIR is inten-

ded to see the presence of new bonds or functional groups in these 
materials and to determine whether the target drug has been properly 
loaded on the drug delivery material. [1]. The results of the character-
ization of Zn(II)-ZMT and Ibu@Zn@ZMT using FTIR are presented in 
Figure 2fig2. 

In Fig. 2 (black color), it can be seen that there is a distinctive peak 
that appears at a wavenumber of ± 3000 cm− 1. The peak at ± 3000 
cm− 1 is related to the hydroxyl group’s peak in the water molecule to a 
lower frequency. The action of Zn(II) interacting with the water 

Fig. 1. The diffractogram for: (a) Zn(II)-ZMT and (b) Ibu@Zn@ZMT.  

Live Cells (%) =
The absorbance of treatment − Absorbance of control media)

The absorbance of control of cells − Absorbance of control of media
• 100 (3)   
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molecule’s O atom causes the decreased water frequency in this peak 
[12]. The spectra in Fig. 2 (red color) show a characteristic peak at wave 
number 1731.38 cm− 1, a free carboxyl acid group from ibuprofen. The 
peak visible at wave number 1362.17 cm− 1 is a carboxylate ion group, 
which is a typical peak indicating that ibuprofen has been successfully 
loaded in the ZMT matrix [25]. 

FESEM-EDx 
FESEM is used to see the morphological differences in the drug de-

livery material before and after loading. The elemental composition 
before or after loading is also determined using EDS simultaneously. 
FESEM-EDX characterization for Zn(II)-ZMT and Ibu@Zn(II)-ZMT ma-
terials is presented in Fig. 3. ibuprofen (Fig. 3b1). These results indicate 
that ibuprofen has covered or filled the pores of the Zn(II)-ZMT material. 
EDX data showed a reduction in the elemental composition of Zn(II) 
from 2.0 % (Fig. 3. a2) to 1.6 % (Fig. 3. B2) after drug loading. EDX 
analysis of Zn(II)-ZMT and Ibu@Zn(II)-ZMT clearly showed a reduction 
in Zn(II) elements after loading with ibuprofen. The decrease in Zn(II), 
Na+, Si, and Al, along with the increase in C and O atoms after loading 
ibuprofen, indicates that there is a slight change in the crystal structure 
of this drug delivery material due to a subtle shift in the stoichiometric 
equilibrium of the elements in the Zn(II)-ZMT framework. This EDX data 

Fig. 2. FTIR Spectra of Zn(II)-ZMT and Ibu@Zn@ZMT.  

Fig. 3. FESEM-EDS images of: (a1) FESEM of Zn(II)-ZMT; (a2) EDS of Zn(II)-ZMT; (b1) FESEM of Ibu@Zn(II)-ZMT; and (b2) EDS of Ibu@Zn(II)-ZMT.  
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can be used to reference that there has been a new bond interaction 
between the carrier and drug through specific interaction mechanisms. 
The bond interactions between the carrier and the drug are referred to as 
non-bonding interactions, van der Waals and coulombic electrostatic 
interactions. 

Investigating drug loading capacity 

Fig. 4 shows the drug loading time graph versus DLC (%) or EEC (%). 
Drug loading was led from 2 to 24 h. It can be noticed that during 2–4 h, 
ibuprofen’s loading on Zn(II)-ZMT varies between 41 and 47 % and then 
increases again between 80 and 90 % for a loading time of 6 to 24 h (by 
using equations (1) and (2)). The highest loading occurred at a loading 
time of 20 h with a DLC value of 90.37 % and an EEC of 54.22 %. These 
results align with research conducted by Sun et al., [43] and Sun et al., 
[44]. The effect of loading ibuprofen indicates that Zn(II)-ZMT has the 
potential to be used as a drug delivery agent. 

Drug release kinetic modeling 

The dissolution test can determine the drug release profile. Disso-
lution is when a stable enters a solvent and becomes a solution [5]. The 
quantitative values obtained from the dissolution test were analyzed to a 
mathematical model to make it easier to describe the drug release ki-
netics modeling. In this study, the release of Ibuprofen from Zn(II)-ZMT 
was observed in various solutions, namely pH 4 (acidic state), which was 
adjusted to gastric conditions, pH 7 (neutral form), which was converted 
to physiological needs of the blood and pH 9 (an alkaline state). This pH 
difference is made to determine the optimum pH. The selected time 
interval is 60 min for 24 h. The drug release test aimed to determine Zn 
(II)-ZMT efficiency and effectiveness as a drug delivery agent. Six ki-
netics models, namely, zero order, first order, Peppas-Sahlin Higuchi, 
Hixson-Crowell, and Korsmeyer-Peppas models, were used to determine 
the study drug release mechanism. 

Zero-order model 

The ideal drug release is to follow a zero-order kinetics model with 
constant drug release from start to finish. The increase in drug release is 
directly proportional to time. The drug release data obtained in vitro is 
plotted as the cumulative amount of drug regardless of the function of 
time to produce a linear graph [26]. The drug is dissolved according to 
equation (4). 

Qt = Q0 +K0 • t (4)  

where Qt stands for the drug’s quantity at time t, Qo for its starting 
concentration in solution, and Ko for its zero-order release constant. 
Zero-order release kinetics can also describe the dissolution of modified 
drug dosage forms, such as multiple transdermal systems, osmotic sys-
tems, tablet matrixes with low solubility drugs, etc. [13]. 

First-order model 

The exposed surface area of the tablets decreased exponentially with 
time during the dissolution process, indicating that drug release from 
most of the slow-release tablets could be explained by first-order ki-
netics. The first-order equation is obtained from the log percent 
remaining drug plot as a time function, producing a linear graph [37]. 
First-order drug release kinetics follow equation (5). 

logQt = logQ0 +
K1 • t
2.303

(5)  

where Qt stands for the drug’s quantity at time t, Qo is for its starting 
concentration in solution, and k1 is the first-order drug release constant. 

Peppas-Sahlin model 

The Peppas-Sahlin model describes measuring the contribution of 
diffusion and relaxation of polymers. The release kinetics of the Peppas 
Sahlin model is shown by equation (6). 

Qt = K1 • tm +K2 • t2m (6)  

where Qt stands for the drug’s quantity at time t, K1 and K2 are Peppas- 
Sahlin constants, and m is the purely Fickian diffusion exponential [36]. 

Higuchi model 

As a diffusion process, the Higuchi model addresses the release of 
soluble and less soluble medicines in the water contained in a solid 
matrix. According to this concept, the amount of medicine released and 
the time root have a linear connection. Due to the more considerable 
drug diffusion distance, the medication will be delivered slowly the 
longer the given period. A straight line may be drawn by plotting the 
roots of time against the cumulative amount of medication dissolution. 
The Higuchi drug release kinetics model is based on equation (7). 

Qt = KH •
̅̅
t

√
(7)  

where Qt is the drug’s quantity at time t and KH is the Higuchi constant 
[18]. 

Hixson-Crowell model 

The Hixson-Crowell model depicts the dissolution discharge from a 
system in which the surface area and diameter of the particles change as 
a function of time. The Hixson-Crowell model of drug release kinetics 
follows the equation (8). 
̅̅̅̅̅
Qt

3
√

−
̅̅̅̅̅̅
Q0

3
√

= KHC • t (8)  

where Qt stands for the drug’s quantity at time t, Qo is for its starting 
concentration in solution, and KHC is the Hixson-Crowell constant [19]. 

Korsmeyer-Peppas model 

The Korsmeyer-Peppas model derives the relationship describing 
drug release from the polymer system. The Korsmeyer-Peppas model of 
drug release kinetics follows the equation (9). 

log
Qt

Q0
= logK+ n • logt (9) 

Fig. 4. EEC and DLC values of loading ibuprofen on Zn(II)-ZMT.  
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where Qt stands for the drug’s quantity at time t, K is the kinetic con-
stant, and Qo is the quantity of medication released at infinite time t. n is 
the diffusion exponent indicating the drug transport mechanism through 
the polymer. The kinetics of the Korsmeyer-Peppas model depends on 
the value of n, where the value of n < 0.89 for drug release is referred to 
as the super case II transport mechanism. Plots depicting the cumulative 
percentage of drug release against the log of time display data from in 
vitro drug release investigations [24,26]. The calculated values of n (n 
> 0.5) exponential form Korsmeyer Peppas equation in different pH 
media, also indicating that the release mechanism follows the non- 
Fickian mechanism [3;28]. 

Based on six kinetics modeling for drug release, the release of 
Ibuprofen from Zn(II)-ZMT is plotted by time-release vs percentage of 
dissolution. Fig. 5 shows graphs of different modeling drug release ki-
netics of Zn(II)-ZMT at various pH. Table 1 shows the findings of 
modeling drug release of Zn(II)-ZMT at different pH levels. 

Based on Fig. 6 and Table 1, the maximum release of Ibuprofen from 
Zn(II)-ZMT occurred at 1080 min and pH 7 with a current dissolution of 
96.747 %. This release amount was higher at pH 7 (96 %), indicating 
that the Ibu@Zn(II)-ZMT possessed a pH-triggered mechanism for 
regulating release [41]. At pH 7, the total surface charge of the zeolite 
became negative, which resulted in a repulsive force between the 
negative charge of the zeolite and the negative charge of ibuprofen. This 
forces ibuprofen to separate from Zn(II)-ZMT. Meanwhile, at pH 4 and 9, 
the active sites of the zeolite are protonated, causing these sites to be 
neutrally charged and causing ibuprofen to remain trapped in the zeolite 
framework [8]. At pH 7, there is a conformational shift on the surface of 
the zeolite, which weakens the hydrogen bond and increases the elec-
trostatic force on the zeolite, resulting in the maximum release. pH 

affects several structural bonds on the surface of the zeolite. Then these 
changes cause changes in density so that the bonds that bind or hold ions 
in the zeolite pores are broken, and the drug can be released [48]. 

Based on statistical calculations using DDsolver, the release of 
Ibuprofen from Zn(II)-ZMT followed the Hixson-Crowell model. The 
Hixson-Crowell model was chosen because the highest adjusted R2 value 
was 0.9668. This result is supported by the low values of the sum of 
squares (SS) and the Akaike information criterion (AIC) [45]. According 
to Hixson-Crowell, the dissolving rate is determined by the cube root of 
the particle weight, and the particle radius is not constant. The Hixson- 
Crowell principle depicts the dissolution rate as a function of time for a 
decrease in the surface area of a solid, with the system release observed 
when the surface area and particle diameter vary [38]. These findings 
suggest that changes in the surface area and particle diameter of the 
particles or tablets cause ibuprofen to be released from Zn(II)-ZMT 
material [33]. 

Zeta potential of Ibu@Zn(II)-ZMT 

The zeta potential is commonly employed to determine a particle’s 
surface charge and the materials’ stability because changes in these 
features would directly impact the biological activity of specific nano-
particles [42]. The pharmacokinetics of nanosystem characteristics in 
the body can be affected by zeta potential [20]. Zeta potential of Ibu@Zn 
(II)-ZMT is shown in Fig. 6. 

Fig. 6 reveals that the zeta potential of Ibu@Zn(II)-ZMT is − 61.55 
mV ± 0.1 mV, indicating a significant zeta potential value (negative 
value). These findings suggest that this material will be moderately 
stable in a dispersion system, where there will be a strong repulsion 

Fig. 5. Ibuprofen release from Zn(II)-ZMT: (a) pH 4; (b) pH 7; and (c) pH 9.  
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between the charges in the material to avoid flocculation and coagula-
tion of the particles in the system [30]. Lower Zeta potential levels 
indicate an increased propensity for aggregation [40]. The Ibu@Zn(II)- 
ZMT material’s zeta potential was as expected, suggesting that it can be 
employed as a drug delivery system for cancer cell therapy. The likeli-
hood of hazardous side effects from these heavy metals is decreased 
because these drug particles, which function as anti-cancer drug de-
livery materials, will not interact strongly with normal cells on the 
surface of cancer. 

Cytotoxicity of drug carrier materials 

A substance with a cell viability rating greater than 80 % is said to 
have minimal cytotoxicity [10,30]. It is known that Mordenite has the 
potential as a drug delivery system [15]. The diagram of the cytotoxicity 
test results using the MTT assay is presented in Fig. 7. 

Fig. 7 illustrates that when the concentration of Zn(II)-ZMT is less 
than 6.25 g/mL, it has low toxicity. Vero cell survival values for Zn(II)- 
ZMT was more than 90 % in all these concentrations, indicating that Zn 
(II)-ZMT was biocompatible. Observations were also made of Zn(II)- 
ZMT that had been loaded with the analgesic medication ibuprofen 
(Ibu@Zn(II)-ZMT) in this cytotoxicity assay. Fig. 7 shows that Ibu@Zn 
(II)-ZMT has more significant Vero cell viability than 90 %. Because of 
its outstanding biocompatibility, Zn(II)-ZMT has the potential to be used 
as an analgesic drug carrier, according to the findings. 

Conclusion 

The production of a drug delivery agent (Zn(II)-ZMT) for ibuprofen 
based on natural zeolite mordenite type modified by Zn(II) has been 
completed effectively. XRD, FTIR, and FESEM-EDS were used to char-
acterize drug delivery materials before and after loading ibuprofen. Six 
models are used in drug loading investigations and drug release kinetic 
modeling: zero-order, first-order, Higuchi, Hixson-Crowell, Korsmeyer- 
Peppas, and Peppas-Sahlin. Researchers measured the material’s zeta 
potential and cytotoxicity to assess the safety of utilizing Zn(II)-ZMT as a 
medication delivery agent. This material’s ibuprofen loading data 
(Ibu@Zn(II)-ZMT) has a DLC value of 90.37 % and an EEC value of 
54.22 %. The Hixson-Crowell model with an R2 value of 0.9668 de-
scribes this substance’s kinetics of ibuprofen release. A significant zeta 
potential value (negative value) of − 61.55 mV ± 0.1 mV indicates that 
the material is very stable in the dispersion system. Furthermore, the 
zeta potential value results show that drug release from the Zn(II)-ZMT 
material happens to be due to changes in the surface area and particle 
diameter of the particles or tablets. The MTT technique of cytotoxicity 
testing revealed that this substance is not harmful and may be employed 
as a medication delivery agent. 

Table 1 
Calculation of statistical indicators for the release of Ibuprofen from Zn(II)-ZMT using DDsolver at various pH.  

Indicator Zero Order First Order Higuchi Hixson– Crowell Korsmeyer-Peppas Peppas-Sahlin 

Release Ibuprofen from Zn(II)-ZMT at pH 4 
R2 adjusted  0.8902  0.9445  0.8780  0.9657  0.9008  0.9293 
SS  765.0440  386.6163  850.3148  238.9168  691.3758  492.9883 
AIC  48.4795  43.7020  49.2192  40.3328  49.7708  49.4034  

Release Ibuprofen from Zn(II)-ZMT at pH 7 
R2 adjusted  0.9248  9.9335  0.8754  0.9668  0.8901  0.9474 
SS  592.6000  524.4092  981.8476  262.0165  866.0609  414.3767 
AIC  46.6916  45.8359  50.2261  40.9789  51.3477  48.1874  

Release Ibuprofen from Zn(II)-ZMT at pH 9 
R2 adjusted  0.9456  0.8609  0.7434  0.8877  0.9532  0.9630 
SS  336.6978  860.4284  1587.8093  694.7794  289.2504  229.1593 
AIC  42.7343  49.3020  53.5908  47.8052  43.6710  44.0409  

Fig. 6. Zeta potential graph of Ibu@Zn(II)-ZMT.  

Fig. 7. Cytotoxic effect of Ibu@Zn(II)-ZMT on Vero cell by using the 
MTT assay. 
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