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HIGHLIGHTS ABSTRACT

o Functionalization of MCM-41 using Fe;0,.

e Encapsulation of curcumin onto MCM-41,
Fe;0,/MCM-41 and their characterization
before and after modified and loaded with
curcumin.

e Comparison of release profile of curcumin
loaded onto MCM-41 and Fe;0,/MCM-41.

o Investigation of the release mechanism and
release kinetics.

In this work, the mesoporous silica nanoparticles (MSNs) of type MCM-41 were
manufactured and modified with Fe;O, to load curcumin (CUR)
CUR@Fe;0,/MCM-41 as an efficient carrier in drug delivery systems. X-ray
diffraction (XRD), Scanning Electron Microscopy (SEM), Fourier Transform
Infrared (FT-IR), and nitrogen adsorption-desorption isotherms were used to
characterize the three samples: pure MCM-41, Fe;04/MCM-41, &
CUR@Fe;0,/MCM-41. Adsorption processes tests were carried out to determine
the impact of various variables on the CUR load efficiency. These variables were
the carrier dosage, pH, contact time, and initial CUR concentration. The maximal
drug loading efficiencies (DL %) were 15.78 % and 22.98 %, respectively.

ARTICLE INFO According to the data, The Freundlich isotherm had a stronger correlation

coefficient R?= 0.999 for MCM-41, while the Langmuir isotherm had a greater
Handling editor: Qusay F. Alsalhy R® of 02.9666 for Fe;0,/MCM-41. A pseudo-second-order kinetic model fits well
Keywords: with R"=0.9827 for MCM-41 and 0.9994 for Fe;0,/MCM-41. Phosphate Buffer
Curcumin Solution (PBS) with a pH of 7.4 was utilized to study CUR release behavior.
Drug Delivery System According to the research, the maximum release for MCM-41 and Fe;0,/MCM-

~ 41 might be 74.1 % and 25.19 % after 72 h, respectively. Various kinetic release
F 6304/ MCM-41 . . . .

models were used, including First-order, Korsmeyer-Peppas, Hixson and
Crowell, Higuchi, and Weibull. After 72h, the drug release data were fit using a
Weibull kinetic model with an R* of 0.944 and 0.764 for MCM-41 and
Fe;04/MCM-41, respectively.
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1. Introduction

The most prevalent and widely acknowledged way of drug delivery is oral administration. Particles of mesoporous silica
(MSPs) are gaining popularity as drug delivery carriers as they're convenient. As well as favored by patients [1-2]. Curcumin
(CUR) is a polyphenol found in the rhizomes of a Curcuma longa plant and contains a wide range of pharmacological effects,
including anti-carcinogenic properties against various cancers. Consequently, due to its low water solubility & bioavailability,
this new compound's medicinal actions are limited [3]. Figure 1 shows the 2D structure of CUR, which was extracted from
turmeric rhizomes (Curcuma longa) [4].

CUR was developed using nanotechnological techniques to improve its solubility & consequent bioavailability. Porous
silica was already widely employed for biomedical applications & drug delivery scaling material for effective oral delivery of
poorly water-soluble medicines for decades because of its numerous appealing features. The MCM- 41 is one of the
mesoporous materials that have piqued the interest of many scientists as a potential drug delivery because of their huge pore
volume, large specific surface area, highly ordered structure, tunable nanometer pores, and non-cytotoxic products [5-10].

Furthermore, there are silanol groups on the internal and external surfaces, making it easy to modify and more contact
between the carrier & drug molecule, resulting in high drug loading [11]. A type of pharmaceutical, particle size, the releasing
media, structure, and surface modification of a carrier surface are all factors that can influence drug loading ability and kinetics
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of drug release [12]. The modified focuses on nanoparticles made of iron oxide; they are the most well-known nanoparticles in
biomedical fields, with favorable bioactivity, manageable scale, a high level of durability, and potential uses. Magnetization
has been a characteristic of nanoparticles. It can be used in various medical processes and isn't found in any other materials.
Magnetic molecules improve immunoassay, isolation, Hyperthermia, drug administration, and Magnetic resonance imaging
(MRI) [13]. Magnetic nanoparticle surface (MNPS) qualities allow control with an externally applied magnetic field to reach
the desired tissues inside the human body and achieve the desired result [14].

Many researchers study CUR loading and release in a drug delivery system. For example, Harini et al. studied the CUR
loaded and released on silica nanoparticles with Polyethylenimine functionalization. They found that CUR has a maximum
loading efficiency of 80-90%. At the same time, the release of CUR in vitro was efficient at an acidic pH [15]. Taebnia et al.
Investigated the CUR loaded and released on silica nanoparticles with amine functionalization. They found that CUR has a
maximum efficiency of loading and ability (33.5 % in additional 0.45 mg drug/mg silica nanoparticles, correspondingly. CUR
type AAS -MSNPs released 75.1 %t of drug-loaded CUR type AAS -MSNPs in vitro after 48 hours at 37°C. [16]. No papers
use functionalized MCM-41 with Fe;0, for CUR drug loading by adsorption and release published.

This study aims to synthesize and characterize mesoporous materials MCM-41 then modify it with Fe;O0,4 according to the
incipient wetness impregnation (IWI) process to improve the solubility of curcumin. The outcomes of different operational
conditions were studied, including carrier doses, CUR concentrations, and contact times. It was also studied adsorption
isotherms, kinetic adsorption, and kinetic release. In addition, CUR release activity is being investigated in Phosphate Buffer
Solution (PBS) media at a pH of 7.4 and 37°C.

2. Materials and Procedures

2.1 Materials

Cetyl trimethylammonium bromide (CTAB) C;oH4;BrN, (Mw=364.45 g/mol), and Tetracthyl Orthosilicate (TEOS)
(C,Hs),Si04 with (Mw=208.3 g/mol) was provided from Sigma Aldrich in German. Curcumin has a molecular weight of
368.37 g/mol, and a molecular formula of C,H,(Os was purchased from AVONCHEM Company for Pharmaceutical
Industries in the UK. CDH India supplied potassium dihydrogen phosphate(KH,PO,) with 99.5 %, 136.2 Mwt. & dibasic
potassium phosphate (K,HPO, ), 98 %, 178.3 Mwt. Sasna Netherlands provided absolute ethanol (C,HsOH, 99 %, 46.07
Mwt.), hydrochloric acid (HCL ) in 35-38 %, 36.46 Mwt. and sodium hydroxide (NaOH) with 95 %, 39.99 Mwt. No further
purification of all chemical reagents that were used.
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Figure 1: The 2D structure of CUR, which was extracted from turmeric rhizomes

(Curcuma longa) [4]
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Figure 2: X-ray diffraction patterns for pure Figure 3: FTIR for pure MCM-41,
silica MCM-41, Fe;04/MCM-41, & Fe;04/MCM-41 & CUR@Fe;0,/MCM-41

CUR@Fe;0,/MCM-41
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Figure 4: SEM image for (a) pure MCM-41(b) Fe;0,/MCM-41 and (c) CUR@Fe;04/MCM-41
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Figure 5: Effect of (a) dose (b) initial concentration (c) pH (d) contact time, on DL % for MCM-
41 and Fe;0,/MCM-41, respectively

2.2 Synthesis of MCM-41 Mesoporous

The sol-gel method was used to produce MCM-41. The silica precursor was TEOS, and the structure-directing agent was
CTAB. First, 1.01 g of CTAB was dissolved in a solution containing 0.34 g of NaOH and 30 ml of deionized water. Then, drop
by drop, apply the added TEOS to the mixture with a weight of around 5.78 g when stirring at ambient temperature for one h.
The homogeneous mixture output was crystallized in an autoclave for 96 h in constant hydrothermal conditions (110° C). Next,
the solid product obtained via the filtration process was washed with deionized water to extract the partial surfactant. The
obtained solid was then dried overnight at 40° C. Finally, the prototype was calcined at 550° C for six h to remove the

surfactant. As a result of this process, a white powder MCM-41 was formed [17].
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Figure 6: (a) Langmuir (b) Freundlich and (c) Temkin isotherm

2.3 Modification of the magnetic MCM-41

Magnetic mesoporous silica Fe;0,/MCM-41 was synthesized by adding Fe;04 into MCM-41 using the Incipient Wetness
Impregnation (IWI) process. For loading 1% of Fe;0,/MCM-41, 0.1960 g of Fe;0, was added to 5 cm® of HCL with a 35-38%
concentration to make the impregnated solution. Then, 1.054 cm’ of the impregnated solution to lgm MCM-41 was
incorporated. The amount of Fe loaded accounted for 1% of the carrier's pore capacity. Then the magnetically mesoporous was
impregnated and air-dried at room temp, after which it was then calcined in a furnace over four h at 300° C at a rate of 5°C/min
[18][25].

2.4 Characterization

The X-ray diffraction (XRD-6000 Shimadzu) pattern was used to discover a crystal structure and calculate characteristics
with 20 in the range 0°-10° with only a scan rate of 2 (deg/min) for MCM-41, Fe;0,/MCM-41, and CUR@ Fe;04/MCM-41.
The X-ray radiation source is Cu Kq band and wavelength (A=1.541 A°). The nA=2dsin© and a,=2d00/\N3 were used to
measure the unit cell & d-spacing. The sample's BET surface area was measured using the Brunauer-Emmett-Teller (BET)
method at relative pressures ranging between 0.074-0.293. The mean diameter of the three prepared materials was estimated
from the desorption branch of the isotherm test using the Barrett-Joyner-Halenda (BJH) process. The thickness of a pore's wall
determines the difference in unit cell property (a,) & pore diameter (Dp). Infrared spectra FT-IR of MCM-41 in data
transmission at ambient conditions ranging around 4000 and 500 cm™ using Spectrum Two™ (PerkinElmer, USA). The
morphology of three samples was studied using scanning electron microscopy (SEM) with a TESCAN MIRA3 (France).

2.5 Curcumin stock solution

A standard CUR stock solution of 100 mg/L was prepared; dissolve 10 mg CUR into 100 ml solvent (ethanol) at 30° C
with a stirrer for 20 min. Because CUR has low solubility in water, the co-solvent was used to enable it to dissolve. CUR
concentrations (10-100) mg/L were prepared after diluting the stock solution. Using a UV—visible spectrophotometer to plot
absorbance against wavelengths, the maximum wavelengths of CUR (Amax =432 nm) appear as peaks.

2.6 Curcumin Loading

The loading of CUR was done using a certain amount of MCM-41 & Fe;0,/MCM-41 to 50ml of 30 mg/L CUR
concentration and shaken at 270 rpm for 24 h at ambient temperature. Next, CUR loaded on MCM-41, and Fe;O04/MCM-41
was centrifuged for 30 minutes at 5000 rpm. Using a syringe filter (0.22p), the drug supernatant was extracted into quartz. The
concentration of the drug was measured using a UV-visible spectrophotometer by seeing the major peak at 432nm, which

475



Nidhal Atiyah et al. Engineering and Technology Journal 40 (03) (2022) 472 - 483

coincides with the absorption limit of CUR. After subtracting the amount of CUR contained in the supernatant from the
amount of CUR present before adding the adsorbent material, the amount of loaded CUR was determined using the equation
below [19].

M2-M1
M3

Drug Loading (DL)(%) = x 100 (1
Where: M2 is the weight of adsorbent after loading, M1/ represents the weight of adsorbent before loading & M3 is the
initial weight of CUR in solution.

2.7 Isotherm model for adsorption

The linearized models of Langmuir, Freundlich, & Temkin were utilized to investigate adsorption loading. The Langmuir
linear form is given by Eq. 2. Where ¢, (in mg/g) and ¢,, (in mg/g) denoted the equilibrium & maximum adsorption capacity.
The ¢,, & K, constant was obtained from the slope and intercept of the linear plot of Eq.2. C,, (in mg/L) is the concentration of
the drug at an equilibrium state, K; (in L/mg) is the adsorption energy constant. Eq. 3 illustrates the Freundlich model. The
parameters Kf and I/n represent the adsorption capacity and intensity in this equation. The value of this parameter can be
calculated from the slope & intercept of the linear plot of Eq.3. The Temkin linear form shows in Eq. 4. The equilibrium
bindings constant Kr indicates the optimal binding energy (L/g), while the br represents the Temkin constant. Therefore, the
slope and intercept of the linear plot of Eq.4 can be used to get the values of B & Kr.

.. Ceq _ 1 1
Langmuir isotherm model: o o Ceq + Xam 2)
Freundlich Isotherm Model: Inq, = In K + % InCeq 3)
Temkin Isotherm Model: g, = ®in Kr + ®in Ceq Where L =B “4)
bt br br

1
1+K1.Co

The dimensionless equilibrium parameter Ry is defined as follows: R; =

)

Where K; represents the Langmuir constant, C, is the largest initial drug concentration in (mg/L), R; value shows if the
isotherm is favorable. (R;>1), unfavorable (R;>1), irreversible (R;=0), or linear (R;=1) [17].

2.8 Kinetic adsorption

The kinetics of CUR adsorption on MCM-41 & Fe;0,/MCM-41 were investigated with pseudo-first & pseudo-second-
order kinetics models, as shown in the following equations.

k

Pseudo-First Order: log(q. — q;) = log q. — ﬁt (6)
t 1 1

Pseudo-Second Order: — = —5 + —t (7
ac  k2q¢  de

Where g, & g, are the adsorption capabilities at equilibrium state & at time ¢ in mg/g, respectively. The pseudo-first-order
& pseudo-second-order adsorption rate constants are k; (min™) and k, (g/mg.min), respectively. The values of the parameters
ki1, q., and k, can be calculated from the slope and intercept of the linear plot of Eq.6 & 7, respectively [20].

2.9 Curcumin Released

The release of CUR from MCM-41 and Fe;0,/MCM-41 was achieved in a laboratory setting at different time intervals.
First, the Phosphate Buffer Solution was prepared. One liter of deionized water was mixed with 0.888 g of KH,PO,
(M.W:136.086 g/mole) & 16.282 g of K,HPO, (M.W:174.18 g/mole). Ion concentrations and human blood plasma were
simulated; the pH of the solution was changed to 7.4 to mimic the pH of the intestine. To mimic body temperature, 0.12g of
CUR@MCM-41 and 0.1g of CUR@ Fe;04 /MCM-41 were soaked in 100 ml of PBS with pH 7.4 and stirred at 500 rpm and
37°C. A syringe was used to extract the solution into a quartz cuvette. A UV-visible spectrophotometer was used to measure
the amount of CUR emitted. The released % of CUR was determined using the equation below [21].

The weight of CUR in PBS media

Release (%) =
( /0) The weight of CUR in MSNs

x 100% ®
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Figure 7: (a) Pseudo-first order (b) Pseudo- second order kinetics model for loading CUR on
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Figure 8: CUR release percentage from MCM-41 and Fe;0,/MCM-41 in PBS solution at pH=

7.4.

Table 1: Structure properties of MCM-41, Fe;0,/MCM-41, & CUR@Fe;0/MCM-41.

Material SBET Ve Dgiu Particle d 100 g W, (0] Si
(m%/g) (cm’/g) (nm) Size (nm) (nm) (nm) Wt.% Wt.%
(nm) XRD  XRD EDX EDX
MCM-41 1200 0.7395 3.193 5.5514 3.851 4447 1254  48.68 42.43
Fe;0,/MCM-41 1090 0.669 2.855 5.6036 3.851 4447 1592 45.64 30.51
CUR@Fe;0,/MCM-41 1028 0.564 2737 5.8330 3851 4447 1895 4386 27.35

Vp refers to pore volume, (Sger): BET surface area, ag = (2* dyo /\/3): center-center distance, d;g: spacing o
d (1 00), (Dgyy): pore diameter W, : wall thickness, calculated using the formula (aj - Dgjy)

Table 2: Isotherm factors for CUR loading by MCM-41 and Fe;0,/MCM-41 with the correlation coefficient.

Material Langmuir Freundlich Temkin
Q maxi K, RL Rz Kf n Rz KT B Rz
mg/g (L/mg (mg/g) (L/mg
MCM- 41 16.96 0.0064 0.7575 0.9348 0.133 1.130 09992  0.185¢ 1.637 0.95
Fe;04/MCM-41 2.635 0.069: 0.2239 0.8444 0.610 3285 0.7751 1.154: 0495 0.70
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Figure 9: CUR kinetics release model (a) first-order, (b) Higuchi, (c) Korsmeyer-Peppas, (d)
Weibull, and (e) Hixson and Crowell.

3. Results and Discussion

3.1 X-Ray Diffraction Pattern

The MCM-41, Fe;0,/MCM-41, & CUR@Fe;0,/MCM-41 XRD patterns were depicted in Figure 2. In this Figure, pure
MCM-41 has a high diffraction peak at 20 of 2.3 & two weak peaks at 20 of 4.1 and 5, respectively, which can be labeled as
(100), (110), & (2 0 0) surfaces. This refers to the hexagonally organized MCM-41 silica with highly nanostructured
channels. After adding Fe;0,4 to the MCM-41 matrix and loading with CUR, the (1 0 0) peak can also be seen, indicating that
the ordered mesoporous structure is preserved as iron species are introduced. The removal of (1 1 0) & (2 0 0) peaks, on the
other hand, suggests that Fe;0,/MCM-41 & CUR@Fe;0,/MCM-41 have some iron loading content. The unit cell value a, is
calculated from the diffraction angle using equation a, = (2* d100 /\/3). The determined d,q, and a, values are seen in Table 1
[22].In Table 1, there is adecrease in the surface area, adecrease in the pore diameter and an increase in the wall thickness due
to the loading on the surface of the mesoporous materials and within the pore diameter.
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Table 3: Parameters and constant for pseudo-first-order & pseudo-second-order kinetic models for the CUR loading on the
MCM-41 and Fe;0,/MCM-41.

Adsorbent Pseudo-first order Pseudo-second order
q. (exp) qe K; R? qe K, R?
mg/g mg/g min™ mg/g g/mg. min
MCM-41 0.925 0.5845 5.4926 0.7274 0.9186 0.004 0.9827
Fe;04/ MCM-41 1.225 0.2278 0.0012 0.5173 1.234 0.0196 0.9994

Table 4: CUR release kinetic parameters from MCM-41 and Fe;0, /MCM-41 to PBS at pH=7.4.

Drug First order Higuchi ‘Weibull Korsmeyer-peppase Hixson - Crowell
K, R’ Ky R’ m R’ K n R’ Kuc R’
(0™ (h') (0™ ()
CUR@MCM-41  0.0058  0.686 5916  0.788  0.341 0.944 0325 0226 0917 0.0152 0.656

CUR@Fe;0,/MCM-41 0.0009 0379 2.120  0.563 0297 0.764  0.103  0.270  0.760 0.0032 0.377

3.2 FTIR Spectra

The functional group of the three materials, MCM-41, Fe;0,/MCM-41 & CUR@Fe;0,/MCM-41, was verified using the
FTIR spectra. For pure MCM-41 asymmetrical stretch of silanol group Si-OH can be attributed to a sharp band around 1075
cm and a shoulder around 1243 cm™, representing the fingerprint region of the MCM-41. The stretching bands of the silanol
group were seen at (1046-1090) cm™ and 1092 cm™ in Fe;04/MCM-41 & CUR@Fe;0,/MCM-41samples, respectively. The
band at 972 cm™ (silanol groups) decreases in intensity, indicating that the Fe;0, adsorbed onto the silica surface co-occurs
with the disappearance of hydroxyl groups. Furthermore, the Fe;0,/MCM-41 FTIR spectrum was magnified from 400 to 1000
cm™, and a weak band at 588 cm™ coming from Fe-O vibrations was discovered. The absence of a significant Fe-O signal in
the FTIR spectra is likely related to the low amount of Fe;04 and the interaction between Fe & Si atoms. In contrast, iron oxide
nanoparticles are very firmly attached to the interior wall of silica Nanopores. The absorption bands that corresponded to the
characteristics of aliphatic groups were present in Fe;04/MCM-41, about 2922 -2853 cm™, but disappeared in CUR@
Fe;04/MCM-41. As shown in Figure 3, there is a slight difference between these three materials [22].

3.3 Scanning Electron Microscopy (SEM)

SEM photo of manufactured MCM-41, Fe;0,/MCM-41, & CUR @ Fe;0,/MCM-41, was shown in Figure 4. This figure
demonstrates the material's linear nano-structure & uniform structure. Furthermore, the produced material, agglomeration
spherical particles with smooth surfaces, were observed in Figure 4 (a) [23]. Figure 4 (b) was shown that Fe;O, loading did not
affect the mesopore structure. While the particle size, morphology, and channels in Figure 4 (c) differed from those in other
images, indicating the existence of CUR. The existence of O and Si is measured by EDX & displayed in Table 1 [24].

3.4 Curcumin Loading

1. The effect of the carrier dose
The drug loading efficiency DL% of pure MCM-41 and Fe;0,/MCM-41was increased with increasing the dose for CUR
loaded, as seen in Figure 5(a). From this figure, the DL% varied from 5.5 to 18.3 % and from 7.7 to 17.76 % when the dosage
was increased from 20 to 200 mg for each MCM-41 & Fe;0,/MCM-41, respectively. The results revealed that drug DL%
reached equilibrium at 120 mg & 100 mg with rising carrier doses at a constant concentration of CUR 10 mg/L for MCM-41
and Fe;04/MCM-41, respectively. It is thought to be the best dosage for the carrier. The drug loading equilibrium because the
driving force of the CUR molecules reduced as increased carriers dosage, leading to an increased number of adsorption sites,
higher surface area, and pore size. MCM-41 & Fe;0,/MCM-41 have a difference in DL% of about 2.7 %, insignificant. As
demonstrated in Table 1, the discrepancy could be attributed to Fe particle dispersion in MCM-41 pores, resulting in a
reduction in Fe;0,/MCM-41total surface area [25].
2. Effect of initial curcumin concentration
The influence of the initial concentration of CUR on DL% was evaluated, as depicted in Figure 5(b). In this figure, CUR
concentrations were altered between (10-50) mg/L to see the influence of initial concentration on DL%, associated with the
diffusion process & CUR concentration. When the initial concentration was increased from 10 to 50 mg/L, the DL% reduced
from 20 to 17.36 % and from 24.2 to 9.08 % for each MCM-41 and Fe;0,/MCM-41, respectively. The decrease in DL% can
be explained by the fact that all Fe;0, /MCM-41 active sites were restricted & were saturated above a specific concentration.
The first quantitative relationship between CUR particles and feasible loading sites was weak at low concentrations. CUR
nanoparticles reached many mesoporous regions, resulting in a higher DL% [26].
3. Effect of pH
The relationship between DL% and pH on MCM-41 & Fe;04/MCM-41 was represented in Figure 5(c). The pH was
altered from 2 - 10, and CURs DL% was increased from 14.23 % to 21.3 % and from 17.28 % to 24.67 %, for MCM-41 and
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Fe;04/MCM-41, respectively. This rise in DL% is due to the electrostatic attraction force between the CUR compounds with
MCM-41 and Fe;0,4/MCM-41. As a result the DL% was found to be 20 & 24.2 % at pH= 7.5, and 17.28 & 24.67 % at pH= 10
for MCM-41 and Fe;0,/MCM-41, respectively. Therefore the best optimum pH was chosen at pH=7.5 because the difference
among DL% values is tiny and pH at 7.5 indicates the steady-state [27].
4. Effect of contact time

The effect of contact time on CUR loading is depicted in Figure 5(d).In this figure, CUR loading performance was high
within the first 12 h for MCM-41 and three h for Fe;0,/MCM-41, then maintained constant for the following hours. At the
beginning of the process, there was an abundance of existing mesoporous sites on the CUR load surface. Due to overload, the
last accessible mesoporous sites were challenging to occupy as the contact time increased longer, implying that MCM-41 and
Fe;04/MCM-41were attracted by CUR nanoparticles. This could be due to a limitation of loaded sites available at the end of
the procedure, causing loading performance to stay constant [28].

3.5 Adsorption isotherms

The linearized forms of the Langmuir, Freundlich, & Temkin equations were presented in Figure 6 (a-c) to study the
adsorbed process. Table 2 shows the isotherm results for these three models and values of the correlation coefficient (R?). The
R? value of 0.9992 for pure MCM-41, the Freundlich isotherm offered the most excellent experimental results, whereas
Fe;04/MCM-41 fit the Langmuir isotherm with an R? value of 0.8444. The non - dimensional separation factor Ry was
calculated from Eq. 5. It was found to be 0.757 and 0.223 for MCM-41 and Fe;0,/MCM-41, respectively. As indicated by the
Ry, the Langmuir isotherm was favorable because the value of Ry was less than 1 [29].

3.6 Kinetic of adsorption

The kinetics of CUR loading on pure MCM-41 and Fe;O,/MCM-41 were investigated using pseudo-first and pseudo-
second-order kinetics models, as illustrated in Figure 7 (a & b ). Table 3 presents the correlation coefficients and values of the
pseudo-first-order and pseudo-second-order equation parameters and the effects of the linearized results for both models for
CUR adsorption by two carriers. The experimental data was the best fit by the pseudo-second-order kinetic model because the
determination coefficient (R?) was closer to one equal 0.9827 and 0.9994 for MCM-41 and Fe;0,/MCM-41, respectively.
Furthermore, the measured and experimental values of qe were highly similar [17].

3.7 Releasing of curcumin

The dissolving analysis is a valuable tool for improving & monitoring a medication's efficacy. Figure 8 shows the
percentage of CUR released from MCM-41 and Fe;0, /MCM-41 samples in a phosphate buffer solution at a pH of 7.4 and
temperature of 37°C, similar to the human body. At the start of the dissolution, a primary driving force in between
concentrations at the MCM-41 and Fe;0, /MCM-41 surfaces and in the media was high, resulting in a small percentage of
CUR released. Then, as the time of dissolution increased, the CUR release steadily increased until equilibrium was reached.
Because at pH 7.4, the decrease in H+ concentration caused the hydrogen bonds among MCM-41 and Fe;04/MCM-41 with the
CUR molecule to decrease. After 72 h, the CUR release could be as high as 74.1 & 25.19% for MCM-41 and Fe;0, /MCM-41,
respectively [30].

3.8 Kinetic model for release of curcumin

The process of CUR release was investigated using a variety of kinetic models, including the first order, Weibull, Hixson-
Crowell, Korsmeyer-Peppas, and Higuchi models, as shown in the following equations:

First-order: log(100 — W) = log 100 — K, t 9)
Higuchi Kinetics: W = KHt? (10)
Korsmeyer-peppas model: Mi; = Kt" (1)
Weibull model: log[—In(1 — f)] = mlog t — Int, (12)
Hixon - Crowell model: (100 — Q)'/3 = 1001/3 — Kyt (13)

Where W denotes the cumulative release percentage. f'is the cumulative quantity fraction of CUR released. The CUR rate
constants in the first order, Higuchi and Weibull models are K;, KH, and m, respectively. The CUR fraction (Mt /M) was
determined in the dissolving media. K refers to the drug's structural and geometric features. Q is the drug's percent at time ¢.
Hixson-Crowell dissolving rate constant (Kpc). It is necessary to calculate the drug's transport mechanism. The Korsmeyer-
Peppas kinetic model was used to calculate the diffusion exponent n. The Fickian diffusion is characterized when the value of
n < 0.5, and the anomalous mechanism is characterized when n is between 0.5 and 1. There are two types of diffusion
described by Fick's laws: Fickian and Non-Fickian Diffusion. Non-Fickian diffusion does not follow Fickian lows, but Fickian
diffusion does. The presence or absence of boundaries distinguishes Fickian and Non-Fickian Diffusion. Non-Fickian diffusion
has a clear boundary separating the loaded drug area, whereas Fickian diffusion has none. Figure 9 (a—e) shows how the
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experimental data were fitted using the equations (9-13) above to estimate the CUR's releasing process. Table 4 presents the
parameter estimates for all released CUR kinetic models. The supplied data was fitted with a strong linear fit using the Weibull
model. The correlation coefficient R* equals 0.944 and 0.764 for MCM-41 and Fe;04/MCM-41, respectively. The estimated
values of n based on the mentioned values indicate the Fickian diffusion because it is less than 0.5. Free drug molecules were
leached from the MCM-41 and Fe;O4/ MCM-41's pore, resulting in drug diffusion out of the system's microchannels, causing
the immediate release. As a result, the CUR slowly dissolved into the liquid phase [31].

4. Conclusions

Curcumin's solubility can be improved by using nanotechnology or modifying its functional groups. The present study
used the (IWI) process to successfully manufacture ordered mesoporous silica particles surface modification with Fe;O4
nanoparticles (Fe;04/ MCM-41). The addition of Fe;O, nanoparticles did not affect the silica particles' order pores or their
large surface area. The prepared material MCM-41 and Fe;0,/MCM-41 was loaded with CUR. The optimum efficiency of
CUR loading was achieved at 15.78 and 22.98% for pure MCM-41 and Fe;0, /MCM-41, respectively. The adsorption process
fitted to the Freundlich isotherm with a higher correlation coefficient (R*) 0.9992 for pure MCM-41 and Langmuir isotherm for
Fe;04/MCM-41 with R? equal to 0.8444. CUR adsorption kinetics best describes the pseudo-second-order model with R*=
0.9827 and 0.9994 for MCM-41 and Fe;0, /MCM-41, respectively. The higher CUR release in PBS media with a pH of 7.4 for
72 h was observed 74.1% and 25.19 % for MCM-41 & Fe;04 /MCM-41, respectively. The kinetics of CUR released from
MCM-41 & Fe;04/MCM-41 were described using the Weibull model with R? 0.944 and 0.764 for MCM-41 & Fe;0, /MCM-
41, respectively.
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