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Abstract  

     This study focuses on the adsorption and release kinetics of the antibiotic 

ciprofloxacin (CIP) using previously synthesized γ- Mesoporous Alumina (γ-MA). 

The experiments of the adsorption kinetic study were carried out by batch method 

for 240 min, while release kinetics study were carried out via a dialysis bag method 

maintained at 37 °C with continuous magnetic stirring. The adsorption kinetics 

analysis was performed using three kinetics models: pseudo 1st order, pseudo 2nd 

order and intraparticle diffusion. Results indicating that the CIP  adsorption is 

pseudo-2nd order reaction according to the values of correlation coefficient (R2) for 

the linear graphs. The intraparticle diffusion model revealed a two-step adsorption 

mechanism: the first linear section is responsible to the CIP molecules' diffusion 

between particles and the second linear section is the diffusion that occurs within 

tiny pores. Also, the release kinetics analysis performed using three kinetics models 

the Korsmeyer – Peppas, 1st order, and Kopcha, and the findings indicate that the 

Korsmeyer-Peppas model provided the most accurate fit to the data on releasing 

kinetics, and values of n suggest that non-Fickian and Fickian diffusion governs the 

kinetics of CIP release from γ-MA in pH 7 and pH 5 media respectively. Drug 

loading investigation showed CIP loaded of 2.82 mg per gram of γ-MA. The release 

profile for CIP loaded on γ-MA     (CIP/γ-MA) system shows that the drug release 

percentage after 1560 min (26 hours) was about 51.47 % in pH 7 media, and about 

35.29 % in pH 5 media.  

 

Keywords: Mesoporous Alumina; Ciprofloxacin; Adsorption; Loading; Drug 

release. 
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 الخلاصة  
 ( باستخدام  CIPتُركز هذه الدراسة على حركية الامتزاز والانطلاق للمضاد الحيوي سيبروفلوكساسين )      

 ( المسام  متوسطة  الدفعات  γ-MAالالومينا  بطريقة  الامتزاز  حركية  دراسة  تجارب  أُجريت  مسبقًا.  المُصنّعة   )
  37دقيقة، بينما أُجريت دراسة حركية الانطلاق بطريقة كيس الديلزة المُحافظ عليه عند درجة حرارة    240لمدة  

حركية:   نماذج  ثلاثة  باستخدام  الامتزاز  حركية  تحليل  أُجري  المستمر.  المغناطيسي  التحريك  مع  مئوية  درجة 
هو    CIPالمرتبة الاولى الكاذبة والمرتبة الثانية الكاذبة والانتشار داخل الجسيمات. تُشير النتائج إلى أن امتزاز  

الثانية الكاذبة وفقًا لقيم معامل الارتباط )  الخطية. كشف نموذج الانتشار  R2تفاعل المرتبة  للرسوم البيانية   )
جزيئات   انتشار  عن  مسؤول  الأول  الخطي  القسم  خطوتين:  من  امتزاز  آلية  عن  الجسيمات  بين    CIPداخل 

حركية   تحليل  أُجري  كما  الدقيقة.  المسام  داخل  يحدث  الذي  الانتشار  هو  الثاني  الخطي  والقسم  الجسيمات، 
. وتشير  Kopchaوالمرتبة الاولى و  Korsmeyer-Peppasالإطلاق باستخدام ثلاثة نماذج حركية: نموذج  

إلى    nوفّر أدقّ توافق مع بيانات حركية الإطلاق، وتشير قيم    Korsmeyer-Peppasالنتائج إلى أن نموذج  
في أوساط ذات الرقم    γ-MAمن    CIPيتحكمان في حركية إطلاق    Fickianو    non-Fickianأن الانتشار  
-γملغ لكل غرام من.    2.82محمل بـ    CIPعلى التوالي. أظهر فحص تحميل الدواء أن    5و  7الهيدروجيني  

MA     يُظهر ملف تعريف الإطلاق لـCIP    المحمل على نظامγ-MA (CIP/γ-MA)    أن نسبة إطلاق الدواء
)   1560بعد   حوالي    26دقيقة  كانت  الهيدروجيني  51.47ساعة(  الرقم  ذات  الوسائط  في  وحوالي  %7   ،

 .5% في الوسائط ذات الرقم الهيدروجيني 35.29
 

1. Introduction 

      Mesoporous materials are a significant focus of research in the modern scientific 

community. Their large surface area and adjustable pore architecture render those distinctive 

in ushering a new epoch in contemporary nanotechnology [1]. These materials have diverse 

applications across various sectors, including catalysis, gas detection, electronics industry, 

etc. [2]. The medicinal purposes of these substances are essential for developing 

nanomedicine and disparity agents for magnetic resonance imaging procedures. A primary 

priority in contemporary research is the synthesis of mesoporous material-based drug delivery 

systems to mitigate the adverse side effects of pharmaceuticals [3].  The successfully prepared 

γ-MA showed unique properties such as controlled porosity, high thermal and mechanical 

stability, chemical inertness, and tunable surface chemistry, which has made γ-MA an 

excellent host for extensive drug loading and controlled release (drug delivery) in an area of 

biomedicine [4-6]. CIP is a prominent fluoroquinolone and the most extensively utilized 

chemotherapeutic antibiotic globally. [7, 8]. CIP is primarily utilized in human medication, 

particularly for the treatment of urinary tract infections in males [9, 10]. Figure 1 illustrates 

the chemical structure of this drug. 

 
Figure 1 : Chemical structure of CIP drug. 
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Ewelina Weidner et al [11], prepared Al2O3/La2O3, and examined its structural properties as 

well as its and application as a diclofenac delivery system were investigated.  At pH 7.2 and 

1.2, the release was 50% and 80% of diclofenac respectively, this indicates the potential use 

of the engineered material as a novel carrier for the prolonged release of several active 

medicinal components. Maria Porta-i-Batalla et al [12], fabricated nanoporous anodic 

Alumina (NAA) and the drug delivery rates were analyzed utilizing doxorubicin as a model 

medicine. The findings indicate effective modelling of all 3D pore structures, distinguishing 

between two stages of drug release. So, the Higuchi and Korsmeyer-Peppas equations 

effectively modelled both for short and long release time. B. Shree Haripriya et al [13], 

Fabricated silver nanoparticles, immobilized on mesoporous Santa Barbara Amorphous-15 

(SBA-15), functionalized with 3-glycidoxypropyl trimethoxy silane, and then treated with 

tris(2-aminoethyl)amine (SBA-15/GPTMS-TAEA-Ag). The prepared SBA-15/GPTMS-

TAEA-Ag served as a delivery system for CIP. In vitro investigation revealed that the loading 

and release of CIP were 19.8% and 98.14% of the initially loaded CIP, respectively.  

In earlier studies, magnetic iron oxide mesoporous silica material (Fe3O4@mSiO2) [14] and 

mesoporous silica nanoparticles [15] have been utilized as a carrier for CIP delivery. 

Therefore, the current research focuses on evaluating the loading capacity and release profile 

of CIP using laboratory-prepared γ-MA. Loading was performed using the adsorption method 

while releasing it using a dialysis bag with a pH 7.4 and 5.4 buffer solution. The study also 

includes the kinetics investigation of adsorption and release.  

  

2. Materials and methods  

2.1. The carriers:  

     The procedure used for γ-MA preparation is a modified procedure reported in reference 

[16], and as follows: 2.3 g sodium dodecyl sulfate (SDS) (CH3 (CH2)11OSO3Na (obtained 

from the state company of vegetable oils – Iraq, purity >98%) was dissolved in 100 mL of 

deionized water (solution A), and 17.12 g Al2(SO4)3 (obtained from Panreac Química, 

purity=99%) solve in 100 milliliters of distilled water (solution B). Subsequently, solution B 

was added to solution A drop by drop while stirring to 30 min. at 70 °C. Solution pH was then 

adjusted to 9 by adding ammonia solution (25%) from ACI Labscan incrementally and 

agitated to create white suspensions for about 120 minutes at 70 °C. The formed solution was 

placed into a water bath at 70 °C and for 20 hr until converted into a gel. This product was 

filtered, rinsed repeatedly by distilled water, dried in an oven set at 80 °C for eight hours, and 

calcined at 550 °C for 4h.  
 
     The synthesized γ-MA exhibits a crystalline structure with cubic symmetry; the particle 

size distribution was in the range (10-55 nm), surface area 400.8 m2g-1, pore volume 0.8971 

cm3g-1 and average pore diameter 8.95 nm. Further details regarding its characterization will 

be available in reference [17]. 

 

2.2. Batch method for adsorption kinetic  

     The experiments of kinetic study were carried out in a 250 mL conical flask that included 

0.3 g of γ-MA and 100 mL of 6 mg.L-1 CIP drug. A water bath shaker operating at 200 rpm 

was used to agitate the solutions during the experiments for 240 min, which were conducted 

at 25 °C. After interval time, the drug concentration is ascertainable with a UV-vis 

spectrophotometer by Evaluation the absorbance at     λmax 276 nm.  

 The amount adsorbed qe (mg.g-1) was estimated utilizing the subsequent equation: 

𝑞𝑒 =
(𝐶𝑜− 𝐶𝑒) 𝑉

𝑚
                              (1) 
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Where Co (mg.L-1) is starting concentration of drug, Ce (mg.L-1) is the equilibrium 

concentration of the drug, m is the γ-MA weight, and V is the adsorbate solution's volume in 

L [14]. 

 

2.3. Loading 

     The medicinal product was loaded onto the carriers via impregnation method: 15 mL of 30 

mg.L-1 solutions of the drug was added to the 0.3 g γ-MA carrier, and the mixture was then 

stirred magnetically for 24 hours to achieve equilibrium. The resulting solution was filtrated, 

and the resulting liquid phase was removed into a quartz cell to determine the amount of CIP 

using the UV-vis spectrophotometer. After that, the drug-loaded mesoporous composite was 

oven-dried for 12 hours at 50°C [15, 18].  

 

2.4. In vitro release experiment  

     It was carried out according to the following; a dialysis bag containing of drug-loaded γ-

MA with 2mL of buffer saline solution, pH 7.4 or 5.4, was soaked in the 18 mL of the saline 

solution and maintained at 37 °C under constant magnetic stirring (150 rpm). One milliliter 

samples were withdrawn at prearranged intervals 

(30,60,120,180,240,300,360,420,480,1080,1320,1560 minutes) and replaced with fresh 

phosphate buffer saline (PBS), and the drug concentration in the liquid phase was evaluated 

using a UV-vis spectrophotometer [15, 18].  

 

3. Results and discussion  

3.1. Adsorption Kinetics of CIP Hydrochloride  

     The kinetics of CIP adsorption was investigated by three models: pseudo first order, 

pseudo-second order, and intraparticle diffusion models. The difference between time-

dependent intake (qt) and equilibrium intake (qe) in the pseudo-first-order equation is 

represented as a linear function of adsorption time spent (t), which is provided by equation 2 

[19]: 

𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛 𝑞𝑒 − 𝑘1𝑡         (2) 

 

The rate of adsorption is calculated using the following pseudo 2nd order reported in equation 

3 [19]: 

𝑡 ∕ 𝑞𝑡 = 1 ∕ 𝑘2𝑞𝑒
2 + 𝑡 ∕ 𝑞𝑒         (3) 

Weber–Morris model was applied to specify the diffusion's mechanism and the slowest step 

[20-22]. It is illustrated in the equation  4:  

𝑞𝑡 = 𝑘𝐷𝑡1∕2 + 𝐶              (4) 

 

     where k1 is the rate constant of 1st order, k2 is the rate constant of 2nd order, kD is the 

diffusion's rate constant, and C is plot's intercept. 

 

     The experimental kinetic data obtained for the adsorption of CIP on γ-MA were fitted with 

the three models depicted in Figure 2. A comparison between the three models were applied.  

Table 1 displays all of the parameters and regression coefficients for the kinetic models 

mentioned above. 
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Figure 2 : Linear plots of the A) Pseudo first order, B) Pseudo second C) Intra-particles 

diffusion kinetics models for CIP adsorption on γ-MA 

 

Table 1 : Kinetics functions of CIP medicine adsorption onto γ-MA 

Model Parameters Value 

pseudo-1st order 

qe (exp) 1.8581 

qe (cal) (mg.g-1) 0.1799 

k1(min)-1 0.0133 

R2 0.9369 

pseudo-2nd order 

qe (cal) (mg.g-1) 1.841 

k2 (g/mg/min) 0.2787 

R2 1 

Intraparticle diffusion 

KD1 (mg/g·min1/2) 0.0357 

R21 0.9705 

KD2(mg/g·min1/2) 0.007 

R22 0.9936 

 

Based on the results presented in Table 1, the pseudo-second-order model demonstrated an 

excellent fit for the adsorption of CIP on the γ-MA with correlation coefficients equal 1, 

which proved the experimental data matches up by pseudo 2nd order kinetic approach. This 

[A] [B] 

[C] 

2 
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confirms that the experimental data align perfectly with the pseudo-second-order kinetic 

model. 

  

     The intra-particle equation can be used to identify the rate-determining step in diffusion. 

This model reflects that pore diffusion occurs due to the porous nature of adsorbent. If the 

regression of qt versus t1/2 passes through the origin, then            intra-particle diffusion can be 

identified as a rate-controlling step [23, 24]. It can be showed from the plot of intra-particle 

diffusion equation; the adsorption process was governed by two steps. The first linear step is 

due to the diffusion of CIP molecules between particles (intra-particle diffusion). The second 

linear step is the diffusion inside small pores and then the equilibrium is established. If the 

data show multiple linear segments in the plots that do not intersect the origin, the rate-

controlling step involves not just intra-particle diffusion but also more additional stages [25, 

15]. 

 

3.2. Release Kinetics of CIP. 

     To obtain the release profiles of pharmaceuticals, a small amount of drug-loaded carriers 

can be placed in a large volume of release medium using a dialysis bag. CIP was incorporated 

into carriers for the in vitro examination of drugs release, and the subsequent expression was 

used to determine the quantity of drug-loaded by using equation 5. [26, 15]:  

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 (
𝑚𝑔 𝑑𝑟𝑢𝑔

𝑔 𝑠𝑎𝑚𝑝𝑙𝑒
) =

𝑚 𝑜𝑟𝑖𝑔−𝑚 𝑠𝑜𝑙𝑢

𝑚 𝑀𝑃𝑆
               (5) 

Where morig is milligrams of CIP in the solution before impregnation  and msolu is milligrams 

of CIP in the solution after impregnation and mMPS is the grams of the pure carrier. The 

determinate quantity of CIP medicine loaded in the carrier were 2.82 milligrams of the drug in 

a gram of carrier. These loading values are consistent with the capacity of other adsorbents- 

drugs defined by previous studies [26, 15].   

     In this study, drug release behavior was investigated at 37 °C, and pH= 7.4 and 5.4 

(physiological condition), and the cumulative CIP release were shown in Figure 3. 

  
Figure 3 : The releasing profile of CIP drug loaded γ-MA at A) pH 7.4 and B) 5.4 For the 

CIP/γ-MA system, at pH 7.4, 51.47 % of loaded CIP released at condition decreased to 35.29 

% at pH 5.4 after 1560 min. The lower amount of CIP released at lower pH values had been 

assign to low solubility of the medicine in this condition [27]. 

[A] [B] 
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The data on drug release was entered into three kinetic models: Korsmeyer – Peppas 

(equation 6), pseudo-first-order (equation 7) and Kopcha Kinetics (equation 8) of CIP release 

from the carriers and the linear plots were illustrated in 4 and the results listed in table 3.  

𝑀𝑡 ∕ 𝑀∞ = 𝐾𝑘−𝑝𝑡𝑛                (6) 

𝑀𝑡 ∕ 𝑀∞ = 1 − 𝑒−𝑘𝑡              (7) 

𝑀𝑡 = 𝐴𝑡1∕2 + 𝐵𝑡                   (8) 

     In this case, Mt is the quantity of CIP released in minutes at time t, M∞ is the drug loaded 

in γ-MA particulates, KK-P is a kinetic constant associated with the host-guest couple, 𝑛 is 

associated with the host's form and mechanism of drug release, and 𝑘 is first order rate 

constant. A is the contribution of diffusion, and B is the contribution of erosion. 

 

  

  

  
Figure 4 : The linear plots of; A) Korsmeyer- Peppas, B) pseudo First-order, and C) Kopcha 

models of kinetic release from γ-MA at pH 7.4 and 5.4 respectively. 

 

[C] 

[A] 

pH 7.4 

[B] 

[B] 
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Table 2 : The kinetics parameters of the release of CIP drug 

model Korsmeyer-peppas model Pseudo-first -order Kopcha model 

parameters n kK-P R2 k R2 A B R2 

pH 7.4 0.607 0.0078 0.9076 0.001 0.4894 0.0196 0.0013 0.6851 

pH 5.4 0.351 0.0318 0.8847 0.0006 0.463 0.0451 0.0002 0.967 

 

     The R2 values for the release data at pH 5.4 indicated that the Peppas and Kopcha models 

provided the best fit for all systems. However, at 7.4, the results did not adequately fit the 

data, and the first kinetic model did not match the experimental data.  The Peppas model 

displayed a value of n of 0.607 and 0.351 for pH 7.4 and 5.4 respectively, indicating that drug 

release at pH 7.4 was non-Fickian diffusion, whereas at pH 5.4, the release was Fickian 

diffusion. The Fickian diffusion mechanism controls the release when n ≤ 0.5; While unusual 

diffusion (non-Fickian) mechanism governs the release when n ranges from 0.5 to 1; and the 

complex mechanism of transport governs the release when n > 1. This result is confined to 

other works. In the Kopcha approach, erosion is dominant when A/B less than one, whereas 

diffusion dominates when A/B equal or more than one 1. The results show that all the values 

of the two systems at the two pH 5.4 and 7.4 are more significant than 1, which shows 

diffusion as the dominant mechanism [28-31].  

 

Conclusion 

     The key conclusions drawn from the study of adsorption and release kinetics of CIP on γ-

MA are summarized as follows: 

1. The results of adsorption kinetics examination show the adsorption of CIP medicine on γ-

MA completely obeys by pseudo- 2nd order equation. 

2.  CIP drug-loaded γ-MA has a capacity of 2.40 mg drug/g carrier and the percent of CIP 

releasing after 1560 min in pH 7 and in pH 5 media for CIP/γ-MA system are 51.47 % and 

35.29% respectively . 

3. The release kinetics indicate that the Korsmeyer - Peppas model conforms more closely to 

the release data for CIP drug at CIP/γ-MA system. 
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