Effective Adsorption of Doxorubicin Hydrochloride on Green Magnetic / Graphene Oxide / Chitosan / Allium Sativum / Quercus / NanoComposite 
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Abstract:
This study demonstrates the adsorption properties of doxorubicin anticancer drug on designed and fabricated nanocomposite. A novel nanocomposite based on green magnetic - Graphene Oxide - Chitosan - Allium Sativum- Quercus was successfully fabricated. The most important parameters affecting the adsorption process such as the contact time, pH value, drug concentration, adsorbent dosage, temperature in order to evaluate of the doxorubicin adsorption were investigated. The results indicated that the adsorption maximum on fabricated nanocomposite at pH 6.3 , concentration 3.6 mg / 1.8 ml , contact time 10 minutes and adsorbent dosage  1.4 g / L  was observed . This designed system not only has increased the drug adsorption up to 100 % , but it also could absorb further concentrations of doxorubicin , indicating that the current challenge for use of higher concentrations of doxorubicin due to the used excellent components at fabricated nanocomposite could be essentially minimized. Therefore the fabricated nanocomposite with having natural components and superior properties could increase the doxorubicin adsorption increasingly.
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1- Introduction:

Graphene oxide (GO) with various functional groups containing hydroxyl, epoxy and carboxyl has been attracting in some fields such as chemistry, materials, physics and medicine.1 The modification of GO to build the desired carriers via surface modification by means of covalent or non- covalent for targeted drug delivery has been explored. 2 As hydrophobic drugs can be loaded on graphene sheets by [image: image2.png]


 starching , so designed nanocomposites based on graphene for targeted drug delivery have been investigating.3 Doxorubicin (DOX ) as a strong anticancer agent belongs to Adriamycin (ADM)  groups that in free form or combined with other drugs for cancer treatment is widely utilized. As during DOX injection the normal cells be damaged as well as , resulting the serious side effects such as myelotoxicity and cumulative cardiotoxicity limits its therapeutic index. Nano particle drug delivery system (NDDS) by binding functional ligand to reduce the side effects on normal organs has attracted great attention. 4 Several nano particles in combination with DOX to overcome in effective challenge and reaching to desired therapeutic out comes have been designed . An electrostatic interaction between the positively charged amine moiety of DOX and the negatively charged of nanoparticles facilitates DOX adsorption on the surface. 5 DOX  during a reversible process  on the outer carbon on Carbon nanotube (CNT)   is adsorbed (CNT) and encapsulated drug in the inner space CNT can easily cross  through the cell membrane. 6 The molecular interaction between the carboxylate groups and amino groups of  adjoined DOX with Fe3O4@SiO2-Glu was leaded that DOX via chemisorptions could adsorb strongly without any degradation. 7 The molecular dynamics (MD) simulation of the adsorbed doxorubicin (DOX) drug on  the covalent functionalized carbon nanotubes (CNTs) demonstrated that the molecular  interactions of DOX with f-CNTs can provide the drug release. 8 The adsorbed amount of doxorubicin drug on the surface of mesoporous silica nanoparticles regarding to the desired dosage and the kinetics release of drug can be predicated. 9 The protein competition, lower pH value and short adsorption time was leaded that the doxorubicin desorption on oxidized carbon nanotubes be significantly facilitated. 10 Electrostatic interactions between the negatively charged nanoferrite surface and positively charged DOX  molecules was leaded to the strong adsorption on the surface of nanoferrite. 11 The adsorption rate of DOX on Poly (methyl methacrylate) − Chitosan− Heparin-Coated Activated Carbon by increase of the loaded heparin amount was significantly decreased.12 In this study to elucidate the mechanism of interaction between DOX molecules and designed biocompatible nanocomposite, adsorption analysis has been studied. A novel targeted composite based on various functional groups used at its structure for further adsorption of DOX has been designed and fabricated.  

2- Experimental Section:
2-1  Chemical & Reagents: 
Iron (III) chloride hexahydrate, Iron(II) chloride tetrahydrate (99%,), Natural graphite flakes with average particle size of 150 μm and purity of > 98% , Doxorubicin hydrochloride , Hydrogen Peroxide ( H2O2) (A.R., 30%), Potassium Permanganate (KMNO4) (A.R.), Phosphoric acid (H3PO4), FeCl 3 6H2O, FeSO4 7H2O, Phosphate Buffer Solution (PBS), Ammonia (NH3). Acid clohidric ( HCl ) , Hydroxide Sodium (NaOH.) , N-hexane , Chitosan
 All chemical purchased from Sigma-Aldrich Company

2-2 Natural component:
Allium Sativum , Quercus ,  Alhagi maurorum 
In this study Quercus brantii belongs to the oak forests located in the west of Iran (fars province )  was prepared.
2-3 Methodology:

To evaluation and determination of the DOX drug adsorption on fabricated nanocomposite , the batch experiments in different temperature, pH, dosage, contact time and the concentration of DOX were conducted. The pH value of the samples were adjusted by using diluted solutions of NaOH and HCl (0.1 M). In order to evaluate the adsorbed amounts of DOX drug , related experiments were accomplished at range from 190 to 800 nm by ultraviolet visible (UV–Vis) absorption spectrometer (Agilent technologies Cary Series UV/VIS Spectrometer model ) . For this case ,  the related experiments at batch condition by dispersing the fabricated nanocomposite in 25 ml solution containing DOX drug at various conditions such as alteration of temperature, pH, nanocomposite dosage and drug concentration were conducted. Subsequently the prepared solution including determined concentration of DOX and nanocomposite was sonicated as well at speed 4500 rpm for 5 minutes. To observe of  the functional groups, surface morphology followed by that the done alterations on fabricated nanocomposite,  the FTIR , SEM analysis were performed, respectively.
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 Figure 1. The structural formula of DOX

2-4 Synthesis of Graphene Oxide (GO) :
GO nanosheets were synthesized using modified Hummers method. In this case, first 10 gr graphite was poured into a round-bottom flask then 2 L H2SO4 was added to the vessel and it was allowed be stirred with the aid of magnetic stirring for 30 minutes (500 rpm) at room temperature. Thence 110 ml H3PO4 was added to the suspension and in this step it was allowed be stirred for 30 minutes ( 500 rpm at T = 25° C ) as well as. Afterwards using ice bath the suspension  temperature was decreased under below 5 ° C. Next, 50 gr KMnO4 was slowly added into the suspension and was mixed with speed 500 rpm for30 minutes. Subsequently, the suspension temperature was smoothly increased to about 50 ° C and then was stirred for (500 rpm) 72 hr . Afterwards the formed suspension was transferred into a vacuum Erlenmeyer flask and some pieces of ice cubes (made from deionized water) were poured into the flask. Thereupon, 10 ml H2O2 was slowly added into the suspension and followed by that it was allowed to fill  the vacuum Erlenmeyer flask with deionized water. To further filler of the formed sedimentation the resulted suspension was allowed be kept for 48 h without any stirring. Afterward, the suspension was filtered and washed with HCl for removal of metal ions, then remained fillers on the filter paper were washed with deionized water to set their pH at 7. Filtered and washed nanoparticles were dried for 1 h at 80 ° C in a heating oven and thence were placed in a humidity absorbing chamber for 48 h.
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Figure 2  .Schematic illustration of GO Synthesis. 13
2- 5 Preparation of Alhagi Maurorum Extract:

The essence oil was gathered using Clevenger apparatus. 100 gr of dried herb was grinded and the essence was collected in the instrument for 3.5 hour. The operation was performed using n-hexane. The produced oil was conserved in a dim and closed container till  the analyses

2-6 Preparation of Allium Sativum and Quercus Powder :

The high-grade of allium species belong to Hamadan province located in the west of Iran was prepared. The peeled and chopped Alliums were washed with deionized water, then they were allowed be dried at oven ( 50 ° C) for 24 hr. The dried allium sativum was added to the ball mill apparatus and after 24 hr of mixing the prepared powder was stored at 4° C . Quercus powder was  also prepared according to mentioned pervious approach.
2-7 Preparation of Green Magnetic / Graphen Oxide / Chitosan / Allium Sativum / Quercus   Nano Composite:
Designed nanocomposite during synthesis of Fe3O4 nanoparticles was successfully fabricated .For this case first 3.89 gr FeCl3 and 4.55 gr of  FeSO4 was added in 320 ml deionized water and  was stirred for 1 h at 80 ° C ,  then  1 gr nano  chitosan  , 0.1 gr  Allium Sativum  powder and 0.1 gr of Quercus powder were added into aqueous solution respectively . In the next step 0.0844 gr  of  prepared  GO in 100 mL deionized water was ultrasonicated  (at 300 W for 10 min) and added to the previous suspension then was stirred for further 1 hours at 80 °C. subsequently 40 ml NH3 was slowly added to the resulted suspension and was stirred for 24 h at 80 ° C. Then finalized suspension was filtrated and washed with deionized water . Nanocomposite based on Alhagi maurorum extract was also fabricated according to pervious procedure with this difference that instead of 320 ml of deionized water , at ratio 10/1 (32 ml )  of the prepared Alhagi maurorum extract was added to iron salts and other stages was carried out and followed as stated above . Therefore nanocomposite chemically improved of Magnetic / Graphen Oxide / Chitosan / Allium Sativum / Quercus  ( Gr Mn / GO / CS / A. sativum / Que) was successfully fabricated.
.3- Results and Discussion:

3-1 Adsorption analysis and observation:
To better understand of the interaction mechanism between DOX molecular and fabricated nano composite the surface adsorption analysis was performed. The adsorption peak of drug on nanocompsite surface at wavelengths 290 and 482 nm  as  λ max value was shaped .  

3-2 Characterization:
 To observe of the functional groups and related alterations  the FTRR Spectra analyze for  made nanocomposites were accomplished. As is shown from Figure 3 the adsorption peaks at 580 cm-1 belongs to the stretching vibration mode of Fe- O bound in Fe3o4. Peak at 1720 cm-1 is associated with epoxy (C=O) and as it is observed in combination with nanocomposite has been disappeared . Appeared peak at 2270.48 cm -1 is attributed to (-NCO)  band at Chitosan (CS)  molecule.  Peak at 1114 cm -1 is attributed to the sulfur compounds like  aliine  exciting  in Allium Sativum  .The peaks related to the C=O (carbonyl / carboxy) , C-O (carboxy), stretching  and un-oxidized graphitic domains skeletal vibrations were observed at 1730 cm-1 , 1300 cm-1 , 1618 cm-1 for GO. 14As seen from figure 3  (a & b)  the  containing oxygen functional groups associated with GO  almost or entirely disappeared , indicating that GO was successfully functionalized . Peaks at 3402  cm-1 , 3428 cm-1 are attributed to O-H stretching vibrations of alcohols in the structure of the Alhagi maurorum , CS , Allium Sativum , Quercus. Meanwhile the new appeared peaks at 3771.39 cm-1, 3906.26 cm-1 represent the formed bounds between O-H functional groups of effective components such as polyphones existing  to Alhagi maurorum and other elements. As it is observed from figure 3b, because of the used Alhagi maurorum extract at nanocomposite structure the peaks intensity have been significantly increased.   
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Figure 3.  Fourier transform infrared spectroscopy (FTIR) spectra of

a ( Mn / GO / CS/ A. sativum / Que  ) b  ( GrMn / GO / CS / A. sativum / Que )
The surface morphology of the designed nanocomposite was analyzed by scanning electronic microscopy (SEM). SEM image shows a high density surface with active sites, revealing that magnetic chitosan particles / natural components have been assembled on the GO layers. The observed roughness on agglomerated and compacted regions is associated with magnetic iron oxide particles . As is seen the Go layers have been basically covered with the uniform coverage of particle  that was leaded to create of the spherical spiral structure.
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Figure 4. SEM image of fabricated nanocomposite

3-3 Effect of pH:

Regarding to pH of  the aqueous solution and its impact on both surface charge and ionization degree of adsorbant as an effective parameter at adsorption process using the stock concentration  3.6 mg / 1.8 ml was analyzed and investigated. Figures 5 & 6 show  the pH effect of  initial  solution on the adsorbed doxorubicin. As it is seen from figure  the adsorption maximum was observed at pH  6.3 for Green Magnetic / Graphen Oxide  / Chitosan  / Allium Sativum / Quercus  ( Gr Mn / GO / CS / A. sativum / Que) and by increasing the initial pH from 2.87 to 6.3 ,  the adsorption capacity was increased and the maximum amount of adsorption was observed at pH 6.3. A decrease of adsorption in the pH value above 6.3 is observed. This may be due to the alteration surface charge and formed bounds related to functional groups. Regarding to the colure alteration of DOX in the pH above 8.5 the adsorption capacity deceased basically, so can be concluded that at this range drug  has strongly reacted with nanocomposite. As is observed  for Magnetic / Graphen Oxide  / Chitosan  / Allium Sativum / Quercus (Mn/ GO / CS / A. sativum / Que)  without using the more effective component of  Alhagi maurorum, pH alterations has less effect on adsorption and  the adsorption maximum was seen at higher acidity of solution , whereas chemically improved (GrMn / GO / CS / A. sativum / Que)  nanocomposite with Alhagi maurorum extract owning to more effective formed functional groups and further negatively-charged it depends basically  to pH .    
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                                                       Figure 5. Effect of pH alterations of ( Gr Mn / GO / CS / AlS / Que) 

                                                             on drug adsorption  
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                                            Figure 6. Effect of pH on the drug adsorption a ( Gr Mn / GO / CS / AlS / Que)  

, b (Mn / GO / CS / AlS / Que)  

3-4  Effect  of Contact time:

The contact time effect of DOX drug on the made nanocomposie surface  at concentration 3.6 mg / 1.8 ml , pH 6.3 and temperature 298 K was studied. As it is seen from figure 7 , the adsorption process take place rapidly and after 20 minutes the adsorption capacity reaches to its equilibrium state. Meanwhile the maximum amount of adsorption after 10 minutes of the contact time was observed. Achieved results showed that by increasing of the contact time up to 10 minutes, maximum of the drug adsorption took place on surface of designed nanocomposite. Therefore, 10 minutes of the stirring time as the optimal mixing time was considered. After 10 minutes by increasing of the contact time, adsorption become constant and after 20 minutes be gradually decreased that may be due to decrease of active sites and driving force. As well as after 5 minutes of mixing the adsorption peak at the lower wavelength 290 nm shies to 300 nm and the higher peak of adsorption (482 nm) be prolonged to 300 nm .  
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Figure 7 . The effect of contact time on drug adsorption  a ,
 (Dosage = 1.6 gr / L , λ max = 482) b ( Dosage = 1.6 gr / L , λ max = 290) 
c (  Dosage = 0.8 gr / L , λ max = 482 ) d (Dosage = 0.8 gr / L , λ max = 290)

3-5 Effect of Nanocomposit Dosage:

The effect of nanocomposite dosage on the doxorubicin adsorption at pH 6.3 , was investigated. As it is observed from figure 8 by increasing nano composite amount from 0.8 gr / L to 1.6 gr / L the drug adsorption was essentially increased and at 1.6 gr / L DOX adsorption reached to its maximum amount. As it was expected by increasing of  the nanocomposite dosage due to more availability of the active sites, the drug adsorption increases. With further increase at nano composite dosage from 2 gr / L to 2.4 gr / L the adsorption capacity has been significantly increased.  In fact increase of the drug adsorption at this range is due to the saturated  concentration of nanocomposite and instability of the aqueous solution at  higher dosage from  2 gr / L. The optimum dosage for adsorption process of DOX drug was 1.4 gr / L and  the adsorption capacity reached to maximum taking in to consideration of all conditions. In fact with alteration of other parameters such as contact time can achieve to high adsorption, the optimum dosage at 1.4 gr / L was selected. 
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Figure 8. Effect of used dosage of nanocomposite on  the DOX adsorption 

3-6 Effect of Drug Concentration:

The effect of drug concentration on the adsorption effecincy  with various concentrations at pH 6.3 for   )Gr Mn / GO / CS / A. sativum / Que ) (  nanocomposite was investigated ( Figure 9). As is shown from figure 9 by increase of drug concentration, the amount of drug adsorption increases. Increase of drug concentration is caused that further molecules of drug could be contacted with nano composite surface , resulting drug adsorption increases. At pH 6.3 and temperature 298 k , the maximum of adsorption at concentration 3.6 mg / 1.8 ml was observed. Designed and fabricated nanocomposite with superior properties can adsorb further concentration of drug and reduce the side effects of  the used drug at high concentration. Compared results with fabricated nano composite without green Alhagi maurorum extract, ) Mn / GO / CS / A. sativum / Que ( and free DOX  Figure 10 . The calibration cure related to DOX was drawn and compared to fabricated nanocomposite (Figures 11 & 12) . Results indicated that by increasing DOX concentration from its initial concentration adsorption capacity at dosage 0.8 gr / L reaches to 85 % and at higher dosage adsorption drug reaches to 100 %. 
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Figure  9 . The  effect of DOX concentration on adsorption efficiency of 

Gr Mn / GO / CS / A. sativum / Que
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                                                     Figure 10. The DOX adsorption at different concentrations using , a
    (Gr Mn / GO / CS / AlS / Que)  b ( Free  DOX  )  C (Mn CS) d (Mn / GO / CS / AlS / Que)

Figure 11 .Uv visible image of  DOX drug (  the Various  used concentrations ) 
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Figure  12.  The calibration carve of DOX adsorption 

3-7 Effect of Temperature on  Drug Adsorption:

Effect of  the various temperatures on the doxorubicin ( DOX) adsorption were examined. The obtained results demonstrated that increasing the temperature to more than 30 ° C decreases the drug adsorption basically and at this range the drug adsorption be rapidly destroyed (Figure 13). At temperature 30 ° C the drug adsorption be suddenly increased that resulting of further molecular motion and high competitiveness to the occupied active sites on the nanocomposite surface. At lower temperatures the adsorbed drug has high stability and affective drug loading at this range must be considered.
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Figure 13. Effect of temperature on drug adsorption

3-8 Absorption Isotherm
 The adsorption isotherms study descript the nature of formed adsorption and interaction pathway of adsorbate with adsorbents . Somehow monolayer sorption process onto the adsorbent surface  with finite number of the uniform adsorption sites without transmigration of adsorbate and adsorption on  the heterogeneous surface are associated with Langmuir and Freundlich models respectively. Therefore as is illustrated from figure 14 the obtained results using Langmuir and Freundlich models for better understanding of the adsorption process were modeled. 
     [image: image14.png]Langmuir equation : ( 1)
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For Freundlich isotherm qe, Ce, are concentrations of  the adsorbed drug to the adsorbent amount at the equilibrium  state (mg/g), equilibrium concentration (mg/L), as well as the model constants of  Kf and n  represent  the relationship between adsorption capacity and adsorption intensity, respectively. By plotting log qe vs. log Ce  the amounts of Kf  and n from the intercept and the slope , are determined  respectively. For langmuir model , Ce/qe, Ce, constant b and qmax as  index of the specification of adsorption, equilibrium concentration of adsorption, energy of adsorption and maximum adsorption capacity, are expressed respectively. Furthermore by plotting (Ce/qe) versus the equilibrium concentration (Ce), energy of adsorption and the maximum adsorption capacity from Langmuir isotherm are measured. The obtained parameters associated with adsorption isotherms have been summarized in table (1).   
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Figure 14. Langmuir curve of adsorption (a )  Freundlich curve of adsorption ( b)

                                        Table 1. Parameters related to the adsorption isotherm
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The results indicate that the Freundlich adsorption model according to the gained optimum conditions has higher correlation coefficient (R1 = 0.9613)  and compared to Langmuir model better can describe the DOX adsorption. As value of correlation coefficient  for both isotherm is close to unique  and as it was found at low concentration of drug  the langmuir model shows appropriate behavior, revealing that the drug adsorption is monolayer , whereas at the higher concentration of drug  the Freundlich isotherm  batter  fits the experiment results consequently, it can be concluded that adsorption process follows of the both isotherm but according to further concentration of drug for targeted therapy is considered,  indicating that the Freundlich isotherm has more advantage and better describes the drug adsorption process.
3-9  The Kinetic Study of Adsorption :

 As the kinetic study of adsorption reveals the better understanding of took place process and considering that the speed of molecular interaction into supernatant has potential influences on physicochemical adsorption , therefore the mechanism of adsorption in terms of the kinetic alterations must be basically considered and investigated. In fact with accurate assessment of the adsorption kinetics could monitor and adjust the effective parameter, resulting that the adsorption efficiency be promoted . For current research  the experimental date with four selected models was adapted and investigate .Figure15 illustrates the used kinetic models related to the experimental date of DOX adsorption. The kinetic models are described according to following equations:
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Where qe and qt , are the adsorption capacities of DOX at time t and at equilibrium,  also  K1 , K2 , Ki min−1 are the equilibrium rate constant of pseudo-second kinetic model , pseudo-first kinetic model,  intra-particle diffusion (ki) at stage i respectively . The constants α and β  from the slope and intercept by plotting qt versus ln t  were determined . The kinetics parameters have been summarized at Table 2. 

[image: image20.png]—=—al
—e—b|
—h—c|
[=v—d





[image: image21.png]=—a
|——b|
a—c
[—v—d|

15

10





[image: image22.png]4.0 T

T T T T T T
——a c

35{ |*b
.
——d

30

254

20

15 +— T T T T T T

00 05 10 15 20 25 30

Lnt





[image: image23.png]4.0

=2 D
354 [*0
|—h—cC
|—v—d|
30
25
204
T T T T T T T T
05 10 15 20 25 30 35 40 45





            Figure 15. The kinetics models plot for DOX adsorption a (Dosage =1.6 gr / L, λ max = 482) b (Dosage =1.6 gr / L,

  λ max = 292) c ( Dosage = 1.6 gr / L , λ max = 482 )  d  (Dosage = 1.6 gr / L , λ max = 290)   A, B, C, D   pseudo-second kinetic model , pseudo-first kinetic model,  intra-particle diffusion model , Elovich model , respectively
The kinetic studies demonstrated that further contact of DOX molecules with designed and fabricated system has been leaded to higher adsorption and it was found that after 5 minutes of mixing the maximum wavelengths of adsorption from 482 nm was shifted to 290 nm that can be resulted of the higher competitiveness between molecules at supernatant. As well as the experimental observation and fitted data with kinetics models confirmed that simultaneous increase of nanocomposite dosage along with contact time is caused that the drug adsorption be increased. As it seen from figure 16 high accordance of the experimental results by Pseudo-second-order kinetic model has been found.    
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  Figure 16. Kinetics analysis of the  drug dsorption on fabricated nanocomposite (a)  fitting by the first-second-order model   (b)  fitting by the pseudo-second-order model; (c) fitting by Elovich model  ; (d) fitting by the intraparticle diffusion model

Table 2.  The kinetic parameters of adsorption

[image: image28.png]C— R % O
e EE

i Koot

ertanmotl 0535 P

— o

R 150 e





3-10 Thermodynamic of Adsorption:
The thermodynamic parameters related to drug adsorption including the alterations of  Gibbs free energy (ΔG0), Enthalpy (ΔH0) and Entropy (ΔS0), via the van’t Hoff equation were evaluated and measured , respectively :
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In addition  ΔH0( kJ mol-1) , ΔG0 (kJ mol-1) , ΔS0 (J mol-1 K-1) as the important thermodynamic  qualities , other appeared parameter at above equation are the known universal gas constant and the absolute temperature (K). As well a , K0 represents the ratio of the adsorbed drug on the surface of fabricated nanocomposite at equilibrium (qe) to the residual concentration of the DOX drug into supernatant at equilibrium (Ce). By plotting ln (qe/Ce) vs. qe and determination of the intercept K0 be obtained ( Figure 17 ) . As well as isostric heat of adsorption according to calusius – clapeyron  equation was calculated( Figure 18) . Thermodynamic parameters of drug adsorption have been summerized at table 3.
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 Figure  17. Ln k vs temperature for calculation of  thermodynamic properties .
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Figure 18 .Ln Ce vs temperature  for calculation isoestric heat of adsorption 
Table 3. Thermodynamic parameters of adsorption
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3-11 Surface Excess:

Surface excess as a concentration in a small volume near the surface nano composite is defined.
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Results indicated that at range concentration up to 1 mg / ml  the surface excess has increase , while by increasing concentration from 1 mg / ml  the surface excess has basically increased . Meanwhile at concentration 3.6 has reached to its minimum amount , resulting at concentration 3.6 the maximum amount of DOX has been adsorbed on nanocomposit surface ( Figure 19 ).   
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Figure  19.  The alteration of surface excess with drug concentration.

4 - Conclusion:
 The drug adsorption study indicated that the physical interactions between doxorubicin drug and  fabricated nanocomposite plays important role at drug loading and release , therefore adjusting  the effective parameters can reach to the best clinical therapists state. Results showed by increase of drug concentration and nanocomposite dosage the adsorption of DOX has increased. At acidity condition further amount of the drug adsorption was observed and the maximum adsorption capacity took place at pH 6.3. The drug adsorption was satisfactorily followed with both Langmuir and Freundlich isotherm at lower and higher concentrations of drug respectively. Our finding indicating that the adsorption results in compression with the other kinetic model was further consisted with pseudo-second kinetic model. The obtained thermodynamic parameters demonstrated that the adsorption process of DOX onto fabricated nanocomposite was endothermic and spontaneous. This designed nanocomposite due to the used excellent component at its structure has high efficiency at the DOX adsorption drug ,so it can be essentially considered and used in targeted drug delivery. 
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