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      The sustained release potential of bioactive materials and drugs is a major requirement in the development of carriers for cancer treatment. 

In this study, Carboplatin (Crb) as a standard anticancer drug was loaded to immunoglobulin G nanoparticles (IgGNPs) in the absence 

(Crb@IgGNPs) and the presence of folic acid (FA), (Crb@FA.IgGNPs) as a targetable agent. Their physicochemical properties were 

characterized by various techniques. Dynamic light scattering (DLS) technique indicated that the average hydrodynamic diameter and zeta 

potential values of Crb@IgGNPs and Crb@FA.IgGNPs were 831.23 ± 4.95 nm; (PDI: 0.98  0.31), 397.47 ± 22.96 nm; (PDI: 0.78  0.08) 

and -2.97 ± 1.17 mV, -7.06 ± 0.72 mV, respectively. The spherical shapes of the nanocarriers showed more particle size distribution in 

Crb@FA.IgGNPs are confirmed by field emission scanning electron microscopy (FESEM) and atomic force microscopy (AFM). Fourier-

transform infrared (FTIR) spectra of nanocarriers confirmed Crb loading onto IgGNPs and FA.IgGNPs. Afterward, In vitro release study of 

Crb and Crb@FA.IgGNPs was performed that demonstrated Crb was slowly released from FA.IgGNPs (about 61 h longer than only Crb) 

and the release mechanism was followed by a Korsmeyer-Peppas model with Fickian diffusion. Overall, it was observed that the novel 

designed drug carrier improved the drug release with the appropriate properties for clinical approaches.  
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INTRODUCTION 
 

      Cancer ranks as one of the most health-threatening causes 

of death in the United States, economically developed 

countries, and developing countries. International Agency for 

Research on Cancer (IARC) has reported various reasons for 

cancer outbreaks, including aging, smoking, physical 

inactivity, and “westernized” diets [1,2]. Up to now, several 

approaches such as chemotherapy, radiotherapy, and 

immunotherapy have been carried out to reduce cancer 

mortality. The major problems with these treatments are 

intense side effects on healthy cells and the lack of existing 

specific medicinal treatments [3,4]. Nowadays, targeted drug 

delivery systems based on nanotechnology  have emerged as  
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a promising strategy for cancer treatment. In this regard, 

nanoparticles (NPs) with improved bio-distribution and 

pharmacokinetics of drugs, reduced severe side effects and 

increased therapeutic efficacy [5]. NPs in order to have 

special properties, which could be addressed as suitable 

agents for biology, materials sciences, medicine, pharmacy, 

tissue engineering, drug delivery systems, and so forth [6,7]. 

Recently, different kinds of NPs have been approved for 

administration to achieve a high yield in cancer treatment. 

Among them, protein NPs with amino groups containing 

carboxylic acid and hydroxyl groups can easily be connected 

to platinum central atoms and improve their stability [8]. A 

previous investigation showed that protein molecules 

including albumin and IgG are capable of conjugating less 

than 50% of platinum drugs. IgG is a glycoprotein with a 

volume of more than 75% of total immunoglobulin in plasma  
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that is broadly used in immunology, immunoassay, and 

biochemical analyses. In terms of thermodynamic studies, 

IgG has tended to react with all hydrophobic and hydrophilic 

compounds to reach a lower energy level [4,9]. Besides, 

according to past research works, due to the high tendency of 

protein molecules such as IgG to bind many drugs, 

nontoxicity, suitable biodegradability, and appropriate 

reproducibility make them the best candidates for 

pharmaceutical applications [10-12].  

      Lastly, FA is considered a desirable ligand in targeted 

drug delivery because it has little immunogenicity, low 

molecular weight (Mw ~ 441.4 g mol-1), and adaptation with 

all organic solvents [13,14]. Investigations have shown that 

in the majority of cancerous tissues consisting of the ovary, 

brain, and kidney the FA receptor is expressed. So, different 

investigations about conjugating FA with liposomes, 

copolymers NPs, baculovirus, and albumin have been carried 

out to treat defective tissue. Due to the high affinity of FA to 

accumulate in tumor cells, suitable ability to detect cancerous 

cells, and anti-tumoral activity, new cancer therapy 

approaches have been opened for investigators [15]. All 

outputs from in vitro and in vivo studies about conjugating 

FA with anticancer drugs have shown that the therapeutic 

efficacy has increased compared to non-conjugated drugs 

[16,17]. Carboplatin (Crb) is a platinum anticancer drug with 

a wide range of structural and pharmacological specifications 

that are widely utilized in various types of cancer including 

ovarian, lung, neck and head, and so on. Because Crb has a 

lower incidence of nephrotoxicity and ototoxicity, it is often 

preferred over cisplatin [18]. However, due to the low ability 

to uptake cancer cells and high cytotoxicity, its clinical 

applications are confined. In line with past investigations, a 

silk fibroin carrier has been designed for the targeted release 

of Crb to breast cancer tissue [19]. In other research,              

novel functionalized polylactide-co-glycolide (PLGA) 

nanoparticles with FA-conjugated chitosan were used to 

deliver Crb for colorectal cancer treatment [20]. However, 

Crb-loaded chitosan and BSA nanoparticles were used as a 

targeted delivery system for breast tumors [21]. Moreover, in 

a new study on cancer treatment, Oxaliplatin-loaded IgG NPs 

have been shown to have a high efficiency on BCL-2 and 

BAX expression [4].  

      In this study, novel FA-functionalized IgGNPs carriers 

were   prepared    and   characterized  with  physicochemical  

 

 

analyses including, field emission scanning electron 

microscopy (FE-SEM), Zeta Sizer-Potential analysis, atomic 

force microscopy (AFM), absorption spectroscopy (UV-Vis) 

and Fourier transform infrared spectroscopy (FTIR) to reach 

high effectiveness and minimal side effects of Crb with its 

sustained release from natural biomaterials. Besides, loading 

of Crb as a standard chemotherapeutic drug onto FA.IgGNPs 

were carried out. Then, the release behavior and release 

mechanism of Crb were studied in detail.  

 
MATERIALS AND METHODS 
 

Materials 
     Immunoglobulin G from human serum (≥ 95% of purity), 

1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) 

powder (97% of purity), Carboplatin (Crb), ethanol (98% of 

purity), folic acid (FA), phosphate buffer saline solution 

(PBS, pH = 7.4), and dialysis bag (12 kDa) were purchased 

from Sigma Aldrich (Germany). All solvents and reagents 

were of analytical grade and were supplied from Merck 

(Germany). 

 
Methods 
      Fourier Transform Infrared (FTIR) apparatus (Bruker 

Company of the Netherlands in the range of 4000-400 cm-1 

with KBr disks) was used for the chemical bond formation of 

compounds. The average particle size of compounds (150 μl 

of each compound was separately dispersed in 950 μl 

distilled water by sonication) was determined by assisting the 

Zeta Sizer machine (Malvern Instrument, Worcestershire, 

United Kingdom). Moreover, the surface morphology of 

IgGNPs, Crb@IgGNPs, and Crb@FA.IgGNPs was studied 

using field emission scanning electron microscopy (FESEM). 

In this regard, coated 150 μl of each specimen on microscope 

slides and then was placed at room temperature for 24 h to 

reach the dried form. Next, all slides were coated using a thin 

film of gold, and images were obtained by TESCAN VEGA-

II, USA (voltage of 15.0 kV and a current intensity of 30 A). 

Centrifugation was performed by Hettich® Universal 

320/320R centrifuge (Germany), and ultrasonic was carried 

out using ultrasonic sonoswiss.  

 

Preparation of Samples  
      Synthesis of  IgGNPs.  IgGNPs  were prepared  using a 
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desolvation method as described in previous research 

[22,23]. Briefly, 50 mg IgG powder was dissolved in 25 ml 

deionized water. Then, 2.0 ml of ethanol with a rate of              

2.0 ml min-1 was added into an aqueous solution of IgG under 

magnetic stirring (600 rpm for 10 min) at room temperature. 

Then, 5.0 mg EDC as a cross-linker was dissolved in 0.5 ml 

deionized water and poured into IgG solution. The prepared 

solution was stirred for 3 h to complete the cross-linking 

process. After this step, the solution containing IgGNPs has 

centrifuged three cycles at 11,000 rpm for 10 min. For each 

cycle of centrifugation, the supernatant changed with the 

same volume of deionized water and redispersion of the 

pellet by ultrasonic for 5 min for purification from free IgG 

and EDC. Finally, IgGNPs were placed under a specific 

temperature (2-8 ºC) away from direct light.  

      Crb loading and FA conjugation. Crb loading to 

IgGNPs (Crb@IgGNPs) was prepared via an identical weight 

portion mixture (1:1 w/w) of Crb (3.02 mg ml-1) and IgGNPs 

(3.02 mg ml-1) at room temperature. Then, the obtained 

solution was stirred and incubated for 24 h. Crb@FA.IgGNPs 

were also prepared by conjugation of FA onto the 

Crb@IgGNPs. For this purpose, FA solution (3 mg ml-1) was 

mixed with 1.0 ml Crb@IgGNPs solution (1:1 w/w). The 

resulting suspension was stirred and incubated at room 

temperature for 24 h. After this step, the solutions were 

centrifuged separately at 11,000 rpm for 10 min, the 

supernatant was collected to determine the unloaded drug, 

and the pellets were dispersed in 3 ml PBS buffer.  

 

Drug loading and Drug Release Studies  
      Determination of concentration, loading, and 

encapsulation efficiency of Crb. For calculation of the 

amount of the released Crb, the standard curve of Crb was 

plotted based on the absorption of each sample at 230 nm (the 

characteristic peak of Crb) versus various Crb concentrations 

from 0 to 0.067 mM. Then, the equation of the best fit of the 

standard chart was obtained (A = slope  [Crb], where A is 

the absorption of Crb in various concentrations, [Crb]) [24], 

and the A value of each sample was recorded by UV-Vis 

spectrophotometer. The unknown concentration of samples 

was determined by the recording of absorbance and using the 

standard equation.  

Encapsulation efficiency (%EE) and drug loading (%DL) 

percentage were performed from the following  equations of 

 

 

(1) and (2) [25,26]:  

 

      %EE = W0/W1 × 100                                                              (1) 

 

      %DL = W0/W × 100                                                              (2) 

 

Where W0 was the weight of Crb loaded in IgGNPs, W1 was 

the weight of IgGNPs and W was the initial weight of Crb, 

respectively.  

      Drug release assessment. Drug release assessment was 

performed by dialysis bag method. Briefly, 3 ml of Crb           

(3.02 mg ml-1) and Crb@FA.IgGNPs (1:1:1) were separately 

transferred into the dialysis bag, submerged in 15 ml of PBS 

(pH 7.4) in 25 ºC and stirred at 300 rpm. Then, 3 ml of each 

solution was periodically picked up during 277 h, and an 

equal volume of PBS was added to the above solutions until 

the total volume remained unchanged. Finally, the 

cumulative release of Crb was obtained with Eq. (3) [27]: 

 

      %Cumulative release = Wt/W0 × 100                            (3) 

 

Wt and W0 are the weight of released Crb and total weight of 

loaded Crb at a distinct time, respectively, and plotted as a 

function of time (t). Furthermore, the rate of release was 

determined as Wt/t [23] and plotted as a time function.      

      Release mechanism. The drug release mechanism was 

studied with the mathematical models as follows [28]: 

Zero order: Wt = k0t 

 

      First order: logWt/W0 = -k1t/2.303                                       (4) 

 

Korsmeyer-Peppas: logWt/W0 = nlogt + logkP 

 

Where, Wt and W0 were the amount of Crb released in time t 

and the initial amount of Crb in dissolution media, 

respectively. k0, k1, and kP were release rates, and n is the 

release exponent. 

      The zero-order kinetic model was plotted as Wt versus t 

and its slope was k0. The first-order model was chosen for 

verifying the time role and perfect sink conditions in the 

release media, and the nanoparticles surface alter over time 

of release, respectively [29]. k1 value was determined from 

the slope of logWt/W0 vs. t. The Korsmeyer-Peppas was used 

for describing Crb release from a polymeric matrix [30]. The  
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slope and intercept of logWt/W0 vs. logt showed n and logkP 

values. However, the amount of Wt/W0 should be considered 

less than 0.6. For the case of spherical forms, the diffusion 

mechanism followed by Fickian diffusion when n ˂0.43 and 

related to non-Fickian when 0.45 ˂ n ˂ 0.89. In addition,                

n ˃ 0.89 illustrated the swelling control drug release. The 

selection of the drug release mechanism depends on the 

higher R2 value of each model [31,32]. 

Further kinetic parameters such as the maximum amount of 

released Crb (Cma x), the release kinetic constant (k r e l),  and 

the initial release rate (r0 that was inverse of k r e l) were 

calculated from the following equation [23,33]:  

 

      T/WT =  + T                                           (5) 

 

where,  t/W t is the ratio of time to the weight of released 

Crb, α =1/(Cma x)2.k r e l,  and β = 1/Cm ax.   and   are 

intercept and slope of t/C t versus t plot.  

 

RESULTS AND DISCUSSION 
 
Characterization  
      IgGNPs were synthesized according to the earlier reports 

[4,34,35]. The IgGNPs formation was confirmed by FTIR, 

3D fluorescence spectra, and FESEM image (Fig. S1). After 

that, the structure of Crb@IgGNPs and Crb@FA.IgGNPs 

was characterized using FTIR, Zeta sizer, Zeta potential, 

FESEM, and AFM.  

      The structure alteration of compounds (FA, Crb, IgGNPs, 

Crb@IgGNPs and Crb@FA.IgGNPs) were evaluated by the 

changes in their FTIR spectra (Fig. 1a). The C=O and N-H 

stretching vibration bands appear around 3291 cm-1,                            

2962 cm-1 and 1661 cm-1 that belonged to amide groups 

(amide I and II), and the carbonyl group of IgGNPs, 

respectively [36,37]. The characteristic peaks of the FA 

spectrum at 1606 cm-1, 1695 cm-1, and 1486 cm-1 were 

attributed to N-H bending vibration of the CONH group, 

C=O amide stretching of the α-carboxyl group and absorption 

band of the phenyl ring, respectively. The vibrational                    

bands of the Crb spectrum were also reported at 1642 cm-1, 

3270 cm-1, and 1366 cm-1 corresponding to C=O, -NH 

vibration bands, and -C-O of  the  heterocyclic  group. FTIR             

 

 

characteristic bands in Crb and IgGNPs showed the 

possibility of conjugation between -CO and -NH groups that 

presented in Crb and IgGNPs. However, according to the 

structure of Crb, it seems that carbonyl groups tend to bond 

more than amine groups due to their greater exposure                  

(Fig. S2). As shown in the Crb@IgGNPs spectrum, the 

change of the characteristic bands of the -C=O group of 

IgGNPs from 1661 cm-1 to 1656 cm-1 and -NH group of Crb 

from 3270 cm-1 to broad band of 3325 cm-1 demonstrated          

that -NH groups of Crb bind to -CO groups of IgGNPs. 

Crb@FA.IgGNPs formation was confirmed by the 

disappearance of two bands of FA at 1606 cm-1 and              

1695 cm-1 related to -NH groups and the appearance of a 

sharp band at 1656 cm-1 that is probably due to the 

conjugation between -NH groups of FA and carbonyl groups 

of Crb and IgGNPs. Furthermore, the sharper band at 3298 

cm-1 compared to the Crb@IgGNPs spectrum indicated that 

-NH groups of FA are present, however, the broadband at 

3200-3600 cm-1 covered the other bands. In addition, the 

slight alteration of amide bands of IgGNPs in Crb@IgGNPs 

and Crb@FA.IgGNPs showed the conjugation -NH groups 

of IgGNPs with FA and Crb. However, the spectra were 

similar and indicated that the interaction between Crb and the 

nanocarrier was rather weak.  

      The average size value, polydispersity index (PDI) and 

zeta potential value of IgGNPs, Crb@IgGNPs and 

Crb@FA.IgGNPs were measured and mentioned in Fig. 1b. 

The obtained results demonstrate that the hydrodynamic 

diameter and the PDI value of IgGNPs (596.37 ± 2.76 nm; 

0.43 ± 0.046) were increased in the presence of Crb                           

(831.23 ± 4.95 nm; 0.98  0.31) due to the conjugation of Crb 

to IgGNPs and also the moderate agglomeration. In contrast, 

these data were significantly decreased in the 

Crb@FA.IgGNPs system (397.47 ± 22.96 nm; 0.78  0.08) 

that showed the particle size distribution was improved by 

the presence of FA in the surface of Crb@IgGNPs and the 

repulsion of particles. Furthermore, the mean size of 

Crb@FA.IgGNPs was appropriate for biomedical 

approaches compared to Crb@IgGNPs because the release 

rate of the drug is straightforwardly related to the size and 

distribution of nanocarriers [38]. Moreover, the surface 

charge  of  IgGNPs  was  increased  from -9.35 ± 0.77 mV to               
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-2.97 ± 1.17 mV and -7.06 ± 0.72 mV for Crb@IgGNPs and 

Crb@FA.IgGNPs, respectively. These results demonstrated 

that the stability of Crb@IgGNPs and Crb@FA.IgGNPs 

systems decreased compared to IgGNPs. However, the 

presence of FA controlled the zeta potential in an appropriate 

range [39]. Therefore, it was better to freeze-dry the 

Crb@FA.IgGNPs and then suspend it for injection like 

Abraxane (paclitaxel human serum albumin-bound). 

      FESEM images indicate the spherical shapes of 

nanoparticles with decreasing the mean average size of 

nanoparticles by adding FA and Crb into IgGNPs that was 

141.56 ± 24 nm, 117.18 ± 20 nm, and 91.54 ± 18 nm for 

IgGNPs, Crb@IgGNPs and Crb@FA.IgGNPs, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Moreover, the dispersity of Crb@FA.IgGNPs was more than 

IgGNPs and Crb@IgGNPs. These achievements were in 

agreement with the obtained zeta sizer results. In addition, 

novel amphiphilic nano micelles based on schizophyllan 

(SPG) exopolysaccharide with the same morphology was 

also reported that have promising behavior in the release of 

paclitaxel [40].  

      Moreover, AFM images of IgGNP, Crb@IgGNPs, and 

Crb@FA.IgGNP were investigated for further 

characterization. As shown in Fig. 2, the mean height (mean 

Ht) value of IgGNPs was 11.63 nm and increased when Crb 

was loaded onto it (Crb@IgGNPs; 25.19 nm) while this value 

was  decreased  for  Crb@FA.IgGNP  (23.90 nm)   that  was  

  
 

 

Fig. 1. FTIR spectra of Crb, FA, IgGNPs, Crb@IgGNPs and Crb @FA.IgGNPs (a); The mean size and zeta potential of IgGNPs, 

Crb@IgGNPs and Crb @FA.IgGNPs (b); SEM images of IgGNPs (I), Crb@IgGNPs (II) and Crb @FA.IgGNPs (III) (c). 
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Fig. 2. AFM images and histogram data of IgGNPs (I), Crb@IgGNPs (II), and Crb@FA.IgGNPs (III).  
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probably due to more dispersity of particles in the presence 

of FA. Furthermore, the maximum peak-to-valley distance 

(Rp-v) value of Crb@FA.IgGNP (83.74 nm) was 

significantly lower than Crb@IgGNPs (165.7 nm) which 

confirmed the dispersal of particles. Also, the values of 

average surface roughness (Ra) were obtained as 1.23 nm, 

2.64 nm, and 73.80 nm, and root means square (Rq) of 

roughness was 3.22 nm, 7.66 nm and 7.48 nm for IgGNP, 

Crb@IgGNPs, and Crb@FA.IgGNP, respectively [41,42]. 

The comparison between obtained results of the three 

systems indicated that the drug was successfully loaded to a 

carrier, and the drug delivery systems were formed. 

However, the morphology and good dispersity of 

Crb@FA.IgGNPs caused this system to be selected for drug 

release study.   

 
Drug Loading and Release Assessments  
      Standard equation, Crb loading, and encapsulation 

efficiency percentage. The standard equation was obtained 

from the standard curve (Fig. S3) that was A = 2.9791 [Crb] 

(R2 = 0.9864). The supernatant absorption of the 

Crb@FA.IgGNPs system was recorded and, the weight of the 

unloaded drug was determined using a standard equation of 

0.42 mg Crb@FA.IgGNPs. The overall weight of the drug 

and IgGNPs was 3.02 (the weight ratio was 1:1). The results 

of the encapsulation efficiency (%EE) and drug loading 

(%DL) were determined from Eqs. (1)-(2) and gathered in 

Table 1. The obtained results indicated that Crb was 

successfully loaded into the nanocarrier and was higher than 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 1. The Encapsulation Efficiency and Drug Loading 
Percentage  
 

Sample Crb@FA.IgGNPs 

%EE 89.38 

%DL 89.38 
 
 

the various polymer-based nanocarriers such as the 

pectin/modified nano-carbon sphere nanocomposite gel films 

for release of 5-fluorouracil [27], albumin nanoparticles for 

release of paclitaxel and resveratrol [43] and curcumin 

derivative release from bovine serum albumin nanoparticles 

[33].  

      Crb release behavior. The release behavior of Crb from 

FA.IgGNPs system was evaluated and compared with the 

release of only Crb in the same condition (pH 7.4). As shown 

in Fig. 3a, Crb was completely released at 216 h and 277 h in 

the absence and presence of FA.IgGNPs, respectively. Thus, 

FA.IgGNPs caused the sustained release of Crb for 61 h more 

than free Crb. In addition, the release of Crb from 

FA.IgGNPs were lower than only Crb at each time. As shown 

in Fig. 3a, the cumulative release of Crb@FA.IgGNPs was 

40% during 100 h, while it was higher than 60% for only Crb. 

Therefore, the higher drug concentration caused more 

cytotoxicity in free Crb compared to Crb@FA.IgGNPs at the 

same time. This result was in agreement with the other 

polymers for drug delivery approaches such as bovine serum 

albumin [44], nanofibers of cellulose [45], and catanionic 

vesicles [46].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Release behavior (a) and release rate (b) plots of Crb in the absence (blue) and presence of IgGNPs (orange); the 

arrows show the starting point of the rate when it was constant.  
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      Moreover, the release rate of free Crb and 

Crb@FA.IgGNPs systems was evaluated (Fig. 3b) and 

showed that explosive release occurred in free Crb because 

the maximum release rate of Crb (0.48 mg h-1) is 45% greater 

than Crb@FA.IgGNPs (55.08 mg h-1). Furthermore, the 

release rate of Crb from FA.IgGNPs (0.025 mg h-1) is 35% 

lower than free Crb (0.039 mg h-1) during the first 29 h of 

release and Crb release from FA.IgGNPs at each time was 

lower than only Crb, as shown in Fig. 3b. Also, the release 

rate of the Crb@FA.IgGNPs system was fixed 50 hours 

earlier than free Crb (after 16 h for Crb@FA.IgGNPs 

compared to 66 h for Crb) that showed the designed system 

released the loaded Crb in a sustained manner. However, the 

targetable property and biocompatible and low cytotoxicity 

of FA.IgGNPs systems should be examined.        

     Release mechanisms. The cumulative release behavior of 

Crb and Crb@FA.IgGNPs was evaluated by three 

mathematical  kinetic  release  models  including, zero-order, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

first-order, and Korsmeyer-Peppas (Fig. 4 and Table 2). The 

results indicated that the release mechanism of only Crb 

system and the Crb@FA.IgGNPs system followed the 

Korsmeyer-Peppas model with R2 = 0.9542 and R2 = 0.9926, 

respectively. Great linear regression shows good fitting 

between mathematical kinetic release models. In addition, the 

diffusion type of Crb@FA.IgGNPs is according to the 

description of 2.4.3. the section was Fickian because n = 0.42 

(n < 0.43) while the n value of only Crb was 0.27, which 

showed the diffusion type is non-Fickian.  

      Moreover, the further kinetic parameters (Fig. 5 and 

Table 2) demonstrated that all loaded drugs were released, as 

shown in Fig. 3a and although both of the systems have 

almost the same release constant, the initial release rate of 

Crb@FA.IgGNPs was significantly lower than Crb that 

confirmed the release rate results (Fig. 3b). Hence, the 

designed nanocarrier has the ability for sustained release of 

carboplatin as a standard anticancer drug.   
 
    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
 

    
Fig. 4. Zero-order kinetic model (I), First-order kinetic model (II), and Korsmeyer-Peppas kinetic model (III).  
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Fig. 5. t/Wt versus t plot.  
 
 
CONCLUSION 
 
      In this study, a novel nanocarrier based on the FA-coated 
biocompatible IgGNPs was successfully synthesized and 
characterized using FTIR, AFM, FESEM, and DLS 

techniques to reach an appropriate drug delivery system. The 
obtained results were compared to Crb@IgGNPs and Crb, 
respectively, confirming the formation of Crb@FA.IgGNPs 
with the spherical shape and the suitable particle size 
distribution for biomedical approaches. Afterward, the drug 
loading, drug release, and release mechanism assessment of 

Crb were investigated under physiological conditions. The 
results showed that FA.IgGNPs can completely release Crb 
sustainable manner with the Korsmeyer–Peppas kinetic 
model by Fickian diffusion. However, further investigation 
should be performed to study the nanocarrier for target ability 
due to the presence of FA. All of the results showed that 

FA.IgGNPs nanocarrier has potent to control and the 
sustained release of carboplatin. Therefore, it was an 
appropriate candidate for treating cancerous organs and 
tissues. 

 

 

 

 

 

 

 

 

 

 

 
ACKNOWLEDGMENTS 
 

      This research work has been supported with a research 

grant (No. 771397061) from the Materials and Energy 

Research Center (MERC), Karaj, Iran. 

 
REFERENCES 
 
[1] F. Bishehsari, M. Mahdavinia, M. Vacca, R. 

Malekzadeh, R. Mariani-Costantini, World J. 

Gastroenterol. 20 (2014) 6055.  

[2] H. Nagai, Y.H. Kim, J. Thorac. Dis. 9 (2017) 448. 

[3] V. Schirrmacher, Int. J. Oncol. 54 (2019) 407. 

[4] M. Shahlaei, M. Saeidifar, A. Zamanian, Colloids Surf. 

B. Biointerfaces. 195 (2020) 111255.  

[5] W. Mu, Q. Chu, Y. Liu, N. Zhang, Nano-Micro Lett. 12 

(2020) 142.  

[6] X. Yu, I. Trase, M. Ren, K. Duval, X. Guo, Z. Chen, J. 

Nanomat. 2016 (2016) 1087250.  

[7] M. Aghayari, M. Salouti, A.R. Kazemizadeh, A. 

Zabihian, M. Hamidi, N. Shajari, F. Moghtader, Sci. 

Iran. 22 (2015) 1330. 

[8] A. Aghebati-Maleki, S. Dolati, M. Ahmadi, A. 

Baghbanzhadeh, M. Asadi, A. Fotouhi, M. Yousefi, L. 

Aghebati-Maleki, J. Cell. Physiol. 235 (2020) 1962. 

[9] Q. Zhou, L. Zhang, H. Wu, Nanotechnol. Rev. 6 (2017) 

473. 

[10] P. Chames, M. Van Regenmortel, E. Weiss, D. Baty, Br. 

J. Pharmacol. 157 (2009) 220.  

[11] N. Kamaly, B. Yameen, J. Wu, O.C. Farokhzad, Chem. 

Rev. 116 (2016) 2602.  

[12] W.M. Pardridge, Expert Opin. Drug Deliv. 12 (2015) 

207.  

 [13] Y. Bae, W.-D. Jang, N. Nishiyama, S. Fukushima, K. 

Kataoka, Mol. Biosyst. 1 (2005) 242. 

Table 2. The Kinetic Parameters of Crb and Crb@FA.IgGNPs 

 

 

Zero-order First-Order Korsmeyer-Peppas Kinetic parameters 

R2 R2 R2 
kp 

 (mg h-1) 
n 

Cmax  
(mg) 

krel 

 (mg-1 h) 

r0  
(mg h-1) 

Crb 0.9121 0.8299 0.9542 0.180 0.27 2.90  0.31 0.012 80.16 

Crb@FA.IgGNPs 0.9828 0.8041 0.9926 0.068 0.42 2.98  0.28 0.013 74.21 

 

287 



 

 

 

Karimi et al./Anal. Bioanal. Chem. Res., Vol. 10, No. 3, 279-288, July 2023. 

 

 

[14] M. Licciardi, A. Li Volsi, N. Mauro, C. Scialabba, G. 

Cavallaro, G. Giammona, J. Nanomater. 2016 (2016) 

2078315.  

[15] X. Li, X. Wang, H. Liu, Y. Peng, Y. Yan, T. Ni, J. Mol. 

Struct. 1225 (2021) 129291.  

[16] A. Narmani, M. Rezvani, B. Farhood, P. Darkhor, J. 

Mohammadnejad, B. Amini, S. Refahi, N. Abdi 

Goushbolagh, Drug Dev. Res. 80 (2019) 404. 

[17] X. Zhao, H. Li, R.J. Lee, Expert Opin. Drug Deliv. 5 

(2008) 309.  

[18] M. Ming, Z.L. Ma, Y.T. Xu, F.Y. Sun, X.H. Cui,                

Iran. J. Pharm. Res. 16 (2017) 1305. 

https://doi.org/10.22037/ijpr.2017.2120. 

[19] P. Tulay, N. Galam, T. Adali, Crit. Rev. Eukaryot. Gene 

Expr. 28 (2018) 129. 

[20] Y. Wang, P. Li, L. Kong, AAPS PharmSciTech. 14 

(2013) 585. 

[21]  J. Khodadi, M. Saeidifar, M. Shahlaei, A. Divsalar, P. 

Sangpour, Biomacromolecular J. 5 (2019) 105.  

[22] H. Nosrati, R. Abbasi, J. Charmi, A. Rakhshbahar, F. 

Aliakbarzadeh, H. Danafar, S. Davaran, Int. J. Biol. 

Macromol. 117 (2018) 1125. 

[23] V. Ziaaddini, M. Saeidifar, M. Eslami-Moghadam, M. 

Saberi, M. Mozafari, IET Nanobiotechnology. 14 

(2020) 105. https://doi.org/10.1049/iet-nbt.2019.0086. 

[24] M. Mahmoudi, S. Laurent, Sci. Iran. 17 (2010) 43. 

[25] A.R. Gardouh, A.M. Nasef, Y. Mostafa, S. Gad, J. Drug 

Deliv. Sci. Technol. 60 (2020) 102093.  

[26] M. Jelvehgari, J. Barar, H. Valizadeh, B. Delf Loveymi, 

M. Ziapour, Sci. Iran. 17 (2010) 79. 

[27] S. ya Wang, Y. jie Meng, J. Li, J. peng Liu, Z. qi Liu, 

D. qiang Li, Int. J. Biol. Macromol. 157 (2020) 170. 

[28] A. Lisik, W. Musiał, Material. 12 (2019) 730.  

[29] L. Pourtalebi Jahromi, M. Ghazali, H. Ashrafi, A. 

Azadi, Heliyon. 6 (2020) 03451.  

[30] A.N.  Wilson, M.  Blenner,  A. Guiseppi-Elie, Polymer.  

 

 

 

 

 

 

 

 

 

 

6 (2014) 2451. 

[31] C. Wang, S. Okubayashi, J. Supercrit. Fluids. 148 

(2019) 33. 

[32] M. Chatterjee, N. Jaiswal, A. Hens, N. Mahata, N. 

Chanda, Mater. Sci. Eng. C. 114 (2020) 111029. 

[33] N. Fattahian Kalhor, M. Saeidifar, H. Ramshini, A.A. 

Saboury, J. Biomol. Struct. Dyn. 38 (2020) 2546.  

[34] H. Yang, Y. Huang, J. Liu, P. Tang, Q. Sun, X. Xiong, 

B. Tang, J. He, H. Li, Sci. Rep. 7 (2017) 11126.  

[35] X. Yan, D. Yuan, D. Pan, Molecule. 23 (2018) 3120.  

[36] G. Baird, C. Farrell, J. Cheung, A. Semple, J. Blue, P.L. 

Ahl, , Protein J. 39 (2020) 318. 

[37] C. Invernizzi, T. Rovetta, M. Licchelli, M. Malagodi, 

Int. J. Anal. Chem. 2018 (2018) 7823248.  

[38] V. Verma, K.M. Ryan, L. Padrela, Int. J. Pharm. 603 

(2021) 120708.  

[39] S. Honary, F. Zahir, Trop. J. Pharm. Res. 12 (2013) 265.  

[40] Z. Negahban, S.A. Shojaosadati, S. Hamedi, Colloids 

Surfaces B Biointerfaces. 199 (2021) 111524.  

[41] M. Raposo, Q. Ferreira, P.A. Ribeiro, A Guide for 

Atomic Force Microscopy Analysis of Soft- Condensed 

Matter, 2007. 

[42] B. Singh, B. Singh, Int. J. Biol. Macromol. 99 (2017) 

699.  

[43] Y. Zhao, C. Cai, M. Liu, Y. Zhao, Y. Wu, Z. Fan, Z. 

Ding, H. Zhang, Z. Wang, J. Han, Int. J. Biol. 

Macromol. 153 (2020) 873–882.  

[44] M. Salehiabar, H. Nosrati, E. Javani, F. Aliakbarzadeh, 

H. Kheiri Manjili, S. Davaran, H. Danafar, Int. J. Biol. 

Macromol. 115 (2018) 83.  

[45] R. Kolakovic, T. Laaksonen, L. Peltonen, A. 

Laukkanen, J. Hirvonen, Int. J. Pharm. 430 (2012) 47.  

[46] S.M. Rajput, K. Mondal, M. Kuddushi, M. Jain, D. Ray, 

V.K. Aswal, N.I. Malek, Colloids Interface Sci. 

Commun. 37 (2020) 100273.  

 

 

288 


