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Docetaxel (DTX) is a semi-synthetic anticancer drug from the taxoid family. DTX is a good 

anti-mitotic anticancer agent that can be used to treat many types of human cancer. DTX 

does have some problems, such as not dissolving well in water, being highly poisonous 

overall, and not being distributed in a specific way. To solve these issues, researchers have 

been working on making nanocarriers that can carry DTX to the targeted site. Polymeric 

nanocomposites have gained great attention as carriers for drugs delivery. In this study, 

magnetite coated silica  (MNPs@SiO2) were made and covered with a polymer of organic 

ligands that is acrylonitrile (AN), acrylic acid (AA), and ethylene glycol dimethacrylate 

(EGDMA) to load the DTX. The polymeric nanocomposite (MNPs@SiO2@p (AN-co-AA-

co-EGDMA)) was collected as a white powder and studied using FTIR, EDX, and SEM 

techniques. The prepared polymeric nanocomposite was studied for loading of docetaxel. 

The effect of contact time, pH, and polymeric nanocomposite amount on the loading of the 

drug were also evaluated. The maximum loading for docetaxel (93.4%) was observed at 

10mg of the polymeric nanocomposite, pH of 4, and time of 6 h.  
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1. Introduction 

 

Prostate cancer (PC) is one of the most common types of 

cancer in men, and with the highest incidence rate reported 

among Africans. The World Health Organization (WHO) 

says that cancer is still the leading cause of death and that 

number will likely rise to 17.5 million by 2050. In the UK 

in 2017, about 1,60,000 men were diagnosed with it [1]. 

Radiotherapy and chemotherapy are the most common 

treatments, but they have a lot of side effects and toxins that 

affect the whole body. Additionally, advanced prostate 

cancer, also known as metastatic cancer, can still be cured 

with the help of chemotherapy and other treatments that 

extend life. To better manage and increase the survival 

percentage of patients with advanced PC, it is vital to create 

a viable medication delivery method [2]. The creation of 

highly efficient medications and the delivery of those drugs 

in a manner that is selective to malignant cells while 

minimizing harmful effects on normal cells is the primary 

challenge. A great number of studies on the development of 

chemotherapies for prostate cancer have been designed and 

produced by researchers [3]. One of the substances that 

shows potential is DTX, which is a toxoid and is widely 

used as an anticancer medication against cancers of the 

prostate, breast, neck, hepatic, pancreatic, and stomach. As 

a result of its high affinity for the binding site of the β 

tubulin protein, which is responsible for initiating the 

assembly of tubulin into microtubules, the DTX exerts its 

influence by blocking the process of microtubule 

depolymerization. Therefore, stopping of microtubule 

depolymerization during the G2/M phase ultimately results 

in the arrest of the cell cycle and the initiation of apoptosis 

[4,5]. DTX also shows an anti-angiogenic effect [6]. When 

compared to other cancer therapies such as doxorubicin, 
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paclitaxel, and fluorouracil, it is believed to be a more 

effective anti-microtubule agent [7]. DTX is a more 

powerful medicine than paclitaxel; hence, a lower doses of 

docetaxel was able to produce a considerable amount of 

apoptosis in cancer cells, but a higher dose of paclitaxel was 

able to do precisely the same thing [8]. DTX, on the other 

hand, has a few drawbacks, including its break down as a 

result of a high metabolism in the liver by a member of the 

cytochrome P450 family (CYP3A4), its insolubility in 

water, its limited bioavailability, its non-uniform bio 

distribution, its high renal clearance, its sensitization, and 

its dose dependent hazardous side effects [1].Taking into 

consideration these limitations, a wide range of innovative 

nanotechnology based techniques, designed and assessed 

such as liposomes [9], Carbon nanotubes [10], micelles 

[11], Nano conjugates [12], and inorganic nanoparticles 

[13] for DTX that have been identified as a potentially 

beneficial addition to enhance the effectiveness of 

treatment by increasing solubility, improving 

pharmacokinetics (PK), and increasing bioavailability. 

Nevertheless, solid tumours exhibit a growing incidence of 

treatment resistance as a result of the lack of a lymphatic 

system, acidic milieu, oxygen deprivation, and heightened 

vascular permeability. These factors contribute to the 

presence of heterogeneous vasculature and elevated 

interstitial fluid pressure (IFP). Furthermore, the abnormal 

growth of blood vessels (aberrant angiogenesis) has 

modified the mechanisms that prevent cell death 

(antiapoptotic) and promote cell division (proliferative). 

This has resulted in medication resistance, which can be 

attributed to changes in the tumour microenvironment [1]. 

Since docetaxel became known as the first choice for 

treating advanced or metastatic prostate cancer, resistance 

to it has been a big problem in the field [14]. It has been 

very important to come up with a nanoformulation that 

might make docetaxel more soluble or improve circulation 

and permeability by turning around prostate cancer cells 

resistance to it [15]. Magnetic nanoparticles (MNPs) have 

gotten a lot of attention lately as a medical tool. For 

example, they can be used as a drug carrier or a contrast 

agent in magnetic resonance imaging. Because iron oxide 

MNPs can be changed into a natural form of iron in the 

body, like haemoglobin in red blood cells, they are widely 

used in medicinal fields as non-toxic and biodegradable 

materials. Iron oxide MNPs stick together because they 

have a lot of surface area and interact with each other using 

dipoles. This makes the particles bigger. To get around this 

problem, designing the surface of MNPs is a good way to 

keep them from sticking together. To reach this goal, 

various polymers and inorganic materials can be used, or 

proteins can be chemically attached to other molecules. One 

of the most important parts of creating new drug delivery 

systems is picking the right organic molecules to act as 

surface modifiers or drug trapping agents. This is done so 

that the drugs can be loaded and released efficiently [16]. 

Using a magnetic iron oxide core covered in the right 

organic or inorganic coat has worked well in many 

biological tasks, ranging from separating large molecules to 

using magnetic resonance imaging. When it comes to 

coating materials, silica is likely the most studied and most 

widely used one. The silica coat not only makes magnetic 

nanoparticles more stable in water, but it also gives 

different functional groups a place to connect [17]. 

Nanoparticles with polymers on them can stop grains from 

growing and clumping together and make it easier for other 

nanoparticles to stick to them [18]. Different types of 

polymerization methods are used to make the polymer 

coating. The microwave assisted polymerization method is 

one of the best ways to polymerize. The microwave assisted 

polymerization technique has slowly become a popular 

synthetic tool because it has many benefits, including shorter 

reaction times, higher yields, fewer by-products, and the 

ability to be scaled up without any negative effects. This is 

because the microwave heating process, high temperatures, 

and short periods of high pressure make reactions happen 

faster than with traditional methods [19]. The physical 

qualities of the polymer that is made this way have also 

been seen to improve. Microwave-assisted polymerization 

is very useful in polymer study because it has many 

benefits, such as direct heating, high temperature 

uniformity, a fast reaction rate, and lower energy use. As 

was already said, it also leads to big changes in yield, 

selectivity, and the physical and chemical properties of new 

material phases [20, 21, 22, 23]. A lot of people are 

interested in controlled drug delivery methods, and big 

changes are likely to happen soon. They can direct the drug 

to certain parts of the body, like an organ, tissue, cell, or 

tumor, or they can control how fast or how much of the 

healing agent is released. There are some controlled 

delivery methods that can do both at the same time. Because 

of these features, the bad side effects are lessened, the drugs 

don't hurt healthy parts of the body, the effective level is 

kept, and large doses of the drug are avoided. These features 

are particularly important for anticancer drugs that kill cells 

[24,25,26,27]. In the current study DTX is loaded onto the 

polymeric nanocomposite for enhancing the efficiency of 

anticancer drug medication DTX. 

2. Materials and Methods  

2.1 Chemicals  

All the chemicals used were of analytical grade. 

Acrylonitrile (AN), Acrylic acid (AA), 

Azobisisobutyronitrile (AIBN), Ethylene glycol 

dimethaacrylate (EGDMA) and Docetaxel anticancer drug 

were purchased from sigma Aldrich. 

2.2 Preparation of iron oxide nanomaterials   

Fe3O4 MNPs were synthesized by the chemical co-

precipitation method as mentioned in our earlier publication 

[28]. 



8 

 

2.3 Silica coating on MNPs 

Silica coating on MNPs were done by the stober method as 

mentioned in our earlier publication [28]. 

2.4 Polymer coating over MNPs@SiO2  

To prepare polymeric nanocomposites of Silica coated 

MNPs and polymeric shell, 0.3 g of the synthesized 

MNPs@SiO2 was reserved and added to the 80 mL mixture 

of acetonitrile and dist.H2O (3:1 v/v) in a vessel and 40 min 

sonicated. After sonication 0.06 g of AN, 0.0404 ml of AA, 

6 mg of AIBN and 0.244 ml of EGDMA was added to the 

reaction mixture. Then the mixture was 10 min purged with 

N2 and 40 min sonicated at 353.15K and then the reacting 

mixture was kept for 25 min in oven at 403.15 K and then 

for few min at 423.15 K till polymerization. The product 

was filtered, washed several times with methanol and 

deionized water. The product was dry for 2h in an oven at 

373.15 K and grinded [29]. 

2.5 Characterization 

A Shimadzu Corporation made FTIR spectrophotometer 

was used to identify the functional groups in polymeric 

nanocomposite. SEM analysis were done to know about the 

structures of polymeric nanocomposite and to know about 

the elemental analysis of the synthesized polymeric 

nanocomposite an Oxford EDX (Inca-200) was used.  

2.6 Docetaxel adsorption for its potential loading 

20 ml of 20 ppm docetaxel working solution was used for 

every adsorption study. Then the 20 mL solution was taken 

in a 100mL beaker and placed at room temperature in a 

shaker with 120 rpm speed. Various adsorption analysis 

were done with different desired pH, adsorbent weight, and 

time interval. The adsorbent polymeric nanocomposite was 

removed via an external magnet after the adsorption of 

docetaxel. The reacting solutions were then compared with 

parent solution of 20 ppm at 272 nm by a spectrophotometer 

of double beam. The % adsorption of drug docetaxel via 

polymeric nanocomposites was evaluated by given 

formula. 

% Ads. = Ci –Cf × 100/Ci 

Where Ci is the initial concentrations and Cf is the final 

concentration 

3. Results and discussion  

3.1 FTIR Analysis  

Figure 1 displays the FTIR spectrum of the magnetite 

coated silica coated polymeric nanocomposite. The peak at 

2950 cm-1 showed that the CH3 and CH2 groups of AA, AN, 

and EGDMA were stretching vibrations. The peak at 2200 

cm-1 showed the C–N group of AN. The sharp rise in 

absorption seen at 1725 cm-1 was caused by the C=O groups 

of AA and EGDMA. The peaks seen at 1400 and 1330 cm-

1 show that the bending vibration of CH3 in the C-CH3 of 

the EGDMA. The broad peak at 1158 cm-1 is because the 

C-O is stretching. The results showed that the polymer 

changed the surface of the MNPs@SiO2 nanocomposite.  
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Figure 1. FTIR Analysis of polymeric nanocomposite 

3.2 SEM Analysis  

Figure 2 shows the SEM pictures of the polymeric 

nanocomposite. The image showed that the polymeric 

nanocomposite has flowers like porous morphology. It can 

be seen from the SEM image  that the particles are bigger 

and their edges are brighter. Before, Javidi et al. (2015) used 

molecular imprinting to put a polymer layer on 

MNPs@SiO2 and revealed that the polymer was shaped like 

a sphere and had a smooth surface [29]. 
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Figure 2. SEM image of polymeric nanocomposite 

3.3 EDX spectrum 

An EDX spectrum confirmed the elements that made up the 

synthesised polymeric nanocomposite. The EDX spectrum 

of the polymeric nanocomposite is shown in Figure 3. The 

fact that oxygen and carbon are present on the MNPs@SiO2 

shows that a polymer (AN-co-AA-co-EGDMA) is there. It 

was easy to see from the EDX spectrum that the polymeric 

shell surrounds the iron and silica elements. The results 

show that this simple, cheap, and quick method can be used 

to make multi-component core-shell hybrids. 

 

Table 1. Elemental composition of polymeric 

nanocomposite 

Element Weight% Atomic% 

C 73.10 79.29 

O 24.77 20.17 

Si 0.26 0.10 

Fe 1.87 0.44 

Totals  100.00 100.0 

 

 

Figure 3. EDX spectrum of polymeric nanocomposite 

3.4 Adsorption studies 

3.4.1 Spectroscopic determination of docetaxel 

DTX was assessed for its maximum absorbance (max) at 

272 nm by scanning a 20 µg/mL prepared drug solution 

with a double-beam UV/Visible spectrophotometer from 

200 nm to 800 nm. To determine the impact of docetaxel 

concentration on absorbance value, the solutions 

absorbance with different concentrations (5.0, 10.0, 15.0, 

20.0, 30.0 µg/mL) was calculated at 272 nm with a 

reference of 90% ethanol and is plotted in figure number 4. 

To find out the straight line equation absorbance versus 

concentration plot was used and the graph provide a linear 

lapse which facilitated us for concentration calculations in 

additional studies. 

 

Figure 4. Docetaxel concentration effect on absorbance   

 

As straight line equation is,   

 y =mx + c……………………..eq 1 

 X=y-c /m…………………eq 2 

 X= y –0.5432/0.1043……eq 3 

 

3.4.2 Effect of polymeric nanocomposite on docetaxel 

adsorption  

Utilizing 20 mL of working solutions with a range of 

concentrations from 05 to 40 mg, the docetaxel adsorption 

was carried out in a shaker incubator at 120 rpm speed and 

set time interval. The docetaxel adsorption values with 

reference to various concentrations of adsorbent dose are 

plotted in figure 5. As the amount of adsorbent was raised 

from 05 to 10 mg, the adsorption of docetaxel increased. 

After that, a little rise was noticed, but it was not significant 
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statistically. Therefore, optimum adsorbent dose of 10mg 

was chosen and drug concentrations of 20µg/mL was 

chosen optimum. 

 

Figure 5. Docetaxel adsorption values with reference to 

various concentrations of adsorbent dose 

3.4.3 Influence of time on docetaxel adsorption  

Adsorption was carried out in a shaker incubator at 120 rpm 

speed and at various interval of times including 02.00 

hours, 03.00, 04.00, 05.00, 06.00, and 12.00 h, with 

constant conditions, adsorbent dose (10mg) and 

concentration of drug (20µg/mL), with increase in time the 

adsorption also increased and the maximum adsorption was 

found in 6 h. Therefore, the optimum time was selected 6 h. 

Effect of time on docetaxel adsorption are plotted in figure 

6. 

 

Figure 6. Effect of time on docetaxel adsorption 

3.4.4 Effect of pH on adsorption of docetaxel  

Docetaxel adsorption was also done while examining how 

pH levels between 2 and 10 affected the process. Other 

reaction parameters, such as the amount of adsorbent (10 

mg), the volume of DTX solution (20 µg/mL), the 

adsorption period (6 h), and the speed of shaking in the 

shaker incubator (120 rpm), were maintained constant. A 

UV-Visible double beam spectrophotometer was used to 

measure the results for each pH value at a fixed wavelength 

of 272 nm. The results of adsorption are plotted in figure 7. 

The results confirmed that the produced adsorbent has the 

capacity to adsorb docetaxel at all pH levels, but that it 

absorbs the most docetaxel (93.4%) at 4 pH. Therefore, the 

optimum pH was nominated as 4 for docetaxel adsorption. 

The final shape of the synthesized adsorbent, the 

fundamental structure of docetaxel, and the site of zero-

charge are responsible for this (PZ-Ch). At the adsorbent 

surface, PZ-Ch has a positive (+ve) charge when the pH is 

less than 4, and a negative (-ve) charge when the pH is 

higher. 

 

Figure.7 Effect of pH on adsorption of docetaxel 

4. Conclusion  

The co-precipitation method was used to make iron oxide 

nanoparticles, which were then covered with silica using 

the Stober method. The magnetite coated silica were then 

covered with a polymer made of AN, AA, and EGDMA 

through microwave assisted precipitation polymerization. 

We used FTIR, SEM and EDX to study the magnetite 

coated silica covered with a polymer that was made. We 

looked at how well the magnetite coated silica covered with 

a polymer nanocomposite loaded with anticancer drug, 

specifically docetaxel. The results showed that docetaxel 

were loaded onto the polymeric nanocomposite 

successfully. 
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