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Abstract: Titania nanotube arrays (TNA) nanosystem has been discussed widely in drug delivery 

applications that could provide advantages for sustaining chemo drug release in targeted cancer therapy. 

This study profiled the cisplatin chemo drug (CDDP) encapsulation efficiency on TNA (CDDP–TNA). 

Anatase TNA nanosystem used in this study present with diffraction angle 25 θ and 48 θ. The 

distribution and binding interaction of CDDP on TNA were identified using the primary functional 

marker amide I band (N–H), and the sustained release profile of CDDP from TNA was further captured. 

Furthermore, CDDP–TNA nanosystem is present with favorable hydrophilic properties that could 

facilitate the effective release of CDDP from TNA nanosystem. However, developing a controlled 

release model of CDDP -TNA nanosystem using polymer coating technology is needed to support the 

present finding, especially in targeted cancer therapy applications.  

Keywords: cisplatin; drug delivery nanosystem; encapsulation efficiency; targeted cancer therapy; 

titania nanotube arrays.  
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1. Introduction 

The potential of titania nanotube arrays (TNA) in drug delivery has already been 

acknowledged in countless studies [1, 2]. Compared to other forms of titanium dioxide, TNA 

was preferable for drug delivery due to its nanotube structure, which generally has a larger 

surface area per volume and is hydrophilic [3]. Chemodrugs have also been investigated for 

drug loading into TNA for cancer therapy and anti-inflammatory agents, vitamins, and genes 

[4], demonstrating their prospect in drug delivery. These properties supported the study of 

drug-loaded TNA in sustaining and prolonging release activity over the study period. Some 

hydrophilic chemodrugs, such as CDDP and doxorubicin [4], are also studied together with 

TNA for controlled drug release activity. These drugs are easier to incorporate through passive 

diffusion into body fluid than hydrophobic ones [5]. Additionally, the one-open-ended 

nanotube structure of TNA increases drug loading efficiency and slowers drug release in the 
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presence or absence of a polymer, thus minimizing drug burst release. Eventually, using TNA 

may prevent and reduce the toxicity induced by exposure to high doses of chemodrugs. 

Chemodrug cisplatin (CDDP) was the standard gold treatment for various cancers such 

as cervical, breast, nasopharyngeal, colon, and neuroblastoma [6]. Aldossary [7] reported that 

the mechanism of action of CDDP is associated with the potential of CDDP to cross-link with 

the uracil bases on DNA to produce DNA adducts that cause DNA damage and induce cancer 

cell death by blocking DNA repair. However, several limitations have been recognized since 

CDDP was being applied in cancer therapy, such as developing resistant cancer cells, 

hypersensitivity, and organ failure due to continuous exposure. Sobczak [8] reported that the 

use of CDDP for cancer treatment had achieved its limits, given that a single treatment with 

CDDP is ineffective, as seen in non-small lung cancer. Localized and targeted therapy, which 

aims to increase the effectiveness of chemo drug treatment at the level of proteins or genes 

highly associated with cancer development while avoiding non-specific drug binding, has been 

introduced by Song et al. [9], which TNA as nanocarrier as presented in work by Effendy et 

al. [10]. The potential of CDDP-loaded TNA had shown a positive outcome on nasopharyngeal 

carcinoma; however, the method and encapsulation efficiency had not been properly addressed. 

The present work was performed to address the procedure of CDDP loading and maintain the 

effectiveness of CDDP against cancer cells. The optimal morphological parameters of TNA 

for CDDP loading were discussed throughout the study, especially on the characterization 

profiles. 

2. Materials and Methods 

2.1. Study samples. 

The TNA nanosystem was fabricated by electrochemical anodization where ion 

exchange between fluoride salt and the titanium surface takes place following protocol by 

Effendy et al. [11]. Cisplatin (CDDP) (PlatolTM) was obtained from Venus Remedies Limited, 

India. The handling procedure was carried out under the supervision of the Department of 

Pharmacy HUSM@Bertam, Advanced Medical and Dental Institute, Universiti Sains 

Malaysia. The sample size of TNA was measured at 1 x 1 cm; meanwhile, the concentration of 

CDDP used was 1 mg/mL throughout the study. 

2.2. Optimization of CDDP loading on TNA. 

The method of CDDP-TNA was determined between immersion [12] and the top-filling 

method from a study by Shirazi-Fard et al. [13]. Through immersion, the TNA was placed 

individually containing 300 µL of CDDP and allowed to be incubated for 24 h at 4 ºC. on the 

other hand, top-filling was performed by pipetting 50 µL of CDDP on top of each TNA side. 

Next, all samples were dried in several methods, such as air-drying under airflow of a biosafety 

cabinet (BSC) which was approximately 120 mins, and vacuum dried (90 mins).  

2.3. Encapsulation efficiency profiles of CDDP-TNA. 

Encapsulation efficiency of the CDDP-TNA was determined by the weight differences 

between TNA and CDDP-TNA as stated in equation 1.1 as adapted from Hamedi & Koosha 

[14]. On the other hand, the encapsulation efficiency was spectrophotometrically measured at 

a wavelength of 706 nm according to Zakeri et al. [15] by using PowerWaveTM BioTek, USA, 
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where calculation stated in equation 1.2. The CDDP was loaded on both sides of TNA surfaces 

for the weight difference, and the weight was recorded. The process was repeated five times, 

with weight recorded for each loading process. Next, for absorbance measurement, the CDDP-

TNA (one-time loading) was immersed in 2 mL phosphate buffer saline (PBS) and 

subsequently sonicated in a water bath at 37 ºC for 30 mins. The absorbance reading of CDDP 

was performed according to Basotra et al. [16]. Briefly, the 100 µL immersed PBS was 

withdrawn and mixed with o-phenylenediamine (OPDA). Next, the mixture was heated at 100 

ºC for 10 mins before being cooled down at room temperature (RT). The procedure resulted in 

the formation of a green complex which dissolved with the addition of dimethylformamide 

(DMF) and phosphate buffer at pH 6.8, which is illustrated in Figure 1. The sample was 

properly mixed and submitted for absorbance reading at 706 nm. The loading efficiency was 

calculated according to equation 1.2. 

 
Figure 1. Flowchart of CDDP detection. An illustrative graphic of CDDP detection was adapted from Fisher et 

al. [17]. The CDDP concentration was determined by a method adapted from Basotra et al. [16] in CDDP, 

OPDA, phosphate buffer pH 6.8, and DMF with ratio (1:1:2:6). 

Equation 1.1  Loading efficiency (%)  

=
𝑊𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥 100 

Equation 1.2 Encapsulation efficiency (%)  

=
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐶𝐷𝐷𝑃 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑃𝐵𝑆

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐶𝐷𝐷𝑃 (100%)
 𝑥 100 

2.4. Characterisations of CDDP-TNA nanosystem. 

The anodized sample was subjected for XRD analysis using a diffractometer (Philips 

PW1729 powder X, Bruker D8) with brookite (1 2 1) at 2θ = 30 °, rutile (1 1 0) at (2θ = 28 °) 

and anatase (1 0 1) 2θ = 25 ° according to Patil et al. [18]. FTIR spectroscopy Frontier NIR 

Spectrometer, L1280026 Perkin Elmer (USA) analysis was performed between 4000 – 500 cm-

1 to confirm the presence of chemical interactions between TNA, CDDP-TNA, and after 

chitosan coating. The result was analyzed by Spectrum (PerkinElmer, USA) software to 

determine the functional groups present in the spectrum obtained. 

2.5. Water contact angle measurement. 

Formation of water contact angle due to interaction of the solid-liquid, liquid surface 

tension, and free surface energy of solid sample was observed in wettability analysis. 

Observation and measurement of water contact of TNA nanosystem, CDDP-TNA, chitosan-

coated CDDP-TNA, and post-release samples were carried out after the sample was wholly 
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dried under BSC airflow. A total of 20 μL of sterile deionized water was dropped on top of the 

TNA nanosystem, and five angles of wettability were captured and measured using a 

goniometer (Rame-Hart 260, DROPimage Advanced V2.5). The results were statistically 

analyzed by paired t-test and presented as mean ± SD for each sample. 

3. Results and Discussion 

3.1. Crystallinity phase of TNA. 

The XRD profiles of Ti and the un-annealed and annealed TNA nanosystem are 

presented in Figure 2. The results indicated that the anatase crystal size of the un-annealed 

nanosystem was smaller than that of the annealed TNA nanosystem. At the same position, the 

crystallite size of the annealed TNA nanosystem (35.55 ± 3.91 nm) had slightly increased 

compared with that of the un-annealed TNA nanosystem (35.00 ± 5.01 nm). The two new peaks 

(red ring) at positions 25 θ and 48 θ indicated the crystalline properties of the TNA nanosystem 

compared to un-annealed TNA. Both had a crystallite size of approximately 20 - 26 nm. These 

two peaks indicated the anatase crystalline phase of TNA. The sharp peaks of 25 θ at 35 θ, 38 

θ, 40 θ, and 70 θ indicated the presence of the anatase structure from the anodization and 

annealing of the TNA nanosystem, indicating that TNA was grown in a stable manner using 

an electrochemical anodization method on Ti foil in an organic electrolyte. The anatase phase 

of TNA has been chosen in many studies for drug delivery applications because it attracts cells 

and promotes drug-TNA interaction [19]. 

 
Figure 2. XRD analysis of Ti, the un-annealed TNA nanosystem, and the annealed TNA system. The formation 

of new peaks is labeled with a red arrow to indicate the changes in the crystallinity phase. The Ti peak 

represented the substrate, whereas the anatase (A) represented the TNA nanosystem's crystallinity shape. 

The surface crystallinity of the TNA nanosystem surface plays an essential role in cell 

adhesion and stability of biomedical implants [20, 21]. The electrostatic feature of the anatase 

TNA nanosystems favors cell attachment in the presence of Ti-OH groups [22]. Moreover, 

Keeley and co-workers [23] described that the anatase phase of the Ti surface could promote 

the antibacterial characteristic compared with the un-annealed samples. Therefore, the end-

product of TNA nanosystem EA was ensured in the anatase phase by heat treatment at 400 ºC 
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as performed by Hazan et al. [24]. In addition, anatase phase TNA was preferable for apatite 

formation to amorphous [25], which is important in promoting slower drug release. Moreover, 

the anatase phase of the TNA nanosystems in biomedical implant study promoted stability, 

creating a desirable surface for cell attachment and platelet activation for further work.  

3.2. The weight difference of CDDP-TNA. 

The mean difference from the initial weight after five loading cycles was 2.81 ± 1.09 

%, and that after one loading cycle was 0.18 ± 1.96 %, as tabulated in Table 1. This study found 

that loading efficiency was not finalized by weight difference. The t-test found no significant 

difference between the number of CDDP loading cycles and CDDP-TNA weight with the non-

CDDP-loaded TNA nanosystem reference (p > 0.05). 

Table 1. The weight difference of TNA before and after CDDP loading. The data were collected in two 

independent experiments. 

Number of loading (s) 1x 2x 3x 4x 5x 

Final weight after CDDP 

loading 
 

57.1 ± 1.12 58.0 ± 1.02 58.2 ± 1.41 58.4 ± 0.94 58.6 ± 0.62 

Mean weight difference (%) 0.18 ± 1.96 1.75 ± 1.79 2.11 ± 2.47 2.46 ± 1.65 2.81 ± 1.09 

Initial weight: 57.0 ± 0.93 mg, n = 5. 

Two methods of CDDP loading and encapsulation efficiency were studied; the weight 

difference before and after CDDP loading and absorbance upon post-release from the standard 

curve (Table 2). Loading and encapsulation efficiency was calculated based on Pharmacopeia 

of the People's Republic of China [26]. Drug loading efficiency was measured based on the 

weight difference of materials before and after drug loading in percentage according to Husain 

et al. [27], as presented in Table 1. The weight of the TNA nanosystem upon addition of CDDP 

was varied and showed no constant pattern even though two independent replicates were 

measured. In this work, the loading efficiency depending on weight was excluded, whereas 

spectrophotometer measurement was used as the sole method for CDDP quantification. CDDP 

was measured by calculating the cumulative release over time with the standard curve of CDDP 

(data was excluded). 

The CDDP loading method was determined by testing several standard procedures as 

tabulated in Table 2. The CDDP loading method played an essential role in the nano delivery 

system, which ensured the success of the therapy. Two ways of CDDP loading were applied: 

top-filling [28] and immersion methods, referred to and modified accordingly [29, 30]. 

Compared to Wong and Duduo's [31] works, the practice of the incubation temperature and 

drying method was different. After reconstitution, the immersion method was conducted at a 

low temperature to maintain the CDDP properties, as referred to Al-Zomor et al. [32]. All 

procedures were carried out in minimal light at RT to maintain the stability of CDDP in 0.9 % 

[v/v] sodium chloride. In addition, the aliquot CDDP was kept at -4 ºC (for the short term) and 

-20 ºC (long term) upon enclosing the vial, according to Shaaban et al. [33]. 

3.3. CDPP-TNA loading efficiency on different lengths of TNA.  

TNA nanosystems were prepared with a standardized voltage of 30 V with various 

anodization periods; CDDP-TNA nanosystem drying techniques and CDDP loading methods 

are tabulated in Table 2. The samples anodized at 30 mins were denoted as A, while samples 
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anodized at 60 mins were denoted as B. A1–A4 recorded loading efficiencies of 47.94 ± 0.33 

%, 3.12 ± 0.05 %, 55.74 ± 0.41 %, and 0.78 ± 0.14 %, respectively. 

Table 2. CDDP loading efficiency onto TNA nanosystem with different nanotube lengths via different loading 

methods. CDDP-TNA loaded via the top-filling method on samples anodized at 60 mins recorded the highest 

efficiency of 98.95 ± 7.02 %. The vacuum-drying technique exhibited the next-highest efficiency. 

Samples 
Anodization period 

(mins) 

Vacuum 
Method of loading 

Loading efficiency 

(%) Yes No 

A1  

 

30 

/  Top filling 47.94 ± 0.33 

A2 /  Immersion 3.12 ± 0.05 

A3  / Top filling 55.74 ± 0.41 

A4  / Immersion 0.78 ± 0.14 

B1  

60 

/  Top filling 98.95 ± 7.02 

B2 /  Immersion 11.57 ± 0.23 

B3  / Top filling 97.69 ± 0.62 

B4  / Immersion 12.42 ± 0.36 

Compared with A, B1–B4 displayed higher efficiencies of 98.95 ± 7.02 %, 11.57 ± 0.23 

%, 97.69 ± 0.62 % and 12.42 ± 0.36 %, respectively. Comparing TNA nanosystem lengths and 

drying techniques revealed that the long TNA nanosystem (B) demonstrated high CDDP 

uptake with amounts ranging from 11.57 ± 0.23 % to 98.95 ± 7.02 % regardless of CDDP 

loading methods and drying techniques. By contrast, A showed a CDDP uptake rate of 

approximately 0.78 ± 0.14 % to 47.94 ± 0.33 %. CDDP has detected an approximately 8.5-fold 

increase in CDPP-TNA, which was prepared by subjecting the TNA nanosystem to immersion 

and top-filling at 800 nm (60 mins). CDDP took 90 minutes to dry under vacuum drying but 

took approximately 120 mins to dry under BSC.  

Significant differences between groups were analysed and displayed in Figure 3. The 

TNA nanosystem prepared through different CDDP loading methods and anodised at 60 mins 

showed significant differences regardless of the sample drying techniques used.  

 
Figure 3. Histogram displaying the loading efficiency of the TNA nanosystem under various CDDP loading 

conditions. Vacuum drying showed a more significant difference (**) than the nonvacuum sample, whereas the 

top-filling method displayed higher efficiency (**) than the overnight immersion. Compared with the TNA 

nanosystem anodized for 30 mins at 300 nm, the TNA nanosystem anodized for 60 mins at 800 nm 

demonstrated longer lengths and higher CDDP encapsulation efficiency. p < 0.05 (*) and p < 0.01 (**), n = 3. 
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Significant differences were found for A1–A2 and A3–A4 (p = 0.000), as well as for 

A2–A4 (p = 0.023). Significant differences were also demonstrated by B1–B2 (p = 0.000), B2–

B4 (p = 0.042) and B3–B4 (p = 0.000). No significant difference was observed for A1–A3 (p 

= 0.191), B1–B3 (p = 0.812), A2–B2 (p = 0.215) and A3–B3 (p = 0.317). The results for 

between-group comparison were as follows: A1–B1 (p = 0.011) and A4–B4 (p = 0.032). 

3.4. Characterisations of CDDP-TNA. 

3.4.1. FTIR analysis. 

The FTIR profiles of the TNA, CDDP-TNA, and chitosan-coated TNA nanosystems 

are tabulated in Table 3 and displayed in Figure 4. The FTIR spectrum of TNA was screened 

at 2176 and 595 cm−1.  

Table 3. FTIR peak assignments for TNA nanosystem. The major peaks for CDDP and chitosan are hydroxyl, 

amide I, and amine. 

Peak assignment Value (𝐜𝐦−𝟏) 

Ti-O-Ti 595 

C-N (amine) 1029 

O-H (hydroxyl) 1412 

N-O (nitro) 1544 

Ti-OH/ N-H (amide I) 1638 

CH2 2163 

O-H / N-H 3376 

 

 
Figure 4. FTIR analysis of TNA, CDDP-TNA, and chitosan-coated CDDP-TNA. The peaks at 2176 and 595 

cm−1 indicated TNA's Ti–O–Ti stretching band peaks. The presence of CDDP was identified based on the peak 

in the FTIR spectrum at 1671 cm−1. 

The presence of TNA nanosystem peaks was constant for all the samples demonstrating 

the unchanged form of the TNA during the study period. In particular, the stretching of Ti–O–

Ti bands from the TNA nanosystem structure was noted. The peak at 2176 cm−1 disappeared 

after CDDP loading and chitosan coating, as shown in Figure 4. FTIR spectrum of CDDP-TNA 
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that falls on 3369 cm−1 suggests the presence of O–H bands. Two possible bands at 1299 cm−1 

were observed and were attributed to the twisting of CH2 or C–O–C bands that could be 

ascribed to the introduction of CDDP via the top-filling method. Critical spectrum detection 

indicated the presence of CDDP at 1643 cm−1 and pointed out the presence of amide I (N–H) 

in the CDDP structure. This result demonstrated that CDDP had been successfully loaded and 

conjugated onto the TNA nanosystem.  

 The extended bands of the O–H groups were seen at approximately 3316 cm−1 CH2 

bands stretching at 1546 cm−1, C–H bands at 1412 cm−1, and C–O–C band stretching (1030 cm-

1) were observed. These results indicated that the chitosan coating was present on the CDDP-

TNA nanosystem. The disappearance of the peak at 1643 cm−1 indicated that chitosan had been 

thoroughly coated. Several types of C–H bands, which were determined based on chitosan, 

were seen in the spectrum of the chitosan-coated CDDP-TNA sample related to the chitosan 

structure, which is made up of polysaccharides. The top-filling method resulted in the 

appropriate incorporation of chitosan onto the CDDP-TNA surface as supported by C, which 

is the main component of chitosan. 

3.5. Wettability analysis of CDDP-TNA. 

The TNA nanosystems showed contact angles ranging from 37.24 ± 0.16 ° to 70.04 ± 

0.63 °. This result suggested that the TNA nanosystems are hydrophilic, given that the angles 

were less than 90 °, as demonstrated in Figure 5. The wettability angle increased to 43.57 ± 

0.03 ° after CDDP addition to the TNA nanosystem because CDDP also presented hydrophilic 

properties. After adding chitosan, the wettability of the TNA nanosystem increased, as noted 

by the increment in wettability angle to 70.04  ± 0.63 °. The surface wettability of Ti and TNA 

showed a significant difference (p = 0.000). This outcome of Ti anodization made the surface 

hydrophilic, which is essential in implantation. On the other hand, CDDP, which possessed 

hydrophilic properties, had not statistically changed the wettability of the TNA (p = 0.382). 

Next, chitosan coating had a significant effect compared to TNA and CDDP-TNA with p = 

0.000. Moreover, the statistical analysis of TNA wettability and chitosan-coated CDDP-TNA 

also presented significant differences (p = 0.001). 

 
Figure 5. Wettability analysis of the studied sample. The water contact angle of each sample was examined by 

using a goniometer and visualized using ImageJ software. The angle of wettability was displayed as mean ± SD 

(n = 5). 

Hydrophobicity or hydrophilicity properties of a material are among the most critical 

parameters affecting the biological response to an implanted biomaterial and profoundly 

influencing the cell behavior during osseointegration, which begins when the implant comes 

into contact with the blood [34]. Chitosan-coated CDDP-TNA presented with high 
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hydrophilicity, as seen in Figure 5. The wettability increased with the addition of the CDDP 

and chitosan coating, which was conducive to implantation. Wettability affects platelet 

adhesion or activation, blood coagulation, cell and bacterial adhesion, and protein adsorption 

[35]. Highly hydrophilic surfaces are more preferred than hydrophobic ones, given their 

desirable interactions with biological fluids, cells, and tissues. The adsorption behavior and 

protein adhesion on the implant surface depends on the surface properties. Therefore, a 

decrease in these parameters increases the surface wettability capacity [36]. This work had 

successfully developed a water-soluble chitosan-coated CDDP-TNA nanosystem, including 

the foremost importance in the CDDP release profile and further discussion of the in vitro 

interaction. 

The potential of the TNA nanosystem in CDDP loading and delivery has been 

comprehensively studied, focusing on the morphology of the TNA nanosystem and the method 

of CDDP loading. The optimum parameters of the TNA nanosystem for CDDP delivery are 

presented in Table 2. The surface morphology of the TNA nanosystem morphology of more 

than 30 nm was agreed well with the exploration of drug release [37], which supported our 

work on growing the TNA nanosystem with an inner diameter of 60 nm. Wang et al. [38] 

mentioned that the best range of TNA's diameter appeared to be 15-100 nm, which fitted the 

design of the TNA nanosystem. In addition, the parameters of the TNA nanosystem were 

depicted for cell attachment and proliferation, especially for biomedical implantation. 

The encapsulation efficiency of the drug was influenced by the length of the TNA 

nanosystem in which the longer the nanotube, the more drug can be loaded; thus, more 

extended release can be achieved [39]. This work presented with more than 95 % loading 

efficiency at approximately 800 nm length. In general, when longer nanotubes are used in drug 

loading, more drugs will be entrapped on the wall and surface of the open-ended TNA 

nanosystem, causing a slow drug release rate. However, Jafari et al. [40] described that those 

nanotubes longer than 1 μm cause interfacial stress and nanotube breakdown when applied for 

implantation, resulting in the design of a TNA nanosystem with less than 1 μm length for this 

present work. Aside from length, the diameter of the TNA appeared to have an impact on drug 

loading and release, with the optimum parameter being in the range of 30 to 80 nm [41], which 

was retained in each anodization cycle of our study. The applied diameter, on the other hand, 

was significantly dependent on the sample target, which may be bacteria or cell lines. 

Encapsulation efficiency of drugs loaded into TNA nanosystems will be a key factor in 

determining the efficacy of drug delivery using TNA nanosystems as nanocarriers in the future, 

particularly for cancer therapy. 

4. Conclusions 

In this work, the hydrophilic properties of the TNA play a vital role in CDDP loading 

and the loading method by top filling vacuum technique. The interaction of CDDP with TNA 

was described in detail, especially on the nanocomplex surface properties that could promote 

the highest encapsulation efficiency. Further characterization of the CDDP stability in the TNA 

nanosystem, including controlled release potential using biopolymer coating approaches, is 

needed, especially in understanding the potential of this nanosystem in targeted cancer therapy 

applications. 
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