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Abstract: Recently, cancer is deemed the main reason for death. Although most anti-cancer drugs have 

potent anti-cancer activity, their applications are greatly obstructed due to their flimsy solubility, 

stability, and high toxicity. Nanotechnology is considered the major distinctive tool for achieving highly 

safe and effective drug-delivery carriers. This survey studied the synthesis of poly-caprolactone 

polyurethane β-cyclodextrin (PCL-PU-βCD) amphiphilic copolymer and using such polymer with 

synthesized C5-curcuminoids as drug type to prepare polymeric-nano micelles by following two 

modified techniques, with confirming the synthesis of C5-curcuminoids, PCL, and PCL-PU-βCD, and 

the formation of polymeric-nanocomposites plus studying the formed nanocomposites; encapsulations, 

release patterns and kinetics, morphologies, physico-chemical properties and finally evaluating the 

death efficacy of these Curcuminoids-PCL-PU-βCD polymeric-nanocomposites on cancer cell cultures. 

The research results showed a successfully prepared C5-curcuminoid drug, PCL-PU-βCD polymer and 

Curcuminoids-PCL-PU-βCD polymeric-nanocomposites revealing; adequate encapsulations, 

controlled sustained releasing, promising physico-chemical properties, low cytotoxicity, and an 

auspicious IC50% on breast tumor cell-culture that were higher for the second preparation technique 

nanocomposites comparatively to the first preparation technique, despite such variation, both 

preparation techniques resulted in variances that were not significantly different (p>0.05). 

Keywords: PCL based polyurethane, β-cyclodextrin, synthesized C5-curcuminoids, vesico-micelle 

nano-drug delivery systems, prolonged-release, breast cancer. 
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1. Introduction  

Biodegradable polymers are versatile and widely applied mainly in the biomedical 

fields such as surgical implants, packaging, and controlled drug delivery systems [1]. 

Polyurethanes are polymers possessing unique properties like biocompatibility and 

biodegradability, making them used in the biomedical field as a biomaterial, elastomeric 

product, drug delivery, and shape memory material [2]. The urethane linkages, responsible for 

the hard segment, are formed by the reaction of the isocyanate groups with the hydroxyl group 

of other constituents. Polyurethane (PU) is generally synthesized by reacting diisocyanate 

terminated pre-polymer with chain extender having hydroxyl or amine functional groups [3,4]. 
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The poly (ɛ-caprolactone) (PCL) based PU that is the soft segment has been extensively 

investigated. 

PCL is a promising biomaterial with an excellent curative potential attributed to its high 

drug permeability, perfect biocompatibility, and excreted from the body [5-7]. 

On the other hand, β-cyclodextrin (βCD) is a cyclic oligosaccharide, seven D-

glucopyranose residues linked by a-1,4-glycosidic bonds, produced from starch by the mean of 

enzymatic conversion [8,9]. Due to low toxicity and certain hydrophilicity, βCD is widely used 

for drug delivery [10,11]. βCD has both a hydrophobic internal cavity and a hydrophilic 

exterior [9,12,13]. βCD can form a complex because of their suitable cavity sizes and acts as a 

functional carrier material. Complexation with βCD provides a way to increase drugs' 

solubility, stability, and bioavailability [11,14,15]. In previous studies, βCD has been 

introduced into PUs. Du, Song, Yang, Wu, Ma and Gao [8] synthesized PUs based on 1,6-

hexamethylene diisocyanate (HDI) and poly(ethylene glycol) ( (PEG) of different molecular 

weights with/without end-capped heptakis (2,6-di-O-methyl)- β-cyclodextrin (DM-β-CD) and 

found that, PUs containing  DM-β-CD exhibited higher protein encapsulation efficiency (EE) 

and loading capacity (LC) than those without DM-β-CD. 

Both βCD and PCL are distinguished as safe, biodegradable polymeric candidates that 

were approved by Food and Drug Administrations, with a distinct sustained delivery of many 

therapeutic substances when used in diverse drug delivery systems for biomedical treatments 

[16-19].  

C5-curcuminoids (bis(aryl methylidene)acetones) have promoted several researches 

due to their intrinsic biological activities such as anti-HIV [20], antioxidant [21-23], anti-

inflammatory [21,24] and antitumor activities [21,25,26]. Liang, Shao, Wang, Zhao, Chu, 

Xiao, Zhao, Li and Yang [25] studied the in vitro stability and the in vivo pharmacokinetics of 

C5-curcuminoids and indicated that these C5-curcuminoids were stable greatly and their in 

vivo pharmacokinetics were also obviously enhanced. As well, some researchers reported that 

C5-curcuminoids are more potent than curcumin [25,27]. Yamakoshi, Ohori, Kudo, Sato, 

Kanoh, Ishioka, Shibata and Iwabuchi [28] manifested that bis(aryl methylidene) acetone 

skeletons are considered the most active structure was exhibiting cytotoxicity. Curcuminoids 

available from natural food ingredients have been found as an efficient anti-breast cancer agent 

targeting the estrogen receptors  [29]. Intercalation of chemical synthesis allowed indicating 

the bioactive metabolites and helped in understanding the potential of these natural products, 

including curcumin as an anti-cancer agent. Al-Hujaily, Mohamed, Al-Sharif, Youssef, 

Manogaran, Al-Otaibi, Al-Haza’a, Al-Jammaz, Al-Hussein and Aboussekhra [30] found that 

4-hydroxy-3-methoxybenzylidene)- N-methyl-4-piperidone (PAC), which is the analogue of 

curcumin, has a powerful anti-tumor effect against breast cancer. Somers-Edgar, Taurin, 

Larsen, Chandramouli, Nelson and Rosengren [31] reported that the heterocyclic 

cyclohexanone derivative of curcumin enhanced the cytotoxic potency towards estrogen 

receptor-negative breast cancer cells. However, C5-curcuminoid analogs as curcumin are 

hydrophobic and still have bioavailability obstacles such as absorption, distribution, 

metabolism, etc. Insertion of hydrophobic drugs within polymeric biodegradable nano-

formulations like; nanoemulsions, nanospheres, and nanoparticles, resulting in the main 

alteration of drugs chemical and physical properties, causing; improvement in these drugs 

bioavailability [32-34], prolonging their circulation time and enhancing their selectivity to 

tumor cells [35-39] with facilitating their cellular uptake and reducing normal cells cytotoxicity 

[40-42]. PCL-based nano-drug delivery formulations showed a promising efficacy of targeting 
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and controlling the drugs delivery, high crossing ability toward different physiological barriers, 

and minimizing the systemic side-effects [43-45]. 

PCL could be copolymerized or even blended with other polymers in order to obtain 

fascinating characteristics, including efficient loading of drug and effective releasing properties 

[46-48]. As, documented by Choi, Chae, and Nah [49], PCL-block copolymer nanoparticles 

implemented an obvious enhancement of drug encapsulation, delaying the drug release and 

achieving the desired drug release manner. Also, Prabu, Chaudhari, Dharmaraj, Khil, Park, and 

Kim [50] loaded vinblastine within a newly prepared PCL co-polymeric nanoparticles, where 

the drug in-vitro anti-cancer activity results estimated on breast cancer cell line showed an 

efficacious anti-cancer action of such prepared nanoparticle.  

PCL-polyurethane block copolymers within an alternating controlled regular 

arrangement block fashion possessed a well-controlled and defined chemical structure along 

with an advantageous microstructure. The regularly structured endow substances with 

especially fascinating properties, such as efficient biocompatibility, shape-forming, and 

mechanical biodegradability properties, giving these copolymers a bonus capacity in advanced 

applications [51]. Moreover, the documented biological tests showed that PCL-polyurethane 

block copolymers could optimize the hema-compatibility and cause fine cell compatibility, 

growth, attachment, and proliferation in rats cells making such copolymers suitable safe 

candidates for internal medical applications [51]. 

And as the main concern of such a survey was to fulfill the future perspectives, which 

adopt the principle that encapsulating various bioactive molecules/drugs into PCL co-

polymeric-based nano-carriers facilitates targeted and sustained delivery of drugs in various 

biomedical applications in order to achieve an effective therapeutic potential. 

Therefore, this research synthesized PCL by ring-opening of ɛ-caprolactone, followed 

by PCL-based PU preparation using HDI and βCD as hard segments and chain extender, 

respectively. Pursuing this study's goal was to encapsulate the synthesized C5-curcuminoids 

bis(arylmethylidene)acetones in new nanoparticle formulations using the synthesized PCL-PU-

βCD polymer where such Curcuminoids-loaded nanocomposites potential as anti-breast cancer 

delivery system was evaluated. 

2. Materials and methods 

2.1. Materials. 

ɛ-Caprolactone (ɛ-CL) monomer was purchased from Aldrich Chemical Co., dried over 

calcium hydride for 24 hours at room temperature, and purified by vacuum distillation in a 

nitrogen atmosphere. The fraction collected under reduced pressure (<5 mm Hg) at 94–98 °C 

was used for polymerization. HDI was supplied from Aldrich Chemical Co. and used as 

received. 1,4-butandiol was obtained from Merck Co. and dried on a rotary evaporator for 4 

hours at 85°C under reduced pressure. N,N-Dimethyl formamide (DMF) was dried over 

calcium hydride and distilled under a vacuum before use. Stannous octoate [Sn(oct)2] used as 

catalysts were of analytical grade and purchased from Merck Co.  β-cyclodextrin (βCD, 

Kleptose) was supplied from Roquette Co., kept in a vacuum desiccator in the presence of 

P2O5, and dried a rotary evaporator for 6h at 90°C under reduced pressure before use. Acetone 

was supplied by Carl Roth Co. Curcumin (Cur) was supplied by Loba Chemie Co. 

Benzenaldyde was supplied by Merck Co. Thiophene-2- carbaldyde was purchased from 

Aldrich Chemical Co.  Oleic acid was purchased from El Nasr Pharmaceutical Co., Egypt. 
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Tween 80 and Pluronic F68 were obtained from Sigma Co., and all solvents used were of 

analytical grade. 

2.2. Experiments. 

2.2.1. Synthesis of PCL diol. 

ɛ-CL (50 g, 0.438 mol), 1,4-butandiol (1.127 g, 0.0125 mol) and four drops of stannous 

octoate were added in a 250 mL three-necked round-bottomed flask equipped with a 

thermocouple, condenser, and a magnetic stirrer, under nitrogen purge in an oil bath at 120 °C 

for 16 hours to complete polymerization reaction. Finally, the obtained PCL diol was 

precipitated in n-hexane and dried under vacuum at 50 °C. 

2.2.2. Synthesis of Polyurethane (PCL-PU- βCD). 

PCL-PU-βCD was synthesized by reacting 6g of dried PCL diol, 1.1 g of HDI, and one 

drop of stannous octoate in a 250-mL three-necked round-bottomed flask equipped with a 

thermocouple, condenser, and a magnetic stirrer and heated at 80 °C. After 3 hours, 3.4 g of 

βCD dissolved in 30 mL DMF and two drops of stannous octoate were added to the reacting 

mixture. This mixture was stirred at 80 °C for 20 hours. Then the product was poured into a 

large amount of deionized water several times then washed with methanol to remove unreacted 

βCD and excess of catalyst. The product was then dried in a vacuum oven at 50 °C.  

2.2.3. Synthesis of C5-curcuminoids; [(1E,4E)-1,5-di(phenyl)penta1,4-dien-3-one(PhPO) and 

(1E,4E)-1,5-di(thiophen-2-yl)penta1,4-dien-3-one (ThPO)]. 

PhPO and ThPO were synthesized by the Aldol condensation of benzaldehyde or 

thiophene-2-carbaldyde with acetone under basic conditions using NaOH as a catalyst.  

2.3. Characterization of PCL diol, PCL-PU-βCD, and synthesized C5-curcuminoids. 

2.3.1. Fourier transforms infrared spectroscopy (FTIR). 

FTIR spectra of samples were recorded on an FTIR 8400 SHIMADZU between 4000 

and 600 cm-1. 

2.3.2. Nuclear magnetic resonance (NMR). 

The 1H spectra samples were recorded on a Bruker spectrometer Spectrospin 400 MHz. 

Chemical shifts are given in ppm relative to Tetramethylsilane (TMS) as an internal reference. 

2.3.3. Thermogravimetric analysis (TGA). 

TGA was carried out with a thermobalance (SDTQ 600 thermogravimetric analyzer) 

using a platinum crucible. The sample (5.0 ± 0.1 mg) was heated from 20 to 700 °C at a heating 

rate of 10 °C min-1 under an air purge of 100 mL/min. 
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2.4. Estimation of the Standard Curves. 

2.4.1. Estimation of the Standard Curve for ThPO drug. 

Specific concentrations of ThPO drug in 10 % ethanolic phosphate buffer (pH 7.4) 

solutions were scanned spectrophotometrically (Agilent Technologies, Cary series UV–vis 

spectrophotometer, California, USA) between 200 and 800 nm in order to determine the 

wavelength of maximum absorbance (λmax). The standard curve for ThPO at pH 7.4 was 

plotted at the assessed λmax for a series of ThPO dilutions containing different drug 

concentrations. 

2.4.2. Estimation of the Standard Curve for Curcumin (Cur) drug. 

Specific concentrations of Cur drug in 10 % ethanolic phosphate buffer (pH 7.4) 

solutions were scanned spectrophotometrically (Agilent Technologies, Cary series UV–vis 

spectrophotometer, California, USA) between 200 and 800 nm in order to determine the 

wavelength of maximum absorbance (λmax). The standard curve for Cur at pH 7.4 was plotted 

at the assessed λmax for a series of Cur dilutions containing different drug concentrations. 

2.4.3. Estimation of the Standard Curve for PhPO drug.  

Specific concentrations of PhPO drug in 10 % ethanolic phosphate buffer (pH 7.4) 

solutions were scanned spectrophotometrically (Agilent Technologies, Cary series UV–vis 

spectrophotometer, California, USA) between 200 and 800 nm in order to determine the 

wavelength of maximum absorbance (λmax). The standard curve for PhPO at pH 7.4 was 

plotted at the assessed λmax for a series of PhPO dilutions containing different drug 

concentrations. 

2.5. Preparation of Curcuminoids-loaded PCL-PU-βCD nanocomposites. 

2.5.1. First preparation technique.  

Preparation of such Curcuminoids-loaded nanocomposites (formulae M 4, M 5, M 7 

relative to PhPO, ThPO, and Cur drugs, respectively) was carried out using the emulsion 

solvent adaptation technique [52-54] with some modifications. 0.1gm of the PCL-PU-βCD 

polymer was dissolved in 1mL DMSO. Then the drug was added (10mg of the ThPO, Cur, and 

PhPO drugs individually) to this polymer solution and stirred till the drug was totally 

disappeared, next to both of; 5% of Tween 80 and 0.2gm of Pluronic F68 were added to the 

previously made aqueous solution and completed with double distilled water to 10 mL. Finally, 

such polymeric aqueous solution was sonicated for an hour. 

2.5.2. Second preparation technique. 

In this technique, a new modified combined polymer prepared the Curcuminoids-

loaded nanocomposites (formulae M 1, M 3, M B relative to ThPO, Cur, and PhPO drugs, 

respectively) emulsification technique [55-57] as the preparation included two portions. In 

portion "A", a certain amount of the PCL-PU-βCD polymer is calculated relative to the polymer 

and drug molecular weights and equivalent to a specific quantity of the drug (the amounts of 

the same drug used in the previous technique), was dissolved in 1mL DMSO. Where both the 

drug and polymer solution were added to 1.6 mL of oleic acid and sonicated for 5-10 mins at 
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60°C till a homogenous system is obtained with no traces of the drug or the polymer, and then 

0.6 mL ethanol is added and mixed by stirring gently. In portion "B", 4mL double distilled 

water is mixed with 1.8 mL Tween 80 by using the vortex (Vortex VELP SCIENTIFICA, 

Europe). Finally, portion "B" is added drop-wise to portion "A" with homogenization for 10 

mins at 15,000 rpm. 

2.6. Entrapment efficiency investigation.  

Nanocomposites with a known drug concentration were properly dissolved and diluted 

with ethanolic phosphate buffer (pH 7.4) and then centrifuged at 10,000 rpm for 10-15 min 

(Heraeus Centrifuges, Thermo Fisher Scientific, Germany) in order to separate the free drug. 

The drugs concentrations were measured spectrophotometrically each at its specific 

wavelength, and their entrapment efficiency percentages (E.E %) were determined using the 

following equation (1): [58]  

Entrapment Efficiency=
Initial weight of drug−weight of drug in supernatant

Initial weight of drug
 × 100              (1) 

2.7. Release study. 

2.7.1. In-vitro drug release experiment. 

Such release experiment was fulfilled by placing one milliliter of the prepared 

Curcuminoids-loaded nanocomposites containing a certainly known drug concentration in a 

dialysis bag membrane with a molecular weight Cut-Off (12,000 g/ mol), tied with a dialysis 

clasp and socked into 100 mL of a 10 % ethanolic phosphate buffer media (pH 7.4, sink-

condition). Each sample was made in a triplicate (three times). The entire system samples were 

incubated at 37 ±0.5 °C in a shaking water bath (Daihan-brand Digital Precise Shaking Water 

Bath, Daihan Scientific Co., Thailand) operated with a stirring speed of 50 rpm. At selected 

time intervals of 1, 2, 3, 4, 6, 8, 24, 48, 72, 96, 192, 240, and 336 hours, 2mL aliquots were 

withdrawn from the release medium and replaced with a similar quantity of fresh buffer-

medium to determine the absorbance spectrophotometrically for each drug at its specific 

wavelength. To check for any possible limiting effects of the used membrane on the drug 

release, a separate experiment was run with free drugs solution under the same conditions. 

2.7.2. Drug release kinetics. 

In order to bear the best depiction for the drug-releasing from the prepared 

Curcuminoids-loaded nanocomposites and also to adequately determine their release profiles, 

the data of in-vitro drug release from drug-loaded nanocomposites was fitted to five primarily 

applied mathematical models, namely; zero-order, first-order, second-order, Higuchi matrix 

and Korsmeyer–Peppas model.  

Zero-order: M =  𝑘0t                                                                                       (2) 

First-order: Log M = logM0 −  𝑘1t/2.303                                                 (3) 

Second-order:  
1

M0−𝑀
=

1

M0
− k2t                                                           (4) 

Higuichi model: 𝑀 =  𝑘𝐻𝑡1/2                                                                (5) 
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Korsmeyer–Peppas model: log (
𝑀

𝑀∞
) = log 𝑘𝑘−𝑝 + 𝑛 log 𝑡                  (6) 

Where M0 is the initial concentration of drug; M is the amount released at time t; M∞ 

is the amount of the drug released after an infinitive time (in this research after 336 hours), and 

the k0, k1, k2, kH and 𝑘𝑘−𝑝 represent zero-order release constant, the first-order release 

constant, Second-order release constant, Higuchi constant, and Korsmeyer–Peppas constant, 

respectively.  

The model with the highest correlation coefficient values or determination coefficient 

(R2) was considered to be the best fit model [59-62]. 

2.7.3. Mechanism of drug release. 

To find out the mechanism of drug release, the release exponent (n) describing the 

mechanism of drug release from the matrices was calculated by regression analysis using the 

following equation: 

Mt/M∞ =  ktn 

Where Mt/M∞ is the fraction of drug released at time t and k is a constant incorporating 

the structural and geometric characteristics of the release device. To realize the release kinetic 

mechanisms of such nanocomposites, data obtained from in vitro drug release studies were 

plotted as log cumulative percentage drug release versus log time. In this model, the value of 

n characterizes the release mechanism of the drug. As, when the value of n ≤ 0. 5, Case I or 

Fickian mechanism diffusion is indicated, 0.5 < n < 1 for anomalous (non-Fickian) diffusion, 

n = 1 for Case II (relaxational) transport (Zero-order release), and n > 1 indicates Super case II 

transport [63]. 

2.8. Characterization of nanocomposites. 

2.8.1. Transmission Electron Microscope Study. 

A High-Resolution Transmission Electron Microscope (JEOL JEM 2100 T.E.M. HR, 

Japan) was used to evaluate the particle shape and size of the Curcuminoids-loaded 

nanocomposites; the particle size was measured using the NIH image software. The 

nanocomposites suspensions were stained with phosphotungstic acid dye, then sprayed on a 

Formwar-coated copper grid, and air-dried before observation.  

2.8.2. Particle size analyses of the nanocomposites. 

Particle size and polydispersity index of the Curcuminoids-loaded nanocomposites 

were measured by Dynamic Light Scattering instrument (PSS, Santa Barbara, CA, USA). The 

samples were suitably diluted before undergoing the measurements. The analysis was carried 

out at room temperature (25 °C), using the 632 nm line of a HeNe laser as the incident light 

with angel 90°. 

2.8.3. Studying FT-IR analyses of the nanocomposites. 

The FT-IR spectral measurements were taken at ambient temperature using FT-IR 

spectrophotometer (FT‑IR, Shimadzu 8400 S, Japan), implying KBr pellet method to 

understand if some interaction between drugs and nanocomposites existed. The procedure 

consisted of mixing the sample with KBr, then placing such mixture into the sampling cup. 
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The sample was positioned in the light path, and the spectrum was obtained. Individual 

components of ThPO, PhPO, Cur, and PCL-PU-βCD were run as controls. The scanning range 

was kept from 4,000 to 400 cm-1, and the resolution was 16 cm-1. 

2.8.4. Scanning Electron Microscope study. 

The surfaces of Curcuminoids-loaded nanocomposites were examined using a scanning 

electron microscope (Quanta FEG 250, JAPAN). Samples were deposited on a glass slide and 

were kept under a vacuum. The samples were coated with a thin gold/palladium layer using a 

sputter coater unit. The scanning electron microscope was operated at an acceleration voltage 

of 15 kV. 

2.8.5. Thermogravimetric analysis (TGA) of the nanocomposites. 

TGA was carried out with a thermobalance (SDTQ 600 thermogravimetric analyzer) 

using a platinum crucible. The sample (5.0 ± 0.1 mg) was heated from 20 to 700 °C at a heating 

rate of 10 °C min-1 under an air purge of 100 mL/min. 

2.9. Estimation of in-vitro cell viability and cytotoxicity of Curcuminoids-loaded 

nanocomposites on normal cells. 

2.9.1. Cell culture. 

An MCF-7 human breast cancer cell line (VACSERA, Egypt) was cultured in an 

RPMI1640 medium (Gibco, Invitrogen, Carlsbad, CA) supplemented with 10% heat-

inactivated fetal bovine serum (FBS) (Gibco, Invitrogen), 2 g/mL sodium bicarbonate, 80 

mg/mL penicillin G (Serva, Germany), 50 mg/mL streptomycin (Merck, Germany), and 

incubated at 37°C with humidified air containing 5% CO2. 

2.9.2. In-vitro Cell Viability and MTT-based cytotoxicity assay of Curcuminoids-loaded 

Nanocomposites  

After culturing a sufficient amount of MCF-7 human breast carcinoma cells and normal 

Vero epithelial cells (VACSERA, Egypt), the cytotoxic effects of synthesized Curcuminoids-

loaded nanocomposites were studied using MTT assays. Briefly, 10000 cells/well were 

cultivated in a 96-well plate (Costar from Corning, NY). After 24 hours of incubation at 37°C 

in a humidified atmosphere, including 5% CO2, the cells were treated with serial 

concentrations of Curcuminoids-loaded nanocomposites (0.5–70 mM) for 24 hours replicated 

four times. The control test was prepared by treating the cells with 0 mg/mL of the 

nanocomposities and 200 mL of the culture medium containing 10% DMSO. After incubation, 

the medium in all wells of the plate was substituted with a fresh medium and then incubated 

for another 24 hours. Then the wells media were removed carefully, followed by adding fifty 

milliliters of MTT (2 mg/mL; Sigma Co., Germany) dissolved in phosphate-buffered solution 

to each well, and the plate was covered with aluminum foil and incubated for 4 hours. Next, 

200 mL of pure DMSO was added to the wells after eliminating the contents of the wells. Next, 

25 mL of Sorensen’s glycine buffer was added, and the absorbance of each well was instantly 

read at 560 nm using an EL×800 microplate absorbance reader (Bio Tek Instruments, 

Winooski, VT) with a reference wavelength of 620 nm. 
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All results: were represented as mean ± SD, Standard Deviation (n=3). The analysis for 

the comparison of group variations was done by (ANOVA) followed by; LSD-test. Differences 

were reported significant when (p is lower than 0.05). 

3. Results and Discussion 

3.1. Synthesis and characterization of PCL pre-polymer and PCL-PU-βCD.  

The polymer was synthesized in a two-step reaction. As shown in Figure 1, PCL-diol 

pre-polymer was synthesized by stannous octoate catalyzed ring-opening polymerization of ɛ-

caprolactone in the presence of 1,4-butandiol. PCL-PU-βCD was prepared by the reaction of 

PCL-diol with hexamethylene diisocyanate (HDI) and βCD as chain extender, respectively. 

FTIR spectroscopy and 1HNMR data indicated that the reaction had been completed. FTIR 

spectra of PCL-PU-βCD showed distinct peaks at 1725 cm-1 assigned for the urethane C=O 

band and at 1633 cm-1 peak for the urethane NH bending (Figure 2i). The strong, broad peak 

at 3432 cm−1 is due to free and hydrogen-bonded urethane N-H stretching and –OH stretching 

of βCD present in PCL-PU-βCD. Moreover, the absence of isocyanate (-NCO) absorption at ~ 

2270 cm-1 confirmed the completion of the reaction.  

 
Figure 1. Synthetic scheme of the newly synthesized PCL-PU-βCD polymer. 

1H-NMR (400 MHz, DMSO) spectra of PCL-PU-βCD was shown in Figure 2ii. The 

peaks of (a’) were assigned to the methylene protons (-CH2-CH2-CH2) at δ= 1.39 ppm and (–

CH2–CH2–O) at δ=1.63 ppm. The (b’) peaks at δ=2.28 ppm were assigned to the methylene 
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protons (-CH2COO). The peak at δ= 2.92 ppm was due to H4 protons [-CH(OH)] of C4 for 

βCD. The intense peak at δ= 3.33-3.37 ppm was due to protons (–CH2–CH2–O) of PCL unites, 

(c’) methylene protons (–CH2–NH), and H2 protons [-CH(OH)] of C2 for βCD. The peak at 

δ= 3.52 ppm was due to H5 protons [-CH(OH)] of C5 for βCD. The peaks at δ= 3.95-4.03 ppm 

were due to (e’) methylene protons (-CH2OCO) and H6, H3 protons [-CH(OH)] of C6 and C3 

for βCD. The peaks at 4.28, 4.5, and 4.88 ppm were due to H6*, OH6, and H1 protons [-

CH(OH)] of *C6, C6, and C1 for βCD, respectively. The peaks at 5.65-5.80 ppm were due to 

OH2, OH3 protons [-CH(OH)] of C2 and C3 for βCD. The appearance of a new signal (f’) at 

δ=7.0 ppm indicated the NH proton in (-CO-NH) urethane linkage [64]. 

   

 
Figure 2. (i) FT-IR spectrum patterns of PCLdiol, βCD, and the newly synthesized PCL-PU-βCD polymer; (ii) 1H NMR 

spectra of; (a) βCD; (b) synthesis PCL-diol; (c) the newly synthesized PCL-PU-βCD polymer.  
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3.2. Synthesis and characterization of the synthesized C5-curcuminoidal drugs. 

The ThPO, PhPO drugs were synthesized according to the schematic reaction shown in 

Figure3i. As shown in Figure 3ii, the FT-IR spectrum curves of Curcuminoidal drugs (Cur, 

ThPO, and PhPO) manifested a wide peak at 3500 - 3300 cm-1 plus a sharp explicit peak at 

3430 cm-1 for the raw Cur drug especially, expressing the phenolic O–H stretching. Sharp, 

distinct absorption signals at 1628 and 1605 cm-1, were related to C=C in all the Curcuminoidal 

drugs. Besides another strong, unique band at 1598 cm-1 that was correspondent to the benzene 

rings stretching of both Cur and PhPO drugs, a specific peak of the ThPO drug at 3067 cm-1 

referred to the C-H stretching of the ThPO ring. The raw Cur specific peak at 1507 cm-1, 

pertained to the carbonyl groups C=O vibration, while the enol -C–O peaks were indicated at 

1278 and 1269 cm-1. Distinguished absorption bands at 1028 and 858 cm-1, represented the C–

O–C stretching of the raw Cur drug, in addition to the obvious signals at 1036 and 863 cm-1, 

that could be referred to as the C=O of the ThPO drug, similarly to the PhPO drug characteristic 

bands at 1028 and  857 cm-1. 

1H-NMR (400 MHz, CDCl3) spectrum of ThPO was shown in Figure 3iii. The peaks 

that appeared at δ = 6.75 ppm and 7.32 ppm were assigned to H1 and H4 protons (-CH=CH-

C=O) of the aliphatic chain, respectively. The aromatic thiophene protons H2, H3, and H5, 

appeared at δ = 6.99, 7.25, and 7.77 ppm, respectively. It is well known that the chemical shift 

of PhPO protons resonate in the range of 7.08–7.77 ppm [65]. 
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Figure 3.  (i) Illustration of the synthesis of newly synthesized ThPO, PhPO drugs; (ii) FT-IR spectrum patterns of Cur and 

the newly synthesized ThPO, PhPO drugs; (iii) 1H NMR spectrum of the newly synthesized ThPO drug; (iv) TGA and DTG 

curves of the newly synthesized; (a) PCL-PU- βCD; (b) ThPO drug. 

3.3. Thermal stability analysis of the PCL-PU- βCD and synthesized C5-curcuminoid drug 

(ThPO). 

The thermal stability for PCL-PU- βCD and synthesized C5-curcuminoid drug (ThPO) 

was investigated. Figure 3iv, showed the thermogravimetric (TGA) and derivative 

thermogravimetric (DTG) curves of three compounds. The PCL-PU- βCD revealed 

degradation in two stages. The first stage at 263 °C - 342 °C  was attributed to urethane bond-

breaking resulting in de-polymerization to hard and soft segments [66,67] and decomposition 

of βCD [68]. The second stage at (343 °C - 490 °C) was attributed to the decomposition of  

PCL segments [66,69]. 

The decomposition of the synthesized C5-curcuminoid drug (ThPO) was taken place 

also in two steps at (196 °C – 292 °C) and (292 °C – 430 °C) and showed a similar thermal 

decomposition of curcumin (Cur) that was occurred in two stages starting at (215 °C – 354 °C), 

and (215 °C – 469 °C) [70,71]. 

3.4. Estimation of the standard curves for Curcuminoidal drugs.  

The spectrophotometric scanning of this study Curcuminoidal drugs (Cur, ThPO, and 

PhPO) revealed that the wavelength relative to the maximum absorbance in 10 % ethanolic 

phosphate buffer (pH 7.4) for each of; Cur-drug, ThPO-drug, and PhPO-drug was realized to 

be at 420, 388, and 319 nm, respectively. The standard curves of all the Curcuminoidal drugs 

manifested typical linearity representing the relationship between the various drugs' serial 

dilution concentrations and their corresponding absorbance values at 420, 388, and 319 nm, 

individually for Cur, ThPO, and PhPO drugs, respectively (Figure 4i). This reflected the 

obviously aloft linearity of such standard curves coefficient values (R2) that were distinguished 

to be almost ≈ 1as shown in Figure 4i. 

3.5. Entrapment efficiency. 

Entrapment efficiency is one of the remarkable parameters to promote the leverage of 

anti-cancer drugs in order to prove these drugs' clinical usage. Entrapment efficiency 

percentages of Curcuminoids-loaded nanocomposites shown in Table 1, were conspicuously 

favorable and ranging from 99.51± 1.20 to 98.66± 0.17%. As the amphiphilic PCL-PU-βCD 

copolymers forming such nanocomposites consisted of hydrophobic PCL-moieties and 

hydrophilic β-CD terminals, with the ability to absorb or entrap specific quantities of the 
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Curcuminoidal drugs [72,73]. The elevated Curcuminoids-loading within the nanocomposites 

could be first referred to as the perfect hydrophobicity of PCL-segments, permitting such 

segments hydrophobic interactions that could promote the formation of cores and providing an 

adequate reservoir for loading drug molecules [72]; along secondly with the interactions 

between the hydrophilic branches of β-CD and the water, leading to the fine protection of the 

encapsulated molecules in addition to the competent stabilization of nanocomposites [73,74], 

beside β-CD hydrophobic internal cavities that [9,12,13], can valuably encourage the enclosing 

of more drug molecules. 

Table 1. Percentage of entrapment efficiency (E.E.%), polydispersity index (P.I.), and average particle size 

(A.P.S.) of the prepared and selected nanocomposite formulations. 

Formula E.E.%* A.P.S. (nm) P.I.* 

M 1 99.51± 1.20 131.46 0.542± 0.18 

M 3 99.22± 1.30 98.82 0.568± 0.40 

M 4 99.08± 2.50 38.67 0.259± 2.50 

M 5 99.33± 0.60 42.45 0.443± 1.60 

M 7 98.66± 0.17 40.35 0.533± 0.90 

M B 99.14± 0.40 86.61 0.596± 0.27 

                                         *Data are expressed as Mean ± SD, n=3. 

From Table 1, it was clearly identified that formulae prepared with the second 

technique; M 1, M 3, and M B attained a slightly higher entrapment percentage range (99.51± 

1.20 - 99.14± 0.40 %) relatively to the entrapment percentage range (99.33± 0.60 - 98.66± 

0.17%) of formulae prepared with the first technique; M 4, M 5, and M 7, which can be 

explained due to the narrowly higher polymer concentrations that were used in the preparation 

of formulae M 1, M 3, and M B in contrast to formulae M 4, M 5, and M 7. As, increasing the 

polymer concentration resulted in an increase in the drug atoms' diffusional resistance, causing 

retaining of more drug quantities within the polymeric particles, leading to increasing the 

polymer content of the drugs yielding higher entrapment efficiencies  [75].  Besides the effect 

of the presence of oleic acid within M 1, M 3, and M B (nano-formulations prepared with the 

second technique) in elevating their entrapment capacity due to their higher hydrophobic 

interaction zones, that was similarly documented by Dhillon, Sharma, Jain, Sharma, and Arora 

[76]. In contrast, other literature attested that nano-formulae containing Pluronic F68, as M 4, 

M 5, and M 7 in this survey, showed lower entrapment efficiencies that could be related to the 

low hydrophobic –CH3– groups in the Pluronic F68 copolymers leading to lowering their 

hydrophobic interaction-sites between the drug and their micellar cores and thus minimizing 

the solubilization of hydrophobic drug molecules [77]. Even though these samples, M 4, M 5, 

and M 7, contained Pluronic F68, their lower entrapment efficiencies were not significantly 

different (p higher than 0.05) to those samples, M 1, M 3, and M B, containing oleic acid.  

 Table 2. The release kinetics profiles of the Curcuminoids-loaded nanocomposite formulae. 

Formulae Zero-Order First-Order Second-Order Higuchi Model Peppas model 

R2 K R2 K R2 K R2 K R2 K n  

M 1 0.6874 0.0435 0.5506 0.0017 0.3954 0.0004 0.8747 0.9058 0.9615 0.2806 0.4144 

M 3 0.8598 0.1704 0.6659 0.0039 0.4461 0.0009 0.9182 3.3361 0.9776 0.6029 0.2859 

M 4 0.5552 0.3132 0.4634 0.0038 0.2520 0.0005 0.7690 6.8015 0.9253 0.6862 0.3371 

M 5 0.7764 0.1045 0.5976 0.0033 0.3902 0.0009 0.9007 2.1111 0.9772 0.538 0.2942 

M 7 0.8346 0.3158 0.6473 0.0034 0.3212 0.0003 0.9046 6.1788 0.9586 0.5372 0.2254 

M B 0.5577 0.1560 0.4950 0.0019 0.4281 0.0001 0.7722 3.3879 0.9264 1.0939 0.3283 

Chiefly, such high entrapment percentage values led to a beneficial meaning implied 

that the Curcuminoids-loaded nanocomposites could be considered a suitable carrier for these 
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drug delivery, which could be a reason for the fine affinity between such drugs and PCL-

copolymers block [78,79]. 

3.6. In-vitro release analysis of Curcuminoids-loaded nanocomposite formulations. 

In Figure 4ii, it was obviously noticed that the in-vitro release patterns of the free drugs 

included a burst effect release for around 6 hours followed by a gradual fast decreasing in the 

release of the drug, after which the release of the drug is ended, indicating the willingly of the 

drugs for diffusing freely through the dialysis-membrane. Otherwise, all the Curcuminoids-

loaded nanocomposites release patterns exhibited a bi-phasic release (Figure 4ii) phenomenon, 

with an initial-burst release effect within the first 3 hours followed by a steady, controlled, 

sustained release state that continued for 366 hours. Within the first release burst phase, it was 

noticed that samples M 1, M 3, and M B achieved slightly lower burst-effects (ranging between 

3.53 - 6.06%) relatively to samples M 4, M 5, and M 7 burst-effects range (3.14 - 10.72%), 

such early release stage (almost in the first three hours) was faster than the drug release during 

the rest 366 hours. This drives to a prediction that the Curcuminoidal drugs are enclosed within 

the nanocomposite’s polymeric cores, and minor amounts of the drugs are associated with the 

outer surface of these nanocomposites. Making such minor surface drugs amounts, expectedly 

to directly contact the release medium, causing an instant release of drugs. While, within the 

second release phase of Curcuminoids-loaded nanocomposites (during the rest 366 hours after 

the burst-effect period), a slower sustained release manner was obtained Figure 4ii), reflecting 

that the release of drugs in this phase was dominantly representing drugs enclosed within the 

nanocomposites. The formulations prepared with the second technique (M 1, M 3, and M B) 

manifested an ascendant release of the drugs compared to formulations prepared with the first 

technique (M 4, M 5, and M 7). This could be referred to many reasons; attributed to the higher 

polymer concentrations in formulations M 1, M 3, and M B in contrast to the other 

nanocomposites that means a higher number of PCL hydrophobic-esters, causing stronger drug 

steric hindering by the polymer moieties along with slower hydrolysis of the polymeric esters 

[80,81] caused by the higher β-CD hydrophilic branches protection, which by distracting 

release medium aqueous molecules [74]  could cause slowing down their penetration into PCL 

nanocomposite, and thus could retard the polymeric matrix erosion. The continuous second 

drug release at 366 hours was deemed to be correlated to the entrapment efficiencies of the 

nanocomposite formulations. 

Generally, this survey agreed with the documentations stating that sustained-release 

patterns were demonstrated in nanosystems containing oleic acid [76] as in samples M 1, M 3, 

and M B, and in nano-polymeric systems containing Pluronic [77], as in samples M 4, M 5, 

and M 7. 

3.7. Kinetics study of the release data. 

Using in-vitro release data to predict the in-vivo bio-performance is assumed to be a 

considerable rational development of the controlled drug released nano-formulations [82]. The 

approaching methods for adequately investigating the drug release kinetic models from the 

drug-controlled release nanocomposites included using certain mathematical models, 

involving; zero-order, first-order, second-order, Higuchi-model, and Korsmeyer-Peppas model 

specifically. As demonstrated in Table 2 and Figure 4iii, it was found that all this study 

Curcuminoids-loaded nanocomposites obtained the higher regression coefficients (R2) when 
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their data of in vitro drug release were fitted into the power law, indicating that the Korsmeyer-

Peppas mathematical model is the most qualified kinetic model, which competently describes 

the mechanism of drug release from such nanocomposites. The Curcuminoids-loaded 

nanocomposites "n" values (Table 2) reflected a Fickian diffusional-controlled release of the 

drugs.  

 

 
Figure  4. (i) a) Standard curve of Cur in buffer pH 7.4 with λmax of 420 nm, b) Standard curve of ThPO in buffer pH 7.4 

with λmax of 388 nm, c) Standard curve of PhPO in buffer pH 7.4 with λmax of 319 nm; (ii) Release profiles of each free drug 

versus it's nanocomposites; a) Cur, b) ThPO and c) PhPO, and the release profiles of d) all Curcuminoids from the prepared 

Nanocomposites;  (iii) Peppas-model release kinetics profiles of the Curcuminoids-loaded nanocomposite formulae. 

 

 

 

 

 

(c) 

(b) 

(a) 

i 

 

 

 

 

 

 

ii 

 

 

 

 

 

 

 
 

  

  

iii 

https://doi.org/10.33263/BRIAC123.40744102
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.40744102  

 https://biointerfaceresearch.com/ 4089 

3.8. Characterization of the nanocomposites. 

3.8.1. Transmission Electron Microscopy (TEM). 

The depicted transmission electron microscopy, TEM, images were presented in Figure 

5i, showing that PhPO-loaded (M 4, M B) nanocomposites possessed uniformly smart 

fashioned polygonal micelles together with spherically shaped vesicles. While the Cur-loaded 

(M 3, M 7) and ThPO-loaded (M 1, M 5) nanocomposites revealed spheroidal ball-shaped 

micelles and round vesicles. All the Curcuminoids-loaded nanocomposites acquired a 

reasonable uniformity in the size of their particles, together with smoothly welfare surfaces, 

reflecting a complete solvent removal from such nanocomposites. All these observations 

coincide with the TEM spherically shaped dominant morphology results reported in correlation 

to the preparation techniques [53,54,56].   

While for the other new shapes noticed in such study, it fulfills with statements 

documenting that amphiphilic-block copolymers could construct several interesting 

morphologies such as globules, fibers, and worms, proving their versatile expediency 

precursors with supra-molecular shapes [83]. Moreover, amphiphilic PCL-block copolymers 

could attain different architectures such as micelles and vesicles [73,84-87]. Confirmed by 

other investigations documenting that, PCL-block copolymers revealed smart micelles with a 

finely dispersed spheral-globular morphology along with a vesicle-like structure in liquid 

vehicles [88]. The amphiphilic nature of PCL-block copolymers fructified a vesicle-like 

structure that included a central wall formed by the PCL segments flanked by the β-CD, 

yielding different interfaces of the vesicle. The interfaces nature of vesicle-shaped particles 

allowed drug adsorption on them, thus providing a long guesting encapsulation of drug 

molecules, prolonging the drug release [89]. Also, drug release attitude from PCL-Pluronic 

block co-polymeric micelles implied sustained drug release behaviors [90], which all agree 

with and explain the outcomes of this study. 

3.8.2. Inspection of the nanocomposites particle sizes. 

As demonstrated in Table 1, both average particle sizes (A.P.S) and polydispersity 

indexes (P.I) of the Curcuminoids-loaded nanocomposites were analyzed, clarifying that the 

achieved average particle sizes of formulations prepared with the second technique (M 1, M 3, 

and M B) ranged between 131.46 and 86.61 nm, while for the formulations prepared with the 

first technique (M 4, M 5, and M 7), their average particle sizes ranged between 40.35 to 38.67 

nm. Several reasons could explicate that; primarily, the higher polymeric concentrations in 

samples M 1, M 3, and M B, resulting in an increasingly dense sample solution, causing the 

elevation in the resistance toward the samples formalization breaking down forces of droplets, 

yielding larger sized particles [91], in the second place, the higher organic-phase quantities 

used in the formation of such samples, induces the formation of a more viscous sample with a 

higher reluctance toward the separation-forces during the droplets incorporation, leading to the 

increment in the particles sizes [92]. Both previously mentioned reasons promoted the increase 

in the drug-atoms diffusional resistance forces from the organic-phase to the aquatic phase, 

causing a more detaining of drug-atoms within the polymeric molecules, which proved both 

the higher entrapment efficiencies and the slower drug diffusion during release, eliciting the 

prolonged-release demeanor of such samples [75]. On the other hand, the smaller particle sizes 

acquired by samples M 4, M 5, and M 7, could be referred to the using of a stabilizer along 
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with the surfactants within the preparation of these samples, which both increase the formation 

and stabilization of small-sized particles with a successful avoiding of aggregates consistency 

[75], likely no phase separations occurred. Besides that reported in different documentations 

that polymeric nanosystems, specifically including the Pluronic F68 in their preparation, 

commonly yielded very small-sized particles [93]. 

In general, the Curcuminoids-loaded nanocomposites attained a decent small nano-

sized particle not exceeding 150 nm, which could be imputed to the presence of the PCL-block 

copolymer that was known to exhibit particles with diameters of around 100 nm [88]. Also, it 

was documented that amphiphilic block micellar copolymers principally possessed nano-sized 

particles, which was one of the explanations for their controlled drug release behavior [89,90]. 

Moreover, the Curcuminoids-loaded nanocomposites revealed to own low polydispersity 

indexes (P.I) ranging between 0.259 to 0.596 (fairly below 1) that obviously indicated an 

adequate homogeneity between the distributions of these nanocomposites particles. 

3.8.3. Fourier-Transform Infrared Spectroscopy (FT-IR). 

In order to affirm the presence of the drugs in the Curcuminoids-loaded nanocomposite 

formulations, analyzing the FT-IR results was conducted. Figure 5ii, displayed the spectra of 

FT-IR patterns for; raw Cur, ThPO, PhPO, PCL-PU-βCD, and Curcuminoids-loaded 

nanocomposite samples (M 1, M 3, M 4, M 5, M 7, and M B).  

The raw Cur FT-IR spectra profiles revealed a characteristic absorption zone ranging 

between 3500 and 3300 cm-1, assigning to the presence of the phenolic –OH vibrational 

stretching, along with displaying a more particularly sharp stretching band of –OH at 3430 cm-

1 for the raw Cur, reflecting the presence of free hydroxyl groups (–OH) that is referred to the 

keto-enol residence of the α-β-unsaturated ketones in the raw Cur. It was in a crystalline form 

[94]. In Cur- loaded nanocomposite samples (M 3 and M 7), a shifting was noticed from 3430 

to 3427 cm-1 in sample M 3 and 3439 from 3430 cm-1 in sample M 7, where both of the peaks 

at 3427 and 3439 cm-1 appeared to be in wider bands ranging between 3600 and 3250 cm-1, 

with the absence of the sharp stretching band of –OH, reflecting the existence of intermolecular 

hydrogen bindings within these nanocomposite samples between the polymeric matrixes and 

the core materials and thus proving the successful drug encapsulation within such PCL-PU-

βCD nanocomposites matrixes, such interactions could lead to changing the drug structures 

from a crystalline to an amorphous form. 

The raw PCL-PU-βCD terminal hydroxyl groups absorption peak at 3432 cm-1 in 

Figure 5ii, were shifted to lower or higher peaks at  3427, 3439, 3426, 3399, 3434, and 3325 

cm-1 with different intensities for; Cur-loaded (M 3 and M 7), ThPO-loaded (M 1 and M 5), 

and PhPO-loaded (M 4 and M B) nanocomposite samples, respectively, that furtherly indicated 

the presence of hydrogen linkages in PCL-PU-βCD singly and or PCL-PU-βCD with 

Curcuminoidal drugs [95] that could reflect drug encloser within polymeric nanocomposite 

cavities. 

Figure 5ii, also depicted distinct signals for; the PCL-PU-βCD copolymer and 

Curcuminoids-loaded nanocomposite samples, at the range 1107-1102 cm-1 and at the range 

1247-1246 cm-1, which were allocated to the characteristic C-O-C vibrational stretching bonds 

of the reiterated units -OCH2CH2 of βCD and the vibrational stretching of –OCO- bonds, 

respectively. The peaks at the range 2923-2921 cm-1 and at the range 2875-2863 cm-1 were 

conformed to the characteristic C-H absorptional stretching linkages of -CH2 CH2 that were 

identical to those of epsilon-CL. Also, other weak peaks were observed at the range 1462-1459 
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cm-1, which could be according to the -CH2 vibrational bending and or -C-O. Plus, clear, 

strong peaks that were recognized at the range 1725-1732 cm-1 and at the range 1647-1646 

cm-1 that were referred expectedly to C=O adsorptional bonds. 

The fingerprinting peaks of raw ThPO and Cur at 1605 and 1628 cm-1, together with 

raw PhPO peak located at 1623 cm-1, were mainly attributed to both of;  C=C double-bonds 

and the aromatic double-bonds of C=C, with another signal at 1598 cm-1 indicating the 

characteristic benzene rings stretching for both Cur and PhPO drugs, plus a peak at 3067 cm-1 

referring to the C-H stretching of the ThPO ring, which was all unrecognized in the 

Curcuminoids-loaded nanocomposite samples. Except for some analogous peaks to those of 

raw ThPO, Cur, and PhPO that were realized only at 1650-1646 cm-1, indicating the 

disappearance and shifting (higher or lower shifting) of these characteristic peaks of such native 

drugs and thus proving the expectations for the occurrence of interactions between the drugs 

benzene and ThPO rings with the PCL-PU-βCD copolymer.  

The overall results suggested that Curcuminoidal drugs could be dispersed within the 

Curcuminoids-loaded nanocomposite formulations and well enclosed within the PCL-PU-βCD 

copolymer [95]. Thus, anticipating the successful formation of Curcuminoids-loaded PCL-PU-

βCD nanocomposites. 

3.8.4. Scanning Electron Microscopy (SEM). 

The Curcuminoids-loaded nanocomposites SEM photos were represented in Figure 5iii, 

elucidating spherically shaped nano-sized particles linked within a network of mesh-like 

structures (representing and inferring the polymeric matrixes enclosing the Curcuminoidal 

drugs as nano-sized globularly shaped particles). Where the right positioned SEM images 

expressed the Curcuminoids-loaded nanocomposites prepared with the first technique, while 

the left positioned SEM images represented the Curcuminoids-loaded nanocomposites 

prepared with the second technique.   

3.8.5. Thermogravimetric analysis (TGA) of the nanocomposites. 

It was quite clear from TGA data represented in Figure 5iv, that M 1, M 3, M 5, and M 

7 nanocomposites had lower T5% and T50% than PCL-PU-βCD copolymer. This decrease in 

thermal stability of nanocomposites relative to PCL-PU-βCD copolymer has resulted from the 

disappearance of physical crosslinking between polyurethane chains due to hydrogen binding 

for nanocomposites [96]. From DTG curves,  the first degradation step for M 1 nanocomposite 

was between 137-300 °C with maximum degradation temperature (Tmax) 187°C followed by 

second degradation step from 300-502 °C with Tmax 439 °C.  While M 3 nanocomposite 

showed degradation steps between 150-256 °C with Tmax 216 °C and 256-402 with Tmax 

337°C. The other nanocomposites manifested three degradation steps from 200-265 °C,  Tmax 

262 °C; 265-294 °C,  Tmax 284°C  and 294-314 °C, Tmax 306 °C for M 5 nanocomposite 

whereas M 7 nanocomposite were observed from 159-236 °C, Tmax 214 °C; 264-305°C, Tmax 

287°C, and 305-341 °C, Tmax 316 °C. It was obvious from degradation profiles that the 

nanocomposites (M 1, M 3) prepared by the second technique were more thermally stable than 

that (M 5, M 7) prepared by the first technique.  
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Figure 5. (i) Transmission Electron Microscopy (TEM) of; (a) Cur nanocomposites; (b) ThPO nanocomposites; (c) PhPO 

nanocomposites; (ii) FT-IR spectrum patterns of raw Cur, ThPO, PhPO, PCL-PU-βCD, and Curcuminoids-loaded 

nanocomposite formulae (M 1, M 3, M 4, M 5, M 7, M B); (iii) Scanning Electron Microscope (SEM) of; (a) Cur 

nanocomposites; (b) ThPO nanocomposites; (c) PhPO nanocomposites; (iv) TGA and DTG curves of Curcuminoids-loaded 

nanocomposites (M 1, M 3,  M 5, M 7).  

3.9. In-vitro cell viability and cytotoxicity on normal cells and MTT-based cytotoxicity assay 

of Curcuminoids-loaded nanocomposites.  

Fabrication of drugs into nanocomposite-drug delivery systems revealed a promoted 

anti-tumor activity and minimized side effects due to their individual high accumulation 
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property in tumor tissues [97-99]. Moreover, the encapsulation of hydrophobic anti-cancer 

drugs in the polymeric nanocomposites enhanced their solubility and furtherly improved their 

bioavailability [74,100-102]. Many studies demonstrated that curcumin (Cur) has a significant 

anti-proliferative effect on breast carcinoma cells [103-105]. This study investigated the 

cytotoxicity effect of Curcuminoids-loaded nanocomposites against normal Vero and MCF-7 

cells. A standard MTT assay evaluated the cell viability after exposure to Curcuminoids-loaded 

nanocomposites at various concentrations for 24 hours, and the IC50 % values were also 

determined. As shown in Figure 6i, it was clear that the effect of Curcuminoids-loaded 

nanocomposites on Vero cells was similar and manifested no cytotoxic effect, which indicated 

the safety of these nanocomposites for biomedical application. This agrees with other 

documented outcomes obtaining that the PCL-block micellar copolymer carriers were 

advantageously safe on Vero normal cells due to the combination of PCL copolymer 

biodegradation and the low molecular weight of β-CD, causing expectedly low cytotoxicity 

[106-108]. Meanwhile, the cell inhibition effect of Curcuminoids-loaded nanocomposites on 

MCF-7 cells shown in Figure 6ii, was revealingly high. It was found that, the inhibition rates 

of the MCF-7 cells treated with such nanocomposites including drug concentrations of; 14×10-

2, 7×10-2, 37.5×10-3, 18.8×10-3 µg/mL, were about 90%, 79%, 57% and 7% for M 1 (ThPO- 

nanocomposite, technique 2); 88%, 59%, 10% and 0.5% for M 5 (ThPO- nanocomposite, 

technique 1); 93%, 89%, 67% and 12% for M 3 (Cur- nanocomposite, technique 2), 91%, 70%, 

20% and 5% for M 7 (Cur- nanocomposite, technique 1); 93%, 91%, 87% and 69%  for  M B 

(PhPO- nanocomposite, technique 2) and 90%, 72%, 62% and 50% for M 4 (PhPO- 

nanocomposite, technique 1 ). From these results, it was clearly demonstrated that the 

inhibition effect of drug-loaded polymeric nanocomposites on the MCF-7cells, increased 

obviously with increasing drug concentrations in such nanocomposites. Moreover, the 

maximum concentration of drug used was only 0.14 µg/mL that was very low, despite that, it 

achieved a superior cytotoxic inhibition of MCF-7cells reaching roughly 90 %. This indicated 

that all nanocomposites had potent inhibitory effects on the viabilities of MCF-7 cells. The 

high potency of drug-loaded nanocomposites could be attributed to boosting the cytotoxic 

impact of the drug in these nanoparticles [109,110]. Moreover, Curcuminoids-loaded 

nanocomposites prepared by technique 2 (M 1, M 3, M B) showed slightly higher cytotoxicity 

relatively to samples prepared by technique 1 (M 4, M 5, M 7) that might be related to their 

encapsulation efficiency percentages (EE%), even though they weren’t significantly different 

(p higher than 0.05). Such high cytotoxicity power of samples prepared by technique 2 (M 1, 

M 3, M B) matched the documents stating that nanoparticles containing oleic acid could 

potentiate drug cytotoxicity 106 times more on cancer cell-lines due to their high cellular 

uptake that is referred to the oleic acid powerful penetration ability [111]. As well, the high 

cytotoxicity of samples prepared by technique 1 (M 4, M 5, M 7) coincides with statements 

mentioning that, as PCL co-polymeric nanoparticles had high cytotoxicity among breast cancer 

cells, it was found that PCL-Pluronic co-polymeric nanoparticles reached significantly higher 

levels of cytotoxicity, that could be attributed to the Pluronic higher cellular uptake due to its 

capability to incorporate into the cell membranes [112]. Additionally, the M B sample that 

achieved the strongest cytotoxicity on MCF-7cells might be correlated to its release attitude 

[113,114]. Although M B nanocomposite attained a sustained release manner of the PhPO drug, 

its release showed the highest burst effect during the release first hours compared to that of the 

other nanocomposites, consequently increasing the amount of drug released, realizing the 

highest cell defeating. 
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Figure 6. (i) Pictures of Vero cells viability after treatment with synthetic curcuminoids-loaded nanocomposites a) M 1, b) 

M 4, c) M 5, d) M 7 at 7×10-2 µg/mL of the drug; (ii) The MCF-7 cell death % of the Curcuminoids-loaded nanocomposite 

formulae; (iii) The IC50% of the Curcuminoids-loaded nanocomposite formulae. 

The half inhibition concentrations (IC50) percentages of MCF-7 cells were; 3 %, 2.7%, 

1.7%, 5.5 %, 5% and 0.9 % for M 1, M 3, M 4, M 5, M 7 and M B nanocomposites, respectively 

(Figure 6iii). While the IC50 percentage of pure curcumin after 24 hours incubation with MCF-

7 cells was ~ 31% [115]. Tabatabaei Mirakabad, Akbarzadeh, Milani, Zarghami, Taheri-

Anganeh, Zeighamian, Badrzadeh and Rahmati-Yamchi [115] found that the IC50 percentage 

of curcumin encapsulated into Poly (lactic-co-glycolic acid)-polyethylene glycol (PLGA-PEG) 

nanoparticles was ~18% and demonstrated that the reduction of IC50 percentage of 

encapsulated curcumin was attributed to the increase of curcumin release from PLGA-PEG 

nanoparticles surrounding the cancer cells. Reflecting that this study innovated Curcuminoids-

loaded polymeric nanocomposites possessed lower IC50  percentage values, besides their 

promising stronger cytotoxicity [116]. Conforming that, all the prepared nanocomposites 

strengthened the anti-tumor action of these Curcuminoidal drugs. Making this present study, 

Curcuminoids-loaded nanocomposites, a new application against MCF-7 breast cancer cell 

line. Together with the characteristically sustained controlled releasing of PCL-block 

copolymers based on vesico-micelles, causing these nanocomposites meet the required 

biocompatibility and biodegradability for applications in therapy [89]. Inferring that the anti-

tumor action of these PCL-block copolymers based vesico-micelles Curcuminoids-loaded 

nanocomposites could have a recommended potential in cancer therapy applications, especially 

breast cancer. 
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4. Conclusions 

Through this research work, all the estimated data, including the 1HNMR, FT-IR, and 

thermal stability analysis, proved the successful synthesis of the PCL-PU- βCD copolymer and 

the Curcuminoidal drug (ThPO). Importantly, this study revealed that the prepared PCL-PU-

βCD co-polymeric vesico-micellar nano-carriers were easily prepared and could successfully 

and efficiently encapsulate the Curcuminoidal drugs, showing sustained controlled release 

characteristics with a conspicuous releasing plateau continuing for 336 hours through a slow 

diffusional mechanism that was superior in systems prepared with the second preparation 

technique relatively to those prepared with the first preparation technique, but despite that, both 

techniques result from variances were not significantly different (p higher than 0.05). The 

Curcuminoids-loaded nanocomposites possessed smart fashionable polygonal and spheroidal 

shaped micelles together with roundly shaped vesicles with a favorable nano-sized particle and 

a plausible homogeneity, confirming together with the SEM and FT-IR data the succeeded 

formation of the Curcuminoids-loaded PCL-PU-βCD nanocomposites. With low cytotoxicity 

and interesting high IC50 percentages preferably achieved by M B sample, that value wasn’t 

significantly different from the other Curcuminoids-loaded nanocomposites. Thus all 

formulations of this survey could be recommended as promising carriers in cancer therapies. 
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