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Abstract

Aim: In this study, a nanosponge structure was synthesised with capability of encapsulating curcumin as a
model polyphenolic compound and one of the herbal remedies that have widely been considered due to its
ability to treat cancer.

Methods: FTIR, DSC and XRD techniques were performed to confirm the formation of the inclusion complex
of the nanosponge-drug.

Results: DSC and XRD patterns showed an increasing stability and a decreasing crystallinity of curcumin after
formation of inclusion complex. Encapsulation efficiency was 98% (w/w) and a significant increase was
observed in loading capacity (184% w/w). The results of cytotoxicity assessments demonstrated no cell
toxicity on the healthy cell line, while being toxic against cancer cells. Haemolysis test was performed to
evaluate the blood-compatibility characteristic of nanosponge and complex and the results showed 0.54%
haemolysis in the lowest complex concentration (50ugml™) and 5.09% at the highest concentration
(200pgml™?).

Conclusions: Thus, the introduced system could be widely considered in cancer treatment as a drug delivery
system.

Keywords: Nanosponge, curcumin, inclusion complex, solubility, anti-cancer

1. Introduction

Curcumin is a biologically active compound of the polyphenols groups that are found in turmeric, a kind of
spice that comes from the rhizomes of the plant Curcuma longa Linn. Curcumin has high levels of
consumption in Asian countries and has had many years of medicinal use. (Gupta et al. 2013, Mousavi et al.
2015, Nelson et al. 2017) There is great evidence that curcumin is used in trammel molecular targets.
Curcumin activities, including antioxidant (Wright 2002), anti-inflammatory (Rao et al. 2013), anti-cancer
(Jahed et al. 2014, Vallianou et al. 2015, Rauf et al. 2018) and neurological activities (Boyanapalli and Kong
2015). Several studies have acknowledged the role of curcumin in differentiating healthy and cancerous cells.
(Ravindran et al. 2009, Hamzehzadeh et al. 2018). High consumption of curcumin is not harmful to humans
and is completely safe (Lao et al. 2006, Hewlings and Kalman 2017). Curcumin consumed orally is absorbed
slightly and is quickly metabolised and omitted (Lao et al. 2006, Baum et al. 2008). Due to the low
bioavailability of curcumin, the potential of this substance is reduced as a therapeutic agent (Anand et al.
2007).



Recent evidence suggest that curcumin is an effective factor in the stoppage or treatment of some cancers,
such as colon, breast, and prostate cancer (Aggarwal et al. 2003, Amanlou et al. 2019). Preclinical and clinical
studies emphasise the safety of curcumin high doses, but its solubility and bioavailability are rather low, and
when taken orally, it is found metabolites of curcumin in serum or plasma while curcumin is expected to be
seen (Maheshwari et al. 2006, Anand et al. 2007). In addition, in anticancer therapy, the drug molecule needs
to stay longer in the tumour site. Therefore, in today's research, formulation of the drug is necessary to
improve bioavailability and increase dissolving capacity (Imanifard et al. 2017). The efforts of many
researchers are to increase the solubility of curcumin and its slow release in place of action. One approach
to increase the solubility of the drug and control its release is to use a nanostructure with an internal cavity
that can accept the molecule as a guest in this cavity (Campos et al. 2013, Bhatia 2016). Moreover, these
Nanoparticles formulation should have a small size, low cytotoxicity, variety and high loading capacity and
bioavailability (Bhatia 2016).

New developments in the field of nanotechnology have attracted much attention to supramolecular
structures with simple components. It is assumed that the design of nanomaterials with structural features
in the region of nanoscale could have potential applications in drug delivery systems (Pochampally et al. 2017,
Wang et al. 2018, Islami et al. 2018, Khorrami et al. 2018).

Cyclodextrins are biological compounds in molecular scale but with supramolecular traits (Zarrabi et al. 2011,
Kurkov and Loftsson 2013). They are a class of multi-sugar spherical molecules of glucopyranose type that
are obtained from the enzymatic degradation of starch sugar. It is a cluster compound of multicellular linear
polymers in which glucose units are connected by a clamping strain and form al-4 bonds. Native
cyclodextrins are three types a, B, and y that have six, seven and eight glucopyranose units, respectively.
They have conical shapes with a hydrophobic cavity (Zarrabi et al. 2014, Saokham et al. 2018). They are able
to form inclusion and non-inclusion complexes with different drugs (Trotta et al. 2012, Jahed et al. 2014).
Cyclodextrin-based nanosponges are nano-scale new drug delivery systems that consist of polymeric
structures with various cross-linkers, arranged in a three-dimensional network. These kinds of cyclodextrins
can form insoluble porous nanostructures with crystalline/amorphous, spherical shape and also have a
swelling trait (Trotta 2011, Trotta et al. 2012, Tejashri et al. 2013, Allahyari et al. 2019). Polymer dimensions
and polarisation depend on the amount and type of crosslinker (Trotta et al. 2012). The potential application
of nanosponges in drug delivery systems is due to their versatility and biocompatibility. Nanosponges are
used to increase the solubility of drugs, convert liquids to solids, eliminate unpleasant flavours and increase
the release time of the drugs (Ferro et al. 2014, Pushpalatha et al. 2018, Trotta and Mele 2019). The EU
Commission has recently announced the use of nanosponges as a novel drug delivery system. They can be
used in the preparation of capsules, pills, pellets, suspensions, granules, topical pharmaceutical forms, solid
dispersions or as new multifunctional carriers (Moya-Ortega et al. 2012, Simionato et al. 2019).

The ability to connect different ligands to the nanosponges surface makes them effective in targeting a
particular position (Bose et al. 2016). After injecting into mice, it was found that they are tolerable and safe,
biocompatible, and they have negligible toxicity (Shende et al. 2015). Cyclodextrin-based nanosponges have
the ability to form inclusion and non-inclusion complexes with different types of lipophilic and hydrophilic
molecules (Moya-Ortega et al. 2012, Deshmukh and Shende 2018). By modifying and manipulating the
structure, the release of trapped molecules in these networks can be modified so that the release is either
faster or slower (Lembo et al. 2018). In fact, apart from the dissolution phase, the drugs are molecularly
scattered in the nanosponges, and in the next step, they are released. The consequence is to increase the
apparent solubility of the drug (Moya-Ortega et al. 2012). The utilisation of the nanosponges is very
important for designing a sustainable drug delivery system, improving the solubility of drugs that have low
solubility in water, and protecting degradable molecules (Vishwakarma et al. 2014, Sherje et al. 2017). There
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are extensive researches on Cyclodextrin-based nanosponges and their development to design drug delivery
systems for insoluble drugs (Trotta et al. 2012, Rezaei et al. 2019).

The aim of this research was to enhance the loading capacity of synthesised nanosponges using pyromellitic
dianhydride (PMDA) as the cross-linking agent. Nanosponge preparation physiochemical characterisation,
drug loading and release were conducted throughout the research. Moreover, the cytotoxicity studies were
implemented against cancer cells.

2. Materials and methods

2.1. Materials

Curcumin and PMDA were purchased from Sigma—Aldrich (Germany). B-cyclodextrin (B-CD) was obtained as
a gift from Roquette (Italy). All other chemicals and reagents were of analytical grade. Milli-Q water
(Millipore) was used throughout the studies.

2.2. Methods
2.2.1. Synthesis of B-cyclodextrin nanosponges

The NS were obtained using the synthetic procedure reported in the Italian patent (Trotta et al. 2004). Briefly,
to construct nanosponge, beta-cyclodextrin and pyromellitic anhydride as the crosslinker was used. First,
beta-cyclodextrin and pyromellitic dianhydride in molar ratio (1:4) were dissolved in dimethyl sulfoxide and
then triethylamine was added to the aqueous solution allowing to react at room temperature. After 24 h, the
gel was powdered in a mortar. The powder was then washed using Ethanol and finally was washed with
Acetone and was dried by freeze dryer. Different ratios of B-CD and crosslinker improve encapsulation
efficiency and modify the release profile. The effect of different ratios of B-CD and the crosslinker on the
encapsulation efficiency and the release profile were investigated.

2.2.2. Preparation of curcumin-loaded NS (CRC-NS)

CRC-NSs were prepared by freeze-drying technique as previously reported (Ansari et al. 2011). Briefly
accurately weighed quantities of NS were suspended in 50 ml of distilled water on a magnetic stirrer. Then,
excess amount of curcumin dissolved in ethanol was added and the mixture was sonicated for 20 min and
was kept for 24 h under stirring. The suspensions were then centrifuged at 3000 rpm for 15 min to separate
the uncomplexed drug as a residue below the colloidal supernatant. The supernatant was then lyophilised
using VaCo5, Zirbus (Germany) lyophilizer at -40°C temperature and operating pressure below 0.1 mbar to
obtain drug-loaded NS formulations. The dried powder was sieved through #60 sieve and stored in a
desiccator.

2.2.3. ATR-FTIR analysis investigations

Fourier Transform Infra-red (FTIR) spectra was recorded in the spectral range of 650—4000 cm™ using a
Perkin—Elmer Spectrum 100 instrument in the attenuated total reflectance (ATR) mode with a diamond
crystal using 8 scans per spectrum and a resolution of 4cm™ .



2.2.4. Thermal behaviour assessment

Thermogravimetric analysis was conducted on a TGA 2050 model from TA Instruments by heating samples
contained in alumina pans at 10°C min™ from 40 °C to 700°C under nitrogen flow.

2.2.5. CHNS analysis investigations

To determine the elements in nanosponge and beta-cyclodextrin, CHNS analysis was conducted using a
CHNS-O Analyser (FLASHEA 1112 series).

2.2.6. Particle size assessment by dynamic light scattering (DLS)

Determination of particle size of NS and CRC-NS was performed with a 90 plus particle sizer instrument (DLS)
(Malvern, UK). The samples (100 mg) were diluted in distilled ethanol (10 ml) prior to measurements. The
mean hydrodynamic diameter and polydispersity index of the particles were calculated at 25 °C with a
scattering angle of 90°C.

2.2.7. Fourier transformed infra-red spectroscopy (FT-IR) investigations

Curcumin, nanosponge, complex and physical mixture were analysed by Fourier transform infra-red (FTIR)
spectroscopy using JASCO 6300, Japan system 2000 FTIR Spectrophotometer in the region of 4000 cm™ —
400 cm™ and potassium bromide disc method.

2.2.8. X- ray powder diffraction investigations

Plain NS, curcumin, physical mixture and CRC-NS complex were subjected to XRD studies using X-ray powder
diffraction (DSADVANCE, Bruker, Germany). The radiation was Cobalt filtered Fe with a wavelength of
1.7890°A.

2.2.9. Differential scanning calorimetry (DSC) analysis investigations

Plain NS, curcumin, physical mixture and CRC-NS complex were subjected to scanning calorimeter. Samples
were scanned at the rate of 10°C min-1 under nitrogen atmosphere in the temperature range of 30-250 °C.

2.2.10. Scanning electron microscopy (SEM) investigations

SEM was carried out by Field Emission Scanning Electron Microscopy (FESEM) (MIRA3 TESCAN, Czech
Republic) with different magnifications for investigating the morphology of nanoparticles.

2.3. Encapsulation efficiency measurement

The predetermined weight of the complex was dissolved in 10 ml of methanol and then sonicated for 20 min
(Kashi et al. 2012, Sareen et al. 2014). It was then centrifuged for 15 min at 25°C. The supernatant was
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isolated and the drug content was analysed by UV Spectrophotometer (Biochrom biowave, UK) at 430 nm.
Encapsulation efficiency of drug was calculated using Equation (1):

Dritgencapsutated , 19 (9

%Drug encapsulation ef ficiency = Drug
total

2.4. In vitro release of curcumin from nanosponge

In vitro release of curcumin from inclusion complex was investigated by membrane dialysis method against
phosphate buffer (pH 7.4) at 37°C (Shende and Gaud 2009). Briefly, 150 pug of curcumin formulation was
suspended in 3 ml of phosphate buffer (pH 7.4) and sonicated for 4 min. Then, it was placed in the dialysis
tube (Sartorius, cut off 12,000 Da). At various time intervals, the content of phosphate buffer saline was
centrifuged for 20 min at 10°C. Then, samples were withdrawn and analysed by UV spectrophotometer
(Perkin Elmer) at 430 nm.

2.5. MTT assay investigations

The cytotoxicity of plain NS, curcumin and CRC-NS on L929 and MCF7 cell lines were investigated using MTT
assay. Initially, cells were grown in Dulbecco’s Modified Eagle’s Medium (DMEM) as culture medium with
10% w/w Foetal Bovin Serum (FBS) and the combination of penicillin and streptomycin antibiotics (1% w/w).
Storage conditions were 37°C incubated at 5 mbar with CO2 atmosphere. Cells in a certain number (8,000
cells per well) were cultured in a 96-well plate. The cells were then incubated for 24 and 48 h and were
washed by PBS and evaluated by standard solution of MTT. After washing with PBS, 100 ml of a fresh
intermediate was added to each well. Next, 10 pl of MTT solution was added to the cells and were placed in
the incubator for 4 h. Then, the supernatant was evacuated of the wells and 100 pl of DMSO was added to
each well and incubated in dark for 1 h. Finally, the optical absorbance of the solution was read on microplate
Elisa reader (Bio-Rad, USA).

2.6. Haemolysis study investigations

In order to carry out this experiment, the blood containing EDTA was centrifuged at 1500 rpm for 5 min. The
supernatant was removed and the precipitate was washed 3 times with phosphate buffer saline (PBS). Then,
200 pl of blood sediment was mixed with 3.8 ml of PBS and a few minutes of vortex. Samples were kept at
room temperature for 2 h and then centrifuged for 5 min at about 1600 rpm. The supernatant absorbance
was read at 541 nm. In this experiment, water was considered as a positive control and the PBS was
considered as a negative control. After incubation, an optical microscope was used to see any malformation
in blood cells. The percentage of haemolysis was calculated using Equation (2) (Assadi et al. 2018).

%Haemolysis = % * 100% (2)

3. Results and discussion
3.1. NS characterisation

3.1.1. ATR-FTIR analysis results

The formation of the PMDA-B-CD nanosponge was confirmed by IR Spectroscopy by comparing the spectrum
of the nanosponge with the spectrum of the individual B-CD (Figure 1a). There were significant peaks in
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positions 1720 and 1580 cm™ in nanosponge spectrum which belong to carboxyl and ester functional groups
and carboxylate group of PMDA, respectively (Trotta et al. 2014). Therefore, it can be concluded that there
was chemical interaction between the B-CD and PMDA. It should be mentioned that after several steps of
washing with Ethanol and several days of purifying-washing cycles with acetone, the probability of free PMIDA
presence in the final compound is rare. Moreover, the intense characteristic peaks of PMDA which are
observed in the nanosponge spectrum, indicates a significant interaction of B-CD and PMDA in the structure
of nanosponge.

®).,,

C

Deriv. Weight (%/°

Temperature (°C)

Figure 1. Confirmation of pyromellitic dianhydride-B-CD nanosponge formation by (a) Attenuated total
reflectance- Fourier-transform infra-red spectroscopy (ATR-FTIR) spectrum of nanosponge and B-CD, (b)
Thermogravimetric analysis (TGA) spectrum of nanosponge and B-CD.

3.1.2. TGA analysis results

In TGA curve of nanosponge, weight loss percentage is started in lower temperature comparing to the pure
B-CD (Figure 1b). This phenomenon revealed that there exist weaker bonds in structure of nanosponge in
comparison with pure B-CD which could be attributed to the nanosponge formation circumstances.

3.1.3. CHNS analysis results

CHNS analysis demonstrated different elements percentages before and after making nanosponges. The
amount of N, C, H, and S were 0.00, 38.96, 6.58, and 0.00% for B-CD, and 3.39, 47.20, 6.30, and 0.00% for NS-
PMDA(1:4). The negligible amount of nitrogen is due to the presence of a little amount of triethyl amine in
nanosponge. Based on these results, changes occurred in the amount of C and H atoms are attributed to the
fabrication of nanosponge from the B-CD.

3.2. CRC-NS characterisation results
3.2.1. Particle size analysis results

The particle size analysis of NS and CRC-NS suspensions demonstrated the 70 nm size of NS and CRC-NS with
low polydispersity index (PDI = 0.42 + 0.04). The particle size distribution is uniform with a narrow range (data
not shown here).



3.2.2. FTIR analysis results

The comparison of FTIR spectra of curcumin, NS, their physical mixture and their complex is shown in Figure
2. There are two main characteristics peaks of plain nanosponge around 1720 cm™t~1750 cm™tand 1590 cm™
attributed carboxyl group (C=0) justifying the formation of nanosponges from B-CD (Trotta et al. 2014).
Moreover, there were other characteristics peaks of NS at 1030 cm™, 1451 cm™ that are respectively
attributed to C—O stretching vibration of primary alcohol and C-H bending vibration of alkane. The spectrum
curcumin demonstrated its dominant characteristic peaks at 1027 cm™ (C-O—C stretching vibrations),
1277 cm™ (aromatic C-O stretching vibration), 1428 cm™ (olefinic C-H bending vibration), 1509 cm™ (C=C
and C=0 vibrations), 1623 cm™ (C=C stretching vibrations of benzene ring) and a peak at 3508 cm™ (phenolic
O-H). In physical mixture, the main peaks of pure curcumin (1027, 1277, 1428, 1509, 1623 and 3508) and
plain nanosponge (1720-1750, 1590) present simultaneously, which indicates that there is no chemical
reaction between two components. By formation of inclusion complex between curcumin and the
nanosponge, all main peaks of nanosponge were emerged, whereas that of curcumin disappeared.

CH
—— Complex

Nanosponge
Physical mixture
Curcumin

CH
COOH OH
coO o
I T COC T Clic_o T T T T T 1
400 800 1200 1600 2000 2400 2800 3200 3600 4000

Wavelength (cm)

Figure 2. Fourier-transform infra-red spectroscopy spectra of curcumin, physical mixture, nanosponge and
curcumin-nanosponge complex confirming the formation of pyromellitic dianhydride-B-CD nanosponge.

3.2.3. XRD analysis results

In order to investigate the crystalline features of the compounds, the XRD patterns of pure nanosponge,
curcumin, physical mixture and CRC-NS were assessed. Curcumin has a crystalline structure. It is shown in
Figure 3 that pure curcumin has distinct peaks (with two manifest peaks) indicating its crystalline structure,
whereas that of nanosponge, did not show any definite peak, suggesting that the nanosponge has no
crystalline structure. In the physical mixture of these two components, the trend is a combination of two
previous diagrams, indicating a poor mechanical interaction between these two compounds. It is evidently
shown that the main curcumin peaks have completely been disappeared and a new trend emerges, indicating
that the drug presents in the nanosponge cavities.
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Figure 3. XRD pattern of (a) curcumin-nanosponge complex, (b) physical mixture, (c) nanosponge and d)
curcumin confirming the formation of pyromellitic dianhydride-B-CD nanosponge.

3.2.4. DSC analysis results

DSC curves of pure curcumin, nanosponge, their physical mixture, and their complex are shown in Figure 4.
The thermal behaviour of curcumin demonstrated a sharp peak around 178°C, which is attributed to the
curcumin melting point. For NS, there is a broad peak at 124°C, which is due to the outflow of water molecules
from the nanosponge cavities, and the main endothermic peak is located at 350°C. In the physical mixture,
as evidenced in Figure 4, both peaks of curcumin (178°C) and NS (124°C) are present because both of these
compounds separately exist without chemical interactions. In the complex curve, the endothermic peak of
curcumin has been disappeared, indicating that curcumin is enclosed within the nanosponge cavities.
Therefore, by encapsulating, the drug is protected and its stability is increased. (Anandam and
Selvamuthukumar 2014, Singireddy and Subramanian 2016).
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Figure 4. DSC thermogram of (a) nanosponge, (b) curcumin, (c) physical mixture, (d) curcumin-nanosponge
complex confirming the formation of pyromellitic dianhydride-B-CD nanosponge.

3.2.5. SEM morphology assessment results

To investigate the morphology and apparent properties of nanosponge, curcumin, their physical mixture and
their complex, scanning electron microscopy (SEM) was used and the results are shown in Figure 5. According
to the SEM images curcumin has a crystalline structure. The electron microscopy images of the nanosponge
show a spherical and porous structure for this material. In the physical mixture, the presence of curcumin
with a crystalline structure and nanosponge with an amorphous structure could be seen evidently, which
confirms that no chemical or physical interaction has taken place between the two substances. In the images
of the complex, the porous nanoparticle structure is quite evident after encapsulation and the curcumin
crystalline state is not visible due to its placement in the nanosponge cavities and the formation of an
inclusion complex.

SEM HV: 15.0 kV 1 I SEMHV: 7.0kv | WD: 3.82 mm
SEM MAG: 75.0 kx SEM MAG: 75.0kx | Det: In-Beam SE
View field: 2,77 pm |Date(m/d/y): 12/18/17

SEMHV:70kV | WD:404mm

" SEM MAG: 75.0 kx Det: In-Beam SE

View fleid: 2.77 ym
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Figure 5. Scanning Electron Microscopy results of (a) curcumin, (b) nanosponge, (c) physical mixture and (d)
curcumin-nanosponge complex confirming the formation of pyromellitic dianhydride-B-CD nanosponge.

3.3. Encapsulation efficiency; effect of drug initial concentrations and time

The encapsulation efficiency of curcumin with different drug concentrations was investigated, and the results
showed that the drug initial concentration did not have significant effect on the encapsulation efficiency. It
was 98.66, 98.16, and 98.12% w/w for curcumin concentrations of 17.89, 4.41, and 2.57 mg/ml, respectively.

The amount of encapsulation of curcumin was also investigated over three time periods. The results showed
no significant difference over 24, 48 and 72 h, in which the drug encapsulation amount was 98.16, 98.27, and
98.35% w/w, respectively. Therefore, the time interval of 24 was selected for drug loading.

3.4. Drug release investigations

As it is clear from the release pattern (Figure 6a), the release of curcumin from the nanosponge takes place
in two steps. In the first 8 h, its release is rather rapid. The release at this time period is related to the part of
the curcumin molecules that are located at the surface of the nanosponge matrix, so they are released in the
first hours. The second part of the release occurs after 8 h at a moderate and slow speed and is related to
release of drug molecules that are spread within the complex and have more strong connection to the
nanosponge than the surface molecules.

(@) Curcumin release
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Rapid release  Moderate and slow release
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Figure 6. (a) In vitro release of curcumin from nanosponge (n=3), which shows three distinct rapid,
moderate, and slow release of drug, and the release kinetic results for (b) Hixson-Crowell and (c) Higuchi
models. Hixson-Crowell model: Qo' — Q:*3=Kst, and Higuchi model: Q/Q¢=Kyxt*?, where Qu is initial drug
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value, Q; is the amount of drug released at time t, Ks is a constant incorporating the surface volume relation,
Ku is the Higuchi dissolution constant.

Releasing rate is calculated 87% w/w in 24 h and 98% w/w in total. The controlled release of curcumin
suggests that it is encapsulated in the nanosponge through forming an inclusion complex. Controlled release
of curcumin reduces its toxic effects with fewer side effects. Releasing of curcumin follows two kinetic
models. Since the substrate used for drug loading in this study has a porous structure with cyclodextrins both
in the surface and within the cavities, the drug is linked both to the surface of the cyclodextrin and in the
cavities. The release of drugs attached to the surface of nanostructure is more rapid due to the lack of spatial
inhibition, which is evident in its release pattern that shows a fast release within the first 8 h. This type of
release follows well the Hixson-Crowell release kinetic model (Figure 6b). On the other hand, drugs that are
located inside the nanosponge cavities have a slower release and are released according to the penetration
effect (Fickian diffusion). This is clearly evident in its release graph and can be verified according to the
Higuchi release kinetic model (Figure 6c) (Barzegar-Jalali et al. 2008, Chime et al. 2013, Kayani et al. 2018).

3.5. Cytotoxicity investigations

The results of the effect of pure nanosponge, curcumin and the complex on human breast cancer cells (MCF7)
and healthy cells (L929) has been shown in Figure 7. These results are attributed to the effect of different
concentrations of samples (4 different concentrations of the complex, three concentrations of curcumin and
one concentration of nanosponge) on the survival of cells in 24 and 48 h. According to the results,
nanosponge does not have toxic effects on healthy cells and has a little toxicity on cancerous cells during the
first 24 h, with no toxicity over the next 48 h while the drug is toxic to healthy and cancerous cells, it is more
toxic to cancer cells than healthy cells. Nevertheless, all complex concentrations are shown to be safe for
healthy cells, and significantly toxic to cancer cells.
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Figure 7. The cytotoxicity investigations results using MTT assay on (A) human breast cancer cells (MCF7),
and (B) healthy cells (L929) (n = 3).

3.6. Haemolysis investigations

According to previous studies, nanosponge suspension in water, even at high concentrations of 20 mg ml|™?

does not have haemolytic effects on blood cells (Darandale and Vavia 2013). In this study, haemolysis test
was used to assess the blood compatibility of nanosponge. According to the experiments, the nanosponge
did not cause haemolysis at moderate concentration (50 and 100 mg ml™) with negligible haemolysis at high
concentrations of 200 mg ml™* (Figure 8). Blood cells also exhibited considerable tolerance to the complex.
Studies have shown that after incubation with nanosponge, almost 99.5% of the blood cells were survived.
The optical microscopy assessment of cells determined that these cells are remained unscathed after the
incubation with nanosponge, which confirms its blood compatibility.
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Figure 8. The (A) visual, and (B) diagram results of haemolysis study of 50, 100 and 200 pg curcumin-
nanosponge complex, PBS, nanosponge and water, demonstrating no haemolysis for nanosponge at
moderate concentration (50 and 100 mg ml™) and negligible haemolysis at high concentrations.

4. Conclusions

The purpose of this study was to synthesise a drug delivery nanosystem capable of encapsulating the drug,
increasing its sustainability and inducing controlled release. The results of various characterisation
techniques justified nanosponge synthesis and drug loading by this nanosystem. Increased drug stability was
confirmed by DSC. The drug release assessment showed a sustained release in 42 h. The results of this study
showed that nanosponge is biocompatible and non-haemolytic, and as a drug delivery system, it has
improved the drug properties and thus could be widely considered in cancer treatment.
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