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Abstract

In a novel approach, curcumin has been encapsulated inside Poly(Ethylene Oxide)-Block-Poly(Propylene Oxide)-
Block-Poly(Ethylene Oxide) (F108) nanocapsules. FTIR spectra have indicated a type of hydrogen bonding and dipole interac-
tion between curcumin and F108. Fluorescence and UV-visible absorption profiles of curcumin in nanocapsules have indicated
location of curcumin in more hydrophobic microenvironment. The relative fluorescence yield has increased by 6 times in the
nanocapsules, which renders them as more sensitive probes to be used later on in sensing study. Therefore, based on the
functionality of curcumin as a fluorescent transducer, encapsulated curcumin is used in biomedical application as DNA and
RNA sensing. Detection limits are detected as 50 M and 60 uM for DNA and RNA respectively. Linear dynamic concentration
range obtained in this proposed method is much higher than reported in literature. The interaction between the nanocapsules and
targeted DNA/RNA molecules is further approved by zeta potential studies. Furthermore, the real interaction of DNA with the
encapsulated curcumin is confirmed by the interaction of the adenine and cytosine nucleotides. This has been verified through
zeta potential measurements. Moreover, our prepared nanocapsules has presented a high percentage recovery of DNA and RNA
(96-101%). Finally, stability results have illustrated a high photostability of encapsulated curcumin, indicating that proposed

nanocapsules can be considered as a stable sensor during measurement time.
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Introduction

Nanotechnology based sensing schemes are becoming a grow-
ing trend to improve or develop new analytical methods.
Polymer-based technique using self-assembly or micro/nano-
assembly is one of the emerging areas for such analytical meth-
od development. Smart or superior materials is prepared of
nanoparticles building block by using self-assembly process
[1-4]. These kinds of polymeric materials can give additional
advantages by improving optical properties and sensing
schemes [5-9]. Owing to the dual structure of pluronics and
the difference in solubility between their two blocks, they can
spontaneously self-assemble into various organized structures,
the most prominent ones being spherical micelles with a
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hydrophobic core and hydrophilic corona [10]. Furthermore,
polymeric assemblies are more stable compared to small-
molecule aggregates. Due to this versatility, they offer greater
opportunities that can meet the requirements of a wide range of
applications. One of the most powerful properties of
poloxamers is their capacity to form these thermodynamically
stable species whose aqueous solution properties are highly
dependent on concentration, temperature, solvent characteris-
tics, and added salts or other additives. Depending on the solu-
tion conditions, poloxamers can be amenable to multiple ther-
apeutic drug delivery formulations, leading to various
thermodynamically-stable drug- encapsulating structures such
as cubosomes, thermo sensitive gels, ellipsoids, micelles, rods,
etc. Each structure has its unique adsorption and associative
characteristics which allow it to target a specific disease, work
with a certain drug, or function at a different delivery rate and
routes [11]. The hydrophobic core of these structures is central
to their utility as it offers a medium to solubilize hydrophobic
drugs having low-aqueous solubility and thus low oral bioavail-
ability [12]. Dorn et al. was the first to observe and report
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formation of drug loaded pluronic micelles [13]. Advantages
that render poloxamers as a suitable choice for many clinical
applications aside from their supremacy in fundamental re-
search and industrial applications as foaming agents, stabilizers,
emulsifiers, and detergents include: high commercial availabil-
ity, wide array of molecular weights and compositions, and
approval for the use in pharmaceutical industry by the FDA
for pharmaceutical and medical applications and by the US
and British pharmacopoeia [11].

The interesting fluorescence and absorption profile of
curcumin has rendered it as a useful molecular probe for
many sensing applications [14]. It has an absorption max-
imum in the range of 408—430 nm. Theoretical studies
predicted that the broad absorption band between 410
and 430 nm is due to the 7t-7t* transition whereas the
absorption maximum between 389 and 419 nm is for the
keto and enol form, respectively [15]. Moreover, it emits
between 540 and 600 nm depending on the solvent used
and has a relatively low quantum yield and short lifetime
[16]. The use of fluorescence technique in probing is
widely favored over classical microscopy techniques be-
cause it offers detailed information reaching a single mol-
ecule sensitivity [17]. For instance, a study conducted by
Khoury et al. in 2016 revealed that curcumin can serve as
an efficient, non-toxic, and easily accessible probe mole-
cule to study the liposome properties. Furthermore, it was
successfully proved in this study that curcumin can be
used to observe the effect of cholesterol on liposomes
and study ethanol induced interdigitation of liposomes
[18]. Wu et al. reported curcumin as a chemosensor for
fluoride anion in 2010 [19]. Physicochemical properties
of fluorophores like curcumin can be extremely improved
after being coated with a polymer. When the fluorophores
are incorporated inside giant polymers, higher fluores-
cence signal intensity, better biostability (owe to the ex-
clusion of oxygen by the polymer encapsulation), com-
pared to original modality, can be obtained [8, 9, 20].
Multifunctional nanocapsules present great importance
for their potential as probes to label and detect specific
targets of interest in biological systems, because they can
be detected/imaged using multiple modalities, such as
fluorescence. The polymer plays an indispensable role in
the process of design, preparation, and development of
multifunctional nanoparticles in virtue of excellent bio-
compatibility and easy surface functionalization. Chebl
et al. have shown that curcumin formulated with chitosan
oligosaccharide and integrated with negatively charged
silica nanoparticles to form nanocapsules can serve as a
cost-effective and highly selective analytical technique for
cholesterol sensing without enzymatic reaction [9]. In this
work, curcumin is encapsulated inside of F108 copolymer
in 1:40 drug to copolymer ratio to check the effect of
copolymer concentration on encapsulation and drug
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loading. These 1:40 nanocapsules are later characterized
by X-ray diffraction (XRD), thermogravimetric analysis,
Scanning Electron Microscopy (SEM), and UV-visible ab-
sorption and fluorescence spectroscopy. A brief compari-
son between the 1:1 and 1:40 nanocapsules is illustrated
based on the characterization. Based on the functionality
of curcumin as a fluorescent transducer, encapsulated
curcumin is used in biomedical application as DNA and
RNA sensing [21].

Materials and Methods
Materials

F108, curcumin, DNA and RNA were obtained from Sigma-
Aldrich and used as received. The solvents used were obtained
from Sigma Aldrich and were of HPLC grade.

Nanocapsules Preparation

Nanocapsules were prepared by adding 10 mg of curcumin to
400 mg of F108 and dissolving in 2.5 mL acetone. The solu-
tion was kept under stirring for 40 min. In the meantime,
2.5 mL of double distilled water was being added dropwise
while the solution was under continuous sonication. After
that, acetone was evaporated, and the solution was diluted to
10 mL using double distilled water. The formed nanocapsules
were left for two overnights to precipitate. The supernatant
solution was discarded, and the nanocapsules were allowed
to dry for two consecutive days. Finally, a lyophilized formu-
lation was obtained and characterized to be used later on for
sensing application.

Sample Preparation

For the fluorescence and UV-visible spectroscopic measure-
ment, 1 mg of the nanocapsules were added to 10 mL of
doubly distilled water. For the curcumin sample, 1 mg of
curcumin was dissolved in 3 mL of methanol. 50 pL of this
sample was dissolved afterwards in 2990 uL of double dis-
tilled water. Drug loading of the two types of nanocapsules
was measured using UV-Visible spectroscopic technique.

For establishing the curcumin calibration curve, a stock
solution of 1 mM of curcumin was prepared in 3 mL of meth-
anol. Out of this stock, 8 different standards with the following
concentrations were prepared: 1, 3, 5, 7, 10, 15, 17, and
20 uM. The solutions of nanocapsules were prepared by dis-
solving 1 mg in 3 mL methanol and diluting 100 times. UV-
visible spectroscopic measurements were performed at a range
0f 200-800 nm.

Drug loading was calculated according to the following
formulas [22, 23]
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) weight of curcumin in NHPs

Drug loading (%) = weight of NHPs x 100

For sensing study, stock solutions of 300 uM in DDW of
DNA and RNA were prepared in order to make up several
solutions with known concentration in the range 0 to
100 uM. All the experiments were done by keeping the con-
centration of the nanocapsules constant in a total volume of
3 mL.

Instrumentation

The size of nanocapsules was measured using SEM. This
analysis was done using Tescan, Vega 3 LMU with
Oxford Edx detector (Inca XmaW20) SEM, where 2 mg
of the nanocapsules were dissolved in 15 mL of double
distilled water, and few drops of the nanocapsules suspen-
sion were placed on an aluminium stub, coated with car-
bon adhesive. The SEM analysis of this sample was done
after being dried. XRD characterization was achieved
using a Bruker D8 advance X-ray diffractometer (Bruker
AXS GmbH, Karlsruhe, Germany) at 40 kV, 40 mA
(1600 W) using Cu Ko radiation (A=1.5418 A), with a
1.2 mm primary beam slit and 2.0 mm detector slit. The
X-ray scans were carried out for 20 between 3 and 80
degrees at 0.02° increments. Thermogravimetric Analysis
(TGA) was performed using a Netzsch TGA 209 in the
temperature range of 100 to 1000 °C with an increase of
10 °C min~' under an N, atmosphere. The absorption
spectra were recorded using a JASCOV-570 UV-VIS-
NIR Spectrophotometer at room temperature. FT-IR spec-
tra were recorded using a Thermo Scientific Nicolet iS5
FT-IR Spectrophotometer using KBr pellets. The steady-
state fluorescence spectra (excitation and emission) were
recorded at room temperature using Jobin-Yvon-Horiba
Fluorolog III fluorometer and the Fluor Essence program
where the excitation and emission slits width were 5 nm.
A 100 W Xenon lamp was used the source of excitation.
The detector used wad R-928 operating at a voltage of
950 V.

Results and Discussion
Formation of Nanocapsules

Using the coprecipitation method, nanocapsules of 1:1 and
1:40 curcumin to copolymer ratio were prepared as illustrated
in Fig. la. Curcumin and polymer were both dissolved in
doubly distilled water and placed under sonication for
40 min. While stirring, acetone was added to ensure solubili-
zation of curcumin. After that, acetone was evaporated using
rotary evaporator. The formed nanocapsules were

subsequently dissolved in water, which was discarded later.
Finally, solid nanocapsules were obtained after two overnights
of freeze drying. Later, nanocapsules were characterized using
different spectroscopic and morphological techniques.
Scanning electron microscopy was one of them. SEM results
have shown that the obtained nanocapsules were spherical in
shape. Figure 1b shows the shape and size of the prepared
1:40 nanocapsules. The size of the nanocapsules range from
240 to 380 nm which is slightly larger than the 1:1
nanocapsules. On the other hand, the shape of the
nanocapsules is also spherical as depicted for the 1:1
nanocapsules.

Interaction within Nanocapsules

The X-ray diffraction pattern was used to analyze the
effect of the polymer concentration in the encapsulation
phenomena. The diffractograms of F108, curcumin and
the prepared nanocapsules with different ratio of polymer
are depicted in Fig. 2a. The characteristic peaks of F108
were obtained at 19.4° and 23.6°. Hence, it showed a
crystal line structure resulting from the formation of
PEO crystallites [24].As for the curcumin, the main char-
acteristic peaks appeared at diffraction angles of 2 equal
to 8.06°, 9.20°, 12.46°, 14.95° and 17.75° indicating that
curcumin is present in the crystalline form [25]. Yet, it is
found that all the relative peaks of curcumin except
14.95° are absent in the spectrum of 1:1 and 1:40 capsule
and the peak at 14.95° was shifted to 14.01° in both
nanocapsules. Hence, the relative peaks of polymer were
absent in the 1:1 nanocapsule and present in the 1:40
nanocapsule, which suggests that curcumin peaks are too
broadened and the XRD pattern is dominated by the struc-
ture of F108. The degree of crystallinity was calculated
for the curcumin, 1:1 nanocapsules and 1:40
nanocapsules. The percentage crystallinity of curcumin
was 77.1% which was altered when encapsulated, where
the percentage crystallinity of the 1:1 and 1:40
nanocapsules was found to be 66.2% and 55.1% respec-
tively. The decrease in the degree of crystallinity suggests
that curcumin may have lost its packed structure upon
formation of nanocapsules [26] especially in the 1:40
which viewed lower crystallinity.

In the FT-IR spectrum of curcumin (see Fig. 2b), the
peak presents at 3508 cm ' correspond to the phenolic
O-H stretching vibration, the peak at 1626 cm ™' has a
predominantly mixed v(C=C) stretch. Another band at
1602 cm ' is attributed to the symmetric aromatic ring
stretching vibrations 1(C Ciine). The 1508 cm ! peak is
assigned to (C=0) stretch. A C-H asymmetric stretch is
attributed to 1424 ¢cm'. C-O stretch is presented at 1280,
1207 and 1150 cm™' bands. In addition, C-O-C stretch
corresponds to the band at 1026 cm™'. The band at
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Fig. 1 a Schematic illustration
showing the formation of 1:40
nanocapsules; b SEM images of
1:1 nanocapsules (left) and 1:40
nanocapsules (right) with inset
showing magnification of
particles
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F108

Coprecipitation using
Acetone as a solvent

Curcumin

1:40 nanocapsule

960 cm ' corresponds to the trans-CH vibration and final-
ly the peak at 856 corresponds to C-C skeleton vibration
[27]. As for the FT-IR spectrum for the F108 polymer, the
peaks at 2890 cm !, 1476 cm ! and 1110 cm ™!, corre-
spond to asymmetric stretching vibrations of —-O—H, —C—
H, C-C and C=0 respectively [28]. Hence, the band at
3508 ¢m 'and 1150 cm™! present in the curcumin FT-IR,
were shifted to 3409 cm ™' and 1130 cm™" respectively in
both nanocapsules. The shift in these bands verifies the
interaction of the curcumin with the polymer at the hy-
droxyl and carbonyl sites [26], revealing the incorporation
of the curcumin in the F108 nanocapsules. This is in a
good agreement with a previous study conducted by Mata
et al. in 2005, which also demonstrated a shift in the C-O-
C band of L64 [29]. Note that the band peaks at 1150 and
1026 cm ' were absent in the 1:40 nanocapsules but pres-
ent in the 1:1 nanocapsules verifying more incorporation
of curcumin in the 1:40 nanocapsules [27].
Thermogravimetric analysis as shown in Fig. 3a was used to
assess the stability of our prepared 1:1 and 1:40
nanocapsules. Interestingly, no weight loss was observed
around 100 °C in any of the four samples, meaning our sam-
ples are dehydrated, and our formed nanocapsules are stable.
Thermogravimetric analysis of F108 shows that it is stable
until ~350 °C after which it illustrates a sharp weight loss that
stops at ~400 °C. For the 1:1 nanocapsules there is loss of
curcumin between ~250 °C and ~400 °C. However, this loss
is not present in the 1:40 nanocapsules where we have more
degradation and higher weight loss, similar to F108, due to
the presence of higher amount of F108. Hence, the 1:40

@ Springer

a I 1:40 nanocapsules
|

1:1 nanocapsules

F-108

Curcumin

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

0/20
b

Curcumln
F108

1:1 Ratio

1:40 Ratio

N\ -

TN T e /v

"’"M“’”‘MW

4000 3500 3000 2500 2000 1500 1000 500

cm™’

Fig. 2 a XRD patten comparing the 1:1 to 1:40 nanocapsules along with
curcumin and F108; b FT-IR spectra of 1:1 and 1:40 nanocapsules,
curcumin, and F108
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Fig. 3 a TGA patterns of 1:1 and 1:40 nanocapsules, curcumin, and
F108; b UV-visible absorption spectra of 1:40 and 1:1 nanocapsules
along with that of free curcumin

nanocapsules are more stable since no degradation of
curcumin was observed, meaning that curcumin is protected
by the F108 copolymer in the nanocapsule.

Drug Loading

The drug loading of both nanocapsules (1:1 and 1:40) was
found in 1 mg of nanocapsules. Drug loading content of 1:1
nanocapsules was found to be lower than that of 1:40 (14.6%
and 79.1% for 1:1 and 1:40 nanocapsules, respectively). This
is expected as the drug loading percentage must increase with
the increase in drug/probe to copolymer ratio [30]. Thisisin a
good agreement with previous findings where it was clearly
demonstrated that the drug loading and encapsulation efficien-
cy of oxcarbazepine increased sharply with the increase in P84
concentration [31]. Other examples found in literature illus-
trate this finding also [32].

Optical Properties of Curcumin within Nanocapsules

For free curcumin, 1:1 nanocapsules, and 1:40 nanocapsules,
the absorption spectra are shown first in Fig. 3b followed by
the fluorescence spectra at excitation wavelength of 425 nm
(Fig. 4a) then the fluorescence yield graphs (Fig. 4b). In the
emission spectrum, free curcumin has a maximum at
~551 nm. A red shift to 574 nm occurred in 1:1 nanocapsules
followed by a blue shift to 560 nm in 1:40 nanocapsules. In the
1:1 nanocapsules, curcumin molecules are in close vicinity
which may result in their dimerization at very high concentra-
tion along with association of these molecules with F108
polymer chains. This aggregation causes a decrease in the
7-10* gap of the curcumin molecule which is the reason behind
the red shift [33]. However, this aggregation is lost in 1:40
nanocapsules due to the high concentration of F108. Thus, the
1:40 nanocapsules and curcumin molecules are exposed to
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Fig.4 a Fluorescence emission spectra at excitation wavelengths 425 nm
of 1:40 and 1:1 nanocapsules along with that of free curcumin; b Relative
fluorescence yields of the prepared nanocapsules compared to free
curcumin
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Fig. 5 a Fluorescence emission spectra of 1:40 nanocapsules at different DNA concentrations (left) and b linear correlation of the fluorescence intensity

at 540 nm versus DNA concentration

F108 polymer chain as well as towards the solvent molecules.
This resulted in a blue shift to 560 nm compared to 1:1
nanocapsules. The higher fluorescence intensity and absor-
bance in 1:40 suggests that the higher concentration of the
curcumin, which causes dimerization, saturates the absor-
bance and reduces the fluorescence due to self-quenching of
many curcumin molecules present in proximity in the 1:1
nanocapsules compared to 1:40 nanocapsules. Therefore,
1:40 nanocapsules gives higher fluorescence intensity and
higher absorbance. The relative fluorescence yield was calcu-
lated for free curcumin, 1:1, and 1:40 nanocapsules by mea-
suring the absorbance at 425 nm and dividing the fluorescence
spectrum at 425 nm excitation by this absorbance value. It was
found that the relative fluorescence yield increases about 1.33-

fold in 1:1 nanocapsules compared to free curcumin in doubly
distilled water whereas this fluorescence yield is further en-
hanced to 7.81 in 1:40 nanocapsules. This is estimated as 6-
fold enhancement. Therefore, using 1:40 nanocapsules can
potentially give higher sensitivity during fluorescence sensing
compared to free curcumin and 1:1 nanocapsules. This is the
reason behind using 1:40 nanocapsules for sensing study.

DNA and RNA Sensing
The encapsulated curcumin in F108 polymer prepared in 1:40
ratio, were used to detect DNA and RNA in aqueous solution.

Interestingly, addition of DNA had a remarkable effect on
emission spectrum of the nanocapsules, about 5-fold increase

Encapsulated curcumin

Fig. 6 Zeta potential values for DNA Mixture
1:40 nanocapsules (encapsulated -9.39 mV -2.63 mV 0 8.87mV
curcumin), DNA and mixture of | | | |
nanocapsules (top); zeta potential Zeta Potential value
values for 1:40 nanocapsules (en-
capsulated curcumin), RNA and
mixture of nanocapsules (2nd row
from top); Zeta potential values
for 1:40 nanocapsules (encapsu- RNA Mixture Encapsulated curcumin
lated curcumin), adenine and -8.5mV -3.12mV 0 8.87mV
mixture of nanocapsules (3rd row } } } }
from top); Zeta potential values Zeta Potential value
for 1:40 nanocapsules (encapsu-
lated curcumin), cytosine and
mixture of nanocapsules (bottom) )
Adenine Mixture
26.59 mV 2.16 mV
Encapsulated curcumin
8.87 mV
| ] | .
0 Zeta Potential value
Cytosine Mixture Encapsulated curcumin
631 mV 232mv 0 8.87mV
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Fig. 7 Fluorescence emission spectra of 1:40 nanocapsules at different RNA concentrations (left) and linear correlation of the intensity at 540 nm versus
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in emission intensity was observed, as shown in Fig. Sa. witha
blue shift from 550 nm to 535 nm upon the increasing of the
concentration of DNA in the mixture. However, this could be
due to the large surface area and the high surface free energy
of the nanocapsules, which leaves the DNA molecule inevita-
bly adsorbed on the surface of nanocapsules and thus takes the
place of curcumin. This phenomenon could be the conse-
quence of the multivalent binding with the polymer, which
forms the larger aggregates. Emission intensity is sensitive
to the aggregation particle, thus, presence of DNA in the so-
lution helps in creating aggregates and boosts emission inten-
sity. The linear correlation of emission signal alteration of
encapsulated curcumin vs. DNA concentration is plotted in
Fig. 5b. As can be seen in the plot, in a range of concentration
between 0 and 1000 uM, the curve showed linear change with
a limit of detection equal to 50 pM. This linear increase was
very well fitted with a linear equation, Y =5442.50x +
16,843.55 with R*=0.994. Such a good correlation justifies
the applicability of the present method for the determination of
DNA in the given concentration range. The interaction be-
tween the nanocapsules and the DNA molecules was also
verified by zeta potential analysis (Fig. 6). The nanocapsules
had a positively charged surface, the DNA were negatively
charged due to the phosphate group inducing in aggregate

molecules with negatively charged surface with a zeta value
between that of the nanocapsules and the DNA.

As for RNA, a boost in the emission intensity was obtained
while increasing the concentration of the RNA in the solution
(Fig. 7a), regarding the aggregation formation. The zeta po-
tential analysis was also established to verify the interaction
between the RNA and the nanocapsules. The zeta value of the
RNA in the solution was relatively between the value of en-
capsulated curcumin and RNA alone. The linear correlation of
emission signal alteration of encapsulated curcumin vs. RNA
concentration is plotted in Fig. 7b. It is clear that in a range of
concentration between 0 and 1000 uM, the curve showed
linear change with a limit of detection equal to 60 uM. This
linear increase was very well fitted with a linear equation, Y =
30,044.63x + 15,546.74 with R* = 0.994.

Although available methods can detect DNA molecules in
lower concentration range (Table 1), none of them work in the
higher concentration range of the present method.

As nanocapsules were able to detect DNA and RNA mole-
cules that have similar properties, it was necessary to compre-
hend the interaction between these two molecules and the
nanocapsules. The DNA molecule consists of two long poly-
nucleotide chains made of four types of nucleotide subunits.
Each nucleotide contains a phosphate group, a sugar group

Table 1 Comparison on
linear dynamic
concentration range

during DNA sensing

Methods Linear dynamic concentration References
range

Fluorescence change of Ethidium Bromide after binding with DNA 0.1-10 },Lg.mLf1 [34]

Fluorescence change of Hoechst33258 dye after binding with DNA 0.01-15 pug.mL™' [35]

Fluorescence change of PicoGreen dye after binding with DNA 25-1000 pg.mL™* [36]

Fluorescence change of SYBR Green I dye after binding with DNA 0.002-2 pg.mL™" [37]

Fluorescence change of polymer encapsulated curcumin after binding ~ 6.5-650 ug.mL ™' This work

with DNA
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Fig. 8 a Comparison of I/l of nanocapsules in the presence of DNA,
RNA and various nucleobases; b Photostability of nanocapsules in the
absence and presence of DNA/RNA

and a nitrogen base. The four types of nitrogen bases are
adenine which has an amino group (-NH,), thymine (T), gua-
nine (G), and cytosine (C) belonging to pyrimidine bases.
Thymine contains a methyl group and cytosine contains a
hydrogen atom with an amino group, in addition to the gua-
nine. Furthermore, the sugar is deoxyribose, attached to a
single phosphate group (hence the name deoxyribonucleic
acid). Each of these chains is known as a DNA chain, or a
DNA strand. Hydrogen bonds between the base portions of
the nucleotides hold the two chains together. Similarly, RNA
molecule contains also adenine, guanine and cytosine bases
but instead of thymine they have another base called uracil
[38].The specific placement of hydrogen bond donor and ac-
ceptor groups provides unique structural identity. The hydro-
gen atoms of amino groups provide hydrogen bond donors,
and the carbonyl oxygen and ring nitrogens provide hydrogen
bond acceptors. When bases become ionized, their hydrogen
bonding properties are changed. This can lead to many non-
Watson-Crick base pairs. Adenine is prone to protonation at
low pH, which can lead to the formation of an A + C wobble
base pair. Cytosine is also very prone to protonation which can
lead to a C+ Hoogsteen base pair. The ionized form of thymi-
dine can form a T-G base pair [39]. In order to verify the above
hypothesis and explain the real interaction in the solution, the
fluorescence of encapsulated curcumin with Adenine,
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Table2  Real sample analysis of DNA in synthetic mixture

Theoretical Experimental Recovery
concentration (ppm)  concentration (ppm) (%)
Unknown 1 1.01 101
1
Unknown 10 9.87 98.7
2
Unknown 45 45.05 100.1
3
Table 3  Real sample analysis of RNA in synthetic mixture
Theoretical Experimental Recovery
concentration (ppm)  concentration (ppm) (%)
Unknown 0.5 0.48 96
1
Unknown 12 12.01 100.08
2
Unknown 50 49.5 99
3

Cytosine, Guanine, Thymine and Uracil was established. As
it is noticed in Fig. 8a, 100 uM of Guanine, Thymine and
Uracil did not alter the emission intensity of encapsulated
curcumin unlike ~5-fold increase observed for same concen-
tration of Adenine and cytosine indicating the formation of
A+ and C+ in aqueous solution. The zeta potential was
established in Fig. 6. The zeta potential value of adenine and
cytosine in the presence of encapsulated curcumin was found
to be between the value of encapsulated curcumin alone and
adenine/cytosine alone. Thus, the real interaction of DNA with
the encapsulated curcumin is well verified by the interaction
of the adenine and cytosine nucleotides.

The analytical recovery using the proposed method was esti-
mated by testing 3 different unknown concentration using the
last calibration curve obtained. The results obtained are sum-
marized in Tables 2 and 3. The percent of recovery DNA and
RNA of our method was found to be between 96 and 101%.
Finally, the photo-stability of polymer encapsulating curcumin
was verified, which is illustrated in Fig. 8b. When the fluores-
cence emission signal of encapsulated curcumin was recorded
in the absence and presence of DNA and RNA for 1 h, the
signal was found to be remarkably stable indicating the current
sensor is quite stable during measurement time.

Conclusion

Physicochemical properties of fluorophores can be tremendous-
ly enhanced after being coated with a polymer in the form of
multifunctional nanocapsules. These formulations have been a
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subject of interest for their utility in probing specific targets of
interest. Encapsulation of fluorophores inside copolymers can
result in higher fluorescence signal intensity, better biostability
(owe to the exclusion of oxygen by the polymer encapsulation),
compared to original modality. In this work, curcumin was
encapsulated inside the F108 copolymer in 1:40 drug to copol-
ymer ratio. SEM imaging showed spherical particles whose size
was enlarged from 190 to 310 nm in the 1:1 nanocapsules to
240-380 nm in the 1:40 nanocapsules. X-ray analysis, FTIR,
and TGA characterization clearly revealed the higher stability
of 1:40 nanocapsules. Moreover, it was shown that these
nanocapsules present higher encapsulation of curcumin, which
was further confirmed by the drug loading study (15 and 80%
for the 1:1 and 1:40 nanocapsules, respectively). The UV-
visible and fluorescence characterization further showed higher
fluorescence and absorbance for the 1:40 nanocapsules due to
absence of dimerization. The relative fluorescence yield of the
1:40 nanocapsules compared to 1:1 nanocapsules showed a 6-
fold enhancement, which renders them as more sensitive probes
to be used later on in our sensing study. In addition, results of
DNA and RNA sensing have demonstrated the applicability of
the 1:40 nanocapsules as a robust sensor for these molecules. A
boost in the emission intensity and blue shift are two observa-
tions which established our 1:40 nanocapsules as an efficient
sensor for the DNA and RNA concentration with 50 uM and
60 uM detection limits for DNA and RNA, respectively. Zeta
potential values further confirmed the interaction between the
nanocapsules and our targeted molecules. Furthermore, zeta
values demonstrated that the real interaction of DNA with the
encapsulated curcumin is well verified by the interaction of the
adenine and cytosine nucleotides. Moreover, our prepared
nanocapsules presented a high percentage recovery of DNA
and RNA (96-101%). Finally, stability results illustrated a high
photostability of encapsulated curcumin, indicating that our
nanocapsules can be considered as a stable sensor during mea-
surement time.
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