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2.1: Introduction 

Cancer always the main causes of death worldwide and is of great concern, not only 

among the chemists, biologists, and pharmacists but increasingly among the general 

population. Most commonly surgery, radiation, and chemotherapy are the treatments of 

cancer. Normally for chemotherapy, various agents such as cisplatin, mitoxantrone, 

estramustine, doxorubicin, etoposide, vinblastine, paclitaxel, vinorelbine, or a combination of 

these drugs have been widely used in treatment [1-3]. However, these agents show 

unexpected toxicity to normal organs and the patients suffer from other side effects. 

Furthermore, most of the chemotherapeutic agents may not kill all cancer cells and their 

repeated administration develops drug resistance or androgen refractory stage in the body 

which is difficult to cure [4]. Therefore, it is a need to develop formulations with no or 

minimal side effects on normal organs. In this context, a variety of natural compounds have 

been investigated in the treatment of cancer. 

The Indian solid gold, Curcumin is a hydrophobic polyphenol derived from turmeric: 

the rhizome of the herb Curcuma longa. Chemically, it is a bis-α, β-unsaturated β-diketone 

(commonly called diferuloylmethane) that exhibits keto-enol tautomerism, having a 

predominant keto form in acidic and neutral solutions and a stable enol form in alkaline 

media. The chemical structure of curcumin is shown in Scheme.2.1. It has been receiving 

considerable attention because of its putative cancer prevention and anticancer activities 

which are mediated through influencing multiple signaling pathways [5,6]. 

 

 

Scheme.2.1: Molecular structure of curcumin drug. 
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Recently Gillies et al [7] have described the physicochemical properties of curcumin, 

including its chemical structure, stability, and degradation products as a function of pH and 

temperature. They also explain the proposed mechanisms by the way the curcumin drugs 

exhibits anticancer activity. It has been reported that curcumin shows a wide range of 

pharmacological applications such as anti-inflammation, anti-human immunodeficiency 

virus, antimicrobial, antioxidant, antiparasitic, antimutagenic with low or no intrinsic toxicity 

[8-12].  

In spite of this wide spectrum of pharmacological properties, the clinical applications 

of curcumin have been limited due to low solubility in aqueous media                   (11 ng/mL 

in aqueous buffer pH 5.0) and rapid degradation at physiological pH [13,14]. Also, the 

absorption of curcumin in gastrointestinal(GI) tract is very low, for example, the absolute 

oral bioavailability in a rat is only about 1% [9]. Although the solubility of hydrophobic 

curcumin can be improved by alkalization of the aqueous solution, the compound will be 

rapidly degraded at this medium [15,16]. Curcumin is also photochemically unstable. 

Therefore, the formulation which can solubilize and stabilize curcumin prior to 

administration is essential to provide sufficient photoactivity during treatment. Various 

formulations of curcumin have been developed, such as β-cyclodextrin inclusion complex 

[13], PLGA nanoparticles [17], nanosuspension [18], nanospheres [19], polymeric 

nanoparticles [20]. A recent study showed that encapsulation of hydrophobic drugs into 

polymeric micelles is one of the most attractive alternatives for better formulations [21]. 

Amphiphilic block copolymers form core-shell nanosized aggregates/micelles which can 

solubilize poorly water-soluble drugs and improve their bioavailability and protect from 

inactivation in biological media [22]. 

The class of ABA triblock copolymers commercially available as Pluronic® (the non-

proprietary name "Poloxamers") offers a pool of more than 50 amphiphilic [23], water-

soluble and polymorphic materials [A=hydrophilic poly(ethylene oxide) (PEO) block and 

B=hydrophobic poly(propylene oxide) (PPO) block]. Structural studies show that Pluronic 

block copolymer can self-assemble into spherical micelle comprising a hydrophobic inner 

core of PPO and hydrophilic PEO as outer corona shell [24]. Such Pluronic micelles 

(typically smaller than 50 nm) possess a core-shell structure in aqueous media and poorly 

water-soluble drugs can be incorporated into the PPO hydrophobic core and protected from 
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interaction with cells and proteins through a surrounded shell of PEO [22,24]. These Pluronic 

micelles have been largely utilized to deliver many known hydrophobic drugs with improved 

bioavailability and efficacy [22,25-28]. Pluronic block copolymers can also improve oral 

absorption of drugs, further indicating that they are a promising nanocarrier for drug delivery 

applications [28].  

The encapsulation of curcumin drug using self-assembly of Pluronic polymers 

(Pluronic F127 and Pluronic F68) have successfully reported by Sahoo et al [29]. The 

encapsulation of curcumin molecules into Pluronic micelles was dependent on drug-to-

polymer ratio and hydrophobicity of Pluronic itself. Tonnesen et al [15,30] have also studied 

on the solubility and hydrolytic as well as photochemical stability of curcumin drug in the 

presence of various Pluronics. The solubility of curcumin has increased 100–1000 times, and 

the hydrolytic stability of curcumin improved 50–400 times by addition of Pluronics. 

Mohanty et al [31] have also successively prepared curcumin loaded nanoparticles composed 

of glycerol monooleate and Pluronic F127. The entrapment efficiency was around 90% and 

the size of the nanoparticles almost 192 nm with a high negative zeta potential (-32 mV) that 

ensured long term stability and prevent aggregation of the particles. When dispersed in a 

buffer, these nanoparticles enhanced the stability of curcumin by protecting it against 

hydrolysis. Not only that the mixture of Pluronic block copolymers (Pluronic P123 and 

Pluronic F68) have been also studied by Zhao et al [32] to optimize the formulation of 

curcumin drug. The average size of the mixed micelles was 68 nm, and the encapsulation 

efficiency and loading capacity for curcumin were 87% and 7%, respectively. It has shown 

that 50% of the loaded curcumin released from the mixed micelles in 72 h demonstrating that 

this formulation had sustained-release properties. Samanta et al [33] conducted a molecular 

dynamic study of curcumin with Pluronic block copolymers, specifically Pluronic P85, and 

observed that the hydrophobic PPO chains wrap around the curcumin molecule leaving the 

hydrophilic PEO chains exposed and thus resulting in better solvation of curcumin drug in 

water. Although there were few reports on the effect of Pluronic on the in vitro cytotoxicity 

of curcumin [29], best of our knowledge no one investigated the structural insights of 

curcumin incorporated Pluronic micelles. 

The purpose of this work was to elucidate Pluronic F127, the most efficient 

copolymer in the category, for improved bioavailability of curcumin. The curcumin-
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incorporated Pluronic F127 micelles (PMsCur) has been developed using a thin film 

hydration method without any additional cryoprotectants. The physicochemical behavior, 

particle size, drug loading and interaction of PMsCur have successfully investigated through 

advanced techniques like small- angle neutron scattering (SANS), dynamic light scattering 

(DLS), powdered X-ray diffraction(XRD), Fourier infrared spectroscopy (FTIR), differential 

scanning calorimetry (DSC) and UV-Visible spectroscopy (UV-VIS). In vitro release and 

stability of PMsCur was also investigated for the better understanding of the formulations. 
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2.2: Experimental Section 

2.2.1: Materials 

PEO-PPO-PEO triblock copolymer (Pluronic F127) was purchased from Sigma-

Aldrich (St.Luice, MO, USA) and used as received. The molecular characteristics of the 

Pluronic F127 are listed in Table.2.1.  

Table .2.1: Molecular characteristics of Pluronic F127 

MW, 

g.mol-1 

%EO n EO n PO HLB CP,°C 
@ 1 wt% 

 

CMC, wt% 

12600 70 100 65 22 >100° 0.06# 
   # reported from ref.34 

Curcumin from Curcuma longa (Turmeric) was the product of Sigma-Aldrich. The 

specification of the curcumin drug is presented in Table.2.2.  

Table.2.2: Specification of curcumin drug 

Appearance Code 

Name 
MW,  

g. mol-1 

pka 

value 

Partition 

coefficient 

(P) 

 

Cur 368.38 7.8 2.85 

 

2.2.2:  Determination of critical micelle concentration (cmc) 

The cmc determination of the Pluronic F127 carried out using pyrene as a probe by 

the UV–Visible spectroscopy technique at room temperature (30°C) [35]. Here, the required 

amount of pyrene was dissolved in methanol and added to the Pluronic F127 solutions in the 

ratio of 1:100 (50 μL: 5 mL). Thus, solutions of Pluronic F127 ranging from 0.0001 to 10 

wt% concentrations and a fixed amount of 1 × 10−4M of pyrene were obtained. The 

absorbance measurements of the prepared samples were taken after around 24 h with proper 

filtration using Shimadzu (UV-2450) UV–visible double beam spectrophotometer with 

matched pair of Stoppard fused silica cells of 1 cm optical path length. Fig.2.1 shows the 

simple absorbance spectra of pyrene in water. Due to multiple rings, the five-strong peaks at 

239, 260, 272, 319 and 334 nm, of pyrene are clearly visible in the spectrum. The 

absorbances of the pyrene peaks increase by increasing the Pluronic F127 concentrations.  
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Fig.2.1: Absorbance spectra of pyrene  

So, the cmc obtained from the combined spectra by monitoring the absorbance values 

at different peaks of pyrene for different concentrations of Pluronic F127. The concentration 

of the Pluronic F127 varied both from below to above the cmc and curves of intensity ratio 

versus concentration of Pluronic F127 (wt%) used for the determination of the cmc. The 

inflection point of the intensity ratio versus concentration of the Pluronic F127 plot taken as 

the cmc of the Pluronic F127.  

 

2.2.3:  Phase-solubility experiments 

2.2.3.1: Calibration of curcumin drug   

The analysis was performed by first scanning the curcumin (1 µg/mL) solution in the 

ultraviolet range between 200 to 800 nm and determining its λmax. Suitable aliquots of the 

stock solution of curcumin pipetted out into 10 mL volumetric flasks and the volume was 

made up to 10 mL with ethanol to give final concentration ranging from 1 to 5×10-4 mg/mL. 

The solutions mixed using vortex mixer and its absorbances measured at λmax 425 nm using 

ethanol as a reference on UV-visible Spectrophotometer (Shimadzu, Japan, UV-2450) and 

the calibration curve was plotted (shown in Fig.2.2). The above procedure was repeated three 
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times. Parameters indicating linearity for the used UV spectrometric method of analysis for 

curcumin drug are shown in Table.2.3.  

 

Fig.2.2: Calibration curve of curcumin in ethanol as solvent. 

 

Table .2.3: Parameters for UV-VIS spectroscopy analysis for curcumin drug in ethanol. 

 

 

Parameter Result 

λmax 425 nm 

Linearity range 1-5×10-4 mg/mL 

Regression equation y=a+b*c 

Correlation coefficient(R2) 0.9996 

 

2.2.3.2: The solubility of curcumin drug in Pluronic F127 micelles  

Phase solubility experiments were carried out by UV-VIS spectroscopy method on 

UV–visible double beam spectrophotometer(Shimadzu, Japan, UV-2450). Saturated 

curcumin-loaded Pluronic F127 solutions were prepared in glass vessels by mixing the 

excess powdered drug into Pluronic F127 solution and stirring with 200 rpm at constant 

temperature (37°C) for 2 days. The solutions were filtered (Millipore, 0.45µm) to remove the 

unsolubilized drug. The amount of drug solubilized was determined by measuring 

absorbance at λ=425 nm. In solubilization experiments, the filtered solution was diluted 60–

120 times with ethanol, the amount of water after dilution very much low to allow direct use 

of the calibration plot. Each solubility value was determined in triplicate and the results are 
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reported as the mean of the three. This experiment further took into consideration of the 

Pluronic F127 concentration in the synthesis of curcumin-incorporated Pluronic F127 

micelles (PMsCur). 

 

2.2.4: Synthesis of curcumin-incorporated Pluronic F127 micelles 

(PMsCur) 

Curcumin-incorporated Pluronic F127 micelles (PMsCur) were synthesized through 

the Thin-film hydration method [29] as shown in the flowchart (Scheme.2.2). Briefly, the 

required amount of Pluronic F127 (fixed 5 wt%) and curcumin drug (0.1 wt%)  in a 20 mL of 

methanol was taken to separate round-bottom flask. The solution was stirred for an hour and 

poured into the glass plate. The methanol completely evaporated to obtain curcumin-

containing solid polymer film. The residual methanol was removed by keeping the plate in a 

vacuum oven at room temperature for overnight. After that, the solid film was rehydrated 

with deionized water (pre-warmed at 37°C, pH 7.0) by extensive vortexing and sonicated for 

20 minutes to prepare curcumin-incorporated Pluronic micelles. Non-incorporated curcumin 

was separated by centrifugation (5000 rpm,10 min) and filtration (syringe filter, 0.2µM). 

Lyophilized PMsCur was obtained by freeze-drying (N2atm., 0.035 m bar pressure, -55°C 

temperature). The complete process was performed in dark. The final product, PMsCur was 

kept in a brown bottle with proper capping. 

 

 

Scheme.2.2: Flow chart of synthesis 
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2.2.5: Incorporation efficiency(IE) and drug loading(DL) of curcumin in  

          PMsCur 

The percentage of curcumin incorporated in the synthesized curcumin-incorporated 

Pluronic F127 micelles (PMsCur) was determined as follows; 1 mL of aqueous PMsCur 

solution was centrifuged at 30 min, and the amount of curcumin in the supernatant was 

measured spectrophotometrically at λ=425 nm. The drug loading and incorporation 

efficiency were calculated using the following formulas; 

Incorporation efficiency (%) =

Wloaded

Wadded

x 100

 

Drug Loading (%) =

Wloaded

Wtotal

x 100

 

where Wloaded is the curcumin amount entrapped into Pluronic micelles, Wadded is the 

initially added curcumin, and Wtotal represents the amount of both curcumin drug and 

Pluronic F127 in the PMsCur. 

2.2.6: Characterization of PMsCur 

2.2.6.1: Dynamic light scattering (DLS) 

The average particle size (hydrodynamic diameter, Dh) and size distribution of 1 wt% 

aqueous solutions of PMsCur determined by DLS (Horiba-Zetasizer, SZ-100) with a 

scattering angle of -173° at 37° C. The freshly prepared sample was placed into a glass 

cuvette without additional treatment. The size measurement was carried out in triplicate. 

2.2.6.2: Small-angle neutron scattering analysis (SANS) 

The morphology and other structural detail of Pluronic F127 and PMsCur were 

determined through small-angle neutron scattering measurements. SANS experiments were 

performed at the SANS diffractometer at Guide Tube Laboratory, Dhruva Reactor, Bhabha 

Atomic Research Centre, Mumbai, India [36]. In SANS, one measures the coherent 

differential scattering cross-section (dΣ/dΩ) per unit volume as a function of wave vector 

transfer Q (= 4π sin(θ/2)/λ, where λ is the wavelength of the incident neutrons and θ is the 

scattering angle). It provides information about the shape and size of the scattering particles 

in the length scale of 10-1000 Å. The mean wavelength of the monochromatized beam 
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coming out from the neutron velocity selector was 5.26 Å with a spread of Δλ/λ ~ 15%. The 

angular distribution of neutrons scattered by the sample is recorded using a 1 m long one-

dimensional He3 position sensitive detector. The instrument covers a Q-range of 0.017–0.35 

Å-1. The temperature of all the samples during the measurements was kept fixed at 37oC. 

The differential scattering cross section per unit volume (dΣ/dΩ) as measured for a 

system of monodisperse particles in a medium can be expressed as[37,38] 

( ) ( ) ( )  ,
d

Q nP Q S Q B
d

 
= + 

 
……………(1) 

where n denotes the number density of particles. P(Q) is the intraparticle structure 

factor and S(Q) is the interparticle structure factor. B is a constant term representing the 

incoherent background, which is mainly due to the hydrogen present in the sample. 

Intraparticle structure factor P(Q) is decided by the shape and size of the particle and is the 

square of single-particle form factor F(Q). 

For a spherical particle of radius R, P(Q) is given by 

( )
2

3

sin( ) cos( )
( ) 9  .

( )
p p s

QR QR QR
P Q V

QR
 

 −
= − 

 
………….(2) 

ρpandρs are, respectively, the scattering length densities of particle and solvent and Vis 

the volume of the particle. 

In our measuring systems, the block copolymer micelles have been modeled as core-

shell particles with different scattering length densities for core and shell. The structure of 

these micelles is described using a model consisting of non-interacting Gaussian PEO chains 

attached to the surface of the PPO core. The form factor of the micelles comprises four terms: 

the self-correlation of the core, the self-correlation of the chains, the cross term between core 

and chains, and the cross term between different chains. It is given by[39] 

2 2( ) ( ) 2 ( ) 2 (2 1) ( ) 4 ( )m s s s c s s cc s scP Q N P Q N P Q N N P Q N P Q= + + − +
…………….

(3)
 

where Ns is the aggregation number of the micelles. The subscript s (= core) and c (= 

chain) are used here. 

At higher polymer concentrations, an interaction between micelles takes place and a 

peak arising from the structure factor, S(Q, Rhs, ϕ) where Rhs is hard sphere radius and ϕ is 

volume fraction of micelles, appears in the scattering intensity. S(Q) describes the interaction 
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between the particles present in the system and depends on the spatial distribution of 

micelles, is given by 

2sin( )
( ) 1  4 n ( ( ) 1) r dr  ,

Qr
S Q g r

Qr
= + − ……………(4) 

where g(r) is the radial distribution function describing the arrangement of the 

micelles. In the case of non-ionic micelles, the interparticle interaction (direct correlation 

between two scattering objects) is obtained using Ornstein–Zernike equation with the Percus-

Yevick approximation and employing hard sphere potential between micelles[40], and the 

analytical form of the structure factor is given as 

1
( )   ,

1 24  ( ( ) / )
S Q

G x x
=

+
……………(5) 

where Rhs is the hard sphere micellar radius consisting of both the core and the shell 

which gives the physical size of the micelle, ϕ is the hard sphere volume fraction of the 

micelles in the solution, and G is a function of x = 2QRhs and ϕ. 

In this equation, G(x) is further defined as follows: 

2

2 3

4 2 3

5

( ) ( )
( ) (sin cos ) [2 sin (2 )cos 2]

( )
          [ cos 4{(3 6)cos ( 6 )sin 6)}]

G x x x x x x x x
x x

x x x x x x x
x

   

 

= − + + − −

+ − + − + − +
 

 ………….(6) 

where 

2 4

2 2

( ) (1 2 ) / (1 )

( ) 6 (1 ) / (1 )
2

( )
2

   


   


 

= + −

= − + −

=

……………(7) 

In fitting the experimental scattering data, three unknown parameters, Rc, Rhs and ϕ 

have been considered as fitting parameters in the analysis. The aggregation number of 

micelles, Nagg can be calculated using the following expression, Nagg = Vm/Vh where Vm (= 

4/3 πRc3) is the micellar volume and Vh is the volume of the hydrophobic part of the 

surfactant monomer. 
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 The polydispersity in size distribution of particle is incorporated using the following 

integration[41] 

( ) ( , ) ( )  ,
d d

Q Q R f R dR B
d d

 
= +

   …………….(8) 

where f(R) is the particle size distribution and usually accounted by a log-normal 

distribution as given by 

2

2

1 1
( ) exp ln  ,

22 med

R
f R

RR  

  
 = −  
    …………….(9)

 

where Rmed is the median value and σis the standard deviation (polydispersity) of the 

distribution. The mean radius (Rm) is given by Rm = Rmedexp(σ2/2). 

The data have been analyzed by comparing the scattering from different models to the 

experimental data. Throughout the data analysis, corrections were made for instrumental 

smearing, where the calculated scattering profiles smeared by the appropriate resolution 

function to compare with the measured data [42]. The fitted parameters in the analysis were 

optimized using a nonlinear least-square fitting program to the model scattering [43]. 

2.2.6.3: UV-Visible spectroscopy (UV-VIS) 

The UV-visible spectra of free curcumin, Pluronic F127, and PMsCur in water were 

observed using UV–visible double beam spectrophotometer (UV-2450, Shimadzu, Japan) 

with matched pair of stoppered fused silica cells of 1 cm optical path length. 

2.2.6.4: Fourier transform infrared spectroscopy (FTIR) 

FTIR spectra of plain curcumin, Pluronic F127, and lyophilized PMsCur were 

collected in order to analyze the chemical structure of these compounds and possible changes 

therein after curcumin loading. Samples were analyzed by spectrophotometer (FTIR-8400S, 

Shimadzu Co., Kyoto, Japan) using potassium bromide (KBr) pellet method. The spectra 

were obtained in the frequency range of 4000-400 cm-1with a resolution of 4 cm-1. 

2.2.6.5: Powder X-ray diffraction spectroscopy (PXRD) 

Powder X-Ray diffraction (PXRD) patterns were recorded for native curcumin, 

Pluronic F127 and PMsCur with X-Ray diffractometer (Philips X' Pert MPD, USA) with a 

scan of 0.50/s in the 2θ range of 2 – 500. 
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2.2.6.6: Differential scanning calorimetry(DSC) 

DSC measurements for the pure curcumin drug, Pluronic F127 and PMsCur were 

conducted on a Mettler-Toledo, 851e within 30 – 900°C at 10°C/min in a continuous 

nitrogen flow. 

 

2.2.7: In vitro release study of curcumin from PMsCur 

In vitro release study of curcumin from PMsCur was carried out by dialysis bag 

method. A known concentration (1.0 mg/mL) of curcumin and PMsCur was placed in an 

activated dialysis bag (MWCO, 10 kDa). The dialysis bag was suspended in the DMEM 

culture medium. The entire system was kept at 37 ± 0.5°C with constant stirring of 200 ± 2 

rpm. At the respective time point, one mL of medium was withdrawn and replaced with fresh 

medium. The absorbance of curcumin was recorded at 430 nm in a Multimode microplate 

reader (Molecular Devices, USA) and release of curcumin was quantified using the standard 

curve of curcumin. 

 

2.2.8: Stability studies of PMsCur 

To evaluate the physical stability of PMsCur, a sample was stored at room 

temperature in the closed chamber and curcumin retention was monitored over the three 

months after the preparation of PMsCur and quantified using UV-Visible spectroscopy. 
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2.3: Results and discussion 

Amphiphilic molecules tend to associate into micellar systems as a spontaneous 

process in aqueous solution. The micelles of PEO-PPO-PEO triblock copolymers consist of a 

desolvated PPO core and a solvated PEO corona. Pluronic F127 is currently approved for 

pharma applications by the FDA [27]. Owing to high molecular weight with 70% of 

polyethylene oxide (PEO) units, Pluronic F127 forms micelles at quite high concentration 

[44,45]. Pluronic F127 has been chosen for this study because of its characteristic micellar 

behavior.  A systematic study of the cmc, cmt, micellization thermodynamics and lyotropic 

liquid crystalline structure for F127 can be found in the literature [46-50].  

2.3.1: CMC of Pluronic F127 

The CMC of Pluronic F127 in water was determined using UV-Visible spectroscopy 

using pyrene as a probe at room temperature. Pyrene is hydrophobic with poor solubility in 

water but found increased solubility in the micellar environment. When the concentration of 

polymer is less than cmc, the absorbance changes slightly, and it differs dramatically when it 

reaches the cmc. The phenomenon is related to the fact that pyrene can move into the inside 

of the micelles from the aqueous phase once the micelle forms, which results in an alteration 

in the polarity around [35]. Fig.2.3 shows the plot of intensity ratio (I1/I3) versus logarithmic 

concentration of the Pluronic F127. The CMC value of Pluronic F127 is 0.0698 wt% which is 

in accordance with the reported one [34]. 

 

Fig.2.3: Plot of I3/I5 versus the log of Pluronic F127 concentration in water at 30°C. 
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At low concentrations, F127 exists in solution as individual coils (unimers) and 

thermodynamically stable micelles are formed with increasing F127 concentration. The cmc 

is very important if one considers using micelles or micellar solution as a drug carrier and/or 

vehicle. Very low cmc of Pluronic F127 makes these micelles relatively insensitive to 

dilution and has a longer circulation time compared to conventional surfactant micelles in 

vivo. Researchers have been studied and found Pluronic F127 is the good candidate for the 

delivery of the curcumin drug [29,30]. 

2.3.2: Phase solubility of curcumin in Pluronic F127 solutions 

The phase solubility of curcumin in aqueous solutions of Pluronic F127 was 

monitored using UV-Visible spectroscopy. The plot of drug curcumin solubilized in micellar 

solutions of Pluronic F127 at body temperature (37°C) is presented in Fig.2.4. The 

solubilization of drug has significantly increased as the concentration of Pluronic F127 

increased. Due to the more number of micelles formed as the increased in F127 

concentration, the high drug solubility was observed [30]. The abrupt raising in solubility of 

curcumin drug from 1.0 wt% to 4.92 wt% and thereafter steady increases at high 

concentrations(>5,wt%) was clearly observed in the phase solubility curve. Results 

concluded that one can optimize the concentration of Pluronic F127 nearby 5 wt% for better 

its applications in the development of curcumin formulations. 

 

 

Fig.2.4: Solubility of curcumin in Pluronic F127 solutions at 37°C. 
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2.3.3: Curcumin-incorporated Pluronic F127 micelles (PMsCur) 

The curcumin-incorporated Pluronic F127 micelles (PMsCur) was synthesized by the 

thin film hydration method, which shows improved aqueous solubility of curcumin drug as 

compared with the same amount of solid curcumin suspension in water [shown insoluble 

slurry in Fig.2.5(a)]. When lyophilized PMsCur powder is dissolved in water gave clear 

yellow colored solution very quickly and easily(Fig.2.5(b)). 

 

 

Fig.2.5: (a) Insoluble slurry of curcumin when added in water (b) Synthesized PMsCur 

dispersed (soluble curcumin) in water. 

 

The properties of PMsCur after curcumin nanoformulation have been reported in 

Table.2.4. The incorporation efficiency and drug loading of curcumin within the Pluronic 

F127 micelles were 48.039% and 41.511% based on calculations described in the methods. 

The aqueous solubility of curcumin in PMsCur is 0.02117 mg/mL, which are quite higher 

than its aqueous solubility. These results are very effective and the hydrophobic –CH3– group 

in the PPO chain of Pluronic F127 provides the main interaction site between the 

hydrophobic drug and the micelle core of the micelles. 
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Table.2.4 : Curcumin incorporation in PMsCur. 

 

 

 

PMsCur 

Curcumin 

drug is 

taken 

Pluronic F127 

(Wt. fixed 5wt% 

conc.) 

IE% DL% Solubility, 

mg/mL 

10 mg 50 mg 48.039 41.511 0.02117  

 

2.3.4: Characterization of PMsCur 

In a drug delivery system, particle size greatly influences the pharmacokinetics, 

including the time of circulation, absorption, and distribution [48]. We performed all the 

study at 37°C, which is well above the cmt (19.5°C) for 5 wt% Pluronic F127 [49]. We have 

carried out the DLS study of the aqueous solutions of Pluronic F127 and PMsCur. Fig.2.6 

shows the intensity versus size in the form of hydrodynamic diameter(Dh) for 5 wt% 

Pluronic F127 and 1 wt% PMsCur in water at 37°C. The average hydrodynamic diameter of 

Pluronic F127 alone and PMsCur were 22.3 and 26.0 nm, respectively. The average diameter 

distribution and PDI result demonstrated a narrow size distribution of PMsCur. These results 

indicate that the nano size of PMsCur is consistent with low PDI. 

 

 

 

Fig.2.6: Intensity versus hydrodynamic size of 1.0wt% aqueous solution of Pluronic F127 

and PMsCur in water at 37°C. 
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of the PMsCur in D2O, SANS measurements were performed at 37°C (Fig.2.7). For 

comparison, Pluronic F127 in D2O at the 5 wt% concentration was also measured. SANS 

data on Pluronic F127 micelles is well studied [52] but for curcumin incorporated Pluronic 

F127 micelles are scarce or reported here may first-time in this work. The SANS intensity 

profile of 5 wt% Pluronic F127 show signatures of both form factor, as well as structural 

factor, governed scattering. Pluronic F127 micelles are found to be polydispersed micelles 

with spherical core and Gaussian chains attached to it, interacting with hard sphere potential 

[53]. The analysis of the data (Table.2.5) reveals an increase in the micellar core radius of 

Pluronic F127 with curcumin from 55.1 Å to 58.2 Å. The hard sphere radius is 101.1 Å is 

much larger compared to the core radius is 55.1Å because the interaction radius also involves 

shell of PEO blocks. The micellar volume fraction, on the other hand, decreases in case of 

PMsCur. This can be explained based on the fact that micellar solubilization of drug is 

accompanied by simultaneous micellar dehydration.  

 
 

Fig.2.7: SANS intensities of Pluronic F127 and PMsCur in D2O at 37°C.  (The 

concentration of F127 in both samples was kept 5.0 wt%) 

 

The observed increase in micellar core upon solubilization of curcumin was found 

due to entrapment of drug in the PPO core and a simultaneous increase in micellar 

aggregation. The morphology of PMsCur recorded from SANS was spherical and the particle 

size was also similar to the data observed by DLS. 
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Table.2.5: Fitted parameters obtained from the analysis of the SANS analysis of Pluronic 

F127 and PMsCur in D2O at 37°C. 

 

System Core 

radius, 

Rc(Å) 

PDI Radius 

of 

gyration 

Rg, (Å) 

Hard 

sphere 

radius 

Rhs, (Å) 

Volume 

fraction 

Φ 

Aggregatio

n number, 

Nagg 

5 wt% F127 55.1 0.36 21.6 101.1 0.17 112 

PMsCur 58.2 0.35 21.6 102.9 0.03 130 

 

The incorporation of curcumin drug into Pluronic F127 micelles in PMsCur also 

confirmed with UV-Visible spectroscopy. The spectrum of an aqueous solution of curcumin 

was broad and almost lacking any clear maxima. The Pluronic F127 itself was also flat in the 

spectrum. However, the absorption spectra of PMsCur showed a well-defined maxima at the 

wavelength of 425 more increase in intensity than a pure drug in water (Fig.2.8). The 

hydrophobic PPO core of the copolymer F127 effectively encapsulated the curcumin 

molecules and makes it dispersible in the aqueous media [29]. 

 

 
Fig.2.8: Absorbance spectra of curcumin, Pluronic F127 and PMsCur in water (diluted) at 

37°C. 

 

In solid state characterization the PMsCur, the spectra of FTIR for curcumin alone, 

Pluronic F127 and PMsCur are depicted in Fig.2.9. The spectrum of Pluronic F127 showed 

two major peaks at 1110 cm-1 of C-O-C stretching and 2882 cm-1 of –C-H stretching of 

aliphatic chain. The obvious peaks of –C=C- double bonds stretching of an aromatic moiety 
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at 1511 cm-1 was shown in the IR spectrum of pure curcumin drug. All the peaks of Pluronic 

F127 were found in the spectrum of PMsCur. The signature peaks at 1585 cm-1of aromatic –

C=C- double bonds with shifting was found in PMsCur spectrum, as it was absent in Pluronic 

F127. This was proved the interaction between curcumin and Pluronic F127 as well as the 

encapsulation of drug in the core of Pluronic F127 micelles. 

Similarly, the XRD study was further carried out to investigate the behavior of 

curcumin in PMsCur (Fig.2.10). The several characteristic peaks of pure curcumin 

demonstrated the traits of high crystalline structure. The presence of two characters with high 

intensity at 2θ angles of 19.8° and 23.8° in the XRD pattern of Pluronic F127 was found due 

to the PEO groups of the polymer. The absence, broadening, and reduction of majority peaks 

of curcumin was found in the XRD spectrum of PMsCur. Not only that the two major peaks 

of PEO groups of Pluronic F127 was also intact with less intensity. The spectrums have 

confirmed the incorporation of drug into Pluronic F127 micelles. 

 

 

 

Fig.2.9: FTIR spectra of curcumin, Pluronic F127, and PMsCur. 
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Fig.2.10: XRD patterns of curcumin, Pluronic F127, and PMsCur. 

 

The DSC curves of Pluronic F127, curcumin drug and curcumin incorporated 

Pluronic micelles (PMsCur) was shown in Fig.2.11. The pure curcumin shows a sharp 

melting endothermic peak (Tm) at 176°C. The Pluronic F127 showed a peek at 59˚C, 

referring to the relaxation peak that follows the glass transition. No distinct peak of any 

melting of a polymer was observed in case of Pluronic F127. The PMsCur curve was 

somewhat similar to pure Pluronic and not detect any peak at nearby 176˚C, melting of 

curcumin. It was observed that the microencapsulation process of a drug in PMsCur did not 

affect the polymer structure. Like FTIR and XRD, the DSC data also proved the 

incorporation of curcumin drug into micelles of Pluronic F127. 

 

Fig.2.11: DSC of Curcumin, Pluronic F127, and PMsCur. 
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2.3.5: In-vitro release and stability of PMsCur 

Pluronic micelles are known to have a basic feature for slow and sustained release of 

drug from micelle [54]. Therefore, we have monitored the release of curcumin from PMsCur 

and found that PMsCur exhibits a slow and sustained release of curcumin at physiological 

pH. Our study indicates that the encapsulation of curcumin into Pluronic micelles increases 

its chemical stability in water and slows down its metabolism. These results suggest that 

PMsCur augments the slow and sustained release of curcumin in cancer cells. 

 

 

Fig.2.12: In-vitro release of blank curcumin, and PMsCur. 

 

The storage stability of the freeze-dried formulation of PMsCur has been tested for 3 

months. The solubility of curcumin at a specific time interval was monitored using the UV-

Visible spectroscopy. The data showed that the solubility of curcumin remained unchanged 

within the studied time period (Fig.2.13). The retention of curcumin was intact in PMsCur, 

which proves better stability without using any cryoprotectants.  
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Fig.2.13: Stability Study of PMsCur. 
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