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Abstract:

This paper deals with the effects of Paclitaxel drug on casein nanoparticles and its used in
control drug therapy. Such systems have shown potential in releasing drugs controllably
chemotherapy. In the present investigation casein nanoparticles were synthesized by
emulsion cross linking method and characterized by various techniques such as Fourier
transform—infrared spectrometry, Transmission electron microscopy, XRD. The average
diameter of prepared native casein nanoparticles is 6nm to 100nm through W/O
emulsification-cross linking method. The release behavior of casein nanoparticles was
studied as a function of various factors such as chemical composition of nano-carrier, pH,
temperature, biological fluids. The results revealed that the casein nanoparticles prove to be
an excellent option for controlled and targeted delivery of Paclitaxel. Therefore, there is a
strong incentive to develop a new strategy for the synthesis of casein nanoparticles and

investigated their properties.
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1. Introduction:

The number of people suffering from cancer is projected to increase to 29.8 million in
2025 from 26.7 million in 2021. Cancer ranks either first or second among the leading
causes of death before the age of 70 years, across 91 out of the 172 countries worldwide.
The process of uncontrolled division of cells has been identified as the only responsible
factor for the origin of cancer, which is a multi phasial disease and may appear in any
organ or cell type [1].
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Polymers are widely used as biomaterials due to their favorable properties such as

good biocompatibility, easy design and preparation, especially in the field of smart drug
delivery. Polymer plays a significant role as they can deliver therapeutical agents directly
into the projected site of action with superior efficacy. Nanotechnology has applications
invarious fields one of which is in medical treatment. Owing to their specific size, shape
and surface area, nanoparticles have revolutionized drug delivery in the field of medicine.
[2, 3].

Different drug carrier systems in the micro- and nanometer size range have been
developed and the number of patents and products in the drug delivery field has increased
recently [4, 5]. The goal of the drug delivery systems is to render medicines to particular
parts of the body. The application of nanotechnology for the treatment of cancer or other
diseases has boosted during the last decades due to the possibility to precisely deliver
drugs where needed, enabling less drug's side effects [6]. Nanoparticles constructed from
Versatile polymers provide a span of structural arrangements which can be exploited for
specific drug binding and delivery. One such specific polymer for designing carriers is

milk protein casein.

Casein is a major milk protein and possesses many structural and physicochemical
properties that facilitate its functionality in drug delivery systems [7, 8] Casein are
biodegradable, highly natural, biocompatible and less immunogenic and produce
harmless metabolites[9]. Thus, casein based nanoparticles have been proposed for
delivering hydrophobic bioactive species and drugs including , thymol [10], curcuma
[11], and paclitaxel [12].

Paclitaxel is one of the most effective chemotherapeutic drug ever developed and
is active against a broad range of cancers, such as lung, ovarian, and breast cancers. Due

to it slow water solubility, Paclitaxelis formulated in a mixture of Cremophor[13].

Paclitaxel (PX), isolated from the bark of Pacific Yew (Taxusbrevi folia),was first
discovered by Mrs. Monroe E.Wall And Mansukh C.Wani, is a white crystalline powder
with the melting point 0f~210°C [14]. It is one of the most effective chemo therapeutic
drugs and is mainly used to treat lung, ovarian, breast cancer, etc. Novel drug delivery
systems are designed to achieve a continuous delivery of drugs at predictable and
reproducible kinetics over an extended period of time in the circulation. The potential

advantages of this concept include minimization of drug related side effects due to
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controlled therapeutic blood levels instead of oscillating blood levels, improved patient

adherence due to reduced frequency of dosing and the reduction of the total dose of drug
administered [15]. Hence, the combination of both sustained release and control release
properties in a delivery system would further enhance therapetic efficacy [16-
18].Chemotherapy works through a number of different mechanisms, its major function
includes in discriminately killing vigorously growing cells, including tumor and normal
cells, which causes some serious side effects including bone marrow suppression, hair

loss, and gastrointestinal reactions [19]

In the present study, casein nanoparticles have been synthesized and characterized.
The swelling and diffusion controlled drug delivery-casein nanoparticles as a possible and
potential carrier for mediated anticancer control drug delivery is proposed. The whole
scheme of preparation of casein nanoparticles and its crosslinking reaction are depicted in
Figure.1 The method is novel and different from the techniques where a simple blending
of each type of nanoparticles is done to achieve the biopolymer nano-composite

nanoparticles.
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Figure.1 Schematic representation of Preparation of casein nanoparticles and drug release

profile
2. Experimental Section Materials:

Paclitaxel purchased from Mediclone Biotech Private, casein (soluble in normal
distilled water) Mw=2061.98g/mol, was purchased from E.Merck, Mumbai (India) used
as biopolymer and calcium chloride (Mw=110.98 g/mol) obtained from Merck, Mumbai,
India was employed as a cross linker for casein without any pretreatment, Paraffin oil and

Sodium hydroxide. Triply distilled water was used throughout the experiments.

2.1 Preparation of Native Casein Nanoparticles:
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In the present study crosslinked protein casein nanoparticles were synthesized by
emulsion polymerization method, the aqueous phase was prepared by dissolving 2g
casein powder in 1% NaOH solution and paraffin oil was used as oil phase. The
crosslinking solution was prepared by dissolving 1gm of calcium chloride in 3mL
ethylalcohol (absolute) solution. The crosslinker solution was added drop wise added in to
the aqueous phase of casein solution in continuous stirring by magnetic stirrer (3000 rpm)
at room temperature for 3h. The crosslinking reaction was completed in 3h.The prepared
nanoparticles were separated from the liquid medium by washing thrice with toluene and
twice with acetone solvents. The dried particles were stored at room temperature.

2.2 Loading of Paclitaxel drug onto protein NPs:

Paclitaxel was loaded onto nanoparticle by the post-loading method, in which the
drug is absorbed after formation of nanoparticles by incubating the carrier with a
concentrated drug solution. For loading of drugs in the nanoparticles, a known volume of
drug Paclitaxel was diluted with an appropriate amount of PBS (Phosphate Buffer saline)
and shaken vigorously for mixing of drug and PBS solution. Drug-loaded nanoparticles
were prepared by allowing 0.1 g of nanoparticles to swell in freshly prepared drug
solution (10 mL) until equilibrium swelling was reached. The percentage loading of drug
onto nanoparticles was calculated by the following equation:

Wd-Wo
_—

108 000 ammomssions 1
Wo {1

% Loading =

Where Wd and Wo are the weights of loaded and unloaded nanoparticles respectively. The
percentage loading of drug provides a quantitative measure of the amount of drug present in
the nanoparticles. For determining drug encapsulation efficiency [20,21]. A varying degree
of drug loaded nanoparticles were prepared by allowing 0.1g of nanoparticles to swell until

equilibrium in freshly prepared drug solutions (10mL).
3. Physicochemical Characterization-
3.1 FTIR spectral analysis:

FTIR spectral analysis was carried out for the identification and characterization of
functional groups present in native casein, Paclitaxel loaded casein nanoparticles and Pure
Paclitaxel. FTIR spectra were recorded on a IRAffinity-1S FTIR —A221356 (00917)
spectrophotometer (Shimadzu) in the range of 400-4000cm-1 (Perkin-Elmer, 1000
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Paragon)

3.2 TEM analysis:

TEM is a powerful technique to determine morphology and size of the nanoparticles,

which are the key properties of nanoparticles to decide their stability [22].

The size analysis of innative casein, Paclitaxel loaded casein were investigated by
recording the image by transmission electron microscope JOEL from Lab, Jiwaji
University, Gwalior, Madhya Pradesh, India.

3.3 X-ray diffraction analysis

The X-ray diffraction studies of Casein nanoparticles and Paclitaxel loaded
nanoparticles were carried outon Bruker-D2 advance phaser X-ray powder diffractometer.
The diffraction data were collected from 10 to 100 theta value and values with a step size
of 0.02 and counting time of 2s using a wavelength of 1.54 A°. The average crystallite

size of particles was calculated by using Debye scherrer’s equation.
3.4 Swelling studies in nanoparticles

Swelling of native casein nanoparticles and Paclitaxel loaded casein nanoparticles
was studied by a usual gravimetric method. In the experiment, 0.1g of nanoparticles were
allowed to swell in a definite volume (10mL) of phosphate buffer saline (PBS) taken in a
pre-weighed sintered glass crucible (pore size 1-5 pum) and weighed after definite time
periods by removing excess of phosphate buffer saline by vacuum filtration. The swelling
of nanoparticles was monitored continuously up to 15 min after which no weight gain of
swollen nanoparticles was recorded. This clearly indicated the arrival of equilibrium
swelling conditions. The amount of water imbibed by the nanoparticles was calculated by

the following equation [23, 24].

Weight of swollen particles (Ws)
Weight of dry particles (Wd)

........................ (2)

Swelling Ratio =

The amount of water sorption capacity to imbibe increasing number of water

molecule by the sample provides information about the hydrophilic nature of the material.
3.5In-vitro Release Experiments-

In-vitro release study of the Paclitaxel loaded nanoparticles (0.1g) was carried out

by placing in a test tube containing a definite volume (10mL) of phosphate buffer saline
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(PBS) as the release medium (pH=7.4) (1.2mM KH2PO4, 1.15mM Na2HPO4, 2.7mM

KCI, 1.38mM NaCl).The resulting suspension was gently shaken for a definite time
period (1.5h) and 5mL aliquot was withdrawn at pre-determined time intervals (15min)
from the suspension medium replacing it with the same volume of fresh PBS. The amount
Of Paclitaxel released from the polymeric nanoparticles was measured spetrophotometrically
at 298 nm (Shimandzu 1700 Pharma Spec.) and the released amount of drug was determined

from the calibration plot.

The release of Paclitaxel from biopolymeric nanoparticulate systems is usually
considered as combination of Fickian(diffusion) and non-Fickian movements of drug
molecules through polymer chains. Release from nanoparticulate system is pre
dominantly by diffusion controlled method. In the present study the kinetic data were
analyzed with the help of the following equation [25], which could be helpful in

determining the possible mechanisms of their release process,

W, Kt*
b e . e 3
Wx ®

For evaluating the diffusion constant of loaded drugs, the following equation can

be used:

Where, D is the diffusion constant of the drug and L being the diameter of the dry.

Where W; / Ws is fraction of drug released at time t, k is the rate constant and n
is the release exponent. The n value is used to correlate Diffusion and solute release

mechanism according to given range in Table.1[26].

3.6 Chemical stability of drug

In order to check the stability of entrapped drug in different release medium, the
UV spectral study (Shimandzu 1700 Pharma Spec) was performed. The UV spectra of
native casein nanoparticles and released fractions at different pH and different time
periods (The pure drug and released drug in release media (i.e. at pH 7.4) were recorded.

The drug molecules significantly absorb between 300 to 500 nm respectively. The UV
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spectral curve for native drug and entrapped drug exhibit a peak at 298nm and pH 7.4. It

is clearly observed from the outcome that the spectra were almost identical and suggests

no significant changes in biochemical activity of the drug in loading and release studies.

4. RESULTS AND DISCUSSION:
4.1 FTIR spectral analysis

The FTIR study of (a) Native casein nanoparticles,(b)Paclitaxel loaded casein
Nanoparticles (c) Pure drug was carried out to confirm the presence of characteristic
functional groups of the components as shown in Figure.2 (a, b and c respectively). The

FTIR spectra of native casein are shown in Figure. 3(a) In casein nanoparticles shows the
appearance of strong peak at 3498 and 3200cm™Lindicates the presence of OH group, the
amide A band at 3,400 cm™land amide B at 3,150 cm™Lare observed, peaks at 1628 cm~

Land 1683 cmLconfirm the presence of C=0 stretching and C=N stretching confirms the

crosslinking reaction in casein polymeric chain. The presence of carboxylic group (O-C-
OH) in casein particles is confirmed by the peak at1415cm™L. In the FTIR spectra of pure
Paclitaxel (2c) peak at 3867 cm™L indicates the presence of OH stretching and the

functional group of hydroxyl alcohol and Phenolic C-OH group. Peak at2951cmL is due
to C-H stretching. 1556, 1572 cm™ gives the peak of N-O asymmetric stretch. 1392, 860,

549cm™L indicates the presence of N-O symmetric stretching. Thus, the observed
absorption bands clearly confirms the presence of native casein, Paclitaxel loaded casein

nanoparticles. [27].

(c)

YT

(b)

4000 3soo0 3000 2500 2000 1500 1000 500

......

Figure.2 FTIR spectra of (a) Native casein nanoparticles (b) Paclitaxel loaded casein

nanoparticles (c )Paclitaxel drug
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4.2 Transmission Electron microscopy:

In order to investigate the size and morphology of prepared nanoparticles,
transmission electron micrograph (TEM) images were recorded as shown in Figure.3(a, b,
c, d, e, ) respectively which represent the size of nanoparticles. It is clear from the
images (a, b and c) that the size of native casein and Figure.3 (d, e, f) Paclitaxel - casein

nanoparticles vary from 2nm to100nm, respectively. The images also indicate that the
shape and size of nanoparticles are not uniform.

Figure 3. Transmittion electron microscopy image of (a,b,c) — Native casein Nanoparticles

and (d,e,f) Paclitaxel loaded casein Nanoparticles

4.3 Powder X-ray diffraction (XRD) analysis

The characterization of the crystalline nature of —casein nanoparticles was carried
out by using XRD analysis,which is an essential tool for the determination of crystallinity
of the material. The well-defined X-ray diffraction patterns indicate the formation of less

crystalline nature of nanoparticles [28]. The XRD pattern of the prepared native casein

nanoparticles and Paclitaxel loaded Casein nanoparticles is shown in Figure.4(a, b),

Intensity

0 20 40 60 80 100 120
20 (degree)

Figure.4 XRD pattern of (a) Native casein (b)Paclitaxel loaded casein nanoparticles
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respectively. The structural pattern and characteristic peaks at 7.23° , 21.40 and 18.76°, for
native casein particles is shown in Figure.4 (a) and the characteristic peaks at 9.88°, 19.23°
and change in shape of peaks in Figure 4(b) clearly reveal the incorporation of Paclitaxel in
casein nanoparticles The mean grain size was calculated using Debye- Scherrer formula [30],

as shown in the equation(5);

Where d is mean grain size, k is the shape factor (0.9), B is broadening of the diffraction
angleandA is diffraction wavelength (1.54 A).The estimated average grain size of casein

nanoparticles , and Paclitaxel casein nanoparticles was found to be 1.74 and 0.75nm.

The amorphous and crystalline nature of the Paclitaxel-casein nanoparticle was
determined by degree of crystallinity. The numerical formula to calculate the percent

crystallinity of nanoparticles is given in the following equation:
XC (%) = (AC/ AQ+AC)XL00. ... .ottt (6)

Where Ac and Aa are the area of crystalline and amorphous phases, respectively [32].
The crystallinity of the material has been calculated using the equation formula given in
equation (6).The % crystallinity of native casein was found to be [29, 24] while for
Paclitaxel casein nanoparticle was about 37.7. These results are quite obvious to confirm

the amorphous nature of theparticles.
4.4 Effect of swelling and % loading of Paclitaxel:

The mechanism of water transport into the polymer is particularly important for
suitability of nanoparticles as drug delivery system, as the amount of drug released is
dependent on the rate and transport mechanism of water diffusing into the polymer
network [30].When a dry nanoparticle is placed in contact with a PBS solution, fluid
begins to enter the dry particles, solidMatrix network by diffusion and the particles begin
to diffuse into the fluid and reaches equilibrium with the fluids and an interface is formed
between the dry and swollen nanoparticles.When all the fluid has been absorbed, the
nanoparticles reach chemical equilibrium and the fluid single interface is again achieved

between the nanoparticles and the fluid [31,32].
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Table-1 Diffusion Mechanism

Release exponent (n) Overall solute diffusion mechanism
0.45 Fickian diffusion
0.45<n<0.89 Anomalous (non-Fickian) diffusion
0.89 Case-II transport
n>0.89 Super case-Il transport
18
% Loading of Paclitaxel

— 15+

E

(=2

£ 12+
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3 9-

2

(]

Z 6=
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Figure.5: Effect of percent loading on the release of Paclitaxel casein nanoparticles of definite

composition casein=2g, calcium chloride=1.0g.

The % Loading results are shown in Figure.5, which clearly indicate that initially
upto 50% solution of Paclitaxel loading cumulative release increases, while beyond this
there is a fall in the release rate, which can be justified as high drug loading fast and
enhanced intake of physiological fluids. The observed increase in drug release is due to
the reason that higher loading of drug facilitates a faster movement of the solvent that
penetrates the surface of the loaded nanoparticles. From the release profile it can be
summarized that higher drug loading value result in better maintenance of drug levels

during drug release process [33].
4.5 Effect of Casein on release of Paclitaxel

The effect of casein on the amount of drug release has been investigated by
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varying its amount in the range of 1.0 to 4.0 g in the feed mixture. The release and

swelling results are displayed in Figure.6 which clearly indicates that the cumulative
release of Paclitaxel increases with increasing casein content in the range of 1.0-2.0 ¢
and, thereafter, a decrease in release was noticed. This may be attributed to the fact that
casein is a hydrophobic protein contains 35-40% non-polar amino acids which are highly
hydrophobic it contains high number of sulphur and phosphate amino acids and its
increased amount in the particles would increase the hydrophobicity of the nanoparticles
and thus a higher release is expected [34]. The observed release study are consistent also
it is clear that the release amount increases due to increase hydrophobicity of
nanoparticles and beyond 4g of casein content the observed value decrease in release
could be attributed to enhanced compactness of the nanoparticles due to greater

interaction between casein nanoparticles as shown in the Figure.6

94 | =—=—0.5gm Casein variations

Cumalative release (mg/ml)
F-

45 0 15 30 45 60 75 90
Time( minutes)

Figure.6 Effect of varying amount of casein on the cumulative release of Paclitaxel the

composition of CaCl,=1g

4.6 Effect of cross linker on release of Paclitaxel:

In the present study, calcium chloride was used to crosslink in casein
nanoparticles, the concentration range used was0.5mL to 2.0 mL in the feed mixture.
There salts revealed that upto the addition of 1 mL crosslinker, the release of Paclitaxel
constantly increases while beyond this concentration a drop in swelling capacity of
nanoparticles was noticed. The observed increase could be attributed to the fact that
calcium chloride is crosslinked by reacting with the hydroxyl groups of casein at its two
terminals. Thus, a crosslinked casein network could be imagined as molecular sieve that

contains wide pore size in its structure and therefore, possesses an abnormal capacity of
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accommodating Paclitaxel molecules in to the network [35].Thus, capacity to imbibe

increasing number of Paclitaxel molecules result in an increased cumulative release which
is clearly shown in Figure.7. The obtained increase in release permits a greater number of
molecules to diffuse out of material and pass into the release medium. However, beyond
1g of calcium chloride, the network of casein is highly crosslinked, which consequently
reduces the free volume accessible for the penetrations of water molecules.

10

—a— 0.5gm
—e— 1.0gm
—&— 1.5gm
—v—2.0gm

Crosslinker variations

(==}
3

Cumalative release (mg/ml)
'S

-15 0 15 30 45 60 75 20 105

Time( minutes)

Figure.7 Effect of varying amount of calcium chloride on the cumulative release of the

composition of casein is =2g.

4.7 Effect of pH

pH responsive nanoparticle devices have been commonly used to design
controlled formulations for oral administration of drug which remains the most clinically
acceptable way of drug delivery [32]. In the present studies, the influence of pH on the
drug release ratio of Paclitaxel loaded casein nanoparticles has been studied by adjusting
the pH of swelling medium at 1.8, 7.4 and 8.6 respectively. In the present work, the
release dynamic of nanoparticles has been studied under varying pH condition. The
results are shown in Figure.8 which show that swelling ratio of particles constantly
increases with increasing pH. The reason behind is casein’s cationic in nature and
therefore a change in pH of the swelling medium also affects the charge profiles of casein
nanoparticles [33]. The swelling results of nanoparticles indicate a swelling behavior on
different pH values. The results reveal that at pH 1.7, a minimum swelling ratio was
observed, because casein exists in the form of -COOH at low pH medium (pH 1.7) and

the macromolecular nanoparticle network of the hydrogen bonding produced by -COOH
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groups of casein led to the stronger interaction between polymer chains. Accordingly, the

swelling ratio in pH 1.7 is relatively lower. At higher pH, the carboxylic groups get
ionized and acquire -COO™ form. Thus, weak hydrogen bonding between biopolymer

chains and electrostatic repulsion between -COO™groups result in the higher swelling
ratio[36, 37]. The release of Paclitaxel was observed at pH 1.7,7.4,and 8.6, which
represent the pH of different part of our body fluids respectively it is clear that at pH 8.6,
the release of Paclitaxel is maximum while in the other release media of pH 1.8 and 7.4 a

lower amount of drugs is released.

9
8 = [ K pH Variation
= 74
E 79 [mmss
(=]
£ 6~
°
e 44
(]
Z 3-
)
3]
£ 2
=]
O 14
0 -
0 15 30 45 60 75 90

Time( minutes)

Figure.8 Effect of pH on the cumulative release of Paclitaxel the composition of casein is =2g,
CaCl,=1g

4.8 Effect of temperature on drug release

In the present study, the temperature of release medium was varied in the range
15-42° C and its effect on release ratio was investigated. The results are displayed in
Figure.9 which clearly indicates that with increasing temperature, the release of
nanoparticles increases in the whole studied range. The observed increase in the
Paclitaxel loaded casein nanoparticles can be explained by the fact that a rise in
temperature enhances rate of water diffusion and segmental mobility of macromolecular
chains which combined results in a greater release. Moreover, with increasing
temperature the H-bonds between the Paclitaxel molecules and network chains are
broken, thus converting bound water into free water [38]. This result in a higher
concentration of Paclitaxel, consequently, an increase in the released amounts is also

observed.
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9 - [ RB Temperature Variation
g4 | H25
| I 42
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Cumalative release (mg/ml)

0 15 30 45 60 75 90 105

Time( minutes)

Figure.9 Effect of temperature on the cumulative release of Paclitaxel the composition of

casein is =2¢g, CaCl,=1g
4.9 Effect of Biological Fluids:

The effect of the nature of biological fluids on the swelling of Paclitaxel loaded
casein nanoparticles has been investigated by performing swelling experiments in various
simulated physiological fluids. The results are depicted in Figure.10 which show an
increase or decrease in swelling behavior of the Paclitaxel in loaded casein nanoparticles.
The effect of biological fluids was examined by performing swelling experiments in the
presence of urea, D-glucose, and potassium iodide, saline water and PBS. The results are
summarized in Figure.10, which clearly show that the presence of solute suppresses the
swelling ratio of these nanoparticles. The possible reason for the observed lower swelling
of paclitaxel casein particles in these fluids may be due to the presence of salt ions in the
release medium which lowers the osmotic pressure of the swelling system thus resulting

in a lower swelling of loaded casein nanoparticles.
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= Nt Effect of Biological Fluids
10 B PBs
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0 15 30 45 60 75 90 105
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Figure.10 Effect of stimulated Biological Fluids on the cumulative release of Paclitaxel the

composition of casein is =2g, CaCl,=1g

4.10 Drug release study:

The Paclitaxel casein nanoparticles may be visualized as a three dimensional
network of casein macromolecules containing drug molecule which occupy space
available between the network chains, when such nanoparticles are allowed to swell in a
release medium the solvent (PBS) molecule enter into the nanoparticles matrix and
subsequent relaxation of polymer chains take place. The Paclitaxel molecules release out
through water permeation channels present in the macromolecular network, the diffusion
of drug molecules and relaxation of nanoparticles chains determine the type of
mechanism being followed by the drug molecule. It has been laid down by Highuchi
equation [39, 40, 41] that if n=0.43,the release is diffusion controlled(Fickian), when
n=0.84 the release is non Fickian (case-1l) and for when in some cases n has been found
to exceed 0.84 and the mechanisms known as super case(ll), the value of diffusion
coefficient (D) and release exponents (n) have been calculated as described above and

summarized in Table-2 along with the value of D and n is the respective value of
regression coefficients (RZ) have also been expressed inTable-2.1t is clear from the data

that the value of R? are always great or than 0.99 and therefore suggested for a good

applicability of release data to equation —respectively.
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Table. 2

Data showing the release exponents and diffusion coefficients obtained under varying experimental

conditions.
S.No. | Casein | CaCl, | pH |Dcm?S* |N R* | Mechanism
1 1.0 1.0 74 |10.98 0.46 0.973 | Non Fickian
2 2.0 1.0 7.4 | 11.67 0.48 0.988 | Non Fickian
3 3.0 1.0 7.4 | 12.58 0.58 0.993 | Non Fickian
4 4.0 1.0 74 |19.34 0.76 0.923 | Non Fickian
5 2.0 0.5 74 | 17.14 0.73 0.893 | Non Fickian
6 2.0 1.5 74 |16.14 0.62 0.998 | Non Fickian
7 2.0 2.0 74 | 1258 0.46 0.973 | Non Fickian
8 2.0 1.0 1.8 ]19.61 0.77 0.994 | Non Fickian
9 2.0 1.0 8.6 |18.05 0.85 0.993 | Non Fickian

CONCLUSIONS:

In the present study, casein nanoparticles were synthesized using an emulsion
crosslinking method. It is found that % loading of Paclitaxel concentration and
crosslinker nanoparticles has great influence on the release profile of drug. It is also found
that with increase in % loading of drug, the released amount of drug constantly increases

and after 50% its decreases.

It is observed that the effect of nanoparticles on the release of Paclitaxel increases
when the amount casein is increased from 1g to 2.0g whereas the extent and release
decreases beyond 2gm casein due to casein being hydrophobic in nature. The effect of
crosslinker addition upto 1gm. Results in the increase of drug released where as

decreased paclitaxel release was observed on addition of CaCl,beyondlgm.

It is found that the extent of swelling of nanoparticles plays a vital role in
regulating the cumulative release of drug. An optimum release is obtained at basic pH
while lower release is observed in acidic pH and in physiological fluids. Basic medium

and physiological pH 8.6 support the extent of release of drugs.

The chemical stability of Paclitaxel carrying nanoparticles is confirmed by UV
spectral analysis. The prepared nanoparticles are suitable as swelling controlled drug
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delivery system and its follows the peppas model and show a non-fickian transport

mechanism.
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