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ABSTRACT:

Introduction: Erlotinib (ERL) is an epidermal growth factor receptor type (HER-1) tyrosine kinase
inhibitor, which has been approved for the treatment of metastatic advanced non-small cell lung
(NSCLC) and pancreatic cancer.

Objectives: The present work aims to synthesize the conjugate of propylene glycol alginate-folic acid
(PGA-FA) and employ it to prepare ERL-loaded micelles, using the thin film hydration method which
is further evaluated in vitro and in vivo.

Methods: The conjugate was synthesized via a reaction of the carboxyl groups of folate with the amine
groups of PGA and catalyzed by EDC (1-Ethyl-3-(3-dimethyl aminopropyl) carbodiimide) as an amide
coupling agent. The prepared conjugates were characterized by 1H NMR, DSC, XRD, SEM, and TEM.
In vitro, the drug release profile was evaluated for ERL-loaded micelles using dialysis bag methods.

Results: The results showed that the drug was entrapped successfully within the hydrophobic core of
the micelles. In the study, ERL-loaded micelles showed higher Cmax (76.6754 ng/ml for 1V) than free
ERL (39.4079 ng/ml and 44.7574 ng/ml through the oral route and Intramuscular route, respectively)
and higher AUCO0-24 (321.78797 ng/ml.h) than free drug (266.78127 ng/ml.h and 347.49328 for oral
and 1V respectively).

Conclusions: The present investigation revealed that ERL-functionalized micelles might be promising
for delivering anti-cancer agents and improving their therapeutic efficacy.

1. Introduction

Propylene glycol alginate (PGA) is a high molecular
weight linear polysaccharide composed of 1, 4 Linked-
D-mannuronic acid (31%-65%) and L-guluronic acid
(69%-35%). PGA is food grade polysaccharide ester of
alginate and has beneficial properties like film forming,
gelling, suspending, emulsifying, and stabilizing agents
[1-4].

The US-FDA has approved erlotinib (ERL) for the
treatment of metastatic advanced non-small cell lung
(NSCLC) and pancreatic cancer, is an epidermal growth
factor receptor (EGFR) type (HER-1) tyrosine kinase
inhibitor [5, 6]. The tyrosine kinase inhibitors are a newer
and novel class of anti-cancer drugs, predominantly for
pancreatic cancer, which selectively bind to the ATP
catalytic domain of HER-1 reversibly for attaching to the
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adenosine triphosphate (ATP) binding site of the receptor
and hence inhibits the EGF-induced phosphorylation and
prevents the cell proliferation [7].

Polymeric micellar structures have led to the design and
development of smart drug delivery systems (DDSs) to
deliver various anti-cancer agents [8, 9].

2. Objectives

ERL has poor bioavailability when administered through
the oral route, mainly due to its poor solubilities,
instability in the gastrointestinal environment, and high
first-pass metabolism [10, 11]. Various approaches have
been evaluated to overcome the challenges associated
with conventional ERL therapies [12]. Thus, there is
scope for ERL molecules to form in novel injectable
formulations, which could improve drug delivery of ERL
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as an anti-cancer drug for targeting and maximizing the
anti-cancer effect of the drug with minimal side effects
[13]. Further, to increase the targeting efficiency of
polymer to tumor cells specifically, PGA was conjugated
with folic acid (FA) [14, 15, 16]. The present work aims
to synthesize the conjugate of PGA-FA and employ it to
prepare ERL micelles, which are further evaluated in
vitro and in vivo.

3. Methods
Materials

ERL was obtained as a gratis sample from MSN Lab Pvt.
Ltd, Hyderabad, India. Propylene glycol alginate (PGA)
was purchased from  Amit  cellulose,
Mumbai, India. EDC (1-Ethyl-3-(3-
dimethylaminopropyl) carbodiimide) was purchased
from Survival Technologies, Ankleshwar, India. Dialysis
bag (MW cut off 12,000 Da) and folic Acid were
purchased from Sigma Aldrich Chemical Private Ltd,
Bangalore, India, and Loba Chemie Pvt. Ltd, Mumbai,
India, respectively. Potassium iodide (KI), lodine (12),
methanol, and dimethyl sulfoxide (DMSO) were
purchased from Merck Chemicals (Mumbai, India). All
other solvents and reagents used were of analytical
grades.

Synthesis of PGA-FA Conjugate

A 1-ethyl-3-(3-dimethylaminopropyl)  carbodiimide
(EDC) coupling reaction synthesized a PGA-FA
conjugate. PGA-FA conjugate was synthesized via a
reaction of the carboxyl groups of FA with the amine
groups of PGA and catalyzed by EDC. In brief, the
procedure consisted of 2 gm of Folic Acid dissolved in
25 mL of DMSO reacted with 1 gm of EDC at room
temperature for 1 hour under stirring. The above reaction
mixture was added to the 3% w/v conc. of propylene
glycol alginate (PGA) solution which was prepared by
dissolving 1.50 gm of PGA in 50 mL of distilled water.
The resulting mixture was stirred at room temperature in
the dark for 16 h [17]. The resulting mixture was dialyzed
for 48h against distilled water to remove by-products,
and the sample was then subjected to lyophilization to
form a dry lyophilized powder.
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Figure 1- Synthesis of FA-PGA Conjugate
Characterization of PGA-FA conjugate
a. NMR

Proton NMR (1H NMR) spectra of PGA, Folic Acid, and
its Prepared PGA-FA Conjugate were recorded in
DMSO using Bruker Avance-II 400 UltraShield™
spectrophotometer (with Bruker Avance-11 Autosampler
and Topspin 2.7 software). Tetramethylsilane (TMS)
was used as a reference standard. Chemical shifts ()
were expressed in ppm relative to TMS.

b. Fourier Transform Infra-red spectroscopy (FTIR)

The FT-IR spectra of Folic Acid, PGA, and the PGA-FA
conjugate between 4000 cm—1 and 450 cm—1 (mid-
infrared region) were obtained using an 8400S FTIR
Shimadzu, Japan, equipped with IR Solution software.
Each sample was prepared with a spectroscopic grade
potassium bromide (KBr) powder and then pressed into
pellets (Lmg of sample per 100 mg dry KBr) [18].

Critical Micellar Concentration (CMC) determination of
PGA-FA Conjugate

The well-reported iodine UV Spectroscopy method
determined the CMC values of the PGA-FA Conjugate.
A standard iodine solution was prepared by dissolving
0.5 gm of iodine and 1 gm of potassium iodide in 50 mL
of distilled water. VVarious dilutions from the range of 1—
16 pg/mL of the conjugate were prepared, and to each
dilution, 25 pL of standard iodine solution was added.
The resulting solutions were kept overnight in the dark
and measured at a wavelength of 366 nm using UV—
Visible spectrophotometer (UV 2450, Shimadzu, Japan).
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The absorption intensity of iodine was plotted against the
logarithm of polymer mass concentration, and CMC was
determined from the graph. The sharp increase in iodine
intensity indicates the formation of micelles [19, 20].

Preparation of ERL and PGA-FA loaded mixed
micelles

The thin film hydration method was used to prepare
ERL- PGA-FA loaded micelles (ERL- PGA-FA).
Aqueous dispersions of ERL were prepared by
dispersing 100 mg of ERL in 100 mL of distilled water
containing 1.5% w/w of PGA-FA conjugate, the
dispersion mixture was subjected to sonication (Sonorex
ultrasonicator). Four batches of ERL-loaded polymeric
micelles were prepared. The concentration of the drug in
each batch was kept constant, whereas the concentration
of prepared PGA-FA conjugate in each batch was
changed in the range of 1.5% wi/w, 2% w/w, 2.5 % wi/w,
and 3 % w/w were dissolved in 100 mL of water
respectively for each batch. Distilled water was
evaporated using a rotary evaporator (KNF LABS RC
600, Switzerland) at 37°C, and a thin film of drug-
dispersed PGA was formed. The resulting film was re-
suspended in about 50ml of distilled water. Then the
sample was subjected to lyophilization to form dry
lyophilized powder [21].

Particle size and surface charge

The Particle size, Polydispersity Index (PDI), and Zeta
Potential of formulation were measured by dynamic light
scattering technique, using Zetasizer (Nano ZS 90
Malvern Instruments, UK) at room temperature. The
samples were suitably diluted with double distilled water
before every measurement and sonicated for 5 min to
ensure the solution was well dispersed [22].

Production Yield

The production yield of micelles of various formulations
was calculated using the weight of final products after
drying concerning the initial total weight of the drug and
polymer used to prepare polymeric micelle [23].

Percentage drug loading (% DL) and percentage
entrapment efficiency (% EE)

Percent entrapment efficiency (% EE) is defined as the
percentage of drug incorporated into the polymeric
nanoparticles relative to the total drug added. It specifies
how much percent of the drug is included in the particles

189

and how much of the free drug is still present in the
dispersion mediums. For this, micelles dispersion was
centrifuged at 45,000 rpm for 35 min; 1.0 mL of the
supernatant collected after centrifugation was diluted
with methanol and then makeup volumes up to 10 ml in
10ml volumetric flask and measured
spectrophotometrically at 246 nm using UV-Visible
spectrophotometer (UV 2450, Shimadzu, Japan). The
entrapment efficiency of the micelles was calculated for
each batch of micelles[12, 24].

Scanning Electron Microscopy (SEM) and Transmission
electron microscopy (TEM)

The shape and surface morphology of the micelles were
visualized using scanning electron microscopy (Jeol
6390LV, Kochi). Samples were prepared by placing one
drop of micelles solutions on a copper grid and then
drying under vacuum pressure. The samples were
examined using SEM at 10 kV [25, 26]. The surface
morphology of ERL-loaded micelles was also studied by
transmission electron microscope (JEM-2100, 200 kV,
Jeol, SAIF, NEHU, Shillong). ERL-loaded micelle
(Img) was dispersed in distilled water. A drop was
placed on the carbon-coated copper grid and stained with
phosphotungstic acid (2% wi/v). Finally, the grid was air-
dried and scanned with TEM at different magnifications
[26].

X-ray diffraction (XRD)

Powder X-ray diffraction (PXRD) patterns of ERL and
the formulated micelles were recorded with an X-ray
diffractometer (Bruker AXS Kappa APEX Il CCD,
Kochi) employing Cu Ka (wavelength 1.5406 A, tube
operated at 40 kV, 40 mA) at room temperature. Data
were collected over an angular range from 4 to 40° 26 at
a 176-step size of 0.01° and a scan rate of one second.

In Vitro Drug Release

In vitro, the drug release profile was investigated for
ERL-prepared micelles using dialysis bag methods.
Dispersion of ERL-prepared micelles equivalent to 50
mg of ERL was filled in the dialysis bag and tied at both
ends. The dialysis bag was immersed into a beaker
containing 100 mL of PBS (pH 7.4) at 370C with
continuous magnetic stirring at 50 rpm/min. At
predetermined time intervals (0.5- 6h) sample was
withdrawn and replaced with an equal volume of fresh
medium to maintain sink condition. The samples were
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analyzed by UV-visible spectrophotometer (UV 2450,
Shimadzu, Japan) at 246 nm. The % drug release and
cumulative drug release were calculated [27]. The
mechanism of drug release for ERL was evaluated by
fitting the data in different mathematical models, e.g.,
zero order, first order, Higuchi kinetics, and Korsmeyer-
Peppas model.

Pharmacokinetic study

Male Wistar Rats of 150-200 g was obtained from the
central animal facility of the Institute. The Institutional
Animal Ethics Committee (IAEC) approved the study
protocol. The animals were maintained at 25+2°C and
50-60% relative humidity (RH) under natural light/dark
conditions. They were divided into three groups, each
group containing Three rats (n = 3). Before the study, the
animal fasted overnight for 12h with free access to water.
Groups A, B, and C received a single oral, intravenous,
and intravenous dose equivalent to 10 mg/kg of ERL
dose. After mild ether anesthetization, serial blood
samples were collected using a retro-orbital puncture
technique at predetermined intervals (0.5- 24 h) in
heparinized microcentrifuge tubes [10]. The blood
samples were centrifuged at 3,000 rpm for 10 min to
separate plasma. Collected plasma samples were stored
at approximately —20°C until analysis. The plasma
samples were quantified to estimate ERL through the
previously developed HPLC method [12, 28-30].
Different pharmacokinetic parameters (e.g., Maximum
concentration (Cmax), time to reach maximum
concentration (Tmax), the area under concentrations—
time curve (AUC), elimination half-life (t1/2), and mean
residence time (MRT)) of study samples were estimated
by Kinetica software version 5.0 (Thermo Fisher
Scientific Inc., USA), and compared with standard
samples [12].

4, Results
Synthesis of PGA-FA Conjugate

The preparation procedure of PGA-FA was confirmed
after consulting the literature [31]. PGA- FA conjugate
was successfully synthesized by conjugation of folic acid
via the reaction of the carboxyl groups of FA with the
amine groups of PGA, catalyzed by EDC as an amide
coupling agent. EDC activated the carboxyl groups of
FA. The prepared conjugates were characterized by
NMR, DSC, and FTIR.
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Characterization of Prepared Conjugate
a. NMR

1H-NMR spectra of folic acid demonstrated hydrogens
present in the structure of folic acid, as shown in Figure
2. 1H-NMR spectra have shown broad peaks at 4.2 6 ppm
for methylene (-CH2-) protons. 1H-NMR spectra also
displayed proton absorption singlet at 8.7 8 ppm due to
NH2 protons. The proton absorption singlet was
observed at 4.0 6 ppm due to -NHCH2- protons.
Aromatic hydrogens have appeared as multiplets at 6.7-
7.5 6 ppm. 1H-NMR spectra of propylene glycol alginate
seemed as multiplets between 3.2 to 5.03 & ppm for all
saturated hydrogens and hydroxyl groups (C-H and -OH)
present in the compound. The presence of the methoxy (-
OCH3) group exhibited a peak in the 1H-NMR spectrum
around 3.5 6 ppm. The peak appeared at a lower
frequency of 1.3 & ppm and was assigned to methylene
hydrogens, as shown in Figure 3. The reaction of the
primary amino group of folic acid and propylene glycol
in the presence of EDC was confirmed by 1H-NMR of
FA-PGA conjugate. The distinctive peak as a doublet
was seen in all spectra of 1H NMR for synthesized
molecules in the range of 3.33-3.52 & ppm due to -N-
CH2-CO linkage. For aliphatic amide, 1H-NMR
exhibited a characteristic peak around 4.05 & ppm,
indicating the formation of the desired polymer.
Aromatic protons were present as multiplets in the range
of 7.10-8.41 & ppm, Figure 4.
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Figure3- NMR Spectra of Propylene glycol alginate
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Figure 4: NMR Spectra of PGA- FA conjugate

b. FTIR Characterization of Folic Acid, PGA, and its
conjugate

IR spectra have the presence of a representative band at
1597.11 cm-1 for >C=0 group of folic acid.

The IR spectrum of PGA exhibited bands at 2715.86 and
2374.45 cm-1 for the presence of primary hydroxyl
groups. Again, the presence of bands in the region of
2955.04 and 2928.04 cm-1 are for methylene groups
present in PGA. The conjugate of PGA-FA has been
easily characterized by the appearance of multiple bands
in regions 2955.04, 2928.04, and 2831.60 cm-1 for
aliphatic methylene groups stretching. The characteristic
peak has appeared for carboxyl acid (-COOH) at 3446.91
cm-1. The peak indicating conjugate formation through
amide linkage (-CONH-) occurred around 1597.11 cm-
1. The FTIR spectra of folic acid-PGA conjugate are
illustrated in Figure 5.
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Figure 5: FTIR Spectra of propylene glycol alginate,
folic Acid, and PGA-FA conjugate
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CMC Determination

In the iodine UV spectroscopy method, the formation of
micelles was monitored by using iodine (12) as a
hydrophobic probe. Solubilized 12 prefers
to participate in the hydrophobic microenvironment of
amphiphilic polymers, causing the conversion of 13 to 12
from the excess Kl in the solution to maintain the
saturated aqueous concentration of 12 [32]. For the
determination of CMC, 12 absorbance intensity has been
plotted as a function of polymer concentration, and the
sharp increase in 12 intensity against polymer
concentration confirms the formation of micelles. After
carrying out the study, it was concluded that PGA-FA
leads to the formation of stable micelles in an aqueous
medium at a considerably lower concentration of about
1.5%.

Preparation of ERL-loaded P-GA-FA conjugate-based
micelles

Thin film hydration methods developed ERL-loaded
PGA-FA conjugate-based micelles [21]. Different ratios
of PGA-FA conjugate, i.e.,1.5% w/w, 2% w/w, 2.5%
wi/w, and 3% wi/w, respectively, were used in each batch.

Particle size, PDI, Zeta potential, Production yield, Drug
loading, and Entrapment Efficiency

The particle size, PDI, Zeta potential, Production yield,
drug loading, and entrapment efficiency of four batches,
i.e., F1, F2, F3, and F4 shown in Table 1.

Table 1: Particle size, Polydispersity index, Zeta
Potential of ERL micelles.

. D
S Particl | Zeta Entrap u
r. | Bat | e Poten | PD | ment ?oa d
N | ch | Size(d. | tial 1 efficien ing
0)
0. nm) (mV) cy (%) (%)
0.6
1 | F1 | 478 -27.0 38 92.74 75
0.4 74.2
2 | F2 | 410 -23.9 95 92.70 1
0.6
3 | F3 | 476 -18.9 10 95.20 81.6
0.3 88.0
4 | F4 44 -14. 57
5 5 34 95.5 5
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SEM and TEM

SEM images of ERL-loaded micelles are shown in
Figure 6 (A, B). SEM image of ERL loaded micelles
showed irregular rectangular flake-like or flake-like
shape with complete loss of its characteristic shape. The
TEM images of ERL-loaded micelles (with different
magnifications) were illustrated in Figure 6 (C, D).

20kV X7,000 2pm 0000 1250 SEI

Figure 6: SEM image (A, B) of PGA-FA conjugate and
TEM image of (C, D)

XRD

X-ray diffraction of drug and drug-loaded micelles was
presented in Figure 7. The XRD pattern of ERL showed
the presence of intense, sharp peaks at 7.267 on the 26
scale, which indicated its crystalline structure. The
formulated micelles showed crystalline peaks of ERL
with reduced intensities.

Frlotinib

T

Micelle formulation

Lin {Counts]
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Figure 7: X-ray diffractograms of (A) pure ERL and
(B) ERL-loaded Micelles based on PGA-FA conjugate
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In-vitro drug release

The in-vitro drug release profiles of the ERL-loaded
micelles with folic acid conjugation in PBS pH 7.4 for
six hrs. by dialysis bag method are shown in Figure 8.
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Figure 8: In vitro Drug release from various PGA-FA-
based formulations

In vivo pharmacokinetics Parameters

Different pharmacokinetic parameters are listed in Table
2. In the study, ERL-loaded micelles showed higher
Cmax (76.6754 ng/ml for IV) than free ERL (39.4079
ng/ml and 44.7574 ng/ml through the oral route and
Intramuscular route, respectively) and higher AUC0-24
(321.78797 ng/ml.h) than free drug (266.78127 ng/ml.h
and 347.49328 for oral and 1V respectively).

Table 2: Pharmacokinetic parameters of erlotinib
formulations

Oral v
Paramet | Administr | Administr | IV
ers ation of ationof Administr
ERL ERL ationof F4
formulatio
n

Cmax ( 39.4079+5. | 44.7574+4. | 76.6754+4.

ng/ml) 12 14 25
T max 15 - 0.5
(h)

AUC 0- 266.78127 | 347.49328 | 321.78797
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24 +11.28 +19.25 +10.12
h(ng/ml*
h)

Absolute | 76.77% 100% 92.60%
bioavaila
bility
(Fabs)

Discussion:

In the present study the conjugate of PGA and FA was
synthesized and confirmed by NMR, FTIR technique.
The amphiphilic nature of the conjugate was
characterized by CMC determination. The CMC of the
conjugate was observed to be 1.5 % (w/v). Film
hydration method was used to prepare the ERL loaded
micelles. Four formulations prepared contained
increasing concentration of PGA-FA (1.5% -3.0 %). All
formulations were invitro evaluated. The particle size of
four formulations was in the range of 410-478 nm. The
zeta potential was observed to be anionic in nature which
may be credited to the unchanged anionic nature of PGA.
Drug loading and entrapment efficiency was also
determined for all formulations.

The surface morphology of the micelles was studied
using SEM and TEM studies. SEM image of ERL loaded
micelles showed irregular shape which further indicated
the inclusion phenomenon between drug and micellar
structure with the loss of crystallinity of drug. ERL-
loaded micelles appeared as uniform spherical structure
morphology unaffected by drug encapsulation. And
show the dim ring of the polymeric core. In the figure, it
can be observed that prepared nano micelles were well
identified with spherical-shaped morphology.

X-ray diffractograms illustrated the crystalline nature of
the drug. After loading the drug into the micelles, all
characteristic sharp peaks are subdued due to the change
into an amorphous state, suggesting complete drug
entrapment into the micellar structure.

Drug release studies were found to be precise and
followed the Higuchi’s model with non-fickian transport.
From Formulation F1 to F4, 82.29 to 89.58 % drug
release was observed in 6 hrs. From the release profile, it
was clear that the significantly higher and faster release
of ERL from micelles.
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The study showed that ERL-loaded micelles formulation
increased the Cmax and AUCO more efficiently than that
of pure ERL drug The prepared micelles formulation's
absolute bioavailability was approximately high
compared to pure ERL, further confirming the enhanced
bioavailability of ERL-loaded micelles. These results
revealed that micelles had a much higher rate and extent
of bioavailability than pure ERL.

Conclusion

The present work highlighted PGA-FA conjugate
synthesis and its application in the preparation of
micelles and ERL loading in developed micelles. In this
study, the reaction between the carboxyl groups of folate
and the amine groups of PGA in the presence of EDC
was carried out. The formulation of PGA-FA conjugate-
based ERL-loaded micelles was successfully developed
by the thin film hydration method and implemented to
enhance the bioavailability of ERL. FT-IR, XRD, SEM,
and TEM results show that the drug was entrapped
successfully within the hydrophobic core of the micelles.
To sum up, the experimental results of in vitro and in
vivo showed that folic acid functionalized ERL-loaded
micelles performed well in in-vitro and in-vivo
characterizations. The present investigation revealed that
ERL-loaded micelles might be promising for delivering
anti-cancer agents which are hydrophobic in nature and
to improve their therapeutic efficacy.
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