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Abstract

Now days, breast cancer is the most frequently diagnosed life-threatening cancer in
women and the leading cause of cancer death among women. The objective of present study
was to design various PEG based nanosystems in which folic acid is attached directly or
indirectly via different types of PEGs (Mw: 1000, 4000) as spacers and resolve possible
shortcomings associated with cancer chemotherapy. An anti-cancer bioactive was
encapsulated in above types of SLN nanoconjugates and their in vitro as well as ex vivo
anticancer targeting potential compared. Above studies (FT-IR, IHNMR and TEM studies)
concluded that the folate are attached directly and indirectly via PEGs as spacer to the SLNs.
There after these developed nanoconjugates formulations were optimized for the drug
loading, drug entrapment, cumulative drug release and tumor targeting potential by ex vivo
cell line study. The present work is expected to throw new light on the role of spacer chain
length in targeting potential of folate anchored SLN. The drug entrapment, surface
morphology, particle size, PDI, and in vitro drug release. In order to authenticate the provided
PTX samples as well as to determine vital physicochemical parameters that can aid during
synthesis/formulation development, preformulation studies were carried out. The drug
entrapment efficiency of plain SLN was 79.30.5 percent, which was greater than the drug
entrapment efficiency of connected SLN, which was 71.7 percent. In each steps, the
outcomes of the studies were compared with standard pharmacopoeial guidelines.

Introduction

Cancer is a multifaceted disease that represents one of the leading causes of mortality in
developed countries. Due to the societal and economical implications of this pathology,
tremendous efforts have been made over the past decades to improve the available
therapeutic options. Although a large number of potent chemotherapeutic anticancer agents
have been identified and successfully used in clinical practice, considerable research activity
is devoted to discover more potent treatments, while minimizing their toxic side effects.
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Indeed, most anticancer agents display a narrow therapeutic window due to their lack of
selectivity against cancer cells. Besides, the ability of the anticancer compounds to actually
reach their target is often impaired by a number of physiological barriers (i.e., tumour
interstitial pressure, diffusion through the tumour endothelium and/or extracellular matrix and
so on) as well as by metabolisation/degradation phenomena such as conversion into inactive
metabolites.[!

Tumors are characterized by poorly differentiated, highly chaotic arrangement of
vessels which have unsealed endothelial cell- cell junctions and discontinuous basement
membrane. Due to their irregular organization, tumor microvessel walls are leaky and exhibit
heterogeneous hyperpermeability compared to normal tissue (Jain & Stylianopoulos, 2010).
Unlike normal tissues, tumors have functionally defective lymphatic vessels because cancer
cells compress lymphatic vessels causing their collaps. Also, the decreased lymphatic
drainage associated with tumors results in retention of permeated macromolecules in tumors.
The fluid that leaves the bloodstream inside the tumor can only escape from the tumor either
by feeding back into post capillary venules or by passage through the tumor interstitium.
Tumor cell targeting is a promising strategy for enhancing the therapeutic potential of
chemotherapy agents. PEG coated (sterically stabilized) carrier show enhanced accumulation
on the surface of tumors, but steric hindrance by PEGylation reduces the association of the
carrier-bound ligand with its receptor. FR targeting depends upon the concentration and PEG
spacer length of folate-PEG-carrier conjugates. PEG conjugation or linking with the SLNs
system is called PEGylation, which improves water solubility and non-statistical attachment
of drug molecules. The main purposes of PEGylation of SLNs are to alter biodistribution and
pharmacokinetics of SLNs. PEGylation of SLNs can generally overcome reticuloendothelial
system (RES) uptake, drug leakage, immunogenicity, hemolytic toxicity, cytotoxicity,
hydrophobicity. Hemolytic and different cell line studies have shown reduced toxicity of
PEGylated SLNs than cationic SLNs. PEGylation causes increased solubilization of
hydrophobic drugs in SLNs framework as well as in PEG layers. PEGylated SLNs show
longer blood retention and lower accumulation in other normal organs than the non-
PEGylated SLNs.

Materials and methods

Preformulation study

Preformulation studies are needed to ensure the development of a stable as well as
therapeutically effective and safe dosage form and preformulation studies of the drug PTX
include identification, physical appearance, melting point, solubility, standard curve and
partition coefficient.

Identification of drug

Physical Appearance

The drug PTX gifted from SUN Pharmaceutical Industries Ltd- Gujarat (India). The supplied
powder of PTX was White to off-white crystalline powder

Melting Point

Melting point of PTX was determined by melting point apparatus and found to be 216°-
217°C.
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The sample was qualitatively tested for its solubility in various solvents. It was determined by
taking 2 mg of drug sample in 5 ml of solvent as Distilled water, PBS 7.4,ethanol, Diethyl
ether, chloroform, Dimethyl sulfoxide (DMSQ) etc., in test tubes using a vortex shaker
(Yorco, New Delhi). The results obtained by solubility testing are given in (Table 4.1).
Determination of partition coefficient

The partition behavior of drug was examined in n-Octanol: Water, and n-Octanol: PBS (pH
7.4) systems.

Amount of drug in organiclayer
Amount of drug in aqueous layer

The partition cofficient =

Determination of Amax

The PTX (10.0 mg) was accurately weighed and dissolved in approximately 5 ml of
methanol. Volume was made up to 100 ml with 30:70 methanols: PBS (pH 7.4) to give a
stock solution of 100 mg/ml. Then make 2 pg/ml aliquate and scanned between 200-400 nm
absorption maxima on a UV/Visible spectrophotometer (Shimadzu 1800, Japan). The Amax
was found to be 237.0 nm.

Infrared spectroscopy of ptx

It was done by making pellets of the drug in KBr. IR spectra was taken in Dr.Hari singh gour
viswavidyalaya,sagar. The observed peaks were compared with those (USP NF, 2007)
reported for functional groups (Table 4.3, Figure 4.2 and 4.3).

Calibration curve of ptx

As mentioned in 1.P. 2007. 2.38 g disodium hydrogen orthophosphate, 0.19 g potassium
dihydrogen orthophosphate and 8.0 g sodium chloride were mixed in about 100 ml of
distilled water and the volume was made up 1000 ml with distilled water, the pH of solution
was adjusted to 7.4 immediately before use with 0.1N hydrochloric acid or 0.1 N NaOH as
required.

Drug compatibility studies with selected lipids

Drug compatibility with soya phosphatidyl choline (SPC) and tristearin was studied. Solution
of PTX (20ug/ml) was prepared in PBS (pH 7.4) using methanol as cosolvent.

RESULTS AND DISCUSSION

PTX was gifted from SUN Pharma Industries Ltd and identified as per tests prescribed
in Pharmacopoeia of India (2007). An infrared spectrum of provided drug was found to be
concordant with the reference infrared spectrum of the PTX given in Martindale. Solubility
study in different solvents at room temperature revealed that it is soluble in Ethanol,
Chloroform, DMSQO, and insoluble in distilled water etc. Partition coefficient value of PTX
also revealed & it is Lipophilic nature {Pow = 3.50 for n-Octanol/ water, 3.59 for n-
Octanol/PBS (pH 7.4) . An acidic solution of PTX was scanned in the U.V. range of 200-400
nm using Shimadzu 1800 UV Visible spectrophotometer as prescribed in 1.P. 2007.

The Spectrophotometric method of analysis of PTX at Amax 237.0 nm was found to be

reproducible and highly sensitive. The standard curves of PTX were prepared in phosphate
buffer solution (pH 7.4) at Amax 237.0 nm,. The data were regressed to obtain the straight line.
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The correlation coefficient 0.997 was observed in all the cases, which indicated that,
the drug follows Beer-Lambert's law in the concentration range of 2-20 pug/ml. In the present
study, polymers were selected on the basis of their solubility's and non-interference in the
estimation of drug. The absorbance data of both drug and different additives were noted. The
absorbance data had shown no appreciable change in the absorbance of drug solution at 237.0
nm indicating no interference of polymers in the estimation of PTX. PTX analysed by HPLC
at Amax 237.0 nm .A Mobile phase consisting of Methanol and 0.02 M potassium dihydrogen
phosphate in water (pH 2.5 adjusted with o-phosphoric acid) in the ratio of 80:20 v/v was
used. The flow rate was 1 ml/min. The retention time was found 3.087 min.

Table 1: Solubility of PTX in different solvents

S. No. Solvent Solubility
1. Distilled Water -
2. PBS (pH 7.4) -
3. Ethanol ++++
4. Chloroform ++++
5. Diethyl ether ++
Dimethyl sulfoxide
6. ++++
(DMSO)
++++  Freely soluble 1-10 parts,
+++  Sparingly soluble 30-100 parts,
++  Soluble 30-100 parts,
+  Slightly soluble 100-1000 parts,
—  Practically insoluble >10000 parts
Table 2: Partition coefficient values of PTX
S. No. Solvent system Partition Coefficient
1. n-Octanol/Distilled water 3.50
2. n-Octanol/PBS (pH 7.4) 3.59
Table 3: Important band frequencies in IR spectrum of PTX

S. No. Wave No.(cm™) Description

1. 3509.8 OH stretching

2. 3245.7 NH stretching

3. 3019.0 =CH Stretching (Aromatic)

4. 1737.6 C=0 Stretching

5. 1645.33 C=0 Amide
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Table 4: Standard Curve of PTX in Phosphate Buffer Solution (pH 7.4) at Amax 237.0 nm
S.No. Drug Conc. Absorbance Regressed Statistical Parameters
(ng/ml) Absorbance
1. 2 0.0990 0.1116
2. 4 0.1594 0.1706
3. 6 0.1982 0.2269
4. 8 0.2659 0.2886 y =0.033x + 0.011
5. 10 0.3419 0.3476 R2=0.997
6. 12 0.4187 0.4066
1. 14 0.4814 0.4656
8. 16 0.5486 0.5246
9. 18 0.6137 0.5836
10. 20 0.6845 0.6625
Table 5: Compatibility testing of drug with ingredient lipids
S. Composition Absorption maxima | Absorbance
No. Amax (nm)
1. PTX 237 0.5146
2. PTX + SPC 237 0.5069
3. PTX + Tristearin 237 0.4889
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Figure 2: Standard IR spectra of PTX
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Figure 3: IR spectra of PTX (Sample)
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Figure 4: UV absorption maxima of PTX in Phosphate Buffer Solution (pH 7.4) at Amax
237.0 nm
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Figure 5: Linearly regressed standard curve of PTX in phosphate buffer solution (pH 7.4)
at Amax 237.0 nm
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Figure 6: HPLC analysis of PTX

Sun Pharmaceutical Industries Ltd, Gujarat, sent paclitaxel as a gift (India). Himedia
provided the Soya Phosphatidyl Choline (SPC). Unless otherwise noted, all additional
reagents and solvents were analytical grade and bought from local vendors. Throughout the
investigation, deionized water was utilised.

5.2 PREPARATION OF SOLID LIPID NANOPARTICLE

The solid lipid nanoparticles were prepared by solvent injection method as reported by Hu et
al., 20080821, Tristearin, soya lecithin, stearylamine and drug (10mg) were taken into different
ratio and were dissolved in minimum quantity of absolute alcohol and heated about 70°C in a
beaker. Tween 80 (0.5 % v/v) was dissolved in distilled water and heated at about 70°C. Then
the organic phase i.e. alcoholic solution containing lipid mixture and drug was added to
preheated aqueous solution at the same temperature (about 70 °C) at constant stirring.
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Determination of particle size
Using a Zetasizer DTS ver. 4.10, photon correlation spectroscopy was being used to measure
the average particle size and size distribution of solid lipid nanoparticles (Malvern
Instrument, UK).
Measurement of the surface charge
The surface charge of solid lipid nanoparticles was evaluated by measuring the zeta potential
of the lipid nanoparticles, which was estimated from their electrophoretic mobility according
to Helmholtz-Smoluchowsky.
Morphology of Particles (TEM)
The particle morphology was seen using a transmission electron microscope. The sample
(10L) was placed on the grids and allowed to stand at room temperature for 90 seconds.
Excess fluid was removed by gently brushing the edge of the filter paper with a finger.
Effectiveness of Entrapment
The drug entrapment of the PTX in SLNs was estimated by dispersing the known molar
concentration of paclitaxel loaded SLNs in a cellulose dialysis bag (MWCO 1000 Da, Sigma,
Germany). To remove any unentrapped drug from the formulation, it was dialyzed against
PBS (pH 7.4) in a cellulose dialysis bag for 10 minutes under sink conditions utilising
magnetic stirring (50 rpm; Remi, Mumbai, India).
Drug Release in Vitro
Presoaked dialysis bag (MWCO 12- 14 kDa, Hi Media, India) was used to release PTX
loaded SLNs and Folate linked SLNs in PBS (pH 7.4).

Table 1: Particle Size, PDI, % Drug Entrapment

Formulation Code Size Polydispersity Yo Drug
Index Entrapped
Plain SLNs 201.1+3.7 |0.224 31.09+0.71
Folate coupled SLNs
SLNFA 249.4+2.6 |0.238 48.01+0.92
SLNP1FA 293.4+ 3.4 |0.325 52.98+0.33
SLNP4FA 315.0+3.4 | 0.395 58.22+0.51

Figure 5.1: TEM image of plain SLNs
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Figure 5.2: TEM image of coupled SLNs

RESULTS AND DISCUSSION

Simple SLNs were created using the solvent injection method, which involves quick solvent
diffusion across the solvent-lipid phase into the aqueous phase. Tentaarin, PC, stearylamine,
and medicine were dissolved in ethanol and held at a high temperature of 70 degrees Celsius
with continual stirring. This solution was injected into a Tween 80 aqueous solution, which
was sonicated using a probe sonicator at the same temperature as previously. The drug's in
vitro release was studied after the formulation was linked with the ligand and characterised
(Table 5.2). The form and surface morphology of the particles were studied using SEM and
TEM. Particle size, polydispersity index, and zeta potential were investigated using the Laser
Light Scattering technique (Malvern Instrument).

The PDI of plain SLNs was 0.224, with an average particle size of 201.13.7 nm, as shown in
Table 5.1. Drug entrapment was measured using dialysis with a dialysis membrane, and it
was determined to be 79.30.5 percent. The drug entrapment, surface morphology, particle
size, PDI, and in vitro drug release. Paclitaxel-loaded plain SLNs had a particle size of
201.13.7 nm, which was smaller than paclitaxel-loaded Folate linked SLNs, which had a
particle size of 249.42.6 nm. This might be due to the Folate coating on the surface of SLNs
forming an additional layer on top of the SLN surface. Plain formulations exhibited a lower
PDI (0.224) than connected formulations (0.238), which might be due to the SLN's surface
being disrupted by the Folate coupling. The drug entrapment efficiency of plain SLN was
79.30.5 percent, which was greater than the drug entrapment efficiency of connected SLN,
which was 71.70.5 percent. This might be because the medication escaped from the SLN
during the incubation period (Table 5.1).

FT-IR Spectroscopy

The FT-IR spectroscopy methodology was used to characterise the synthesised
nanoconjugates (SLNFA, SLNP1FA, and SLNP4FA) utilising Nujol's mull method was
performed at Dr. H. S. Gour University Sagar (M.P.), by ElImer 783 Spectrophotometer.
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Table 6.2: Important peaks of FT-IR spectrum and data analysis of SLNFA

Wave number (cm?) Interpretation
789.83 Aromatic C-H bend
1128.08 Ester unconjugated C=0 stretching
3445.95 N-H stretching of primary amine and
O-H stretching
1128.08 Ester unconjugated C=0 stretching
2252.92 Alkynyl C-H and C=C stretching
1673.75 Aromatic C=C bending and stretching due to
attachment of FA
1416.11 CH-NH-C(=0) amides bending
1261.26 Esters unconj. C=0 and C-O stretching
819.83, 789.83 Aromatic C-H bending
Table 6.3: Important peaks of FT-IR spectrum and data analysis of SLNP1FA
Wave number (cm™) Interpretation
3435.86 N-H stretch of primary amine
2938.77, 2889.91 Carboxylic acid C=0 and O-H stretch
1462.46, 1415.88 CH-NH-C(=0) amides bending
1228.75, 1192.07 Esters C-O stretching
1114.71 C-O stretch ether linkage strong
950.97, 819.41 Aromatic C-H bending
Table 6.4: Important peaks of FT-IR spectrum and data analysis of SLNP4FA
Wave number (cm™) Interpretation
3434.11 N-H stretch of primary amine
2923.72, 2871.61 Carboxylic acid C=0 and O-H stretch
1643.13, 1735.88
1458.03 CH-NH-C(=0) amides bending
1298.69, 1250.31 Esters C-O stretching
1107.21 C-O stretch ether linkage strong
950.80, 845.69 Aromatic C-H bending
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Figure 3: FT-IR spectrum of SLNP4FA
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CONCLUSION

Above studies (FT-IR, *HNMR and TEM studies) concluded that the folate are attached
directly and indirectly via PEGs as spacer to the SLNs. There after these developed
nanoconjugates formulations were optimized for the drug loading, drug entrapment,
cumulative drug release and tumor targeting potential by ex vivo cell line study.

The objective of present study was to design various SLNs based folate anchored
nanosystems in which folic acid is attached directly or indirectly via different types of PEGs
(Mw: 1000, 4000) as spacers and resolve possible shortcomings associated with cancer
chemotherapy. An anti-cancer bioactive was encapsulated in above types of SLN
nanoconjugates and their in vitro as well as ex vivo anticancer targeting potential compared.
The present work is expected to throw new light on the role of spacer chain length in
targeting potential of folate anchored SLN. In order to authenticate the provided PTX
samples as well as to determine vital physicochemical parameters that can aid during
synthesis/formulation development, preformulation studies were carried out. In each steps,
the outcomes of the studies were compared with standard pharmacopoeial guidelines.
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