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ABSTRACT

The covalent attachment of polyethylene glycol (PEG) polymer chain to the therapeutic moieties
is known as PEGylation, which prolongs the residence time of drug in to the body by preventing
RES uptake and renal clearance because of increased molecular weight. PEG compounds used
for PEGylation may require targetable functional group at one end for covalent modification.
Previoudly it has been proved that PEGylation of liposomes results in improved pharmacokinetic
and bio-distribution of therapeutic drugs. PEGylation of carbon nanotubes makes them water
dispersible and long circulating moieties. The present study is the investigation of effect of
PEGylation on liposomes and multi-walled carbon nanotubes (MWNTs) loaded with
methotrexate (MTX) anticancer drug. MWNTs-MTX conjugate was prepared by non-covalent
functionalization and liposome-MTX conjugate was prepared by thin film hydration technique.
PEGylation of both conjugates was done by DSPE-mPEG 2000. The comparison study of drug
loading, particle size and in-vitro drug release profile from both conjugates represents effective
results from MWNTSs than liposomes. Higher drug loading on to carbon nanotubes was achieved
(2.26 mg on 1 mg MWNTS) than liposomes. Particle size of both conjugates was preferred for 1V
administration i.e below 200 nm. In-vitro drug release from MWNTS was faster as compared to
liposomes at acidic environment (pH 5.8), which represents pH at cancer cells. So they can be
targeted for cancer treatment. It can be conclude that PEGylation of carbon nanotubes for
methotrexate gives better effect on cancer than the PEGylated liposomes.

Keywords: Multiwalled Carbon Nanotubes, Methotrexate, DSPHEH=@GP Liposomes,
PEGylation.

INTRODUCTION

PEG is the common abbreviation for polyethylenecgly- or, more properly, poly (ethylene
glycol) — which refers to a chemical compound, cosgal of repeating ethylene glycol units
(figure 1). Depending on how one chooses to defireconstituent monomer or parent molecule
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(as ethylene glycol, ethylene oxide or oxyethylerdigure 2 shows PEG compounds is also
known as PEO (polyethylene oxide) and POE (polytxgene). Purified PEG is most
commonly available commercially as mixtures of elifint oligomer sizes in broadly or narrowly
defined molecular weight (MW) ranges.

HO._~ x4
Ethylene glycol
HO o o Do OH
Polyethylene glycol (PEG,)
Figure 1: PEG unit.

e H.ruxa-"'

Ethylene oxide R-oxyethane

Figure 2: PEO and POE unit.

Properties of Polyethylene Glycol

Poly (ethylene glycol) has mainly 3 chemical prajsrthat make it especially useful in various
biological, chemical and pharmaceutical settings:

« Non-toxic and non-immunogenic — can be added toianadd attached to surfaces and
conjugated to molecules without interfering wittlaar functions or target immunogenicity

« Hydrophilic (agueous-soluble) — attachment to pnsteand other biomolecules decreases
aggregation and increases solubility

« Highly flexible — provides for surface treatmenteoconjugation without steric hindrance

Certain experimental systems and assay platfornperde on the ability to alter the mass,
solubility or other properties of proteins, immueag, therapeutics, reaction vessels and other
materials. PEGylation, the addition of ethylenecglyor ethylene oxide polymers, is a useful
method of making these modifications. Covalent riicalion with PEG (also called PEO)
groups requires PEG compounds that contain a veagtitargetable functional group at one end

[1].

PEGylation is the process of covalent attachmenpobfethylene glycol polymer chains to
another molecule, normally a drug or therapeutategn, which can help to meet the challenges
of improving the safety and efficiency of much #yggutics. PEGylation is routinely achieved by
incubation of a reactive derivative of PEG with therget macromolecule. The covalent
attachment of PEG to a drug or therapeutic prataim”mask” the agent from the host's immune
system (reduced immunogenicity and antigenicityicrease the hydrodynamic size (size in
solution) of the agent which prolongs its circutgtotime by reducing renal clearance.
PEGylation can also provide water solubility to fgmhobic drugs and proteins. These physical
and chemical changes increase systemic retentitmedherapeutic agent. Also, it can influence
the binding affinity of the therapeutic moiety teetcell receptors and can alter the absorption
and distribution patterns. The choice of the slitdbnctional group for the PEG derivative is
based on the type of available reactive group enntiblecule that will be coupled to the PEG.
For example, proteins have typical reactive amin@idsa coupled to PEG,
include lysine, cysteine, histidine, arginine, aspa acid, glutamic acid, serine, threonine, and
tyrosine. The N-terminal amino group and the C-teaincarboxylic acid can also be used as a
site specific site by conjugation with aldehydedtional polymers.
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PEGylation, by increasing the molecular weight oh@ecule, can impart several significant
pharmacological advantages over the unmodified feuoh as [2]:

= Improved drug solubility.

= Reduced dosage frequency, without diminished efficaith potentially reduced toxicity.

= Extended circulating life.

= Increased drug stability.

= Enhanced protection from proteolytic degradation.

Many studies and years of PEGylation developmente hgiven important theoretical and
commercially useful results. The products alreagypraved by the FDA are a clear
demonstration of the usefulness of PEGylation enithprovement of therapeutic value of drugs.
In particular, the increasing use of PEGylation \wassible because of the availability of PEGs
with different molecular weights and activationrfar (mainly from Nektar Therapeutics) needed
to respond to the various drug-modification requieats [3].

Protein and peptide drugs have short circulatinf Ifa. PEGylation can overcome these and
other shortcomings by increasing the molecular méagsoteins and peptides and shielding them
from proteolytic enzymes. It improves pharmacokogetand show improved patient
convenience and compliance [4].

An ideal PEG reagent fulfills at least the followiariteria [5]:

* Monodispersity or at least a dispersity index close..00, in order to assure a reproducible
high quality.

* Availability of one single terminal reactive grofgr the coupling reaction, in order to avoid
cross-linking between drug molecules.

* Non-toxic and non-immunogenic, biochemically stdlriker.

» Branching for optimal surface protection.

 Options for site-specific PEGylation.

A liposome is a spherical vesicle with a membraommosed of phospholipids and cholesterol
bilayer. Liposomes can be composed of naturallywddrphospholipids with mixed lipid chains
(like egg phosphatidyl-ethanolamine), or of purdaiant components like DOPE (di-oleolyl-
phosphatidyl-ethanolamine). PEGylated liposomesewnaitially developed with the primary
goal of evading rapid clearance by the reticuloémel@l system, thus allowing them to remain
in the circulation for prolonged periods after lLhjection. This property of PEGylated
liposomes has been shown to result in effectiveotutargeting and therapeutic efficacy in a
number of animal models. Furthermore, in clinidaidges the favorable pharmacokinetics and
bio-distribution of PEGylated liposomal doxorubid¢iave been shown to translate to significant
activity against AIDS related Kaposi’'s sarcoma against ovarian and breast cancers [6, 7].
Life enhancement products shows that conventioi@sbmes are good but PEGylated
liposomes are better because two main advantagegE®@flated liposomes for delivering drugs
or supplements ati@creased bioavailability and oftargeted delivery to the organs or tissues that
most need them [8]K. Remaut were compared the intracellular distrdouof non-PEGylated
and PEGylated liposomes to check the endosomahdatjon of the delivered phosphodiester
oligonucleotides. The non-PEGylated liposomesciffitly escaped from the endosomes
thereby releasing phosphodiester oligonucleotid®3-QONs) in the cytoplasm of the cells. In
contrast to non-PEGylated liposomes, PEGylatedsbptes failed in protecting the PO-ONs
they were carrying, leading to rapid degradatiothef PO-ONs in the endosomal compartment

[9].
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A Carbon Nanotube is a tube-shaped material, madarbon, having a diameter measuring on
the nanometer scale. A nanometer is one-billiofith meter, or about one ten-thousandth of the
thickness of a human hair. As a group, Carbon Ndoest typically have diameters ranging from
<1 nm up to 50 nm. Their lengths are typically salenicrons, but recent advancements have
made the nanotubes much longer, and measured time¢ers [10]. The widespread use of
carbon nanotubes is severely limited by the difficature of processing and handling them in a
facile manner because of its insolubility in a mes-friendly solvent. One solution for this is the
use of polymers, which not only solubilize nano&ibg encapsulation but also keep the intrinsic
property of nanotubes intact [11]Noncovalent functionalization of single-walled cainb
nanotubes (SWCNTs) with phospholipid-polyethyledgcgls (PI-PEGs) was performed to
improve the solubility of SWCNTSs in aqueous solnti&valuation of functionalized SWCNTs
showed that the non-covalent functionalization @eot could considerably increase aqueous
solubility, which is an essential criterion in tdesign of a carbon nanotube (CNT) -based drug
delivery system and its biodistribution [12].

Treating cancer is a world wide issue. Highly todiags are useful to prevent multiplication of
cancer cells but they are too dangerous to delimea systemic manner. Now a day,
Nanotechnology has begun to play a key role indliete and treatment of cancer. New research
conducted at The School of Pharmacy has foundddwdion nanotube-based delivery systems
may have a significant impact in the fight againsty cancer [13]. The amount of loaded drug
on a CNT is rather small. In this respect, lipossrfipid vesicles) are employed for transporting
a large amount of drug [14]. Liposomes are setia@sed spherical vesicles composed of
amphiphilic lipids. But they may limit the functidmecause of bi-lipid layered membranes and
they are rapidly cleared from blood plasma. In stf the tube shape of carbon nanotubes
suggest that the chamber inside may be accessiblemill molecules. The attributes of
liposomes and nanotubes must be considered tondatetheir capability of encapsulating and
transporting molecules [15]. The direct compari$@tween carbon nanotubes and liposomes
demonstrates the potential advantages offered tippoananotubes for the intracellular delivery
of therapeutic agents in vivo [16].

The aim of present work was to study the effectP&Gylation on liposomes and carbon
nanotubes loaded with same drug methotrexate topamanthe effectiveness of both
nanotechnologies based formulations for targetarger cells.

MATERIALSAND METHODS

Materials

Multiwalled carbon nanotubes with 10-15 nm outemdeéter, 2-6 nm inner diameter and 0.1-10
pum length were purchased from the Sigma-Aldrichyn@ay. Soya phosphatidycholine was
purchased from Life care innovation, Bombay. 1, Distearoyl-phosphatidylethanolamine-

methoxy-polyethylene glycol conjugate-2000 (DSPE=EGP2000) was received as gift sample
from the Sun Pharma Advanced Research Centre, 8aludia. Methotrexate was received as a
gift sample from the Zydus Cadila, Ahmedabad, Indh other chemicals were of laboratory

grade purchased from local suppliers.

Methods

Method of preparation of PEGylated Liposomes[17]

TFH (Thin Film Hydration) method was selected fbe tpreparation of Liposomes in this
investigation due to non-tediousness and feasibllla scale compared to other techniques
(Figure 3).
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Figure 3: TFH method for preparation of liposmes.

PEGylated liposome were composed of SPC:CHOL: DBIPEG 2000 in a 90:10:5 M% ratio.
Briefly, methotrexate, CHOL and lipids (SPC and m@2B00-DSPE) were dissolved in
chloroform and dried in a rotary evaporator to farthin film layer, which was re-suspended in
phosphate buffer saline (PBS, pH 4.0) until conghlehydrated. Then, the liposome dispersion
was sonicated (4 cycle, 3min., 80% amp, 0.5cyate/se probe sonicator (RR-120, Ralsonics,
Mumbai). Un-entrapped methotrexate was removed fribra liposome suspensions by
centrifugation and the liposome pellet was waskedet with PBS (pH 7.4). The pellet was then
suspended in distilled water containing sucroselgmmatio of sugar-to-lipid = 2.3), and freeze-
dried. The final PEGylated liposome particles wai@ed in tight containers at 4 °C for further
experiments. Table 1 contains specification of psscparameters to prepare MTX Liposomes.
Liposomal suspension was then characterized foicleesize and percent drug entrapment
(PDE).

Table 1: Specification for formulation of MTX Liposomes

MTX : SPC 1:25
Molar ratios SPC : CHOL 9:1
Chloroform : methanol 2:1viv
Vacuum 600 mm Hg
Solvent evaporation time 40 min
Process parameters Speed of rotatior Film formation| 100 RPM (80 min)
Hydration 80 RPM (75 min)
Sonication 80% amplitude, 0.5 cycles/min, 4 cycBesjin.

Method of preparation of PEGylated Carbon Nanotubes[18]
MWCNTs (multiwalled carbon nanotubes) were functilired by mixing MWCNTs: DSPE-
mPEG 2000: MTX in a 1:8:4 ratios in water and sated in a bath sonicator (Figure 4).

First of all, MWCNTs: DSPE-mPEG 2000 (1:8) was diged in water by sonication for 90 min
with 5 min time interval. Unbound surfactant wasrttughly removed by repeated filtration
through 100 kDa filters (Millipore). The functiomeéd MWCNTs were then resuspended in
phosphate-buffered saline (PBS, pH 7.4) by sominaih a bath sonicator and were mixed
separately with the known concentration of meth@tre solution prepared in same buffered
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saline. The mixture was kept overnight at 7.4 pHditions. Suspension was used for further
analysis of particle size and drug entrapmentiefiicy.

MWCHNTS: DEFPE-mPEG 2000 (1:8) was dissolved in water

7

Sonication for 90 min with 5 min fimeinterval

7

Eepeated filtration through 100k Da filters (millip ore) to remove unbound surfactanct

2

Resuspend in phosphate-buffered saline (FES, pH 7.4 by sonication

7

Add known concentration o f methotrexate and keptovernight at 7.4 pH conditions

2

Suspension of PEGylated carbon nanotubes

Figure 4. Preparation of PEGylated Carbon Nanotubes.

Characterization:

Drug entrapment efficiency [19]

The drug loading (drug incorporated onto the 1 ongefionalized MWNTSs out of 4mg initially
taken and on to liposomes) were determined by padbe 1ml formulation from Sephadex G-
50 column (to remove un-entrapped drug), washiegcthlumn with 1 ml phosphate buffer pH
7.4 and collecting the 4 fractions of 0.5 ml. Ddube fractions with phosphate buffer pH 7.4 and
measure the absorbance at 259nm using phosphde ptf 7.4 as blank. Calculate the drug
loading and % assay.

Particle size analysis
Particle size distribution study and zeta potentalthe MWCNT conjugate & liposome
conjugate was measured using Zetasizer Nano ZS/@ainstruments, U.K.).

In-vitro drug release study [20]

The in vitro release study of Methotrexate from the MWCNTs folation and liposomal
formulation was determined using dialysis membramriefly, 1 ml of MWCNTs
formulation/liposomal suspension was taken in dydia tube (Mol. Wt. cut-off 12 000;
HIMEDIA, Mumbai, India Himedia) and was suspendedohosphate buffer at a specified pH.
Drug release from the formulations was determingadstimating drug content in the samples
withdrawn at convenient intervals of time for 48

Stability study [21]

Stability study of both PEGylated liposomes and Rlatéd MWNTs formulations were carried
out at room temperature (R.T.) and at refrigerai@aditions (Freeze) for 1 month. Drug assay
(%) and particle size were determined for samplésdnawn at specified time interval.

RESULTS

Functionalization and drug loading of carbon nanotubes[18]

Multiwalled carbon nanotubes were successfully fionalized by DSPE-mPEG, which makes

them well dispersible in distilled water. The dregding efficiency of carbon nanotubes were
found to be 56.5% with 185.1 nm particle size. ©ae load about 2.26 gm of methotrexate on 1
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gm of carbon nanotubes. Table 2 shows optimizeahdta to prepare well functionalized drug
loaded carbon nanotubes.

Table 2: Formula of PEGylated carbon nanotubes.

Ingredients Quantity

Mutiwalled carbon nanotubes 1 mg

DSPE-mPEG 2000 8 mg

Methotrexate 4 mg

Phosphate buffer pH 7.4 5ml

Sonication time 90 min with 5 min interval
Incubation period for drug loading 24 hours

Particle size analysis and zeta potential measurement of MWNT conjugate [18]
The PEGylated carbon nanotubes showed a meanlgaitie of 189.7 nm with 0.215 PDI and
100% peak intensity when the formulation was retituied using pyrogen free water (Figure 5).
The Zeta potential of the same formulation was ébtmbe -25.8 mV (Figure 6).

Results
Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 176.6 Peak 1: 189.7 ' 100.0 221.0
Pdl: 0.215 Peak 2: 0.000 0.0 0.000
Intercept: 0.654 Peak 3: 0.000 0.0 0.000

Result quality :

Size Distribution by Intensity

Intensity (%)

0.1 1 10 100 1000 10000
Size (d.nm)

Figure5: Particle size of MWNT s formulation

Results
Mean (mV) Area (%) Width (mV)
Zeta Potential (mV): -25.8 Peak 1: -25.8 100.0 5.70
Zeta Deviation (mV): 5.70 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0243 Peak 3: 0.00 0.0 0.00

Result quality :

Zeta Potential Distribution

600000
500000
400000

300000

Total Counts

200000

100000

0
-200 -100 0 100 200
Zeta Potential (mV)

Figure 6: Zeta potential of MWNTsformulation
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Characterization of liposomes
Characterization parameters of MTX Liposomes aoavshin Table 3. Figure 7 and 8 represents
particle size and zeta potential of MTX Liposomespectively.

Table 3: Characterization parametersof MTX Liposomes

Characterization parameters Results
% Drug entrapment 67.93% £ 0.278
Particle size (PDI) 80.7nm (0.239)
Zeta potential -19.4
FResulis
Diam. jnm} % Infensity Widih (mmi
Z-Average (d.am). #0.7 P i: 108 100.0 Otz 3
Panp G2 Prak 2 (1R8] a4 (FRE 1)
Inbercept: 0 561 Paak 3: 0.ma oo 0.og
Bz DislRasbion by [Flensiy
2 =
167 Y
_— 3
E al-
! :
al. "
o - :
o1 1 10 1000 10000
Figure 7. Liposomal size after Sonication.
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jon00an b
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Figure 8: Zeta potential of lyophilized liposomes.

In-vitro release study

Figure 9 shows the In-vitro drug release profileboth PEGylated formulation MWNTs-MTX
and Liposomal MTX in phosphate buffer pH 7.4 & &dhinst plain drug suspension.
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Figure9: In-vitro release study profile.

The percentage release behavior of formulation M\SANITX in acidic environment i.e. in pH
5.8 was greater (53.84% after 28 hours) as compargiH 7.4 (46.08% after 28 hours). In
contrast, liposomes show less drug release in a@dvironment (75.7%) than at pH 7.4
(87.86%) after 28 hours.

Stability study

Figure 10 and 11 represents stability studies of WM& and LIPOSOMES at room temperature
(RT) and refrigerated conditions (Freeze). Samplirag done after every 2 weeks and then %
drug retained and patrticles size of formulationsenaeasured out. Figure 10 shows Percentage
drug retained in both formulations and figure 1plais increased particles size during storage
at different storage conditions.

100.50%
100.00%
E 99 .50%
‘E AT At ] /V'--_%
.ED 99 00% ——NMNWNT=(RT)
= —B—-MWNTs (Freeze)
_‘; 98.50% ;
S =4—LIPOSOME (RT)
98.00% \ =~=LIPOSOME (Freeze)
9- 509’;) T 1
0 5 10
weeks

Figure 10: Percentile drug retained during stability study
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0 5 10
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Figure 11: Particlesize (in nm) during stability study
DISCUSSION

Carbon nanotubes, wrapped cylinders of graphitibaa are ultimately strong nanofibers with a
Young's modulus of ~1 TPa and tensile strengthl®0~GPa. Such amazing "dream" structural
material, nearly 100 times stronger than standeelss must and will be utilized for individual
or composite applications in the 21st century [22].

Structurally, Liposomes have semi fluidic natureiakhis much less rigid than Smarbon
network of nanotube. This also provides difficidtizghen considering how CNT might be
eliminated from biological systems, by either biagkdown or physically disposing of them.
Not the least of these includes the current inigbild select nanotubes according to their
diameter, size or chirality. Another experimentedwdback is cutting of nanotubes, so that they
are small enough to be functionalized and madebs®in aqueous solutions. They also must be
long enough to hold the internalized molecules authlosing all of their contents before
reaching the target. Finally, a nanotube contairdngg molecules must be emptied once it
reaches its destination [23, 24].

Competing delivery systems for molecules into thdybdo exist, such as polymer nanoparticles
or capsules known as Liposomes, which are essgmti@de of artificial cell membranes. One

advantage carbon nanotubes have over these coonpélis one can really engineer carbon
nanotubes and nanoparticles very precisely, alatosh by atom, all essentially identical, which

is much more difficult with Liposomes or polymerstgms [25, 26].

The modification of therapeutic molecules througle tattachment of poly (ethylene glycol)
[PEG] moieties ('PEGylation’) are the most commppraaches for enhancing the delivery of
parenteral agents. PEGylation reduces renal clearand, for some products, results in a more
sustained absorption after subcutaneous admingstras well as restricted distribution. These
pharmacokinetic changes may result in more consadt sustained plasma concentrations,
which can lead to increases in clinical effectivenehen the desired effects are concentration-
dependent. Maintaining drug concentrations at @r reetarget concentration for an extended
period of time is often clinically advantageousd as particularly useful in therapy [3]. Simple
modification with polyethylene glycol (PEG) is nadnly capable of improving the
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pharmacological properties of a drug, especialiypfEptide and protein therapeutics, but has also
to be considered with regard to its life cycle esien [27]. In-vitro profile shows that plain drug
was rapidly released from suspension within 5 haysto 98%. Whereas, both PEGyalted
formulations shows long time steady drug releasgu(e 9).

As far as concern with stability study, one candpiethat drug was retained in MWNTSs even
after 8 weeks because of their length, whereasdsed drug retention was seen with liposomes
(Figure 10). PEGylated MWNTSs conjugate maintainirtiparticle size during storage, but the
particle size of Liposomal conjugate was constanityeases with time (Figure 11).

PEG quality is important in order to achieve repmmble PEGylation and reliably meet the

specification of the PEGylated drug [27]. PEG iganfeed by chemical synthesis and, like all
synthetic polymers; it is poly-disperse, which mednat the polymer’s batch is composed of
molecules having different number of monomers, dyjigj a Gaussian distribution of the

molecular weights. Now a days, because of the dpwent of synthetic and purification

procedures, PEGs on the market are less poly-dispgban those employed initially, but the
poly-dispersivity problem must be still taken intonsideration, especially when dealing with
low molecular weight drugs, either peptide or n@pfme drugs, where the mass of linked PEG
is more relevant for conveying the conjugate’s abtaristics, mainly those related to the
molecular size. The high water coordination of plodymer increases the PEG’s hydrodynamic
volume up to 3-5 times that of a globular proteavihg the same molecular weight, thus
decreasing the polymer kidney clearance threshaddtiae linear and flexible structure of PEG
chains that help the polymer to cross the glomemlkembranes by a ‘snake-like’ movement. In
this study, DSPE-mPEG was used for PEGylation, idely used lipid conjugated surfactant

used for PEGylation of various nanotechnology fdations like liposomes, nanoparticles etc
[28, 29].

It was fact that direct comparison of carbon nabhesuand Liposomes is not easy because they
are much similar in many ways like hydrophobicisze restriction, storage and delivery
mechanics, among other properties [30]. Table 4vshdifference between carbon nanotubes
and liposomes.

Table 4: Difference between carbon nanotubes and L iposomes

Carbon nanotubes Liposomes
Not spherical. Long tubes. Spherical and colloidal.
Easy to engineer and drug load on to nanotubes. y dédious method to make.

Less drug incorporation as compared to carpon
More drug pay load because of large surface area.

nanotubes.
No uptake by reticuloendothelial system (RES), @agl| Extensive uptake by tissues of RES, so rapjdly
circulation in body. eliminated from body.
Toxic to body in some way. Non toxic to body.
All types of drugs can be incorporated which hatH,- | Only lipid soluble drugs can be incorporated |in
or —COOH functional group. hydrophobic region of Liposomes.

Following table 5 shows some comparative data of MI\8*MTX and Liposomal MTX. The
results indicate that % drug entrapment and Parsde of Liposomal MTX is much good as
compared to nanotube formulation. But drug: limtio is higher in Liposomes (1:25) (Table 1)
than the carbon nanotubes (1:8) (Table 2). Highernngredients and its quantity higher will be
the complications [31].
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Table 5: comparison data of MWNTs-MTX and Liposomal MTX.

Characterization parameters | Liposomal MTX | MWNTsMTX
% Drug entrapment 67.93% £ 0.278 56.5% + 0.184
Particle size (PDI) 80.7nm (0.239 185.2nm (0.2[73)
Zeta potential -19.4 -25.8

Secondly, Liposomes have extensive uptake by tssafereticuloendothelial system. So

PEGylation makes them render block from renal eleee. In-vitro study represents that MTX

from Liposomal formulation was released up to 888ér&28 hours at pH 7.4, but it was lesser at
pH 5.8. The reason is that unlike carbon nanotutiess; can not release the drug at acidic
environment. But from the PEGylated nanotubes,réhease was slow and steady at pH 7.4,
whereas fast release of drug from carbon nanotwbeseen at pH 5.8 (Figure 9).

Additionally, carbon nanotubes can easily elimidate®m the body after they are reaching at
destination [32]. So they are not much toxic toyodslb carbon nanotubes are able to deliver the
drug to a cancer cell and avoid other normal ¢aB$.

Reporting its work in the journal ACS Nano, a reshateam led by Hongjie Dai, Ph.D., an
investigator in the Center for Cancer Nanotechnplégcellence Focused on Therapy Response,
showed that polymer-coated single-walled carborondies spontaneously absorbed the cancer
drug doxorubicin onto their surfaces when the dnas added to the nanotubes dissolved in
water. The resulting construct contained approxaiyab0 to 60 percent doxorubicin by weight,
far higher than the 8 to 10 percent obtained withee liposomes or dendrimers. Carbon
nanotubes retained their drug payload when disdalvenormal physiological buffer and blood
serum, but the drug is released quickly from thenotzbes in the acidic environment
(characteristic of the intracellular domain of turgells) [34].

Summarizing study of PEGIation approach has thet mdsvant advantages are the prolonged
body-residence time, which allows less frequent iathtnations and the increase in stability
towards renal clearance. These advantages of P@sylallowed this technique to create
blockbuster products, such as PEGylated MWNTs-MT &IPOSOME MTX. In patrticular,
the increasing use of PEGylation was possible tscatithe availability of PEGs with different
molecular weights and activation forms needed 8poad to the various drug-modification
requirements.

CONCLUSION

From the results and discussion, it is concluded fitrmulation of MWNTs was better in much

ways as compared to Liposomal MTX. PEGylation of MW gives targeted action on cancer
cell environment (pH 5.8). Effect of PEGylation sl®influence results in case of carbon
nanotubes than liposomes. Particle size distributiod drug loading efficiency of liposomes as
well as carbon nanotubes were effective to be gxetV route. In-vitro drug release profile of

MWNTs-MTX shows a greater drug release of MTX imdacenvironment. Stability study also

proves that the drug retention is better in MWNT$»Mconjugate than liposomes. Finally,

effect of PEGylation shows better results in cassadbon nanotubes than liposomes.
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