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Abstract

Single walled Carbon nanotubes (SWCNT), as nano-needle structures, are good candidates as
nanocarrier delivery systems that can carry drug to the site of action especially for chemotherapy. Teniposide is
an anticancer drug, but it has a problem of low solubility. In this study, carbon nanotubes properties were improved
by pre-functionalized of carbon nanotubes via carboxylation with strong acids and then functionalized through
attaching to polymer and copolymer. Concurrently, a proper polymer-copolymer combination has been selected
by the homogeneity and UV-Visible spectroscopy.

The best formula (F19) is further studied utilizing Fourier transoform infra red, scanning electron
microscopy, Transmittance electron microscopy, and the solubility of teniposide.

The results showed that the best dispersibility obtained in the formula that used polyvinyl alcohol (PVA)
as polymer and polyethylene oxide (PEO) as copolymer at a ratio of 1:1. The solubility of incorporated teniposide
in the selected formula is increased by 11.5 fold. Accordingly, it can be concluded that the acid treated carbon
nanotube and linked by polymer improve the pharmaceutical properties of the carrier and actively increase the
potency of drug.

Key words: Acid treated carbon nanotubes, Teniposide, Hydrophilic polymers.
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Introduction

Carbon  nanotubes (CNTS)  represent One of the important anticancer
promising tools as drug nanocarriers. When drug Semisynthetic drUgS is tenipOSide, which belongs to
delivered to the body intended, carbon nanotubes a family of topoisomerase inhibitors. Their action is
combine the properties of nanoparticles, both the through  stabilization of topoisomerase-DNA
biocompatibility of liposomes or polymeric cleavable complexes by hindering the DNA
nanoparticles and the stability of inorganic relegating step of the catalytic reaction. The problem
nanoparticles such as gold and silica ones. They give of teniposide is the solubility, since it is water
the potentiation of modification where different insoluble @.

particles involving protein, enzymes nucleic acids
and drugs can be affixed ©.
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Carbon nanotubes can be used as a carrier for
teniposide, since it could enhance the solubility,
improve the penetration to cancer cells, and decrease
the side effect by targeting ©.

Pristine CNT has a smooth surfaces and not
soluble in aqueous media that need to pre-
functionalization by acid treatment and
functionalized with polymer®.

The selection of proper polymers depends on
the properties of the polymer. The proper polymers
must be nontoxic biocompatible and improve the
CNTs properties like stability, dispersibility, facile
electrochemical polymerization, ion exchange with
the medium, good capacity to enhance adhesive
coatings, increase the porosity, and drug loading
efficiency ©®.

The polymer is wrapping around CNTs body
that will improve the aqueous dispersibility of CNT
©)

Different water-soluble polymers like
polyvinyl alcohol (PVA) and polyethylene glycol
(PEG) of different molecular weight (1500, 1000,
and400) were used to increase the dispersibility and
enhance cell penetration. This work was performed
to improve the properties of nanocarriers and
consequently of the drug solubility.

Material and Methods
Materials

Single-walled carbon nanotube (SWCNT)
purchased from Hongwu International Group Ltd,
China, teniposide from Xi'an Health Biochemical
Technology Co., Ltd. China, Polyethylene glycol
1500 from Thomas Baker, India, polyethylene
glycol 1000 from Sinopharm Chemical reagent,
China, Polyethylene glycol 400 from Hi-Media
Laboratories, India, Poly vinyl alcohol146000 from
Sinopharm Chemical reagent, China, Polyethylene
oxide 10000 from SM chemical SDMPHD,
Malaysia. Dextran 70 from Guanjie Chemical
reagent, China. All other ingredients used in the
study were analytical grade.

Methods
Purification and carboxylation of SWCNT

Exactly one gram of SWCNT was mixed
with 80 ml mixture of H,SO4 (18.4M) and HNO3
(15.7M) 3:1 in tightly close glass container. The
mixture was sonicated in bath sonicator for 6 hours
at 70°Cand conserved overnight. The dispersion was
centrifuged at 4000 rpm for 15 minutes to remove
the large agglomerates and bundles. After sonication
and centrifugation steps, the dispersion was filtrated
through 0.2 pm polycarbonate filters (Whatman
Ltd.) that diluted with deionized water in order to
protect the filter paper from the strong acids, the
filtrate continually washed with deionized water by
vacuum-assisted filtration until the pH of eluting
reached to 7. The filter paper that contains the
precipitant was dried using hot air ovens for a night
then the SWCNT collected for the next step 19,
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Preparation of polymer linked CSWCNT

For polymeric coating of CSWCNT, a
different polymer (po) and copolymer (copo) were
used in order to enhance the dispersing capacity of
SWCNTs and increase drugs loading. The used
polymers include polyethylene glycol (PEG) of
different molecular weight (1500, 1000, and 400)
and polyvinyl alcohol 146000 (PVA), while
polyethylene oxide (PEO) or dextran 70 as a
copolymer (copo) was used at different ratios as
shown in the Table (1).
Preparation of CSWCNT-PEG

A hundred milligram of polyethylene glycol
of different molecular weight (1500, 1000, and
400 ) was added to 20ml deionized water in a glass
vial and sonicated for 30 minutes in a bath sonicator,
and the copolymers were added by the same method
at different ratios. A hundred milligram of
CSWCNT has dispersed in deionized water with
sonication for 1 hour, and then the CSWCNT
dispersion was added to the polymer-copolymer
solution and further sonication for 4 hours in a bath
sonicator at room temperature. The water in the bath
sonicator changed every 30 min to avoid
overheating, and the temperature kept at 25°C. The
polymer-CSWCNT suspension was centrifuged for
about 15minute at 4000 rpm; the temperature kept at
around 25°C (room temperature), the supernatant
solution was collected and cleared the dispersion
from the large particle. The product was filtrated
through 0.1 pl filter membrane and washed with
deionized water six times to exclude the
unconjugated polymer. Finally, the filtrate was dried
by hot oven overnight, and the powder was collected
in a tightly closed container for the next step 112,
Preparation of CSWCNT-PVA

Three grams of PVA were weighed in a
closed container and solubilized by 30 ml of
deionized water at 70 °C with continuous shaking in
a water bath with a shaker for 10 hours; the solution
obtained left to cool into the room temperature. The
copolymer linking was done by the same method at
different ratios with ultrasonication. In a conical
flask, 20 mg of CSWCNT dispersed in 5 ml of
deionized water by sonication for lhour to give
dispersion. The CSWCNT dispersion was added to
the PVA/copolymer solution drop by drop with
continuous stirring at different ratio and sonicated
for 3hour in order to prepare CSWCNT/polymer
nanocomposites. The functionalized SWCNT
(CSWCNT-polymer) suspension was centrifuged
for about 15minute at 4000 rpm; the temperature
kept at around 25 °C(room temperature), the
supernatant solution was collected to liquidation the
dispersion from the large particles. Then, the
mixture filtrated to eliminate the unconjugated
polymer. Finally, CSWCNT-polymer composites
were cast in Petri dishes and left to dry by hot oven
for 12 hours®314,
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Incorporation of teniposide into CSWCNT-
polymer

A fifty milligram of teniposide was added
into 20ml acetone in closed container with
continuous shaking in shaker water path for around
4 hours at 30°C until clear solution was obtained. In
100 ml tightly close container, 50 mg of CSWCNT-

polymer was dispersed in 50 ml deionized water by

Teniposide carbon nanotube

sonicator for 1 hour. The solution of teniposide was
added to the dispersion of CSWCNT-polymer. The
mixture was further sonicated for 6 hours at 30°C,
conserved overnight in Petri dishes until the acetone
was evaporated from the mixture in hot oven at 60
°C for 3hour. The teniposide-CSWCNT-polymer
dispersion was filtrated and dried @517,

Table (1) Composition of polymer-copolymer used for functionalization of CSWCNT

Symbol | Polymer Co Polymer Ratio Ratio of CSWCNT:
polymer: copolymer | polymer-copolymer
F1 PEG1500 PEO 10:1 1:1
F2 PEG1500 PEO 10:1 1:5
F3 PEG1500 Dextran 10:1 1:1
F4 PEG1500 Dextran 10:1 15
F5 PEG1500 NIL 10 11
F6 PEG1500 NIL 10 1.5
F7 PEG1000 PEO 10:1 1:1
F8 PEG1000 PEO 10:1 1.5
F9 PEG1000 Dextran 10:1 1:1
F10 PEG1000 Dextran 10:1 15
F11 PEG1000 NIL 10 1:1
F12 PEG1000 NIL 10 1.5
F13 PEG400 PEO 10:1 1:1
F14 PEG400 PEO 10:1 1.5
F15 PEG400 Dextran 10:1 1:1
F16 PEG400 Dextran 10:1 15
F17 PEG400 NIL 10 1:1
F18 PEG400 NIL 10 1.5
F19 PVA PEO 10:1 1:1
F20 PVA PEO 10:1 1.5
F21 PVA Dextran 10:1 1:1
F22 PVA Dextran 10:1 1:5
F23 PVA NIL 10 1:1
F24 PVA NIL 10 1.5

Characterization of polymer-CSWCNT
Qualitative dispersibility measurement of polymer-
CSWCNT

The dispersion of polymer-CSWCNT was
qualitatively measured by two approaches; the
visual observation of homogeneity, as well as
centrifugation for three hours at 6000 rpm and the
formula that can pass the centrifugation step was
recorded (819,
Quantitative  dispersibility ~measurement
polymer-CSWCNT

The dispersibility percent of the formulation
was calculated by measuring the absorbance by UV-
Visible Spectrophotometer at 880nm of 0.015
pag/ml concentration before and after centrifugation
at 6000 rpm for 15 min according to the following
equation®® :

for
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Dispersability %

_ conc.of polymer — CSWCNT after centrifugation
" conc.of polymer — CSWCNT before centrifugation
x 100%

Characterization of selected teniposide- CSWCNT-
polymer formula
Fourier transform infrared spectroscopy

The Fourier transform infrared spectroscopy
(FTIR) was performed on a wavelength range from
400 nm to 4000 cm? to identify the structural
changes that may happen to the samples in
comparison with the references ?*-24),
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Scanning electron microscopy
The sample for Scanning Electron

Microscopy (SEM) was measured using VEGA3
SEM
Transmission electron microscopy

Thin section of the sample was prepared by a
process known as ultramicrotomy, sections of 50-70
nm thickness were collected on metal mesh ‘grids’;
and TEM studies were performed@29),
Solubility study of teniposide in optimized formula

Saturated solutions were prepared by adding
excess of teniposide to deionized water, and shaking
by the shaker water bath for 48 hours at 25°C under
constant vibrations.
Similarly, saturated solutions were prepared by
adding excess of teniposide CSWCNT-polymer to
deionized water for the purpose of comparison. The
saturated solutions were shaked by the shaker water
bath for 48 hours at 25°C under constant vibrations.
The dispersions were filtered through a 0.45 pm
filter, diluted suitably and analyzed by HPLC. Three
determinations + S.D were carried out for each
sample to calculate the solubility of the drug

Results and Discussions
Calibration curve of teniposide by HPLC

The calibration curve of teniposide was
performed with mobile phase acetonitrile: water
(36:64) by series of dilution of teniposide in
acetonitrile and the retention time was found to be
8.9 minutes. When the area under the peak was
plotted against the concentration, straight line was
obtained as shown in figure 1. The square
correlation coefficient (R2) was found to be
(0.9983), which give a signal of good linearity.

a)

b)

Area under the peak
.y,
Q

Teniposide concentuation {ug/mi}

Figure(1) HPLC a) The chromatogram of
teniposide b) Teniposide calibration curve in
HPLC
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Preparation of teniposide formulation
Purification and carboxylation of SWCNT

The Synthesized SWCNT in all techniques
available until now produces SWCNT with
impurities. These impurities were produced during
the production of pristine SWCNTs. The most
common impurities involved metallic catalysts and
amorphous carbonaceous species.

These impurities disturb the physicochemical
properties of SWCNTS, so it is necessary to purify
SWCNTSs before using it. Moreover, owing to the
firm Vander Waals interactions, SWCNTSs usually
trapped with each other, that make them insoluble in
most solvents. This makes them undesired in
pharmaceutical peruses since intact SWCNTSs are
not readily reachable to the biological system 7).

To overcome these limitations, chemical
oxidation, in order to be purified and pre-
functionalized by oxidation to give carboxyl groups
on surfaces, is the most predominant strategy
applied to SWCNTs. Moreover, oxidation can be
viewed as a bridge between physical and chemical
properties of SWCNTs@®), Oxidation of SWCNTs
surfaces is generally a starting point in different
functionalization proficiencies that enhances
dispersibility in various solvents and increases the
intensity of the interface amongst SWCNT and the
polymers. Oxygen incorporated with carbonyl,
carboxylic acid, and hydroxyl components
introduced easily by acid treatment. Moreover, it
can purify the SWCNTSs by dissolving the impurities
in strong acids and filtrate to get rid of impurities
with the strong acid @9,

The exact mechanism of carboxylation might
not be too obvious, since CNTs have aromatic
properties as well as aliphatic properties, on the
principle ground these are not ideal sp?
hybridizations but that they have something in
between sp® and sp? hybridization related to curve
surface and so display varied chemical reactions but
are difficult to execute because of stability. The
expected mechanisms for carboxylate group
formation were that the concentrated nitric and
sulfuric acid both could act as oxidizing agents.
Some carbon compounds ( aliphatic type ) got
nitration on carbon center by nitric acid and these
nitro group isomerized to isonitro group, i.e. from C-
NO, to C-ONO and the later on hydrolysis readily
form C-OH that further oxidized to form an
aldehyde and finally carboxyl group as shown in
scheme 1 (03D,
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Scheme (1) Scheme for expected carboxylation
steps of carbon nanotubes

For these reasons and in order to get a lower
degree of entanglement, a mixture of concentrated
HNO3z and H,SOs was used at ratio of 3:1 for
oxidation of SWCNT®2),

Qualitative  dispersibility = measurement  of
CSWCNT-polymer

The uniform dispersion system of
CSWCNT-polymer in aqueous phase resembles the
main challenge, since the improvement of dispersion
could lead to ameliorated mechanical, electrical, and
optical properties of dispersion. In addition, the
interfacial adhesion between the CNT and (po-copo)
is one of essential factors in formulation that could
be evaluated according to dispersion degree. Several
factors can influence the dispersibility like the
degree of carboxylation, type of po-copo, ratio of
po-copo to CSWCNT, ratio of po to copo, particle
size, electrical properties of interfaces, bundle
formation and aggregation, interfaces and
wettability all the factor detect whether the
dispersion is homogenous or not ©3, Different po-
copos with different molecular weight and ratios
were scanned in different parameters in order to
optimize the proper CSWCNT-polymer to further
study as shown in Table 2.
From Table 2, the consistency of formulation was
varied from homogeneous to hon-homogenous and
this depends on the dispersibility of the system. The
high dispersibility will support the dispersing
particle, and support the system from breakoff (3439,

as shown in figure 2a.
B

(a)

(b)

Figure (2) a) The dispersibility of homogenous
(F19) and non-homogenous (F3) prepared
CSWCNT-polymer b) Results of prepared
CSWCNT-polymer centrifugation test; a) not
pass b) pass.

Table(2) Consistency and separation tendency
after centrifugation of CSWCNT-polymer

Symbol Consistency Separation
after sonication tendency after
and overnight centrifugation
preserved for 3 hour
F1 Homogenous Pass
F2 Homogenous Pass
F3 Non-homogenous Not pass
F4 Homogenous Pass
F5 Non homogenous Not pass
F6 Homogenous Pass
F7 Homogenous Pass
F8 Homogenous Pass
F9 Homogenous Pass
F10 Homogenous Pass
F11 Homogenous Pass
F12 Homogenous Pass
F13 Non-homogenous Not pass
F14 Homogenous Pass
F15 Non-homogenous Not pass
F16 Non-homogenous Not pass
F17 Non-homogenous Not pass
F18 Non-homogenous Not pass
F19 Homogenous Pass
F20 Homogenous Pass
F21 Homogenous Pass
F22 Homogenous Pass
F23 Homogenous Pass
F24 Homogenous Pass
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For formulations that contained PEG1500
as polymer, most formulations show homogeneity.
And by decreasing the molecular weight of PEG to
400, the homogeneity disturbed this might be due to
the lower steric hindrance effect of polymer on the
formulation with small molecular weight PEG and
the bundle of SWCNT start to format @637, The
presence of PEO as copolymer will enhance the
dispersibility due to the increment in the functional
groups and this will lead to better dispersibility.

For formulations that contained PVA as a
polymer, the results of most samples are
homogenous. This might be due to the structure of
PVA that tends to stretch around the CSWCNT, and
effective interfacial interaction might occur between
PVA and CSWCNT ©839), The use of dextran as a
copolymer had not improved the consistency which
may be due to decreasing in the interfacial area
between CSWCNT and polymer that lead to
decrease in lyophilized area around the SWCNT and
enhance tube-tube bundling “». For PEO
copolymer, the consistency might improve this
effect due to the formation of stable blends between
PVA and PEO owing to van der Waals type bond
that gives steric hindrance preventing bundle
formation “b,

The results of homogeneity estimation
obtained visually showed in figure 2a. In order to
confirm the homogeneity of CSWCNT-polymer in
aqueous media, the efficiency of sonication step, and
the distinction whether the CSWCNT-polymer
aggregated or dispersed. The centrifugation step is
necessary at 6000 rpm for one hour and the
formulation that can pass this step without
separation into two layer will subjected to further
studies as explained in table 2 and figure 2b ©243),
Quantitative  dispersibility measurement  of
CSWCNT-polymer

The  quantitative  measurements  of
dispersibility were performed and the results are
shown in Table 3.

From Table 3, it was observed that the
formulations F2, F8, F12, F19, and F20 exhibited a
high dispersion percent. In this type of dispersion,
the concentrated area between CSWTNTSs and
polymers behaved in a lyophilic manner due to the
helical wrapping of hydrophilic polymers around the
SWCNT body that were thermodynamically favored
through the removal of the hydrophobic interfaces
between SWCNT sidewall and the aqueous medium.
It suggests a stable wrapping of polymer around the
SWCNT where the bundle aggregation are very little
compared to formula F3 and F23 which established
less dispersion percent due to the conception that the
polymer in these formulation showed less ability to

coat the SWCNT and prevent the bundle formation
(37,44-46)
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Table (3) The dispersibility percentage of

prepared polymer linked CSWCNT
Symbol dispersibility efficiency
percent + S.D.
F1l 84.00+1.63
F2 97.00+0.82
F3 33.00+1.63
F4 84.33+1.25
F5 25.33+1.25
F6 86.33+ 1.25
F7 84.00+ 1.41
F8 93.00+1.40
F9 84.33+2.05
F10 85.00+2.16
Fl11 86.67+2.05
F12 92.67+1.25
F13 27.00+2.94
F14 84.00+ 1.41
F15 14.00+ 1.63
F16 25.67+ 4.50
F17 13.67+1.25
F18 17.00+0.82
F19 95.33+0.94
F20 97.33+1.25
F21 89.67+2.36
F22 96.33+1.25
F23 77.33+1.25
F24 89.00+1.41

Characterization of selected teniposide-CSWCNT-
polymer
Fourier transform infrared spectroscopy

The FTIR performed to pure teniposide as well
as to teniposide in final selected formulation and
bands are shown in table 4. It was found that the
characteristic bands are similar in both spectra.

Table(4)FTIR bands for reference teniposide and
measured.

Type of band Reference(47) | Measured
value value
Carbonyl stretch | 1785 cm? 1780 cm*
vibration of the
stained trans
lactone ring
OH stretch | 3540 cm! 3533 cm?
vibration of the
phenolic
OH stretch | 3400 cm* 3398 cm?
vibration of the
sugar OH
Aromatic bands 1605 and 1485 | 1609 and
cmt 1484 cm'?

C-0 stretch | 1230 and 1100 | 1233 and
vibrations cmt 1087 cm'?

From the FTIR of teniposide-CSWCNT-
(PVA-PEO), the (1233and1093) cm?® C-O
stretching vibration belongs to teniposide as well as
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the PVA. For (1480 and 1382) cm, the band
belongs to C-C, which is found in all component of
formulation. The 1638 cm™ belongs to aromatic
C=C stretching bands, for SWCNT as well as for
teniposide. The 1729 cm? is the stretching C=0
carbonyl group, which indicated the presence of
carboxylic acid results from carboxylation of
SWCNT and the broad area between 3240 cm™* and
3640 cm belongs to OH groups of phenolic and
alcoholic OH that are widely found in teniposide in
formulation as well as carboxyl group and PVA ©7,
The results of FTIR study indicate that the presence
of teniposide characteristic peaks as well as the
carboxyl group and alcoholic OH, which might
confirm the stability of the formulation.

Teniposide carbon nanotube

Scanning electron microscopy for teniposide-
CSWCNT-(PVA-PEO)

The SEM images for teniposide-CSWCNT-
(PVA-PEOQ) are shown in figure 3. The SEM images
of teniposide-CSWCNT-(PVA-PEO) had presented
the morphology of final formulation in which the
nanostructures were seen and the polymer was
clearly coated the carbon nanotube. It contained
large number of nano chunks due to the affixations
of teniposide on ends either of carbon nanotubes or
within the body of tubes. The images established
that the needle-like body of carbon nanotubes was
not affected by the drug attachment “8),

Teaiposide- CSWONT(PVA-PEO)

L

SEM MAG: 10.9 &x Oet: SE
SEM HV: 300 kV Date(mvdiy): OSI81T S pm

SEM MAG: 30.0 kx Det: SE
SEM HV: 30.0AV  Datejmvdy): 95C1817 2 pm

Figure (3) SEM images of teniposide-CSWCNT-(PVA-PEO)

Transmission electron microscopy for CSWCNT-
(PVA-PEO)

The morphology of teniposide-CSWCNT-
(PVA-PEO) after dilution was studied using TEM
and the results are shown in figure 4, which affirmed
that the formula F19 was well dispersed without any

bundles or aggregation. In the TEM image, the CNT
formula diameter was within 35-40 nm; the
teniposide was appeared as dark spots point in the
ends of CNTs as well as inside the nanotubes. For
the polymer, it appears not too dark as teniposide
and spreads around parts of nanotubes.

Teniposide-CSWCNT-(PVA-PEO)

Figure (4) TEM images for teniposide-CSWCNT-(PVA-PEO)

Solubility studies of teniposide
formula

The solubility is an important parameter in the
formulation of poorly soluble drugs. This
experiment was done to assess the saturation
solubility of pure teniposide and compared it to the

in optimized
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incorporated teniposide in carbon nanotubes to find
out the improvement of solubility that had achieved
from the CSWCNT-polymer.

The result of saturation solubility study of teniposide
in water was found to be 0.0527+0.00061 mg/mi
while the solubility in teniposide- SWCNT-(PVA-
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PEO) was found to be 0.6081+0.01163mg/ml,
which around 11.5 folds improvement. This result
reveals that pure teniposide has very low water
solubility. This fact is expected since teniposide is a
BCS class 11 drug (low solubility, high permeability)
with very low water solubility. Similarly, the
CSWCNT-(PVA-PEQ) was expected to increase the
solubility of teniposide since the drug is molecularly
dispersed within the CSWOCNT-polymer after
functionalization, the functionalization of SWCNT
is usually required to make them soluble, and also to
attach other chemical moieties. These modifications
can alter the SWCNT properties, such as the

solubility, besides, the size of CWCNT is of
nanoparticle size and of a hallow structure
which greatly increases the drug surface
area exposed to the dissolving media “9.

Conclusions

From the results of this study, it is
concluded that the uses of carbon nanotubes can
improve the activity of drug through the increments
of the solubility as well as the enhancement
penetration to the cells, which could be considered
as a promising nanocarrier drug delivery system for
anticancer drug therapy. The pre-functionalization
by carboxylation with H,SO4/HNQO;3 3:1 ratio and
functionalization by polymer/ copolymer mixture
linking have improved the physical properties of
carbon nanotubes like dispersibility and prevention
of bundles of CNT formation. The improvement of
dispersibility in this study was the highest in those
samples that contain PVA as polymer and PEO as
copolymer (F19).
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