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ABSTRACT

Objective: Breast and Liver cancer are widespread among females and males respectively in Kingdom of Saudi Arabia. Nanotechnology is a
promising solution for delivery of chemotherapeutic drugs. The present work aims at development and evaluation of passively targeted nanocarrier
system of the topoisomerase I inhibitor; Hydroxy Camptothecin (HCPT) chemotherapeutic drug.

Methods: To fulfill the above aim, PLGA nanoparticles of HCPT were prepared by the emulsification solvent evaporation technique so as to contain
PVA and/or vitamin E derivative (D-o-tocopheryl polyethylene glycol 1000 succinate; TPGS) as emulsifiers. The developed nanoparticles were
evaluated for size, zeta potential, morphology, loading and encapsulation efficiency as well as in vitro drug release.

Results: the results revealed that nanoparticles containing TPGS as emulsifier afforded nanoparticles in the desirable nanometric size (< 300 nm)
with negative surface charge and high HCPT encapsulation efficiency (>70%). The Differential Scanning Calorimetric (DSC) thermograms revealed
that HCPT is incorporated in the nanoparticles in an amorphous state while TEM revealed a nanometer size range, a characteristic round shape and
a monodisperse nature of the nanoparticles. The in-vitro release profile depicted an initial burst release of HCPT from the nanoparticles followed by
a sustained release profile. The Cytotoxicity of the nanoparticles was measured in MCF7 (human breast adenocarcinoma cell line) and HEpG2
(human hepatocellular carcinoma cells) visually, by trypan blue exclusion test and by MTT assay. The HCPT nanoparticles containing TPGS lowered
the IC50 and improved the cytotoxicity as compared to simple HCPT solution. Conclusion: PLGA/TPGS nanoparticles of HCPT potentiate its

anticancer effect and hence provide a promising nanosystem in breast and liver chemotherapy.
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INTRODUCTION

Cancer is common in Saudi Arabia [1, 2] ; according to GLOBOCAN
2008, the most common type among females is breast cancer[1];
representing 24% of all cancer cases according to the National
cancer registry and GLOBOCAN 2008 [2, 3] with around 8000 cases
discovered each year. On the other hand, liver cancer is one of the
most common causes of cancer in males [1, 4]. Chemotherapy is an
imperative therapeutic approach for the treatment of these types of
cancer. The selective increase in tumor tissue uptake of anticancer
agents would be of great interest in cancer chemotherapy since
many anticancer drugs are effluxed by cancer cells. In the context of
tumor biology, it is known that the tumor vasculature is leaky and
possesses an enhanced capacity for the uptake of macromolecules
and colloidal drug carriers of up to 400nm [5-8]. This effect is
known as the enhanced permeability and retention (EPR) effect.
There is a great interest in “Nanotechnology” for the targeted
treatment of cancer through the delivery of conventional anticancer
agents via nanoparticulate drug carriers known as
“nanoparticles”’[9, 10]. Nanoparticles can accumulate at the tumor
site as a result of the EPR effect (passive targeting mechanism) [11].
The objectives of the present work are to apply pharmaceutical
nanotechnology for chemotherapy and undergo cytotoxicity studies
for establishment of efficacy of nanotechnology biomaterials.

Camptothecin (CPT), a cytotoxic alkaloid first isolated from
Camptotheca acuminata, is a promising antitumor agent that targets
the nuclear enzyme topoisomerase I (Top I) and inhibits the
relegation of the cleaved DNA strand, which leads to the death of
tumor cells[12]. Camptothecin and its more potent analogue 10-
hydroxycamptothecin (HCPT) have demonstrated their antitumor
activity toward a wide range of experimental tumors. However, poor
solubility in water and in physiological acceptable organic solvents
limits their practical use[13]. Among the many ways to solve the
solubility problem associated with the delivery of water-insoluble
CPTs, the polymeric nanoparticulate drug delivery system might be
one of the simplest and most promising in terms of drug loading

capacity, formulation stability, biocompatibility and the ‘passive’
targeting ability[14].

A paramount concern was to link tumor biology with
physicochemical aspects of nanotechnology for formulation of
optimized biocompatible HCPT - loaded nanoparticles with
improved efficacy against breast and liver cancer. Hence, we used
biodegradable polymers as safe and biocompatible delivery vehicles
for HCPT. By appropriate design, nanoparticles may act to target
tumor tissues or cells, protecting the drug from efflux transporter
proteins. The right parameters for formulating stable nanoparticles
using novel surfactants/stabilizers (which inhibit P-glycoprotein
efflux) will be undertaken and the cytotoxicity of these nanosystems
will be evaluated on cancer cell line namely MCF7 (human breast
adenocarcinoma cell line) and HEpG2 (human hepatocellular liver
carcinoma cells).

HO

10- Hydroxycamptothecin (HCPT)

MATERIALS AND METHODS
Materials

10-Hydroxy camptothecin (HCPT) was purchased from QINGDAO
GREEN-EXTRACT BIOLOGY AND TECHNOLOGY CO.LTD, Qingdao,
China. Poly lactide-co- glycolide (PLGA) (lactide:glycolide ) 50:50,
carboxylate end group; inherent viscosity, 0.18 dL/g; Mw, 4000 Da)
was a kind gift from Purac Biochem (Netherlands). Polyvinyl alcohol
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(Mw 6,000 Da) was purchased from Sigma. D-a-tocopheryl
polyethylene glycol 1000 succinate (vitamin E TPGS or simply,
TPGS) was purchased from Sigma. Dimethyl sulfoxide (DMSO) was
purchased from Sigma.

Cell Culture

MCF7 (human breast adenocarcinoma cell line) and HEpG2 (human
hepatocellular liver carcinoma cells) (ECACC, UK) were maintained
as, respectively adherent cell cultures at 37°C in a humidified
atmosphere (5% CO2) in Dulbecco modified Eagle’s minimal
essential medium (DMEM, 25 mM glucose) supplemented with 2
mM glutamine (Gibco) and 10% heat-inactivated fetal calf serum
(FCS) (Invitrogen, UK). Antibiotic solution composed of 100 1U/ml
penicillin and 100 IU/ml streptomycin (Gibco) was added to the
culture medium during cell maintenance. For monolayer formation,
The cells were detached using trypsin-EDTA (Invitrogen, UK)
consisting of 2.5% (w/v) of trypsin and 0.2% (w/v) EDTA in PBS.
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The cells were suspended in DMEM containing FCS to a count of 105
living cells/ml as determined by trypan blue exclusion stain and a
hemocytometer. For cytotoxicity and, cellular uptake experiments,
aliquots of the cells were seeded in 96-well plates and incubated till
confluency.

Methods
Preparation of HCPT-loaded PLGA nanoparticles

Nanoparticles were prepared by emulsification-solvent evaporation
method as previously reported [15]. One ml solution of HCPT in
dichloromethane (DCM) was used (1mg/ml) and added to PLGA
solution in DCM (50mg/ml) and vortex mixed. The previous organic
phase was then added to 50 ml aqueous solution of PVA (0.5% or
1%)[16] or TPGS (0.03% or 0.1%) [15, 17] and homogenized using
high shear homogenizer at 48,000 rpm. The organic phase was then
evaporated on a magnetic stirrer at room temperature.

Tablel: Composition and formula code for HCPT nanoparticles

PLGA (50:50) acid terminated

'q'; Drug: polymer ratio 1:25 1:50
- PVA 0.5% 1 2
B 1% 3 4
E TPGS 0.03% 5 6
2 0.1% 7 8

Morphological examination of nanoparticles

Morphological examination of the nanoparticles was conducted using
(TEM) transmission electron microscope JEM-100S (Japan). One drop
of nanoparticles suspension was placed on a copper grid covered with
nitrocellulose membrane and air-dried before staining with
phosphotungstic acid solution (1%) or uranyl acetate solution (0.1%).

Measurement of nanoparticle size and particle size distribution

The mean particle size of the nanoparticles, the particle size
distribution (measured as the polydispersity index (PDI) and zeta
potential were determined by Dynamic light scattering method
using a ZataNanosizer (Malvern, ver. 6.12).

Determination of nanoparticles yield,
Nanoparticles yield was determined gravimetrically by Eq. (1).

Nanoparticles Yield (%) = weight of nanoparticles/ weight of the
feeding polymer and drug X 100 Eq.1

Determination of HCPT loading content and encapsulation
efficiency of nanoparticles

The encapsulation efficiency (and loading efficiency), were determined
as reported previously [18]. Briefly, the amount of HCPT unencapsulated
in the nanoparticles (after centrifugation of the nanoparticles at 7000
rpm for 1h) was deducted from the initial amount of drug added as
compared to the amount used in the encapsulation process (or certain
weight of nanoparticles for LC ), by Eq.2& 3 respectively. The amount
was calculated spectrophotometrically using a pre-constructed
calibration curve y = 0.061x+0.044 (R2=0.995). The calibration curve
was obtained using a stock solution of HCPT (2.6 mg/ml in DMSO; and
serial dilutions in 2% Tween 80 in water). The absorbance of the
different concentrations (1.3-20.8pg/ml) was measured at Amax 382 nm.

Encapsulation efficiency (EE%) = (Initial amount of HCPT used - Amount
of HCPT unencapsulated) / Initial amount of HCPT usedX100 Eq.2

Loading Capacity (LC%) = (Initial amount of HCPT used in formulation -
Amount of HCPT unencapsulated) / weight of nanoparticles X 100 Eq.3

In vitro release of HCPT- loaded nanoparticles

In vitro release of HCPT from the nanoparticles was evaluated using
a dialysis bag diffusion technique on freshly prepared HCPT
nanoparticles [19]. The nanoparticle solutions were firstly dispersed
in distilled water to have a diluted nanoparticles dispersion. An
aliquot of 2 ml of the drug-loaded NPs was transferred to a glass

cylinder having the length of 10 cm and diameter of 2.5 cm fitted
with a dialysis membrane with 12000 MWCO (Sigma, USA)
presoaked in distilled water. The cylinder was placed in a receiving
compartment containing 100 ml distilled water containing 2%
tween 80 to maintain sink condition with gentle agitation in a
shaking water bath. Periodically, 5 ml of the release medium was
with-drawn assayed spectrophotometrically at 382 nm. Samples
withdrawn were replaced by the same volume of fresh medium
dissolution medium. The experiments were done in triplicates.

Cellular Uptake Studies by Fluorescent Microscopy

The cellular uptake was performed using MCF7 and HEpG2 cells. The
visualization study was done using a fluorescent microscope as
previously described [20, 21]. Briefly, the cells were seeded on sterile
poly-L-lysine-coated coverslips placed in six-well plates and placed in
the incubator at 37°C to allow cell attachment. To each well, 250 pl of
nanoparticles dispersion was added, and the plates were incubated for
30 min in a humid atmosphere at 37°C in a CO2 incubator. Immediately
after removal of the colloidal dispersion by gentle aspiration, 1 ml trypan
blue solution was incubated with the cells for 1 min after which the cells
were rinsed at least four times with pre-warmed PBS pH 7.4. Cell fixation
and permeabilization was achieved by dipping in 4% formaldehyde
solution for 20 min at room temperature followed by 0.05% Triton X-
100 in PBS for 5 min in order to allow actin staining using Texas-red
phalloidin (Molecular probes, The Netherlands). At the same time, the
cells were incubated for 3 min with 200 nM4'6-diamidino-2-
phenylindole (DAPI) solution in PBS for nuclear staining followed by
rinsing. The coverslips were carefully inverted onto a drop of mounting
liquid on a microscopic slide and stored in the dark at 4°C. For
visualization using confocal microscopy, FI-NPs were excited using a
488-nm laser, and its emission was read from 497 to 560 nm (green
emission) while excitation at 358 nm induces DAPI fluorescence and its
emission was read from 450 to 468 nm (blue emission). For further
image processing, Image]® Software was used.

Cytotoxicity Studies

For measurement of cytotoxicity on HCPT-NPs, the MTT colorimetric
assay was used [22-24]. Briefly, MCF7 and HEpG2 cells were diluted
with culture medium to a count of 1x105 cells/ml and seeded in 96-
well micro-titer plate at density of 10,000 cells/well. At the time of
each experiment, the culture medium was removed and replaced with
100 pl HCPT solution (free drug dissolved in DMSO), NPs-
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encapsulated HCPT dispersions (equivalent to HCPT dose 10-1200
ng/mL). Cells incubated with culture medium served as negative
control) while cells incubated with plain NPs (unmedicated) were
used to determine cytotoxicity due to NPs formulation per se. The cells
were incubated for 48 h at 37°C in a humid atmosphere with 5% CO2,
then the test dispersion was removed by gentle aspiration and the
cells were rinsed three times with pre-warmed pH 7.4 PBS.
Subsequently, a 100 pl of 0.5 mg/ml of MTT reagent in DMEM (3-[4,5-
dimethylthiazol-2-yl]-3,5-diphenyl tetrazolium bromide dye) was
added to each well, and the plates were incubated for 4 h after which
the stain was removed. To solubilize the formazan crystals, a 100 pl of
sterile DMSO was added to each well, and the plates were shaken for 5
min [22]. Finally, the absorbance (A) was measured at 550 nm in a
micro-titer plate reader (TECAN Safire, Tecan Austria GmbH, Grodig,
Austria). The cell cytotoxicity was calculated using the following
equation [23, 25]:

Cell Cytotoxicity (%)= Atest/Acontrol X 100

Where Atest is the absorbance of the cells incubated with the NPs
dispersions and Acontral is the absorbance of the cells incubated with
the culture medium only (negative control). IC50, the drug
concentration at which reduction of 50% cell viability occurs in
comparison with that of the control sample, is calculated by the
curve fitting of the cell viability data [26, 27].

Statistical Analysis

All tests were conducted in triplicate, and the results were
expressed as the mean * standard deviation. Statistical analysis of

Lactone form (active)

Characterization of HCPT Nanoparticles

Regarding nanoparticles sizes, charge (zeta potential) and
encapsulation efficiency of HCPT, results are shown in Table 3 the
formulations (F6, F7 and F8) had the lowest particle size. Regarding
the nanoparticles surface charge, table (3) reveal that PLGA NPs
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the data was performed using one-way analysis of variance
(ANOVA) followed by the Bonferroni test for multiple comparison at
P<0.05 using Instat-ANOVA software.

RESULTS & DISCUSSION
Preparation of 10-HydroxyCamptothecin-PLGA Nanoparticles

Topoisomerase inhibitors belonging to the camptothecins family
have renowned potent chemotherapeutic effect [14, 28].
Nevertheless, the camptothecins have a major weakness of
undergoing hydrolysis at physiological pH leading to drug
inactivation and clinical ineffectiveness [12, 29]. 10-Hydroxy
camptothecin (HCPT) is an analogue of camptothecin with a
hydrolysis half-life of 21 min. The hydrolytic reaction of HCPT is a
reversible pH-sensitive interconversion from the potent lactone
form (stable below pH 5) to the poorly active carboxylate form
(stable above pH 8). It has been previously reported that PLGA
polymers can provide an acidic microclimate [30] which can serve in
controlling the stability of encapsulated substances for numerous
molecules [31, 32]. Previously reported that PLGA microspheres
stabilized 10-HCPT for more than 10 weeks (>95% lactone) under a
simulated physiological milieu due to an acidic micro environment
that stabilizes the lactone form of 10- HCPT[33]. In another
mechanistic study, the degradation of vincristin in PLGA occurred
through acid-catalyzed loss of the N-formyl group that was
completely inhibited by neutralization of acidic microclimate of
PLGA [31]. The yield of nanoparticles was 82% which was
satisfactory.

Carhoxylate form (inactive)

prepared with PVA (F1-F4) initially possessed a negative charge as
indicated by a negative zeta potential value (range from -14.3 to -
22.5 mV). The NPs additionally containing TPGS (F5-F8) emulsifiers
maintained this negative zeta potential. This might be attributed to the
carboxylate end group on the acid terminated PLGA polymer. These
results are in agreement with those previously reported [15, 19, 34].

Table 2: Particle Size, zeta potential, EE and LC of HCPT-PLGA nanoparticles

Formula Code Particle Size Zeta potential EE (%) LC (%)
(nm)+ S.D. (mV)z S.D. +S.D. £S.D.

1 690+ 6 -14.3+2.1 67.2+1.8 35.3+24
2 450+8 -16.7+3.1 69.5+3.1 23.5+3.2
3 315+7 -21.7+23 68.33+2.5 28.3+2.5
4 318+5 -159+2.2 71.2+2.1 31.1+£29
5 303+4 -18.6 2.3 73.2+3.8 29.5+5.2
6 26418 -17.8+2.4 70.2+2.8 3221+4.6
7 138+ 7 -22.5+4.1 77.4+2.4 35.8+2.3
8 182+8 -21.2+3.3 79.34+4.2 34.1+2.7

Regarding the effect of emulsifier type on the nanoparticles
characteristics, It is noteworthy that NPs prepared by
emulsification- solvent evaporation using 0.1% TPGS as emulsifier
exhibited smaller size and higher encapsulation efficiency (>70%)
than other NPs prepared by emulsification- solvent evaporation.
These results are in accordance with those reported previously[17,
35, 36]. Indeed, TPGS being a potent emulsifier by virtue of its bulky
structure and large surface area, is recommended for nanoparticles
formulation of anticancer drugs providing higher emulsification

effect, higher drug encapsulation efficiency, and better therapeutic
effects[37]. The size distribution of the developed nanoparticles was
narrow and mono-modal as shown in figures 1 and 2 for formulas F7
and F8 respectively. As shown, the developed NPs that have small
particle size (below 200 nm) is chosen since our target was to
optimize nanoparticles preparative conditions to achieve passive
targeting for tumor cells. Indeed, a narrow particle size distribution
is an important aspect in passive targeting of nanoparticles as well
as for stability issues [34].
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Fig. 2: Size distribution of HCPT-PLGA nanoparticles F8.

The morphology of the prepared nanoparticles was revealed by
Transmission Electron Microscopic (TEM) images for nanoparticles
F7 (fig. 3). From the images, it is obvious that PLGA Nanoparticles

were in the nanometer range, had a characteristic round shape and
were monodisperse, Similar results are reported by Parveen and
Sahao [38] and Chung et al.[39] and others [40, 41]

Fig. 3: TEM images for HCPT-PLGA nanoparticles (F7)

The DSC thermograms corresponding to HCPT ,PLGA, and HCPT-PLGA
nanoparticles are shown in Fig. 4. The PLGA thermogram displayed an
endothermic peak at 45 °C, corresponding to the polymer transition
temperature (Tg). The DSC curve of HCPT showed a single melting
peak at about 267 °C and started to degrade as it melted. No HCPT
melting peak was visible in the case of drug loaded nanoparticles.

This might be attributed to the amorphous state of the drug
dispersed in the nanoparticles. Since there was no change in the
Tg of the polymer, it can be concluded that there is almost no
interaction between the drug and the polymer. Simailar results
were obtained but with 9-nitrocamptothecin in PLGA
nanoparticles[18].
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Fig. 4: Differential scanning calorimetry (DSC) thermograms of HCPT, PLGA and HCPT- PLGA nanoparticles (F7)

In vitro release of HCPT from developed nanoparticles

The release of HCPT from the different PLGA nanoparticles was
performed in PBS containing surfactant to simulate physiological
milieu [42] and maintain sink condition. Release profiles are
shown in Fig. 5. It was revealed that all nanoparticles exhibited a
burst drug release where about 20-60% of drug was released over
a period of 2h, followed by a distinct prolonged release up to more
than 30h that could be attributed to diffusion of the dissolved drug

within the PLGA core of the nanoparticles into the dissolution
medium. This release behavior is characteristic of PLGA
nanoparticles and has been extensively reported [43-46] and
considered as a limitation of PLGA nanoparticles. As shown in Fig.
5, the drug release in F7 and F8 exhibited reduced burst effect.
Overall in vitro release data indicate that HCPT -PLGA
nanoparticles F7, was capable of sustaining HCPT release rate with
relatively low burst release. This formula was selected for further
studies on breast and liver cancer cell lines.
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Fig. 5: In vitro release of HCPT from PLGA nanoparticles (F1-F8) in PBS containing 1% tween 80 at 37°C.

Fig. 6: Light microscopic images (inverted microscope) showing cytotoxicity of MCF-7 cells upon incubation with HCPT- PLGA
Nanoparticles at 0 time (a), 4h (b), 10 h (c) and 24h (d).
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Fig. 7: Light microscopic images (inverted microscope) showing the cytotoxic effect of HCPT-PLGA Nanoparticles; F7 incubated with
human liver carcinoma cells (HEpG-2).

HEpG2 Cells incubated with HCPT Nanoparticles at 0 time (a) and 24 h (b). HEpG2 Cells incubated with HCPT Nanoparticles (c) were stained blue

due to intracellular diffusion of trypan blue dye at 12 h (d)

Cytotoxicity of HCPT nanoparticles to cancer cell lines

Preliminary assessment of the cytotoxicity of HCPT nanoparticles to
cancer cell lines was done by visualization of the cells incubated
with HCPT-NPs using an inverted microscope. Fig. 6 and fig. 7 show
the toxic effect observed following incubation of nanoparticles
formulation with MCF7 and HEpG2 respectively.

The in vitro cytotoxicity of different HCPT-loaded PLGA nanoparticles
was investigated and compared with that of the simple HCPT solution
using human breast cancer cells MCF7 and human liver cancer cells
HEpG2. As a negative control, empty NPs were used. Cells were treated
with the same concentrations of free or NPs-encapsulated HCPT. After 2
days in the presence of NPs formulations, cells were analyzed for their

survival using the MTT colorimetric assay for the dehydrogenase activity
of viable cell. In both cell lines (Fig. 8), HCPT encapsulated NPs
demonstrated a significantly superior cytotoxicity compared to that of
the free drug; this might be attributed to the nanoparticles-mediated
intracellular delivery of the topoisomerase I inhibitor HCPT and the
bypass of the efflux mechanism experienced by free drug solution.
Indeed, the ICso value towards MCF7 cells was 859 ng/ml for free HCPT
while it was 505 ng/ml for HCPT-NPs containing TPGS (F7) i.e. ICso
lowered by ~40%. Statistical analysis revealed that these values were
significantly different (P < 0.05). Towards HEpG2 cells, the ICso values
were 1053 ng/ml for free HCPT and 408 ng/ml for HCPT- NPs/TPGS
(F7). Statistical analysis revealed that these values were significantly
different (P < 0.05).

1200

1000

800

600

400

IC50 value (ng/mL)

200

MCF7

BHCPT solution BHCPT-NPs/TPGS

HEpG2

Fig. 8: The ICso values of HCPT NPs (F7) in MCF7 and HEpG2 cells.

*, ** significantly different from HCPT solution in MCF7 and HEpG2 cells respectively at P < 0.05 using one-way ANOVA followed by Bonferroni test

for multiple comparison.

The improved cytotoxicity might be explained by the increased
stability of the cytotoxic lactone form of HCPT inside the PLGA NPs
core due to the acidic microclimate this polymer present [31, 33, 47],

and better uptake of HCPT-containing NPs by the cells either as a
result of inhibition of efflux mechanism in cancer cells by TPGS [48].
The highest cytotoxicity (revealed by the lower IC50) observed in
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the two cell lines could be explained by the previously reported
cytotoxic effect of TPGS specifically against cancer cells and not
against normal cells where it acts as a pro-apoptotic agent against
cancer cells [49-54]. Moreover, TPGS has been demonstrated to
enhance cellular uptake of NPs and thus increase the cancer cell
mortality [36]. The co-administration of TPGS could enhance
cytotoxicity by inhibition of P-glycoprotein-mediated multi-drug
resistance, and hence increase the oral absorption and bioavailability
of anticancer drugs as previously reported [15, 27, 34, 48, 55]. TPGS
per se has demonstrated significant cytotoxic effect [56] and hence it
could provide a synergistic anticancer action with HCPT.

To confirm the uptake of nanoparticles by the cells and their
internalization, fluorescent PLGA nanoparticles were incubated with
HEpG2 cells. Figure 9 shows that the intracellular localization of the
nanoparticles (green fluorescent spots) inside the cells (red for actin
filaments existing just below cell membrane; blue for nucleus).
These results suggest that cytotoxic effect is mediated by
internalization of nanoparticles and subsequent release of the
anticancer drug intracellularly and not the simple diffusion of HCPT
through cell membrane [57]. These results are in agreement with
those previously reported on camptothecin analogues in different
nanocarriers [58-60] and other anticancer drugs [61-63]

Fig. 9: Fluorescent microscopic images showing internalization
and cellular uptake of FA-PLGA nanoparticles (green
fluorescence) by HEpG2 human liver adenocarcinoma cells (red
fluorescence) following incubation of nanoparticles with the
cells for 24h

CONCLUSION

We optimized different parameters for nanoparticles preparation
and evaluated them pre-clinically on MCF7 and HEpG2 cancer cell
lines. The optimized nanoparticles containing TPGS proved more
cytotoxic to cancer cells than simple free HCPT solution. Hence,
nanoparticles of acid terminated PLGA polymer and HCPT with
powerful TPGS emulsifier can be used to effectively deliver high
payloads of HCPT to breast and liver cancer cells.
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