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Paclitaxel Nanoemulsions in Treating Non-Small Cell Lung Cancer
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Abstract

Paclitaxel (PTX) is a effectively chemotherapeutic agent which is extensively able to treat the non-small cell lung, pancreatic,
breast and other cancers. But it is a practically insoluble drug with water solubility less than 1 pg/mL, which restricts its therapeutic
application. To overcome the problem, hyaluronic acid-complexed paclitaxel nanoemulsions (HPNs) were prepared by ionic com-
plexation of paclitaxel (PTX) nanoemulsions and hyaluronic acid (HA) to specifically target non-small cell lung cancer. HPNs were
composed of bL-a-tocopheryl acetate, soybean oil, polysorbate 80, ferric chloride, and HA and fabricated by high-pressure homog-
enization. The HPNs were 85.2 + 7.55 nm in diameter and had a zeta potential of -35.7 + 0.25 mV. The encapsulation efficiency
was almost 100%, and the PTX content was 3.0 mg/mL. We assessed the in vivo antitumor efficacy of the HPNs by measuring
changes in tumor volume and body weight in nude mice transplanted with CD44-overexpressing NCI-H460 xenografts and treated
with a bolus dose of saline, Taxol®, PTX nanoemulsions (PNs), or HPNs at a dose of 25 mg/kg. Suppression of cancer cell growth
was higher in the PN- and HPN-treated groups than in the Taxol® group. In particular, HPN treatment dramatically inhibited tumor
growth, likely because of the specific tumor-targeting affinity of HA for CD44-overexpressed cancer cells. The loss of body weight
and organ weight did not vary significantly between the groups. It is suggest that HPNs should be used to effective nanocarrier
system for targeting delivery of non-small cell lung cancer overexpressing CD44 and high solubilization of poorly soluble drug.
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INTRODUCTION sensitive syndrome, labored breathing, nephrotoxicity, and
cardiotoxicity (Liebmann et al., 1993). The compound is usu-
The anticancer drug paclitaxel (PTX), derived from the bark ally a requirement for premedication with anti-histamines and
of the Pacific yew, is a popular chemotherapeutic agent exten- corticosteroids to decrease the risk of several hypersensitive
sively used to treat non-small cell lung, ovarian, pancreatic, symptoms in patients treated with Taxol® (Singla et al., 2002).
breast, and other cancers (Journo-Gershfeld et al., 2012). Because of these problems, an alternate PTX formulation
PTX acts by interfering with the normal breakdown of microtu- with excellent solubility is needed, which would target deliv-
bules during cell division. The drug can induce cell apoptosis ery of PTX to tumor cells while exerting minimal side effects.
(Othman et al., 2001) and mitotic arrest and inhibit necessary Drug-delivery systems such as albumin nanoparticles, lipo-
cellular functions such as motility, transport, and mitosis (Orr somes, poly (lactic-co-glycolic acid) (PLGA) nanoparticles,
et al., 2003; Xin et al., 2010; Baek et al., 2012). However, lipid carriers, and polymeric micelles have been investigated
the water solubility of PTX is less than 1 ug/mL, restricting to enhance the targeted delivery of PTX (Singla et al., 2002;
its therapeutic application. To overcome this limitation, vari- Zhao et al., 2012; Yang et al., 2013; Kirtane et al., 2014; Park
ous formulations have been tested in clinical trials. Among et al., 2014; Sim et al., 2016); however, most of these for-
them, one popular preparation is Taxol® (Bristol-Myers Sqiubb, mulations have not been applied clinically because they are
NY, USA), a commercial product containing Cremophor EL® fabricated as new materials, not approved by the U.S. Food
(polyoxyethylated castor oil, BASF, Ludwigshafen, German) and Drug Administration (FDA), having a low tumor-targeting
and ethanol. Cremophor EL® solubilizes PTX, but can lead capability. Poor tumor-cell targeting can often induce serious
to serious side effects, including neurotoxicity, acute hyper- side effects. Therefore, an active tumor-targeting delivery sys-
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tem for PTX-based chemotherapeutics is urgently required to
minimize adverse effects (Kim and Park, 2016).

Some targeting molecules such as hyaluronic acid (HA),
folic acid, L-biotin, lipoproteins, and cholesterol have been
investigated for active delivery of PTX to tumor tissues (Dan-
hier et al., 2009; Zhan et al., 2010; Zhao et al., 2010; Bat-
tistini et al., 2014). Among them, HA is preferentially studied
because it is composed of a negatively charged polysaccha-
ride with repeating glucuronic acid (GIcUA) and N-acetyl-D-
glucosamine (GIcNAc) units. HA specifically binds to cluster
of differentiation 44 (CD44), which is a cell surface biomarker
overexpressed in tumors. The specific affinity of HAto CD44 in
cancer therapy provides a strategy for active tumor targeting
(Matsubara et al., 2000), and while many studies have lever-
aged this affinity, not many have applied it to active targeting
in non-small cell lung cancer therapy.

In our previous study, we developed a nanoemulsion PTX
carrier with a high solubilizing capacity for the poorly soluble
drug (Kim and Park, 2016). In the current study, we investigat-
ed the physicochemical properties of HA-complexed PTX na-
noemulsions (HPNs) as a drug carrier system, and evaluated
the antitumor efficacy of PTX nanoemulsions (PNs) and HPNs
in a CD44-overexpressing human non-small cell lung carcino-
ma cell line, NCI-H460. In vivo antitumor efficacy, body weight
loss, and tumor tissue weight were assessed in a transplanted
nude mouse model of non-small cell lung cancer.

MATERIALS AND METHODS

Materials

HA was purchased from Bioiberica (Barcelona, Spain).
PTX was provided by Cipla (Mumbai, India). Soybean oil was
purchased from Croda Health Care (Snaith, UK), and inject-
able polysorbate 80 was purchased from SEPPIC (Puteaux,
France). pL-o-Tocopheryl acetate was purchased from DSM
Sinochem Pharmaceuticals (Shanghai, China). D-mannitol,
ferric chloride (FeCls), chloromethylbenzoyl chloride, and tet-
ra-n-butyl ammonium hydroxide (TBA) were purchased from
Sigma-Aldrich (St. Louis, MO, USA).

To perform in vivo efficacy studies, NCI-H460 (CD44*) hu-
man non-small cell lung cancer cells were obtained from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). Cell culture media (RPMI 1640 and Waymouth'’s), peni-
cillin, streptomycin, N-2-hydroxyethylpiperazine-N-2-ethane-
sulfonic acid (HEPES) buffer solution, and heat-inactivated
fetal bovine serum (FBS) were purchased from Gibco Life
Technologies, Inc. (Waltham, MA, USA). All other chemicals
and reagents were of analytical grade.

Preparation of HPNs

HPNs were fabricated according to a previously reported
method (Kim and Park, 2016) In brief, PNs were comprised
of an oil phase (pL-a-tocopheryl acetate and soybean oil),
surfactant (polysorbate 80), and water phase. HA (molecular
weight [MW] 500 kDa) was used as a targeting molecule and
the HPNs were prepared using a high-pressure homogeniza-
tion method with a microfluidizer (Danhier et al., 2009; Zhan et
al., 2010; Zhao et al., 2010; Battistini et al., 2014). The HA was
complexed onto the surface of the PNs using chelating cova-
lent bonding attraction (Mercé et al., 2002). First, 252 mg of
HA were dissolved in 84 mL of water for injection as the water
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phase. Next, 300 mg of PTX and 2 mg of ferric chloride were
dissolved in 20 mL of ethanol. Eight grams of polysorbate 80
were then dissolved in 7.2 g of pL-a-tocopheryl acetate and
0.8 g of soybean oil at 25°C. Next, 20 mL of ethanol containing
PTX and ferric chloride was dissolved in a mixture of oil and
surfactant. Thereafter, the ethanol was completely evaporated
using a vacuum rotary evaporator in the oil phase mixture.
The water phase with HA was then added to the previously
prepared oil phase with gentle magnetic stirring for 1 h. The
two-phase mixture was slowly added to a microfluidizer cham-
ber, and the crude emulsion was further homogenized using
a high-pressure homogenizer (Model M-110S, Microfluidics,
Newton, MA, USA) at 15,000 psi seven times and then cooled
to 20°C.

Finally, the prepared nanoemulsions were added to 500 mg
D-mannitol as a cryo-protectant and were then lyophilized us-
ing a freeze dryer (Model Genesis 25XL, VirTis freeze dryer™,
Warminster, PA, USA). PNs were prepared in a similar man-
ner, without the addition of HA.

Characterization of HPNs

Particle characterization: The particle characteristics
(zeta potential, polydispersity, and size of the PNs and HPNs)
were evaluated by dynamic light scattering (DLS) at 25°C us-
ing a Malvern Zetasizer NanoZS™ laser scattering particle
analyzer (Malvern Instruments Ltd., Malvern, UK) as reported
previously (Yang et al., 2013). Reconstituted PN and HPN
solutions were diluted 10-fold by double-distilled water, and
promptly measured at least in triplicate at 25°C.

Morphology: A lyophilized HPN sample was reconstituted
with double-distilled water before measurement. HPN mor-
phology was observed using a cryo-transmission electron
microscope (cryo-TEM, FEI Tecnai G2F20, Eindhoven, The
Netherlands) as reported previously (Kim and Park, 2016).
Approximately 5-10 uL of reconstituted HPN solution were de-
posited on the copper grid and covered by a porous carbon
thin film.

The HPN droplet was blotted with a filter paper to form a
thin liquid film not more than 300 nm. The droplet was then
rapidly frozen in liquid ethane below -184°C. The resultant thin
films of HPN solution bridged on the copper grid were immedi-
ately measured by cryo-TEM.

HPN drug content

High-performance liquid chromatography (HPLC) analy-
sis: PTX in the inner core of PNs and HPNs was measured
using HPLC with a separation module and a 227-nm fluores-
cent detector (Agilent 1200 series, Santa Clara, CA, USA) as
reported previously (Zhao et al., 2012; Yang et al., 2013). A
pentafluorophenyl silica column (Phenomenex, 250 mmx4.6
mm; 5 um, Torrance, CA, USA) was used for analysis, with a
column temperature of 30 + 5°C. The mobile phase consisted
of water and acetonitrile (11:9 v/v). The solution was then fil-
tered through a 0.45-um membrane and degassed using an
online degasser. The diluent solution was prepared by mixing
1,000 mL of methanol with 200 pL of glacial acetic acid. The in-
jection volume was 20 pL and the flow rate was approximately
1.2 mL/min. Exactly 30 mg of PTX was dissolved in diluent
solutions to a concentration of 1-30 pg/mL. The calibration
graph was rectilinear with a correlation coefficient of 0.999.
The standard deviation of accuracy and precision was <3%.

Drug content (DC) and encapsulation efficiency (EE):
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Table 1. Physicochemical characterization of PNs and HPNs

Mean diameter Polydispersity Zeta potential Encapsulation Drug content
Test substances . . R b
(nm) index (PDI) (mV) efficiency (%) (mg/mL)
PNs 71.7 +8.81 0.20 £ 0.04 28.6 £0.88 100.2 + 0.35 3.00 £ 0.01
HPNs 85.2+7.55 0.21 £0.05 -35.7+0.25 100.4 +0.22 3.00 £ 0.01

Data are presented as mean = SD (n=3).

°Encapsulation efficiency (%)=(amount of PTX encapsulated in PNs or HPNs/amount of the feeding PTX)x100%.
°Drug content (mg/mL)=(amount of PTX in PNs or HPNs/amount of the feeding material and PTX in the10-mL vial).
PNs, paclitaxel nanoemulsions; HPNs, hyaluronic acid-complexed paclitaxel nanoemulsions.

The amount of PTX entrapped in PNs or HPNs was calculated
as follows:

DC (mg/mL) was calculated by dividing the amount of en-
trapped PTX in the PNs or HPNs by the amount of the feeding
material and PTX in the vial. EE (%) was calculated by dividing
the amount of PTX encapsulated in the PNs or HPNs by the
amount of PTX dose and multiplying by 100%. To evaluate the
DC, 10 mL of the reconstituted PNs and HPNs were filtered
through a 0.22-um membrane (Acro Disk 50 Vent Devices
with Emflon Membrane® Il, Pall Corp., Port Washington, NY,
USA) to remove any non-entrapped PTX which could disperse
in the water phase. The 1mL of filtered sample PTX encapsu-
lated in the PNs or HPNs was diluted 100-fold by diluent solu-
tions and was measured using the HPLC analytical method.

To evaluate the EE (Liu et al., 2011b), 2 mL of the recon-
stituted PNs and HPNs were filtered through a 0.22-um mem-
brane (Acro Disk 50 Vent Devices with Emflon Membrane®
Il) to remove any non-entrapped PTX which could disperse
in the water phase. The filtered sample was centrifuged at
60,000xg for 1 h by ultracentrifuge tube (1660 mm) with a
Beckman Coulter Ultracentrifuge (Beckman Coulter, Fullerton,
CA, USA) to obtain the PTX entrapped in PNs and HPNs. The
centrifuged precipitant was dissolved in 1 mL of acetonitrile.
The PTX encapsulated in the PNs or HPNs was measured
using the HPLC analytical method described in Section 2.4.1
(Zhao et al., 2012; Yang et al., 2013; Kim and Park, 2016).

Antitumor efficacy

The in vivo antitumor efficacy of the PNs and HPNs was
assessed using nude mice treated with a bolus injection of 25
mg/kg in a CD44-overexpressing NCI-H460 xenograft tumor
for 6 weeks (Liu et al., 2015; Xiong et al., 2016).

The NCI-H460 cell line was cultured under a 5% CO, atmo-
sphere at 37°C in RPMI 1640 medium containing 10% (v/v)
FBS, 100 U/mL of penicillin, and 0.1 mg/mL of streptomycin.
To transplant into nude mice, a minimum of 7x108 NCI-H460
cells were required.

RPMI 1640 medium consisted of 1.5 g/L of sodium bicar-
bonate, 100 U/mL of penicillin, 0.1 mM of non-essential amino
acids, 1 mM of sodium pyruvate, and 0.1 mg/mL of strepto-
mycin, and was filtered and stored at 4°C. The medium was
warmed to 37°C before use.

The NCI-H460 cells were treated with a trypsin/ethylene-
diaminetetraacetic acid (EDTA) solution and isolated from
the 225-cm? culture flask; 1x107 cells were suspended in 0.3
mL of RPMI 1640. To transplant the tumor cells into the nude
mice, 0.3 mL of the respective cell suspensions was subcu-
taneously administered into the flank of each mouse using a
1-mL 23-gauge syringe.

Within 7 days of administration, a tumor could be seen in
the left or right flank. When tumor sizes reached at least 200
mm?3, the cancer-transplanted nude mice were divided into
four groups (n=6 per group) of similar average tumor sizes.
Group 1 received physiological saline (control); group 2 was
treated with Taxol® (positive control, 25 mg/kg); group 3 was
treated with PNs (25 mg/kg); group 4 was treated with HPNs
(25 mg/kg). In the control group, only hypertonic saline was
administered to monitor untreated cancer cell growth (Liu et
al., 2015). The formulations were administered 3 times via the
caudal vein by the interval of 4 day for 8 days. The total obser-
vation period was observed for 6 weeks.

To evaluate the antitumor activity of each treatment, chang-
es in tumor size were determined in the treated mice 2-3 times
per week at intervals of approximately 4 days from the time
point at which cancer cell growth was first identified. Tumors
were measured with vernier calipers, and tumor size was cal-
culated from the length and width according to the following
formula (Liu et al., 2011a; Yang et al., 2013; Xiong et al., 2016):

Tumor size (mm?®)=length (mm)x[width (mm)}*2, where
width was the shortest diameter and length the longest diam-
eter.

Change in body weight and tissue weight

Changes in body weight of the mice treated with saline,
Taxol®, PNs, or HPNs with a bolus injection of 25 mg/kg in tu-
mor-transplanted CD44-overexpressing NCI-H460 xenografts
was measured using a precision electronic balance 1-2 times
per week at intervals of approximately 4 day for 6 weeks (Yang
etal., 2013).

The experiment was terminated after approximately 6
weeks at the discretion of the investigator. The mice were
sacrificed and the tumor, liver, heart, lungs, spleen, and kid-
neys (right and left) were collected and weighed using a preci-
sion electronic balance (Yang et al., 2013). All experiments
were performed at least five times; data are expressed as the
means + standard deviation (SD). Statistical comparisons be-
tween each groups were performed using Student’s t test. p<
0.05 was considered significant.

RESULTS

HPN characterization

As shown in Table 1, the PN and HPN zeta potential was
28.6 + 0.88 and -35.7 £ 0.25 mV, respectively. Although the
PNs had a positive zeta potential value of approximately 29
mV, the HPNs were negatively charged because their surface
was coated with HA. The PNs and HPNs had opposite zeta
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Fig. 1. Cryogenic transmission electron microscopy (cryo-TEM,
A) and size distribution (B) of hyaluronic acid-complexed paclitaxel
nanoemulsions. Scale bar in the cryo-TEM image: 200 nm.

potential values of approximately -36 mV.

Particle characteristics (polydispersity and size) were mea-
sured by DLS. The mean diameter of the PNs and HPNs was
71.7 £ 8.81 and 85.2 + 7.55 nm, respectively. The polydisper-
sity index of the PNs and HPNs was 0.20 + 0.04 and 0.21 +
0.05, respectively, with a narrow size distribution.

HPN morphology imaged with cryo-TEM is shown in Fig.
1A. The nanoparticles appear to be attached; their size ap-
peared to be 100-200 nm. As shown in Fig. 1B, although DLS
determined a z-average diameter of 83.67 nm in the HPNs,
the actual particle size was slightly larger.

HPN mean particle size was greater than PN particle size (p<
0.05) due to the presence of HA on the surface of the HPNs.
The HPN particle size was greater than approximately 10-15
nm when compared to the PN particle size.

It is known that particle size alters the pharmacokinetics by
affecting tissue distribution and excretion; nanocarriers with
a small particle size (< 200 nm) display increased drug accu-
mulation in tumor cells because of the enhanced permeability
and retention (EPR) effect (Davis et al., 2008). Given that in
our study, the size of the PN and HPN was <100 nm, drug
accumulation in tumor cells was expected to be relatively high
(Fang et al., 2011). And high molecular weight (HMW) HA has
higher affinity to CD44 than low molecular weight (LMW) HA,
however, it shows lower stability during blood circulation com-
pared to low molecular weight HA. In the previous research,
we have carried out an experiment to measure the amount
of HA coated on the surface of nanoemulsions using assay
for chondroitin sulfate. We have confirmed that the amount
of surface coating using LMW HA is more efficient and higher
than that of HMW HA. So we were used LMW HA.

https://doi.org/10.4062/biomolther.2016.261
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Fig. 2. Representative images of in vivo antitumor efficacy of sa-
line, Taxol®, PNs, or HPNs in nude mice treated with a bolus injec-
tion of 25 mg/kg in tumor-transplanted CD44-overexpressing NCI-
H460 xenografts. Variations in tumor volume are presented. Note:
HPNs was p<0.01 versus Saline, HPNs was p<0.05 versus Taxol®.
PNs, paclitaxel nanoemulsions; HPNs, hyaluronic acid-complexed
paclitaxel nanoemulsions.

Finally, the particle size, morphology, and zeta potential
varied greatly between the PNs and HPNs. Particle size, sur-
face charge, and polydispersity index were all greater in the
HPNSs than in PNs.

Drug content (DC) of HPN

As a shown in Table 1, the EE and DC of the PNs (n=3)
were 100.2 £ 0.35% and 3.00 + 0.01 mg/mL, respectively.
Those of the HPNs were 100.4 + 0.22% and 3.00 + 0.01 mg/
mL, respectively. These data displayed satisfactory reproduc-
ibility. The EE was >9.5%, independent of the PTX content
(3.0 mg/mL) for all PN and HPN batches tested. This suggests
that PTX was perfectly encapsulated in the oil phase of the
nanoemulsions (Zhao et al., 2008).

During preliminary studies, we determined that the PN and
HPNs DC was >6 mg/mL; however, to maintain stability over
time, we used <3.5 mg/mL of PTX in this study.

Antitumor efficacy

We assessed the in vivo antitumor efficacy of the treatment
preparations by measuring the change in tumor volume and
body weight of nude mice treated with a bolus dose (25 mg/
kg) of saline, Taxol®, PNs, or HPNs (Zhao et al., 2012; Yang et
al., 2013; Park et al., 2014; Liu et al., 2015). When tumor size
did not increase, we judged the treatment to exert a strong an-
titumor effect; this was seen in the HPN-treated group (p<0.01
versus Saline) (Fig. 2). Suppression of cancer cell growth was
higher in the PN and HPN groups than in the Taxol® group
(p<0.05).

Inhibition of cancer cell growth in mice treated with the PNs
was more efficient than in mice treated with Taxol® (p<0.05).
The non-small cell cancer suppression ability of the PNs was
higher than that of Taxol® (p<0.05), likely indicating that the
PNs only passively targeted tumor cells via the EPR effect.

The HPNs reduced cancer cell growth more efficiently than
the PNs administered over the study period, likely due to the
presence of HA on the surface of the nanoemulsions (Kim and
Park, 2016). This may also indicate that HPNs targeted tu-
mor cells not only passively through the EPR effect, but also
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Fig. 3. Variations in tumor tissue weight at 6 weeks after an intra-
venous bolus injection of 25 mg/kg of saline, Taxol®, PNs, or HPNs
via the caudal vein. Data are presented as means + SD (n=5).
Note: HPNs was p<0.01 versus Saline, HPNs was p<0.05 versus
Taxol®. PNs, paclitaxel nanoemulsions; HPN, hyaluronic acid-
complexed paclitaxel nanoemulsions.
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Fig. 4. Representative images of changes in body weight in mice
treated with saline, Taxol®, PNs, or HPNs with a bolus injection of
25 mg/kg in tumor-transplanted CD44-overexpressing NCI-H460
xenografts. Variations in body weight are presented. PNs, pacli-
taxel nanoemulsions; HPN, hyaluronic acid-complexed paclitaxel
nanoemulsions.

actively via binding affinity to CD44 in the xenograft (Xiong et
al., 2016).

Changes in tumor tissue weights at 6 weeks after treatment
are shown in Fig. 3. There was significant difference in tu-
mor weight among the groups treated saline, Taxol®, PNs, and
HPNs after 6 weeks. Tumor weight was dramatically reduced
by 68.9% in the PN group than in the control saline group
(p<0.05). Furthermore, tumor weight in mice treated with
HPNs was significantly lower than in the mice from all other
treatment groups, and was reduced by 80.5% compared to
controls (p<0.01). Tumor weight was only reduced by 23.6%
in the Taxol®-treated group (p<0.05).

Change in body weight and tissue weight

As shown in Fig. 4, body weight loss in mice treated with
Taxol® was greater than in mice treated with saline. This im-
plies that Taxol® exerts toxicity and adverse effects. However,
mice treated with PNs or HPNs displayed a less than 10%
change in body weight (p<0.05); this may indicate that PNs
and HPNs exert low toxicity and cause few side effects (Liu
et al., 2015). But, totally, there was no significant difference
in body weights loss among the groups (p>0.05). Changes in
various organ weights 43 days after treatment are shown in
Fig. 5. There was no significant difference in liver, heart, lung,

Organ weight (g)

OO0
ONPROOON A0

Liver Heart Lung

Spleen  Kidney Kidney

(R) L

Fig. 5. Variations in organ weight in tumor-transplanted CD44-
overexpressing NCI-H460 xenograft mice at 6 weeks after an
intravenous bolus injection of 25 mg/kg of saline, Taxol®, PNs, or
HPNs via the caudal vein. Data are presented as means + SD (n=5).
Note: p>0.05 all of them. PNs, paclitaxel nanoemulsions; HPNs,
hyaluronic acid-complexed paclitaxel nanoemulsions.

spleen, and kidney weights between the groups (p>0.05).
Liver weights in the mice treated with HPNs were slightly re-
duced, but the difference was not significant (p>0.05).

DISCUSSION

In this study, HPNs and PNs without HA were successfully
prepared for the delivery of the poorly soluble PTX to non-
small cell lung carcinomas via active tumor targeting.

HPNs were prepared using high-pressure homogeniza-
tion with a microfluidizer. The PTX content was 3.0 mg/mL,
and the EE was close to 100%. It was possible to fabricate
a nanoemulsion with a high PTX-loading rate by dissolving
PTX in the oil phase, which demonstrated a high emulsion-
solubilizing capacity. Previous studies indicated that the PN
and HPN DC could be higher than 6 mg/mL. To obtain an EE
>100%, the incorporated PTX was located in the oil phase of
the nanoemulsions (Kim and Park, 2016). However, to main-
tain a stable infusion formulation for an extended period, even
after dilution with saline or a dextrose solution, we used 3 mg/
mL of PNs and HPNs.

The particle size and zeta potential of the PNs varied
greatly from those of the HPNs. The HPNs were negatively
charged due to their HA surface coating. The mean particle
size of the HPNs was slightly larger (10-15 nm) than that of the
PNs, likely due to the presence of HA. This suggests that the
HPN cores contained the nanoparticles and that the HA coat-
ing, in the p-oxoform covalently bound to ferric chloride in the
oil phase (Mercé et al., 2002), played an important role in the
active targeting of cancer (Mizrahy et al., 2011).

We assessed in vivo antitumor efficacy by measuring the
changes in tumor volume and body weight of the mice. Sup-
pression of cancer cell growth was higher in the PN and HPN
groups than in the Taxol® group. The non-small cell cancer
suppression ability of the PNs was much higher than that of
Taxol®, and likely derived from passively targeting tumor cells
by the EPR effect caused to nanoparticle properties. The for-
mulation of Taxol® is non-targeted solution which composed
with Cremophor EL® (polyoxyethylated castor oil) and ethanol.
So it is not able to passively targeted tumor cells. The HPNs
inhibited tumor growth more efficiently than the PNs because
of the presence of HA on the nanocarriers’ surface, which may
have targeted the tumors directly via specific binding to CD44.

Our findings suggest that the PTX nanoemulsion coated
with HA actively targets CD44. PNs without HA only slightly

www.biomolther.org



Biomol Ther 25(4),411-416 (2017)

inhibited cancer cell growth, while HA coatings enhanced the
efficacy of the treatment. Body weight loss in mice treated
with Taxol® was greater than in mice treated with saline, PNs,
or HPNs (p>0.05). This may imply that Taxol® exerts greater
toxicity and causes serious adverse effects. Mice treated with
PNs and HPNs displayed a less than 10% change in body
weight (p<0.05). This may indicate that PNs and HPNs exert
low toxicity and cause few side effects (Liu et al., 2015). No
significant changes in organ weight were observed, although
it is unknown whether this correlates with low to no toxicity.
We conclude that HPN is a highly effective nanocarrier for ac-
tively delivering PTX to non-small cell lung carcinomas over-
expressing CD44s. In the future, we would like to investigate
the in vivo antitumor efficacy studies of nude mice treated with
saline, Taxol®, PNs, or HPNs in a CD44-overexpressing breast
cancer cell xenograft tumor.
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