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Aim: To compare the anti-cancer activity and cellular uptake of curcumin (Cur) delivered by targeted and non-targeted drug delivery 
systems in multidrug-resistant cervical cancer cells.
Methods: Cur was entrapped into poly (DL-lactide-co-glycolide) (PLGA) nanoparticles (Cur-NPs) in the presence of modified-pluronic 
F127 stabilizer using nano-precipitation technique.  On the surface of Cur-NPs, the carboxy-terminal of modified pluronic F127 was 
conjugated to the amino-terminal of anti-P-glycoprotein (P-gp) (Cur-NPs-APgp).  The physical properties of the Cur-NPs, including particle 
size, zeta potential, particle morphology and Cur release kinetics, were investigated.  Cellular uptake and specificity of the Cur-NPs and 
Cur-NPs-APgp were detected in cervical cancer cell lines KB-V1 (higher expression of P-gp) and KB-3-1 (lower expression of P-gp) using 
fluorescence microscope and flow cytometry, respectively.  Cytotoxicity of the Cur-NPs and Cur-NPs-APgp was determined using MTT 
assay.
Results: The particle size of Cur-NPs and Cur-NPs-APgp was 127 and 132 nm, respectively.  The entrapment efficiency and actual 
loading of Cur-NPs-APgp (60% and 5 µg Cur/mg NP) were lower than those of Cur-NPs (99% and 7 µg Cur/mg NP).  The specific binding 
of Cur-NPs-APgp to KB-V1 cells was significantly higher than that to KB-3-1 cells.  Cellular uptake of Cur-NPs-APgp into KB-V1 cells was 
higher, as compared to KB-3-1 cells.  However, the cellular uptake of Cur-NPs and Cur-NPs-IgG did not differ between the two types of 
cells.  Besides, the cytotoxicity of Cur-NPs-APgp in KB-V1 cells was higher than those of Cur and Cur-NPs.
Conclusion: The results demonstrate that Cur-NPs-APgp targeted to P-gp on the cell surface membrane of KB-V1 cells, thus enhancing 
the cellular uptake and cytotoxicity of Cur.
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Introduction
Multidrug resistance (MDR) in cancer cells reduces the cyto-
toxic effects of various anticancer drugs and enhances the abil-
ity of cancer cells to actively efflux drugs, leading to a decrease 
in cellular drug accumulation below toxicity[1].  Although 
several mechanisms are proposed for drug resistance, the best-
studied mechanism of MDR is related to the overexpression of 
P-glycoprotein (P-gp), a 170 kDa ATP dependent membrane 
transporter that acts as a drug efflux pump[2].  Overexpression 
of P-gp in various cancer cells leads to a decrease in the cyto-
toxicity in a broad spectrum of anticancer drugs including 
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doxorubicin, vincristine, etopoxide and paclitaxel[3].  There 
have been many studies investigating the ability of P-gp inhib-
itors to overcome MDR by inhibiting MDR transporters or by 
suppressing MDR mechanisms.  The compounds that would 
reverse resistance against anticancer drugs are called MDR 
inhibitors, MDR modulators or chemosensitizers[4].  Many 
pharmacologic agents from diverse structure classes have been 
identified as MDR modulators.  It has been reported that many 
agents from natural products and dietary plants also modulate 
MDR phenotype of cancer cells including the extraction from 
Rosmarinus officinalis, Momordica charantia[4, 5], Stemona aphylla[6], 
and including Curcuma longa[7, 8].  

Curcumin (Cur), a phenolic compound purified from the 
rhizome of Curcuma longa, has a long history of being used as 
a spice and in traditional medicine.  Several studies demon-
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strated that Cur has been shown to display antioxidant, anti-
inflammation, anti-diabetes, anti-carcinogenic, anti-tumor 
invasion and anti-angiogenesis activities[9].  Moreover, our 
previous findings indicated that Cur down-regulated both 
MDR1 gene expression and P-gp function[10, 11].  The most com-
pelling and key rationale for the therapeutic use of Cur is its 
extremely superior safe profile.  Cur has been associated with 
the regression of premalignant lesions of various organs and 
shows no toxicity to healthy organs at high doses[12].  However, 
low oral bioavailability, poor pharmacokinetics, insolubility 
in water[12] and degradability at natural to basic pH conditions 
are the limited efficiency factors of Cur in vivo.  The develop-
ment of novel delivery systems could be one strategy to over-
come these problems.  One possible way to improve the water 
solubility and stability of Cur is to entrap it into nanoparticles 
(NPs)[12].  

NPs can target tumors by either the passive or active pro-
cess.  Passive targeting implies that the enhanced perme-
ability and retention effect (EPR effect), which characterizes 
malignant tissues, allows the passive accumulation of encap-
sulated drugs to tumor sites[13, 14] .  Active targeting involves 
tagging the drug vehicle with a ligand and allows it to specifi-
cally sequester in the targeted tumor[15, 16].  Among the vari-
ous ligands, such as peptides, carbohydrates, and polymers, 
monoclonal antibodies are most widely investigated for 
selectively targeting nanoparticulate drug delivery systems to 
tumors[17–19].  The P-gp is one such cell-surface target.  P-gp-
positivity is associated with more aggressive tumor behav-
ior[20] and is a biomarker which overexpresses on the plasma 
membrane of MDR phenotypes of a variety of cancer cell 
lines[21], where Cur could be a promising candidate for cancer 
targeted therapy.  

Polymeric nanoparticle-based drugs have been increas-
ingly developed as preferred drug nanocarriers against many 
diseases.  Special focus on the use of particles prepared from 
poly(DL-lactide-co-glycolic acid) (PLGA)[22], is warranted due 
to their biocompatibility, biodegradability and high stability 
in biological fluids[23].  These NPs have proven to be effective 
carriers for hydrophobic and hydrophilic drugs[24].  Bisht et 
al showed that Cur-loaded NPs could suppress constitutive 
NF-ĸB in pancreatic cancer cells[25].  The next previous study 
again found that Cur-loaded NPs were more active than Cur 
in suppressing NF-ĸB activation induced by TNF[26].  These 
differences could have been due to differential Cur uptake.  

Several studies have been reported the evaluations of Cur-
loaded PLGA NPs such as the effect in improving oral bio-
availability of Cur may be associated with improved water 
solubility, higher release rate in the intestinal juice, enhanced 
absorption by improved permeability, inhibition of P-gp-
mediated efflux, and increased residence time in the intestinal 
cavity[12, 17–19, 23].  Thus, encapsulating hydrophobic drugs or 
medicinal compounds in PLGA polymer is a promising candi-
date method for sustained and controlled drug delivery with 
improved bioavailability of Biopharmaceutics Classification 
System (BCS) class IV, such as Cur[27].  In this study we con-
jugated anti-P-gp antibody to the surface of biodegradable 

PLGA-NPs to target P-gp on the surface of MDR cancer cells 
and Cur was encapsulated to PLGA nanospheres by nano-
precipitation technique.  The Cur loaded NPs were then char-
acterized for their actual loading, encapsulation efficiency, 
particle size, morphology, and then evaluated for their in vitro 
release profiles.  Moreover, we compared the cellular uptake 
and cytotoxicity of targeted and nontargeted Cur-loaded NPs 
in drug resistant (KB-V1) and drug sensitive (KB-3-1) cervical 
carcinoma cell lines.

Materials and methods
Materials 
Poly(DL-lactide-co-glycolide) (PLGA; lactide to glycolide ratio 
50:50), N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide 
hydrochloride (EDC), N-hydroxy succinimide (NHS) and 
Pluronic® F127 (Poloxamer 407) were purchased from Sigma 
Aldrich (St Louis, MO, USA). 4-Dimethylaminopyridine 
(DMAP) and succinic anhydride were purchased from Fluka 
Chemie GmbH (Buchs, Switzerland).  Dulbecco’s modified 
Eagle’s medium (DMEM), penicillin-streptomycin, fetal bovine 
serum (FBS) and 0.05% trypsin-EDTA were provided by Gibco 
(Grand Island, NY, USA). Triethylamine and D-TubeTM Dia-
lyzer Midi, MWCO 6–8 kDa, Amicon® Uitra-4 centrifugal Fil-
ter Devices (30 K) were supplied by Merck KGaA (Darmstadt, 
Germany).  Acetone, tetrahydrofuran (THF), chloroform, 
dimethyl sulfoxide (DMSO) and diethyl ether were purchased 
from Lab Scan (Bangkok, Thailand).  PTFE membrane syringe 
filter (Puradisc13, PTFE; 0.45 µm) was purchased from What-
man (UK).  Mouse monoclonal antibody (F4) to P-glycoprotein 
(P-gp) was purchased from Abcam (Cambridge, UK).  Normal 
mouse IgG1 isotype control was perchased from Santa Cruz 
(CA, USA).

Cell culture
The multidrug resistant (KB-V1) and drug sensitive (KB-3-
1) cervical carcinoma cell lines[8, 10] were generous gifts from 
Dr Michael M GOTTESMAN (National Cancer Institute, 
Bethesda, MD, USA).  Both cell lines were cultured in DMEM 
with 10% FBS, 2 mmol/L L-glutamine, 50 U/mL penicillin 
and 50 µg/mL streptomycin and 1 µg/mL of vinblastine was 
added only to the KB-V1 culture medium.  These two-cell lines 
were maintained in a humidified incubator with an atmo-
sphere comprising 5% CO2 at 37 ºC.  The expression of P-gp in 
KB-V1 and KB-3-1 cells was confirmed by Western blot analy-
sis as described in our previous reports[4, 10]. 

Preparation of poloxamer-carboxylic (Poloxamer-COOH)
Terminal hydroxyl groups on pluronics were first converted 
to carboxyl groups with a slight modification of the previous 
procedure described by Guerrouache et al[28] and Chittasu-
pho et al[29]. Twelve grams of poloxamer (Pluronic® F127) was 
dissolved in 55 mL tetrahydrofuran (THF), then 122.5 mg of 
4-dimethylaminopyridine (DMAP), 135 µL of triethylamine 
and 1 g of succinic anhydride were added and the mixture 
was stirred for 48 h at room temperature.  The solution was 
dried by a rotary evaporator, and was then dissolved in 75 mL 
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of chloroform.  The excess succinic anhydride was removed by 
filtration with a 0.45 µm PTFE membrane syringe filter.  The 
poloxamer-COOH was purified by precipitation for 48 h with 
ice-cold diethyl ether.  The precipitate was dissolved in etha-
nol, filtered and dried.  The product was identified by fourier 
transform infrared spectrophotometer (Nicolet 470 FT-IR spec-
trometers, USA).

Preparation of curcumin-encapsulated PLGA nanoparticles (Cur-
NPs)
PLGA NPs with encapsulated Cur were formulated by the 
nanoprecipitation technique[30].  Fifty milligrams of PLGA was 
dissolved in 7.5 mL acetone containing 500 µg of Cur.  One 
hundred milligrams of poloxamer-COOH was dissolved in 10 
mL Deionized (DI) water.  Then the PLGA solution was drop-
wise-added into the poloxamer solution under stirring (400 
rounds per minute) overnight.  The NPs were then washed 
twice with DI water, by centrifugation using Amicon filtra-
tion device with 30 kDa molecular weight cut off membrane 
at 4400 rounds per minute for 50 min at 4 ºC to obtain Cur-
NPs.  The resulting NPs were resuspended in 1 mL of sterile 
DI water.

Preparation of anti-P-gp antibody-conjugated Cur-NPs (Cur-NPs-
APgp) 
Cur-NPs were conjugated to anti-P-gp antibody through the 
carbodiimide reaction.  Briefly, the NPs were adjusted to pH 
5.8, and then incubated with the appropriate amount of NHS 
(50 mmol/L) and EDC (100 mmol/L) for 30 min.  The result-
ing NHS-activated particles were then centrifuged at 12 000 
rounds per minute for 15 min at 4 ºC and the supernatant was 
removed.  The NPs were resuspended in 800 µL DI water and 
100 µL PBS (pH 7.4), and then 10 µL of anti-P-gp antibody was 
added under gentle stirring and the solution was then incu-
bated overnight.  Cur-NPs-APgp were collected by centrifuga-
tion (12 000 rounds per minute for 15 min at 4 ºC) and washed 
2 times with DI water.  

Characterization of NPs
The NPs were characterized for size, zeta potential, and par-
ticle distribution by photon correlation spectroscopy (PCS) 
(Zetasizer, Malvern Instrument, UK).  

Fifteen microliters of nanoparticles was dissolved in 25 µL 
of DI water (2 µg of nanoparticle/mL) and stained with 25 µL 
of 2% (w/v) phosphotungstic acid solution.  Five microliters 
of stained-nanoparticles were dropped on a copper grid and 
dried by air flow.  The morphology of NPs was determined by 
TEM.  

Determination of Cur loading and encapsulation efficiency
The encapsulation efficiency of Cur-NPs was determined by 
analyzing the supernatant of the final suspension.  The NPs 
and supernatant were separated from each other by centrifu-
gation using an Amicon filtration device with 30 kDa molecu-
lar weight cut off membrane at 4400 rounds per minute for 50 
min.  The remaining Cur in the supernatant was measured by 

UV-visible spectrophotometer at 425 nm.  The concentration of 
Cur was calculated using the standard curve of Cur in metha-
nol (1–10 µg/mL).  The Cur loading content and encapsulation 
efficiency were calculated as follows: 

In vitro Cur release 
The release of Cur from the NPs was carried out by the dialy-
sis method as previously described[30] with slight modifica-
tions.  Briefly, 100 µg/mL of Cur-NPs were added in a dialysis 
tube with a molecular cut off of 6–8 kDa and suspended in 10 
mL of release medium (50% v/v of ethanol) at 37 °C in shak-
ing incubator at 70 rounds per minute.  One milliliter from 
the release medium was withdrawn at predetermined time 
interval and replaced with 1 mL of the fresh medium.  Finally, 
Cur in the samples was quantified with a spectrophotometer.  
The percentage of Cur released from the NPs at various time 
points was calculated as follows:

Cellular uptake of Cur-NPs-APgp into KB-V1 and KB-3-1 cells
KB-V1 and KB-3-1 (20 000 cells) were seeded on cover slips in 
12-well tissue culture plates and incubated at 37 °C, 5% CO2 in 
DMEM supplement with 10% FBS, overnight.  The cells were 
then exposed to 10 µg/mL concentrations of Cur-NPs-APgp, 
Cur-NPs, or Cur-NPs-IgG for 30 and 60 min.  Free NPs were 
removed by being washed 3 times with PBS.  The cells were 
fixed with 4% paraformaldehyde.  Cellular uptake of Cur-NPs 
was determined using a fluorescence microscope.  
 
Specific binding of Cur-NPs-APgp to KB-V1 and KB-3-1 cells
The specific binding of Cur-NPs-APgp was studied by using 
flow cytometry.  KB-V1 and KB-3-1 cells (2×105 cells/well) 
were treated with 5 μmol/L of Cur-NPs-APgp for 5, 30, and 
60 min in DMEM without phenol red and incubated at 37 ºC.  
After incubation, the cells were centrifuged at 4400 rounds 
per minute for 5 min at 4 ºC and the cells were washed 2 times 
with ice cold PBS.  The cells were centrifuged at 4400 rounds 
per minute for 5 min at 4 ºC.  Then the supernatant was 
removed and the cell pellet was resuspended with 0.5 mL PBS.  
The fluorescence intensity was measured by flow cytometer.

Cytotoxicity assay
Cytotoxicity of NPs, NPs-APgp, free Cur, Cur-NPs, and Cur-
NPs-APgp against KB-V1 and KB-3-1 cells was evaluated 
using a colorimetric MTT assay as was described before[31].  
Briefly, cells (1×103 cells/well) were seeded in a 96-well plates 
and incubated at 37 °C, 5% CO2 overnight in DMEM contain-
ing 10% FBS.  The cells were treated with various concentra-
tions (0–27 µmol/L) of NPs, NPs-APgp, free Cur, Cur-NPs, 

Loading content = Amount of Cur in nanoparticle          (1)                                      1 mg of nanoparticles

Entrapment efficiency= [Cur]total–[Cur]filtrate   ×100             (2)                                                       [Cur]total 

Cumulative release (%) =           Released Cur          ×100                                              Total encapsulated Cur
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and Cur-NPs-APgp for 6 h.  Then cell culture supernatant was 
removed and fresh DMEM containing 10% FBS was added 
and the cell culture was further incubated for 42 h.  For the 
time interval treatment, the cells were treated with 27 µmol/L 
of free Cur, Cur-NPs, and Cur-NPs-APgp for 1, 6, or 24 h, after 
that cultured in the drug free medium for another 23, 18, and 
0 h, respectively.  At the end of time point, MTT dye (15 µL, 5 
mg/mL) was added and incubated for an additional 4 h.  The 
MTT-formazan was dissolved in DMSO and absorbance was 
measured using a microplate reader at 540 nm with a refer-
ence wavelength of 630 nm.

Statistical analysis 
All data are presented as mean±SD values.  Statistical analy-
ses were conducted with Prism version 5.0 using one-way 
ANOVA, Dunnett’s test or Tukey’s test.  Statistical significance 
was concluded with: b, c: P<0.05 or 0.01, respectively when 
compared with control and e, f: P<0.05 or 0.01, respectively 
when compared with free Cur.

Results 
Expression of P-gp in KB-V1 and KB-3-1 cells
Western blot analysis for the level of P-gp in KB-V1 and 
KB-3-1 cells showed that the KB-V1 cells expressed large 
amount of P-gp while the expression of P-gp in KB-3-1 cells 
could not be detected (Figure 1).

Preparation of carboxylated poloxamer (Poloxamer-COOH)
To conjugate anti-P-gp antibody to NPs, the hydroxyl groups 
of the surfactant and poloxamer were converted to carboxyl 
groups.  The COOH formation was determined by FTIR spec-
troscopy.  The FTIR spectrum showed a strong C=O stretch-
ing absorption at 1720 cm-1 and a very broad and strong 

absorption at 3500 cm-1, which indicated the appearance of 
the hydroxyl of carboxylic acid (Figure 2).  These results con-
firmed the formation of the carboxylated poloxamer.  These 
results were in line with our previous report[32] confirming the 
partial formation of carboxylated Poloxamer.

Size, particle distribution, zeta potential, entrapment efficiency, 
and actual loading of NPs, Cur-NPs and Cur-NPs-APgp
PLGA NPs were prepared using a nanoprecipitation method.  
NPs were formed from PLGA, which served as a hydropho-
bic core to encapsulate the poorly water-soluble Cur.  The 
size, polydispersity (PDI), zeta potential, and actual loading 
for Cur-NPs and Cur-NPs-APgp are shown in Table 1.  The 
mean diameters of Cur-NPs and Cur-NPs-APgp were 127 and 
132 nm, respectively, which were bigger than NPs (111 nm).  
Moreover, low polydispersity was observed in both Cur-NPs 

Table 1.  Mean size, zeta potential, polydispersity index (PDI), percent entrapment efficiency (%EE) and actual loading for NPs, Cur-NPs, and Cur-NPs-
APgp.   

    
 Formation           Size (nm)           Polydispersity

        Zeta potential             EE                       Actual loading
                                                                                                                                                               (mV)                                   (%)                     (μg Cur/mg NP)
  
 NPs    111±5.0 0.245 -23.0 ND ND
 Cur-NPs 127.4±2.2 0.105±2.2 -23.1±1.7 99 7
 Cur-NPs-APgp 132.4±1.5 0.091±1.5 -40.3±6.1 60 5

ND=Not determined

Figure 1.  P-gp expression in KB-V1 and KB-3-1 cells determined by 
Western blot analysis.

Figure 2.  FTIR spectrogram of carboxylated Pluronic F127.  Figure A 
exhibits the carboxylated poloxamer.  The FTIR spectrum showed a strong 
C=O stretching absorption at 1720 cm-1 which indicated the appearance 
of carboxylic acid.  Figure B exhibits native Pluronic F127, a very broad 
and strong absorption at 3500 cm-1, which indicated the appearance of 
the hydroxyl group.
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and Cur-NP-APgp suggesting a narrow size distribution.  The 
zeta potential of the Cur-NPs and Cur-NPs-APgp were -23.1 
and -40.3 mV, respectively.  The entrapment efficiency and 
actual loading of Cur in nanoparticles were determined using 
equations 1 and 2, as described in the method section.  The 
entrapment efficiency and actual loading of Cur-NPs-APgp 
(60%, 5 µg Cur/mg NP) were lower than that of Cur-NPs 
(99%, 7 µg Cur/mg NP).

In addition, with this formulation procedure, the Cur sam-
ples encapsulated in NPs were completely dissolved in aque-
ous solution with no aggregation, unlike those observed in 
free Cur, which exhibited poor aqueous solubility (Figure 3A).  

In vitro release kinetic profile
Cumulative percentage of Cur released from Cur-NPs is 
shown in Figure 3B.  On the first day, only 40% of Cur was 

released from the nanoparticles and increased up to 80% on 
the third days and reached 90% in 5 d, which was a maximum.  
After that, the sustained-Cur was released at about 80% up to 
10 d.

Surface morphology of NPs
The surface morphology of the nanosphere encapsulated Cur 
was determined by TEM.  Figure 3C illustrates a TEM scan-
ning and shows the formation of spherical and smooth par-
ticles.  The average size of Cur-NPs and Cur-NPs-APgp were 
125 nm and 130 nm, respectively, which correlated to that 
which was observed using photon correlation spectroscopy 
(Zeta Sizer).  

Specific binding of Cur-NPs-APgp to KB-V1 and KB-3-1cells
To determine the specific binding of anti-P-gp antibody con-
jugated NPs on KB-V1 cells (high expression of P-gp), KB-V1 
and KB-3-1 cells were incubated with Cur-NPs-APgp for 
various time points and then fluorescence intensity was deter-
mined by flow cytometry.  Figure 4 shows that the interaction 
of Cur-NPs-APgp to KB-V1 cells was substantially greater 
than to KB-3-1 cells.  The fluorescence intensity in KB-V1 cells 
was higher than that in the KB-3-1 cells when the cells were 

Figure 4.  Specific binding of Cur-NPs-APgp to KB-V1 cells determined by 
FACS.  Gray and blank histograms represent Cur-NPs-APgp targeting to KB-
V1 and KB-3-1 cells, respectively (A) and show the fluorescence intensity 
in bar graph (B).  All assays have been demonstrated in duplicate and the 
mean±standard deviations are shown. bP<0.05 vs KB-3-1 cells.

Figure 3.  Nano-encapsulation renders Cur completely dispersible in 
aqueous media.  The figure shows solubility of Cur compared with Cur-
NPs and Cur-NPs-APgp in aqueous solution (A).  In vitro Cur release kinetic 
profile from Cur-NPs in 50% v/v of ethanol at 37 °C in shaking incubator 
at 70 rounds per minute over a period of 10 d (B).  Transmission electron 
microscope image of NPs, Cur-NPs, and Cur-NPs-Apgp, respectively.  TEM 
scanning shows the formation of spherical and smooth particles (C).
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treated with Cur-NPs-APgp for 5, 30 and 60 min.

Cellular uptake of NPs by KB-V1 and KB-3-1 cells
In order to investigate the cellular uptake of Cur encapsulation 
in NPs, KB-V1 and KB-3-1 were treated with Cur-NPs, Cur-
NPs-APgp, and Cur-NPs-IgG for 30 and 60 min.  As shown in 
Figure 5, the fluorescence intensity of Cur in Cur-NPs-APgp-
treated KB-V1 cells was higher than Cur-NPs-APgp-treated 
KB-3-1 cells at 60 min.  In contrast to Cur-NPs-APgp-treated 
cells, there was no difference in the fluorescence intensity 
between Cur-NPs and Cur-NPs-IgG treated-KB-V1 and KB-3-1 
cells at 60 min (Figure 5B).  

Cytotoxicity of nanoparticle to KB-V1 and KB-3-1 cells
To determine the cytotoxicity of NPs, NPs-APgp, free Cur, 
Cur-NPs and Cur-NPs-APgp, KB-V1 and KB-3-1 cells were 
treated with NPs, NPs-APgp, free Cur, Cur-NPs, or Cur-NPs-
APgp for 6 h and cell viability was then determined by MTT 
assay.  In KB-V1 cells (Figure 6A), Cur-NPs-APgp was found 
to be the most effective in inducing cancer cell death among 
three different Cur formations.  Free Cur, Cur-NPs, and Cur-
NPs-APgp reduced KB-3-1 cell viability in a dose-dependent 
manner, but the difference did not differ between treatment 
groups (Figure 6B) and IC50 of free Cur, Cur-NPs, and Cur-

NPs-APgp in KB-3-1 and KB-V1 was more than 27 µmol/L, 
while NPs and NPs-APgp did not reduce cell viability when 
compared with the control (data not shown).  For time inter-
val treatment, the cells were treated with 27 µmol/L of free 
Cur, Cur-NPs, and Cur-NPs-APgp for 1, 6, or 24 h, after that 
cultured in the drug free medium for another 23, 18 and 0 h, 
respectively.  The result showed that Cur-NPs-APgp had the 
most potential to induce cancer cell death among the three 
different Cur formations.  Cur-NPs-APgp at 1 and 6 h showed 
a significant ability to induce cancer cell death when com-
pared with free Cur and control in KB-V1 cell, while Cur-NPs 
showed significant ability to induce cancer cell death when 
compared only with the control, whereas at 24 h both the Cur-
NPs and Cur-NPs-APgp showed significant ability to induce 
cancer cell death when compared with free Cur and the con-
trol (Figure 7).  

Discussion
Curcumin (Cur), a naturally occurring product, has exhibited 
potent anti-cancer activities in various models which can be 
used in cancer therapy[33].  Although Cur showed multiple 
medicinal benefits, but revealed a low oral bioavailability of 
Cur[34], which continues to be highlighted as a major challenge 
in developing its formation for clinical efficacy.  Cur encapsu-
lated to nanoparticles is one of the possible ways to increase 
its solubility and bioavailability[30].  In this direction, various 
nanocurcumin including liposome, micelles, and biodegrad-

Figure 6.  Cytotoxicity of Cur, Cur-NPs, and Cur-NPs-APgp in KB-V1 (A) and 
KB-3-1 (B) cells.  The cells were incubated with the compounds for 6 h, 
and the cytotoxicity was then determined by MTT assay.  All assays have 
been demonstrated in triplicate and the mean±standard deviations are 
shown.

Figure 5.  The cellular uptake of Cur-NPs-APgp and Cur-NPs and Cur-NPs-
IgG in KB-V1 and KB-3-1 cells.  Cells were incubated with 10 µg/mL Cur-
NPs-APgp or Cur-NPs and Cur-NPs-IgG for 30 (A) and 60 min (B), and the 
fluorescence levels were determined by a fluorescence microscope.



829

www.chinaphar.com
Punfa W et al

Acta Pharmacologica Sinica

npg

able polymer NPs have been developed and most of them 
involve passive targeting[35, 36].  However, actively targeting 
nanocurcumin has not yet been demonstrated.  Targeted drug 
delivery represents a potential approach to further enhance 
anti-tumor efficacy.  P-gp is minimally expressed on normal 
tissue, but significantly upregulated on MDR cancer cells[37].  
Targeted drug delivery to MDR cancer cells is considered a 
strategy for the increased drug sensitivity of the cancer cells 
via enhancement of drug accumulation and cellular uptake.  

In the current report, we prepared Cur-encapsulated PLGA 
NPs based on the nanoprecipitation technique.  Pluronic is 
a widely known stabilizer for PLGA-NPs and many other 
pharmaceutical formations.  To conjugate the antibody to the 
surface of NPs, we converted the hydroxyl groups of pluronic 
to carboxyl groups and conjugated the anti-P-gp antibody to 
the surface of NPs using the EDC-NHS carbodiimide reaction.  
Particles in the 100 to 200 nm range avoid premature clearance 
by the reticuloendothelial system[16].  We have prepared Cur-
NPs and Cur-NPs-APgp with a mean diameter of less than 
200 nm and the polydispersity index (PDI) of both was near 
0.1.  When the PDI value is less than 0.3, this indicated that 
the distribution of the sample particle size was narrow.  These 
finding demonstrated that the small mean particle size and the 
uniform particle distribution were observed in Cur-NPs and 
Cur-NPs-APgp.  Our NPs preparation (Cur-NPs) provided 
smaller size (127 nm) and higher entrapment efficiency (99%) 
compared to previous study[30] which used emulsion evapora-
tion method.  The mean size of the Cur-NPs and Cur-NPs-
APgp was confirmed by TEM.  The diameter of the particles, 
observed in TEM (125 and 130 nm, respectively), was smaller 
than those that were detected by the PCS method.  This is due 
to the fact that the TEM observation of the NPs was done in 
their dry form (air dried particles).  The zeta potential values 
of Cur-NPs and Cur-NPs-APgp was negative, which is typical 
of the presence of PLGA terminal carboxylic residues.  How-
ever, the value of this negative charge is much lower than that 

of the classical PLGA-NPs, which has been attributed to the 
presence of the carboxylic group of the pluronic on the surface 
of the NPs.  The entrapment efficiency was lower in Cur-NP-
APgp compared to that in Cur-NPs, probably because of the 
washing of NPs suspension during the antibody conjugation 
process, which was consistent with the literature that targeted 
NPs via carbodiimide reaction[38] and the percent conjugation 
of anti-P-gp antibody on NPs surface was 22% as described in 
our previous study[32].  Unlike free Cur, Cur-NPs formulations 
have shown improved solubility in aqueous solution.  The pre-
pared particles were further evaluated for in vitro Cur releas-
ing.  In the present case, considering the solubility of Cur in 
ethanol, a 50% v/v of ethanol was used as the release medium.  
The release of Cur from Cur-NPs displayed a rapid release in 
the early phase, and reached a maximum at 5 d of up to 90%, 
and then gradually slowed down.  The sustained Cur release 
was about 80%, until 10 d.

 In order to obtain the antibody conjugated NPs, which are 
able to target desired cells, the conjugation procedure must 
preserve the biological activity of targeting ligand.  We per-
formed flow cytometry to evaluate the recognition properties 
of Cur-NPs-APgp to P-gp antigen, and found that the anti-
P-gp immunoparticles bound specifically to KB-V1 cells, but 
exhibited less binding to KB-3-1 negative control cells.  

It has been demonstrated that the therapeutic effect of drug-
loaded NPs is depended on the internalization and sustained 
retention of the NPs.  By combining the tumor targeting prop-
erties of the antibody with NPs, immunoparticles offer the 
promise of selective drug delivery to tumor cells, increased 
internalization and an intracellular drug release within tar-
geted cells.  Herein, we used Cur as a fluorescence probe to 
follow the NPs in the cellular uptake experiment.  The inten-
sity of Cur-NPs-APgp in KB-V1 was higher than in KB-3-1 
cells, while the fluorescence intensity of Cur-NPs and Cur-
NPs-IgG between both the cells did not differ.  The higher 
intensity of fluorescence demonstrated the higher amount of 
Cur-NPs bound or taken up by the cells.  To confirm the speci-
ficity of NPs conjugated with anti-P-gp antibody, another con-
trol using random IgG modified NPs in study of the cellular 
uptake (Figure 5) showed that IgG-modified nanoparticles did 
not demonstrate any differences of cellular uptake of Cur in 
KB-V1 cells compared to KB-3-1 cells.  This finding suggested 
that Cur-NPs-APgp specifically bound to P-gp on KB-V1 cell 
surface, and enhanced the cellular uptake of Cur-NPs into 
MDR cancer cells (P-gp overexpressing cancer cells).  

We observed significantly higher cytotoxicity of Cur-NPs-
APgp treatment in KB-V1 cells when compared to free-Cur, 
while all three forms of Cur did not show significant cytotox-
icity in KB-3-1 cells.  When KB-V1 cells were treated with Cur-
NPs-APgp at 1 and 6 h, cell death was induced at a greater 
rate than free Cur and Cur-NPs.  These results were consistent 
with cellular uptake results.  The superior cytoxicity of Cur-
NPs-APgp in MDR-cancer cells was apparently due to anti-
P-gp on the surface of NPs, and could help Cur-NPs-APgp 
to target KB-V1 cells while rapidly providing an increase of 
cell internalization efficiency and cytotoxicity in KB-V1 cells.  

Figure 7.  Cytotoxicity of 27 µmol/L Cur, Cur-NPs, and Cur-NPs-APgp in 
KB-V1 cells.  The cells were incubated with the compounds for 1, 6, or 
24 h, after that cultured in the drug free medium for another 23, 18, and 
0 h, respectively.  The cytotoxicity was determined by MTT assay at the 
end of time point.  All assays have been demonstrated in triplicate and 
the mean±standard deviations are shown. cP<0.01 vs control; eP<0.05, 
fP<0.01 vs Cur.
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However, the cytotoxicity of Cur-NPs-APgp and Cur-NPs was 
not markedly different that might be because of the multiple-
NH2 groups in an antibody and the conjugation of anti-P-gp 
antibody is not specific to amino-terminus thus has no control 
on orientation of antibody after the antibody was linked to 
the NPs.  Therefore the accessibility of anti-P-gp antibody on 
NPs to P-gp probably was reduced.  Nevertheless, our study 
revealed the specificity of Cur-NPs-APgp to KB-V1, P-gp-
overexpressed multidrug resistance cell line, and the conjuga-
tion of anti-P-gp antibody to Cur-NPs did not decrease their 
cellular uptake and also cytotoxicity.

The development of the P-gp targeted drug delivery system, 
Cur-NPs-APgp has shown efficacy in specific binding and 
internalization to the multidrug resistant cell line (KB-V1), 
and therefore provide the way to deliver Cur or anti-cancer 
drugs to targeted cells.  Moreover, the formation of Cur-NPs 
could improve the solubility of Cur, sustain and prolong the 
release from Cur-NPs in vitro.  An effective drug delivery sys-
tem renders Cur induced target cell death, even when used at 
low doses.  For further study, the combination of anti-cancer 
drugs and nanocurcumin against cancer cells has to be investi-
gated.  Additionally, in vivo studies are required to determine 
whether Cur-NPs-APgp are suitable as drug delivery agents, 
and could be a promising alternative to administered drug 
delivery systems for cancer therapy.
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