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Abstract

Purpose—The ability to successfully treat advanced forms of cancer remains a challenge due to

chemotherapy resistance. Numerous studies indicate that NF-κB, a protein complex that controls

the expression of numerous genes, as being a key factor in producing chemo-resistant tumors. In

this study, the therapeutic potential of transferrin (TF)-targeted mixed micelles, made of PEG-PE

and vitamin E co-loaded with curcumin (CUR), a potent NF-κB inhibitor, and paclitaxel (PCL),

was examined.

Methods—The cytotoxicity of non-targeted and TF-targeted CUR and PCL micelles as a single

agent or in combination was investigated against SK-OV-3 human ovarian adenocarcinoma along

with its multi-drug resistant (MDR) version SK-OV-3-PCL-resistant (SK-OV-3TR) cells in vitro.

Results—Our results indicated that the TF-targeted combination micelles were able to improve

the net cytotoxic effect of CUR and PCL to clear synergistic one against the SK-OV-3 cells. In

addition, even though the non-targeted combination treatment demonstrated a synergistic effect
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against the SK-OV-3TR cells, the addition of the TF-targeting moiety significantly increased this

cytotoxic effect. While keeping CUR constant at 5 and 10 μM and varying the PCL concentration,

the PCL IC50 decreased from ~ 1.78 and 0.68 μM for the non-targeted formulations to ~ 0.74 and

0.1 μM for the TF-targeted ones, respectively.

Conclusion—Our results indicate that such co-loaded targeted mixed micelles could have

significant clinical advantages for the treatment of resistant ovarian cancer and provide a clear

rational for further in vivo investigation.
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2. Introduction

The acquisition of drug resistance by tumors has been a subject of extensive study for many

years and three main mechanisms have been identified through which tumors develop this

resistance. First, the tumor microenvironment, such as the high interstitial fluid pressure (1),

makes it unfavorable for the easy cellular internalization of drugs. Second, tumors host a

collection of mutations and intracellular changes that affect the activity of cytotoxic agents

including changes in cell cycle progression or increased repair of damaged DNA. The third

and most commonly reported mechanism is the increased energy-dependent efflux of

hydrophobic drugs from the cell by ATP-binding cassette (ABC) transporter trans-

membrane proteins such as MDR-1 or P-glycoprotein (P-gp) (2). The overexpression of

MDR-1 in cancers has been associated with poor prognosis in various tumor types including

myeloid leukemia (3), breast cancer (4, 5), ovarian carcinoma (6, 7), osteosarcoma (8), and

lung cancer (9, 10).

The nuclear factor kappa-B (NF-κB) is a signaling pathway that is involved in a variety of

cellular processes. It has been reported that more than 500 genes are controlled in some form

by NF-κB (11). NF-κB upregulation in cancer has been shown to play an antiapoptotic role

and is attributed to the development of drug resistance (12, 13). Bentires-Alj et al.

demonstrated that the inhibition of NF-κB activity sensitizes resistant colon cancer cells to

daunomycin as a result of decreased MDR-1 expression (12). Many other studies have

confirmed that NF-κB does indeed induce the expression of the MDR-1 (13–16). CUR,

extracted from the perennial herb Curcuma longa, downregulates the NF-κB and Akt

pathways and much evidence validates its use as a strong chemosensitizer to improve the

therapeutic potential of various chemotherapeutic agents, such as PCL (17, 18). Despite the

usefulness of CUR, its use in the clinic has been limited by its hydrophobicity and instability

in serum (17). Many drug delivery systems are being sought to tackle these limitations;

please see references (19–24) for examples. In this study, we utilized a lipid-based

polymeric micellar system to deliver such poorly soluble drugs because of their ease in

preparation and the various advantages attributed to them highlighted in this review (25).

In this work, a holo-transferrin (TF)-targeted mixed micellar formulation, comprised of

PEG-PE and vitamin E, co-loaded with CUR and PCL was characterized. Then, the

cytotoxicity of these micelles was investigated against SK-OV-3 and SK-OV-3TR human
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ovarian adenocarcinoma cells in vitro. TF is an 80 kDa glycoprotein ligand for the

transferrin receptor (TFR) overexpressed on SK-OV-3 cells (26). Recently, the TF ligand

has gained popularity as a top choice targeting moiety since it is overexpressed in a variety

of cancer cells and has a great potential for in the targeted delivery to tumor cells (27–30).

Since the transport of iron predominantly occurs through the TFR, the greater iron demand

mediated by fast growth and division is the key factor attributed to the overexpression of TF

on cancer cells (31, 32). A study by Kobayashi et el. demonstrated that by using TF as a

targeting moiety on doxorubicin(DOX)-loaded liposomes, the P-gp mediated efflux of DOX

was bypassed and a 3.5-fold higher toxicity was observed versus free DOX (33). This effect

of TF, combined with CUR, could have significant advantages at reversing MDR.

Therefore, co-loading CUR and PCL into a TF-targeted mixed micellar formulation of PEG-

PE / vitamin E and their simultaneous delivery in one targeted micellar drug delivery

system, was hypothesized to be an effective system for the treatment of resistant cancers.

3. Materials and methods

3.1 Materials

1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000]

(PEG2000-PE) was purchased from CordenPharma International (Plankstadt, Germany);1,2-

dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) and 1,2-dipalmitoyl-sn-glycero-3-

phosphoethanolamine-N-(lissamine rhodamine B sulfonyl) (Rh–PE) were purchased from

Avanti Polar Lipids (Alabaster, AL); pNP-PEG3400-pNP was purchased from Laysan Bio

(Arab, AL). Curcumin (CUR) was purchased from Sigma (St. Louis, MO, USA catalog

#C7727). Paclitaxel was purchased from LC laboratories (Woburn, MA catalog # P-9600).

Vitamin E (>96% purity) and human holo-transferrin were purchased from Sigma (St.

Louis, MO, USA).

3.2 Methods

3.2.1 Cell cultures—The SK-OV-3 human ovarian adenocarcinoma cell line was

purchased from the American Type Culture Collection ATCC (Manassas, VA, USA). SK-

OV-3TR, the PCL resistant variant of SK-OV-3, was a kind gift from Dr. Duan Zhenfeng

(MGH, Boston, MA). Cell culture media and supplements were purchased from Cellgro

(Herndon, VA, USA). SK-OV-3 cells were cultured in McCoy’s media while SK-OV-3TR

cells were cultured in RPMI 1640 media both supplemented with 10% fetal bovine serum,

50 U/mL penicillin, and 50 mg/mL streptomycin. Cells were grown at 37°C in a humidified

incubator with 5% CO2, and were passaged according to ATCC protocols.

3.2.2 Preparation of drug-loaded micelles—Mixed micelles incorporating PCL

and/or CUR were prepared by the lipid thin film hydration method. Various weight % of

PCL (10 mg/ml in 0.1% acetic acid methanol solution) and/or CUR (3 mg/ml in 0.1% acetic

acid methanol solution) were added a to PEG2000-PE and vitamin E (89:11 molar ratio)

solution in chloroform. A concentration of 5 mM micelle forming material was used in all

experiments. The organic solvents were removed by the rotary evaporation to form a thin

film of drug/micelle-forming material mixture. This film was further dried under high

vacuum overnight to remove any remaining organic solvents (Freezone 4.5 Freeze Dry
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System Labconco, Kansas City, MO). The film was hydrated with 10 mM phosphate

buffered saline (PBS) pH 7.4. The mixture was incubated in water bath at 40°C for 10 min

and then vortexed for at least 5 minutes to insure proper resuspension of the film. The non-

incorporated drugs were separated by centrifugation (13,500 g) for 5 minutes followed by

filtration through a 0.2 μm membrane filters. For cell association studies, 1 mole% of the

fluorescent probe, Rh–PE was added to the micelle forming material during preparation.

3.2.3 Synthesis of pNP-PEG3400-PE polymer—pNP-PEG3400-PE was synthesized

according to standard procedure (34). Briefly, pNP-PEG3400-pNP and DOPE were dissolved

in dry chloroform, co-incubated with TEA and then reacted at RT under Argon with

continuous stirring overnight. The products of this reaction were then separated on a

sepharose (CL4B) column. Fractions were analyzed by TLC to identify the aliquots that

contain the pNP-PEG3400-PE product. The pNP-PEG3400-PE containing fractions were then

frozen, lyophilized, weighed, and reconstituted with chloroform to a concentration of 10

mg/ml and stored at −80° C for further use.

3.2.4 Preparation of TF-modified micelles—To attach TF to the micelles, the reactive

polymer, pNP-PEG3400-PE in chloroform was added to a round bottom flask. Chloroform

was evaporated by rotary evaporation to form a thin film. Films were further dried under

vacuum overnight to remove any residual solvents and then rehydrated with stock TF

solution in PBS (pH 7.4) at a molar ratio of pNP-PEG3400-PE:TF 2:1. The pH of the

solution was adjusted with 1.0 N NaOH to 8.5 as needed. Reaction time was 4 hrs at RT to

allow sufficient TF conjugation and the complete hydrolysis of the unreacted pNP groups at

the higher pH. TF-micelles were then dialyzed using a 100,000 MWCO cellulose ester

membrane against PBS (pH 7.4) for 1 hr followed by another 4 hrs of dialysis to insure the

complete removal of the unconjugated TF. Targeted mixed micelles were prepared by co-

incubating drug-loaded micelles with TF-micelles at various mole ratios of pNP-PEG3400-

PE (0.5–5 mol %) to PEG2000-PE. Samples were vortexed and allowed to mix overnight at

room temperature before use to form the TF-targeted micelles.

Conjugation efficiency of TF was measured using a micro binichoninic acid (BCA) kit

(Pierce, Rockford, IL) according to the manufacturer’s instructions. Protein content was

determined by comparing TF-micelles to a known concentration of TF and BCA standards.

Signals from TF samples were normalized with empty non-targeted micelle samples at the

same lipid concentration.

3.2.5 Characterization of micelles

3.2.5.1 Micelle size: The micelle size (hydrodynamic diameter) was measured by the

dynamic light scattering (DLS) using a N4 Plus Submicron Particle System (Beckman

Coulter Corporation, Miami, FL, USA). The micelles were diluted with the deionized water

until the concentration providing light scattering intensity was between 5×104 and 1×106

counts/second. The particle size distribution of all samples was measured in triplicate.

3.2.5.2 Drug solubilization efficiency: Drug incorporation efficiency was measured by

reverse-phase HPLC using an Xbridge C18 (4.6 mm × 250 mm) column (Waters
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Corporation, Milford, MA) on a Hitachi Elite LaChrome HPLC equipped with an

autosampler (Pleasanton, CA) and diode array detector. The column was eluted with 60:40

acetonitrile:water at a flow rate of 1 mL/min. PCL was detected at a wavelength of 227 nm,

while CUR was detected at 420 nm. All samples were analyzed in triplicate.

3.2.5.3 Micelle stability: The micelles were stored at 4°C for up to two months. The

samples were monitored periodically (once a week) for any changes in appearance, particle

size, and drug content. When the hydrophobic drugs are completely solubilized in the core

of the micelle, the micellar solution is clear. However, when the drug is present outside of

the micelle core, turbidity is observed and precipitation occurs. Therefore, any change in the

appearance of the micellar solution indicates instability. In addition, the presence of free

drug in the micellar solution alters the size measurements due to the presence of drug

crystals so any change in the size distribution also indicates instability. Prior to the weekly

determination of the drug content, the micellar solution were centrifugated (13,500 g) for 5

minutes followed by filtration through a 0.2 μm syringe filter before characterization

(Nalgene, Rochester, NY) to remove any non-incorporated drug that present in the solution

followed by HPLC analysis as previously described.

3.2.6 Targeting potential of the TF-modified micelles by FACS analysis—Cell

association of TF-modified micelles was compared to non-modified micelles using

fluorescence associated cell sorting (FACS) Becton Dickinson FACScan (Becton, Dickinson

and Company, NJ) and data analysis was performed using CellQuest software (Becton,

Dickinson and Company, NJ). Briefly, empty non-targeted and TF-targeted micelles were

prepared under sterile conditions containing 1 mol% Rh-PE. SK-OV-3 and SK-OV-3TR

cells were seeded in 6-well plates at a density of 200,000 cells/well and grown for 24 hrs.

Micelles were added to serum complete media at a lipid concentration of 0.3 mg/mL. After

incubation with the micellar formulations, cells were washed three times, detached using

Accutase (Innovative Cell Technologies, Inc San Diego, CA) and prepared for analysis

following 1 hour incubation. The red fluorescence of Rh-PE was recorded at the emission

wavelength of 580 nm (channel FL-2). A total of 20,000 gated events were acquired for each

sample. To confirm the involvement of the TFR in the increased association of the TF-

targeted micelles, free TF was added to the medium at 2 mg/mL before cells were treated

with the various micellar formulations. Data analysis was performed using CellQuest

software.

3.2.7 Cell viability assays—Viability of cells was measured using the CellTiter Blue®

(Promega, Madison, WI) viability assay according to the manufacture’s protocol. Briefly,

cells were seeded in 96-well plates at a density of 3,000 cells/well and grown for 24 hrs.

Then cells were continuously incubated with the various formulations for 48 hrs in serum

complete media. After 48 hrs of treatment, media was removed and the cells were washed

with 200 μL serum complete media and then incubated with 100 μL of the media containing

20 μL of the CellTiter Blue® reagent. Cell viability was evaluated after 2 hrs of incubation

by measuring the fluorescence (excitation 530 nm, emission 590 nm) using a Synergy HT

multi-detection microplate reader (Biotek, Winooski, VT).

Abouzeid et al. Page 5

Pharm Res. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



3.2.8 Data analysis—Data were generated in multiples of triplicates for proper statistical

analysis. The data are expressed as mean ± SD. Student’s t-test was used to determine

statistical significance. Two groups were considered statistically significant when P < 0.05.

4. Results and dicussion

4.1 Preparation and characterization of micelles

The solubility of CUR or PCL in water is < 1 μg/mL. PEG2000-PE micelles are able to

effectively solubilize PCL and CUR as a single agent without the addition of vitamin E.

However, the addition of vitamin E to the formulation increased the solubility of PCL and

CUR by a factor of 4 (35). Both poorly soluble compounds were successfully incorporated

into the PEG-PE / vitamin E mixed micelles and the solubility was increased by at least 600-

fold at a 5 mM lipid concentration. CUR was effectively encapsulated at a concentration of

~1.2 mg/ml (8.7% w/w) and PCL at a concentration of ~600 μg/ml (~4.7% w/w). The same

concentrations of both drugs were achieved when co-loaded into the same micellar

formulation. The drug loads were retained inside the micelles for at least 2 months at 4°C.

This high encapsulation efficiency and stability is attributed to the hydrophobicity of the

drugs and the effectiveness of these micelles in solubilizing such lipophilic drugs.

Furthermore, size and zeta potential measurements monitored over the same period showed

no difference in size or charge (Data not shown). For both the non-targeted and TF-targeted

micelles, the hydrodynamic diameter ranged from 15 – 20 nm and therefore the addition of

the TF targeting moiety did not significantly alter the micellar size. The zeta potential of the

non-targeted and TF-targeted micelles was −27.7 ± 1.7 and −18.9 ± 0.9 mV, respectively.

Activated pNP groups were used to attach TF to the distal end of the PEG3400-PE polymer.

To remove the unreacted TF from the formulations, an extensive dialysis was performed.

The reaction yield after dialysis, as determined by a BCA protein assay, was ~60%. Known

amounts of TF-PEG3400-PE were added to the drug-loaded or empty micelles. These

mixtures were then incubated overnight to ensure that proper lipid mixing has occurred and

to generate the desired concentration of targeted drug-loaded micelles.

4.2 Targeting potential of the TF-modified micelles by FACS analysis

To determine the optimal ligand density on the surface of micelles, the density at which

maximum cell association is observed, a series of cell association studies were performed by

flow cytometry. Micellar cell association comprises of both the fraction of micelles that

were surface attached after the washing step and also the internalized fraction. Figure 1

shows increase in the rhodamine intensity of the various formulations versus non-targeted

empty micelles (the control group). The 0% TF-PEG-PE represents the non-targeted Rh-

labeled micelles. The non-targeted Rh-labeled micelles have a 20% increase in Rh intensity

versus the non-targeted non-Rh containing micelles since non-targeted micelles do associate

with the cells without the aid of a targeting moiety. Even though the TF-targeted micelles

showed superior association versus non-targeted micelles after one hour incubation at

various concentrations, the highest targeting was achieved at 1 mol% pNP-PEG3400-PE

concentration against both cell lines (Figure 1). Theoretically, we expected the increase in

ligand density would increase cell association but from our experimental data we determined

that at concentrations above 1 mol% TF-PEG3400-PE, micelle-cell association significantly
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decreased probably because the higher density impedes the TF on the micelles from

interacting with the TFR. Hence, for the subsequent viability assays, we used 1 mol%

fraction of TF-PEG3400-PE which translates to approximately 10 TF molecules per micelle

(36). From the competition experiments, treating the cells with free TF, at 2 mg/mL, before

performing the cell association studies reversed the targeting effect. The same association

was observed for non-targeted and targeted formulations (data not shown). Thus, the

association of the TF-targeted micelles was namely dependent of the TFR and not due to

non-specific binding.

4.3 Cell viability assays

The in vitro cytotoxicity of the different micellar formulations was investigated against SK-

OV-3 and SK-OV-3TR cell lines. Empty non-targeted and TF-targeted PEG-PE/vitamin E

micelles demonstrated very little cytotoxicity against the cells at the concentrations used

(data not shown). The results of the dose-response studies with PCL and TF-PCL micelles as

a single agent are shown in Figure 2. The PCL-loaded micelle IC50 for SK-OV-3 and SK-

OV-3TR cells was determined to be ~10 nM and 2.1 μM, respectively. The resistant cells

required >200 fold higher dose of PCL to achieve the same level of cell death as in the

sensitive ones. As with other drug delivery systems, the drug delivery potential of the mixed

micelles could be improved by attaching a targeting ligand, in this case TF, to the micelle

surface. The TFR is overexpressed on proliferating tumor cells because there is a higher

need for iron since iron is a cofactor in DNA synthesis. The attachment of TF to the distal

tip of the PEG3400-PE polymer was accomplished by using an activated pNP group as

previously described in section 3.2.4. The carbamate bond between TF and PEG3400-PE

polymer is very stable and ensures the TF presentation on the outer side of the micelle for

interaction with target TFR on cells. Using the TF-targeted PCL micelles (TF-PCL), we

were able to slightly decrease the IC50 to ~8.5 nM from 10 nM on SK-OV-3 cells and to

1.08 μM from 2.1 μM on the SK-OV-3TR cells. Still, the improvement in toxicity against

the resistant cells was almost 2-fold, and this could be attributed to the increase in

internalization of the targeted micelles causing a decrease in resistance.

Figure 3 shows the in vitro cytotoxicity of the CUR and TF- targeted CUR (TF-CUR)

micelles against the SK-OV-3 and SK-OV-3TR cells. The CUR micelles IC50 was

determined to be ~21.7 and 23.6 μM, respectively. The TF-CUR micelle IC50 was

determined to be ~20.6 and 22.1 μM, respectively. Since the toxicity of CUR is not

dependent on cellular resistance to PCL, there was only a very insignificant decrease in the

IC50 values. Nonetheless, at the specific 10 μM dose of CUR, we did observe a significant

increase in cytotoxicity against both cell lines (Figure 3). No difference in CUR toxicity was

observed between SK-OV-3 and SK-OV-3TR cells with concentrations below 10 μM.

To test for synergism between CUR and PCL, we have treated the cells with various

concentration of PCL while keeping the CUR concentration constant at 5 and 10 μM. Then

the combination index (CI) values were determined using the classic isobologram equation

of Chou and Talalay CI = a/A + b/B, where “a” is the PCL IC50 in combination with CUR at

concentration “b”; “A” is the PCL IC50 and “B” is the CUR IC50. When the CI is less than
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1, a synergistic effect is observed; CI=1 corresponds to an additive effect and when the CI is

greater than 1, an antagonistic effect is observed (37).

With respect to the PCL sensitive cells, the non-targeted combination treatment at a CUR

concentration of 5 μM yielded a CI of 1.26 at variable concentrations of PCL suggesting that

the combination treatment was to some extent antagonistic. At 10 μM concentration of CUR

and variable concentrations of PCL, an additive effect was observed in the sensitive cells

since the CI was 1. However, the CI values for the TF-targeted combination treatments were

0.70 and 0.51 at 5 and 10 μM CUR, respectively. Numerous studies, highlighted in a review

by Dicko et al. (38), have shown that a combination treatment could yield antagonistic,

additive, or synergistic effect depending on the drug ratios tested either in vitro or in vivo.

The addition of the TF targeting moiety to the mixed micelles dramatically increased the net

cytotoxic effect of the combination treatment, and a synergistic effect was observed.

Remarkably, at the 5 μM concentration of CUR and variable concentrations of PCL, the

effect of the non-targeted formulation transformed from being antagonistic to synergistic

with the TF-targeted one with the CI decreasing from 1.26 to 0.70 (Figure 4).

On the other hand, the non-targeted micellar co-delivery of CUR and PCL to the resistant

cell line resulted in a relatively antagonistic effect at a 5 μM CUR concentration with CI =

1.1. However, at 10 μM of CUR and variable concentrations of PCL, a synergistic effect was

observed with a CI = 0.78. Accordingly, a dramatic improvement in the efficacy of PCL was

observed at the 10 μM concentration. The IC50 significantly decreased to 0.68 μM from 2.1

μM, a 3-fold decrease in the amount of the drug required to achieve a similar cytotoxic

outcome. Therefore reversal of PCL resistance was achieved with the non-targeted CUR and

PCL combination treatment in the SK-OV-3TR cells. However, the purpose of this study

was to enhance this effect further by utilizing TF-targeting. As expected, the TF-targeted

micelles significantly increased the cytotoxic effects of the combination treatment. The IC50

values of the combination treatment when keeping CUR constant at 5 and 10 μM and

varying the PCL concentration were ~ 1.78 and 0.68 μM for the non-targeted formulations

and ~ 0.74 and 0.1 μM for the targeted ones, respectively (Figure 5). This decrease in the

IC50 values corresponded to a change from an additive to a synergistic effect at the 5 μM

concentration of CUR (CI decreased from 1 to 0.93) and drastic increase in the synergistic

effect at the 10 μM concentration of CUR (CI decreased from 0.78 to 0.49).

5. Conclusion

In this study, we designed a stable nano-sized TF-targeted micellar formulation co-loaded

with CUR and PCL. This multi-functional mixed-micelle had significantly improved

cytotoxic effects in vitro on PCL-sensitive cells and was able to dramatically reverse MDR

in the PCL-resistant cells as well at various molar ratios of both drugs. Owing to their ease

of preparation and the capability to tailor the drug-load ratio inside the micelles, obtaining

synergism in vivo is a realistic possibility and a significant enhancement in therapeutic

efficacy could be achieved. Therefore, this formulation could be considered a promising

cancer-targeting drug delivery system for the treatment of normal and resistant tumors and

deserves preclinical in vivo investigation.
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Figure 1.
Cell association of the various TF-targeted micelles by flow cytometry to determine optimal

ligand density. A- SK-OV-3, B- SK-OV-3TR. Different concentrations of TF-PEG3400-PE

(0.5–5 mol %) of TF-targeted Rh-labeled micelles were incubated with the cells for 1 hour

at a lipid concentration of 0.3 mg/mL and then analyzed. Values represent % increase in

cellular association versus control (empty micelle treated) cells. N=9 + SD, p < 0.05.
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Figure 2.
Cell viability of SK-OV-3 (A) and SK-OV-3TR (B) cells after 48hrs of continuous

incubation with PCL or TF-PCL micelles at various concentrations. Cell viability was

determined using CellTiter Blue cell viability assay. Data shown are representative of 3

independent experiments performed in triplicate, mean + SD * P < 0.05.
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Figure 3.
Cell viability of SK-OV-3 (A) and SK-OV-3TR (B) cells after 48hrs of continuous

incubation with CUR or TF-CUR micelles at various concentrations. Cell viability was

determined using CellTiter Blue cell viability assay. Data shown are representative of 3

independent experiments performed in triplicate, mean + SD * P < 0.05.
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Figure 4.
Cell viability of SK-OV-3 cells after 48hrs of continuous incubation with non-targeted and

TF-targeted combination treatment of 5 or 10 μM of CUR and various concentrations of

PCL. Cell viability was determined using CellTiter Blue cell viability assay. Data shown are

representative of 3 independent experiments performed in triplicate, mean + SD * P < 0.05.
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Figure 5.
Cell viability of SK-OV-3TR cells after 48hrs of continuous incubation with the non-

targeted and TF-targeted combination treatment of 5 or 10 μM of CUR and various

concentrations of PCL. Cell viability was determined using CellTiter Blue cell viability

assay. Data shown are representative of 3 independent experiments performed in triplicate,

mean + SD * P < 0.05.
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