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Introduction: This study was conducted to elucidate the chemopreventive potential, cyto-

toxic, and suppression of cellular metastatic activity of etodolac (ETD)-loaded nanocarriers.

Methods: To esteem the effect of charge and composition of the nanovectors on their perfor-

mance, four types of vectors namely, negative lipid nanovesicles; phosalosomes (N-Phsoms),

positive phosalosomes (P-Phsoms), nanostructured lipid carriers (NLCs) and polymeric alginate

polymer (AlgNPs) were prepared and compared. ETD was used as a model cyclo-oxygenase-2

(COX-2) inhibitor to evaluate the potency of these nanovectors to increase ETD permeation and

retention through human skin and cytotoxicity against squamous cell carcinoma cell line (SCC).

Moreover, the chemopreventive activity of ETD nanovector on mice skin cancer model was

evaluated.

Results: Among the utilized nanovectors, ETD-loaded N-Phsoms depicted spherical vesicles

with the smallest particle size (202.96±2.37 nm) and a high zeta potential of −24.8±4.16 mV.

N-Phsoms exhibited 1.5, and 3.6 folds increase in the ETD amount deposited in stratum

corneum, epidermis and dermis. Moreover, cytotoxicity studies revealed a significant cyto-

toxic potential of such nanovector with IC50=181.76 compared to free ETD (IC50=982.75),

correlated to enhanced cellular internalization. Its efficacy extended to a reduction in the

relative tumor weight with 1.70 and 1.51-fold compared to positive control and free ETD,

that manifested by a 1.72-fold reduction in both COX-2 and proliferating cell nuclear antigen

mRNA (PCNA-mRNA) levels and 2.63-fold elevation in caspase-3 level in skin tumors

relative to the positive control group with no hepato-and nephrotoxicity.

Conclusion: Encapsulation of ETD in nanovector enhances its in-vitro and in-vivo anti-

tumor activity and opens the door for encapsulation of more relevant drugs.

Keywords: COX-2, confocal laser microscopy, skin cancer, metastasis, cytotoxicity,

chemoprevention

Introduction
Skin cancer (SC) is one of the most common form of malignancy, accounting for

4.5% of cancer cases, but it is not the deadliest type. More than 3.5 million cases of

non-melanomatous skin cancer (NMSC) reported annually with an average of one

million case annually evolved. The most common forms of SC are NMSC, which

includes both basal cell carcinoma (BCC) and squamous cell carcinoma (SCC).

Excessive exposure to ultraviolet (UV) ray is the main factor of transformation of

normal skin cells to SC cells. Cytotoxicity of the conventional chemotherapeutic

agents to both cancerous and normal skin cells provoked the need of more effective

treatment with less side effects.1–3
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Various studies have elucidated the role of cyclo-oxyge-

nase-2 (COX-2) in the promotion and poor prognosis of

various types of cancer. It is suggested that COX-2 has a

significant correlation to the overexpression of vascular

endothelial growth factor c (VEGF-C), which contributes to

the metastasis of various types of cancer such as oral, gastric,

breast, lung, colon, head, and neck cancers. Accordingly,

COX-2-selective inhibitors have been shown to induce apop-

tosis in wide variety of solid tumor cell lines, such as glioma,

head and neck, cervical, and colon cancer.4–7

Noteworthy, COX-2 inhibitors intake as a single ther-

apy showed a chemoprotective potential against mouse

skin carcinogenesis, breast, and colon cancer. Moreover,

co-administration of selective COX-2 inhibitors with che-

motherapeutic agents has been shown to enhance the

effects of the chemotherapeutic agent in human colon,

pancreas, and lung cancer cells.4,8–12

COX-2 inhibitors may also serve as chemosensitizers,

promoting the efficacy of chemotherapeutic agents by

overcoming its cancerous cell resistance. In ovarian can-

cer, COX-2 and multidrug resistance 1 (MDR1) gene

expression levels are associated with a chemotherapeutic

drug resistance and poor prognosis. COX-2 inhibition was

found to induce downregulation in MDR1m-RNA expres-

sion. Therefore, combinational therapy of both a selective

COX-2 inhibitor and anticancer drug may improve the

efficacy of the chemotherapeutic treatment.13,14

Etodolac (ETD) is a non-steroidal anti-inflammatory

drug that acts by inhibiting COX-2 enzyme selectively. It

has been used to relieve pain and inflammation, associated

with rheumatoid arthritis and osteoarthritis. ETD also pos-

sesses an antioxidant activity. Tremendous previous stu-

dies on ETD have demonstrated its cytotoxic activity on

rat tongue carcinogenesis, lymphoblastic leukemia cells,

human bladder, and stomach carcinogenesis.15–20

It has been reported that ETD as a COX-2 inhibitor

when combined with oxaliplatin was found to increase the

cell growth inhibition and apoptosis. This combination

inhibits the COX-2 enzymatic activity without affecting

its level, thus augmenting oxaliplatin therapeutic activity

against human colon cancer cells. In another pilot study,

ETD serves as an enhancer for the effectiveness of 5-

fluorouracil. Moreover, ETD was found to inhibit over-

expression of both COX-2 and thymidylate synthase, thus

inducing a synergistic cytotoxicity with 5FU on SCC in

head and neck. In treatment of human tongue carcinoma,

ETD augmented the activity of anticancer drug; carbopla-

tin by significant reduction in fibroblast activation protein-

1 (FAP-1) expression. FAP-1 serves as a blocker for cell

death signal, since it is an anti-apoptotic tyrosine

phosphatase.12,21

Topical drug delivery has been considered as a viable

method and one of the attractive approaches for drug

delivery in the treatment of skin disorders such as SCs,

inflammatory disorders, and other cutaneous infections. It

has many privileges such as ease of drug application,

localized application at the pathological site of action,

reduced side effects, and more relevant in treating skin

disorders. Efficient delivery techniques should be elicited

to ensure the permeation of therapeutics concentration to

the viable epidermal and dermal layers beneath. However,

the failure to achieve adequate drug amount at the target

skin site restricts the therapeutic benefits of skin drug

delivery, despite its potency.22

Nanocarriers refer to a huge panel of delivery systems.

Nanoparticles might enhance the solubility of hydrophobic

loaded active drugs and has shown a superiority in the treat-

ment of many cancers. The promising merit of nanocarrier

systems is their capability to exploit the porosity of tumor

vasculature and pass directly to tumoral cells. Furthermore, it

provides protection of molecules from interactions with other

biological components with subsequent improved intratumor

drug stability, controlled drug release, and modified pharma-

cokinetics and biodistribution. Different polymer and lipid-

based nanocarriers were evolved, including liposomes, solid

lipid nanoparticles, nanostructured lipid carriers (NLCs),

nanoemulsions, and polymeric nanoparticles, etc. have been

used to encapsulate these impermeable and macromolecular

drugs and to enhance their surpassing through the stratum

corneum (St.C) barrier.23,24

Liposomes are flexible lipid nanovesicles, that can

encapsulate both hydrophilic and lipophilic drugs due to

their unique structure. Based on this, they enhance the

solubility of poorly soluble drugs. Because of their lipid

content, they have a marked affinity to keratinocytes,

enhancing its penetration into deeper skin layers, thus

can act as a penetration enhancer as well as a local depot

for sustained drug delivery.3,25

NLCs are a class of nanoparticulated drug carriers, com-

posed of a mixture of solid and liquid lipids. The absence of

organic solvent and utilization of physiological lipids in their

preparation decreases their toxicity.3,23

Various polymeric nanoparticles were utilized for topical

drug delivery systems. Natural and synthetic polymers were

used in nanoparticle’ formulations; poly (lactic-co-glycolic

acid), chitosan, alginate, and poly(ε-caprolactone), etc.
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Literature survey recorded that alginate nanoparticles

(AlgNPs) are not extensively studied as topical drug deliv-

ery vehicle. Curcumin-loaded AlgNPs revealed a significant

accumulation of curcumin in the upper layers of the skin,

asserting its potential for topical delivery of pharmaceutical

and cosmetic active agents.2,26

Tailored flexible lipid nanovesicles (phosalosomes)

based on Phosal® premix as a source of phosphatidylcholine

(PC) were prepared. Aqueous core with lipid bilayer coat is

perfectly assembled in aqueous medium after dehydration-

rehydration processes. Since, surface charge has a crucial

rule in drug permeation though skin layers. Both negatively

and positively charged phosalosomes (P-Phsoms) were

investigated to evaluate the influence of surface charge on

skin permeation ability. NLCs were utilized to elucidate the

influence of lipid content on drug characteristics.

Various studies reported a controversial between the

implementation of lipid vs polymeric nanocarriers for the

enhancement of topical drug delivery systems. Since, this is

the first study employing ETD in the management of SC, it

was encapsulated in either lipid or polymeric nanocarrier in

an attempt to achieve the highest therapeutic outcomes.

Accordingly, this study was conducted to elucidate

the chemopreventive potential, cytotoxic, and suppres-

sion of cellular metastatic activity of ETD-loaded

nanocarriers. To achieve such goals, ETD-nanocarriers

were developed with enhanced topical delivery poten-

tial. ETD was firstly, encapsulated into cationic and

anionic lipid vesicles (N-, P-Phsoms), NLCs, and

AlgNPs. Full in-vitro characterization was performed.

Permeation and localization though human skin layers

were assessed and tracked with the aid of confocal

laser scanning microscopy (CLSM). In-vitro cytotoxic

activity and wound-healing assay were performed on

SCC cell line, to provide a proof evidence of the

superior anti-tumor activity of the designed nanocar-

riers. In-vivo chemoprevention efficacy was assessed

by measuring the tumor volume, COX-2 m RNA, pro-

liferating cell nuclear antigen (PCNA) mRNA expres-

sion, caspase-3 enzyme activity and acquiring images

in an experimental SC mice model.

Materials and methods
Materials
ETD was kindly donated by European Egyptian

Pharmaceuticals, Egypt), Phosal®53 MCT (PH) was gifted

by lipoid Co. (Ludwigshafen, Germany). Cholesterol (CH),

and rhodamine B were purchased from Oxford Lab Chen,

India. Tween80, Stearyl amine (SA) were purchased from

sigma Aldrich, (Japan). Sodium hyaluronate (HA) (1.5–1.8

million Da) was from Shaanxi Green Bio-Engineering Co.,

Ltd (China). Formalin 37% and calcium chloride were pur-

chased from Chem- Lab, (Belgium). Sodium alginate was

purchased from Loba Chemie Pvt. Ltd (India). Isopropyl

myristate (IPM) was from Fluka (Oslo, Norway).

Compritol 888 ATO was provided from Gattefossé (Saint

Priest, France). Sterile filtered Dulbecco’s modified Eagle’s

medium (DMEM) high glucose with L-glutamine, and

Trypsin EDTA,170,000 U/L were purchased from

BioWhittaker (Lonza, Belgium). Fetal bovine serum (FBS),

dimethyl sulfoxide (DMSO), and 3-(4,5-dimethylthiazol2-

yl)2,5-diphenyl tetrazolium bromide (MTT) were purchased

from Sigma Aldrich (USA). Ehrlich ascites carcinoma

(EAC) parent line was supplied from National Institute of

Cancer, Cairo University, Egypt. Alanine aminotransferase

(ALT) activity, aspartate aminotransferase (AST) activity,

and creatinine assay kits were purchased from Spectrum

(Hannover, Germany). Urea assay kit was purchased from

Diamond Diagnostics (Hannover, Germany). Caspase-3 col-

orimetric assay kit was purchased from R&D systems Inc.,

Germany. RNeasy Mini Kit (Qiagen, Hilden, Germany).

Superscript II reverse transcriptase kit (Invitrogen, USA)

and 1X Sybr® Green PCR master mix (Applied

Biosystems, USA). Acetonitrile high-performance liquid

chromatography (HPLC) grade from Romil Ltd

(Cambridge, England). All other chemicals were of analyti-

cal grade and used without purification.

Methods
Preparation of phosalosomes (N-Phsoms, P-Phsoms)

Phosalosomes were prepared according to the previously

reported thin-film hydration method, with slight

modification.27 ETD was dissolved in methanol and then

added to a chloroform solution of phosal, Tween 80, and

CH (4% of PC content) in a 500 mL round-bottomed flask.

Rotary evaporator (Rotavapor, type R110, Buchi, Flawil,

Switzerland) was used to form thin dry film by evapora-

tion at 40±5ºC under reduced pressure. Phosphate-buffer

(PB) pH 5.5 was added to rehydrate the produced dried

film. Dispersion was then homogenized using high speed

homogenizer for 15 mins at 4200 rpm (ULTRA-TURAX

T25, IKA Labortechnik, Germany) followed by sonication

for 30 mins (Julabo sonicator, model USR3, Julabo

Labortechnik, Seelbach, Germany). For the preparation
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of P-Phsoms, SA (10% of PC) was added to the lipid

mixture and the same procedure was followed.

Nanostructure lipid carrier (NLCs)

NLCs were prepared by the hot melting homogenization

method with slight modification. The oil phase (OP), was

composed of Compritol ATO (solid lipid), IPM (liquid

lipid) in a ratio of 1:1 and was heated to 80°C. The

aqueous phase (AP), was composed of Tween 80 and

purified water, which was then heated to the same tem-

perature. AP was gently dropped onto the OP under con-

stant agitation (10,000 rpm, for 2 mins) using a thermo-

stated water bath (Stuart, SBS40, Staffordshire, UK), fol-

lowed by 10 mins sonication. ETD was dissolved in

methanol: acetone (1:1) and added to OP prior to AP

addition.23

Alginate nanoparticles (AlgNPs)

AlgNPs preparation was based on the ionotropic gelation

of alginate polyanions with calcium chloride following

earlier-described method by B. Sarmento et al,28 and

R. Grillo et al,29 ETD was added to 117.5 mL of alginate

solution (pH 4.9, 0.063% w/w) and sonicated for 15 mins.

Then, 7.5 mL of 18 mM CaCl2 was added dropwise to the

mixture under magnetic stirring (Ika, Labortechnik,

Germany) then formed nanoparticles were incubated for

24 hrs. AlgNPS were separated by centrifugation at 14,000

rpm for 30 mins at 4 °C and redispersed in PB pH (5.5).

Physicochemical characterization of nanocarriers

Particle Size (PS), Zeta-Potential (ζP), Poly Dispersity

Index (PDI), and Encapsulation Efficiency EE%

The Average PS of ETD-nanocarriers and their PDI were

analyzed at 25ºC by dynamic light scattering (DLS) tech-

nique using Zetasizer (Malvern Instrument NanoZS, UK).

ζP were calculated from the mean electrophoretic mobility

obtained using the same instrument in a universal folded

capillary cell, with embedded platinum electrodes. All

samples were diluted in purified water and measured in

thee replicates and results were expressed as the mean

value ± standard deviation (SD). EE% of ETD-loaded

formulations was calculated by with ultrafiltration process,

using vivaspin centrifuge filter membrane (4000 rpm for

30 mins) and substitute in the equation.24

EE% ¼
the total drug content� amount of

drug in the filtrate
the total drug content

� 100%

(1)

HPLC qualification method: A simple sensitive isocratic

quantitative and stability indicating HPLC method for

ETD. The HPLC instrument (1200 series Agilent

Technologies, California, USA) equipped with a photodiode

array detector. The column used was a reverse phase C18

column (Agilent 5HC-C18 (2) 250×4.6 mm). The mobile

phase consisted of acetonitrile: Phosphate- buffer saline

(PBS) (4 M, pH7.4) in a ratio of (35:65) at a flow rate

1 mL/min. Analysis was carried out at a wavelength of

278 nm. Standard solutions of ETD over the range

3–30 μg/mL were prepared by subsequent dilution of stock

standard solution of ETD in PBS (pH7.4) with a final con-

centration of 30 μg/mL. A calibration curve (peak area vs

drug concentration) was constructed by running the working

standard solutions in the mobile phase, (R2=0.9978).30

Morphological assessment and thermal analysis

Transmission and scanning electron microscopic (TEM

and SEM) imaging of ETD-loaded nanocarriers and differ-

ential scanning calorimeter (DSC) analysis were per-

formed as stated in Supplementary material.

In-vitro release study

In-vitro release profiles of ETD from the different nano-

carrier dispersions were studied using semi-permeable

dialysis membrane with a molecular weight cut off

12,000–14,000 Da (Serva, Heidelberg, Germany) crafted

as bags. Known amount of each of the prepared formula-

tions equivalent to 10 mg ETD was filled in the dialysis

bag and suspended in beaker containing 100 mL PBS

(pH7.4) as a release medium, placed in a shaking

thermo-stated water bath at 32°C and shaken at 75 rpm.

At predetermined intervals and after 24 hrs, samples of

2 mL each were withdrawn and compensated with the

same volume of preheated fresh dissolution medium. The

total amount of ETD released was analyzed by HPLC.

Additionally, the remained formulations in the dialysis

bag were analyzed to determine unreleased. The results

were expressed as mean ± S.D. Data were presented as %

ETD release against time in h. In addition, time for 50%

drug to be released (T50) is used as a tool for comparison.

Ex-vivo permeation and retention study through

human skin

Preparation of human skin samples

All protocols and procedures for acquiring and processing

the human skin were carried out in accordance with the

ethical guidelines of Alexandria University Hospital,
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Alexandria, Egypt. Written Informed consent was taken

from the patient and all drugs used in the research are

approved by the Egyptian ministry of health. Full thick-

ness human skin was obtained from a female patient

undergoing abdomen reduction plastic surgery. After trim-

ming the subcutaneous fatty tissue, the skin was then

washed with Ringers’ solution, dried, wrapped in an alu-

minum foil and stored at −20°C until use. Prior to the

experiment, skin specimens were washed with PBS

(pH7.4) and allowed to come to room temperature (RT).

Permeation study

Skin specimens were sandwiched between two champers

of a modified vertical Franz diffusion assembly with an

effective diffusional area of 3.14 cm2 and with St.C side

upwards. The receptor chamber was filled with 8 mL PBS

(pH7.4) avoiding air bubbles. The whole assembly was

kept in thermostatically shaking water bath at 32±0.5°C

and 75 rpm. After equilibration for 30 mins, an amount

equivalent to 1 mg ETD of each of the investigated nano-

formulations was placed over the skin in the donor cham-

pers without application of any occlusive conditions. The

whole release media were sucked with a syringe from

receiver chamber’s side tube at appropriate time interval

(1–8, 24 hrs) and replaced with fresh medium. At each

time interval, fresh medium of pH 7.4 was immediately

refilled to maintain constant volume. Collected samples

were then filtered through polytetrafluoroethylene 0.22

µm syringe filters and quantified by HPLC. Each study

was performed in triplicates. Data as cumulative amount

of ETD permeated in µg/cm2/h, Jss (the drug permeation

flux at steady state), the apparent permeability coefficient

(Kp), and the diffusion coefficient “D” were calculated

according to Marwa A. et al.31

Skin retention study

At the end of the permeation study, skin deposition study

was performed where amount of ETD retained within the

skin layers was restored and quantified. Skin specimens

were removed from the Franz cell, cleaned with gauze

gently, and then rinsed with PBS (pH7.4) to remove any

residual formulation. St.C was then removed gently by tape

stripping using five strips for eight times (Transpore® tape

3M company, St. Paul, MN), while epidermis and dermis

were kept together. Skin layers were then immersed in

methanol for 24 hrs, and then sonicated for 1 hr at RT.

Extracts were then filtered through a 0.22 µm syringe filter

and analyzed for ETD retained (μg/cm2).32

Tracking ex-vivo skin penetration pathway and

localization using CLSM

The CLSM instrument was utilized to track fluorescence

marker pathway, its distribution in skin layer, inter or intra-

cell localization. Rhodamine B (RH) was used as a fluor-

escent dye and was loaded into P-Phsoms, N-Phsoms,

NLCs, and AlgNPs. Permeation though human skin was

set up using the Franz diffusion assembly as previously

described (section Ex-vivo permeation study on human

skin). Five hundred µL RH-labeled formulation was applied

to the surface of the skin and the whole assembly was

wrapped with aluminum foil to avoid light. After 6 hrs,

the skin specimens were removed washed gently with buf-

fer, dried gently with cotton swap to remove excess dye,

stained skin specimens were cut and fixed in 10%v/v for-

malin solution. Afterward, paraffin wax was used to cover

skin specimens forming cubes. By the aide of microtome,

skin specimens’ cubes were sliced into a number of sections

each 6 µm thick. Sections were stained with 1 mg/mL of

4,6-diamidino-2-phenylindole (DAPI) for 10 mins at RT.

After washing with saline, the cross-sections of the skin

samples were imaged by CLSM (Leica DMi8, Leica CMs-

GmbH, Germany) with dual excitation band of DAPI (410-

480 nm) and RH (530–615 nm) under a 63× objective lens.

The fluorescence intensity of each image was calculated

using equipped Leica software.

Assessment of skin irritation potential of the

formulations

Herein, to investigate the local safety of different

ETD-loaded nanocarriers, skin histological assessment

was carried out using aforementioned modified Franz dif-

fusion cell method (section Ex-vivo permeation study on

human skin). At the end, skin specimens were prepared

and sliced as mentioned under the previous section.

Prepared slices were stained with hematoxylin and eosin

(H&E) and examined using a light optical microscope

equipped with a digital camera for histological changes

detection (Olympus EX-41, equipped with Olympus DP20

camera, USA).33

In-vitro anticancer activity

ETD solution and ETD-loaded formulations were assessed

for their potential cytotoxic activity against squamous cell

carcinoma cells (SCC 9) using the MTT assay.

SCC cells were purchased from the American Type

Culture Collection (ATCC), were cultured in 75 cm2 flasks

in DMEM high glucose with L-glutamine medium,
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supplemented with 10% FBS, and trypsin EDTA and main-

tained at 37°C under 5% CO2, and 95% humidity for 24 hrs.

For MTT assay, 200 µL cell dispersion containing 7000

cells were seeded in each well of 96-well plate. Cells were

grown till reaching 80–90% confluency, after 24 hrs. Then,

they were treated by serial concentrations of the tested for-

mulations and left for another 24 hrs. Then 0.01 mL MTT

solution was added to the wells and incubated for another 4

hrs at 37°C. The culture medium was removed and DMSO

was added to dissolve formed crystals. The absorbance was

measured at 490 nm on Bio Rad Microplate Reader

(Benchmark, USA). The percentage cell viability at each

concentration was calculated using linear regression analysis.

Accordingly, half maximal inhibitory concentration (IC50)

value of each formula (The dose of the formulation that

inhibited 50% cell viability) was determined.34,35

Wound-healing assay (Scratch assay)

In-vitro cell migration assay was conducted to figure out the

ability of ETD to inhibit cancer cell migration. For this pur-

pose, SCC cells were seeded in 24-well plate and cultured in

complete medium at 37°C for 24 hrs till the formation about

100% confluent monolayer. Wound was created by scratching

using yellow pipette tip as a cell-free zone and washed twice

with saline. The cells were furtherly incubated at 37°C with

each of free ETD solution in sterile water and ETD-loaded

nanoformulation (ETD-N-Phsoms) dispersion (30 µg/mL)

and compared with untreated cells. Cell migration was then

examined after 24 hrs by phase contrast imaging with an

inverted microscope (Zeiss, Axiovert 25, Germany). The %

cell migration or wound-healing inhibition represents the dif-

ference between width of the wound at 24 hrs and the original

wound width relative to the original width at 0 hrs.36

In-vivo chemoprotective potential

Animals

A total of 28 mature female albino mice (average 20–25 g)

were enrolled in the in-vivo anti-tumor activity and toxicity

studies. The animals were kept in standard metal cages at

21±1°C, relative humidity (65%) with a 10 hrs light/14 hrs

dark cycle. Before the experiment, animals were allowed to

accommodate to their environment for 2 weeks. The ani-

mals were kept at the animal house of the Faculty of

Medicine, Alexandria, Egypt, and were given standard

chow and water ad libitum for the study period. Approval

of ethical committee was obtained, and animals were

handled according to the ethical guidelines of Alexandria

University (Au:06/2019/2/12/2/39). Furthermore, animal

experiments were in compliance with the ARRIVE guide-

lines and in accordance with the UK Animals (Scientific

Procedures) Act, 1986. and associated guidelines, EU

Directive 2010/63/EU for animal experiments.

Experimental design

TheEhrlich’s ascites carcinoma (EAC) cell linewas purchased

from the Tumor Biology Department, National Cancer

Institute, Cairo University (Cairo, Egypt). EAC cells were

handled under aseptic conditions and their viability was con-

firmed using Trypan blue dye exclusion technique.37 For

induction of intradermal solid tumor, EAC cells were sus-

pended in saline which contained 2.5 million cells per 0.1

mL of the suspension. At the day of the experiment, mice

were randomly divided into four groups, sevenmice each. The

groups encompassed: Group I; the negative control group

(healthy mice that received no topical treatment), and

Groups II, III, and IV that received topical treatment. Group

II; the positive control group, received topical saline treatment

while Groups III and IV were treated topically once daily with

free ETD solution in acetone (free ETD, 25 mg/mL), and

ETD-Phsoms loaded HA gel as ETD nanoformulation (ETD

nano,10 mg/mL), respectively. After 3 weeks of topical treat-

ment, Groups II, III, and IV were inoculated intradermally

with 0.1 mL of the EAC suspension bilaterally on the upper

dorsal side and treatment was continued during tumor forma-

tion (8 days). In the meantime, the negative control group

received intradermal injection of saline instead. At day 8

after inoculation with the EAC cells, tumor growth was con-

firmed, and the experiment was terminated.38

Collection of serum samples and dissection of tumor

discs

At the end of the experiment (day 28), blood samples were

withdrawn from each mouse from the orbital sinus under

light anesthesia. Blood samples were allowed to clot and

were centrifuged at 3000 rpm for 15 mins. The obtained

serum samples were stored at −20°C for determination of

liver functions (ALT and AST) and kidney functions (urea

and creatinine). Mice were then sacrificed by cervical dis-

location and tumor discs were dissected, rinsed in ice-cold

saline and weighed. Relative tumor weight (%) was calcu-

lated as the ratio of the tumor weight to the body weight. For

each animal, one tumor disc was stored at −80°C for deter-

mination of the mRNA expression of COX-2, the molecular

target for ETD, and PCNA, proliferation marker, and for the

assessment of caspase 3 activity (a marker of apoptosis). The
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other tumor sample was fixed in 10% phosphate-buffered

formalin for histopathological examination.

In-vivo toxicity study

Being an important index to the overall health state, body

weight of each animal was recorded at the beginning of the

study and continued weekly afterward using an electronic

balance (Precisa Instrument, Dietikon, Switzerland).

Additionally, animals were observed for any clinical signs of

toxicity (i.e. skin, fur, or mucous membrane changes, diarrhea,

neuronal, cardiac, or others) and mortalities following the

administration of the formulation and though the study period.

After animals’ sacrifice, major organs (liver, spleen, kidneys,

brain, etc.) of control and treated animals were examined for

any significant changes in shape and texture. Furthermore,

relative organs’ weight was calculated as the ratio of the

organ weight to the body weight. Organ functions were deter-

mined biochemically as well as mentioned above.

Biochemical tests

Serum ALT, AST, Serum creatinine activities were mea-

sured spectrophotometrically using Spectrum Assay Kit,

while serum urea level was determined by enzymatic

colorimetric method using Diamond Diagnostics Assay

Kit. Tumor COX-2 and PCNA mRNA expression was

assessed using quantitative reverse-transcription PCR

with glyceraldehyde 3 phosphate dehydroenase

(GAPDH) as the housekeeping gene. As a marker for

apoptosis, caspase-3 enzymatic activity was measured by

colorimetric reaction using R&D Systems kit. The specific

primer pairs for COX-2, PCNA, and GAPDH are listed in

Table 1. Detailed biochemical tests were given in the

Supplementary material.

Histopathological and immunohistochemistry (IHC)

examination

Excised tumors were processed into H&E histological exam-

ination for the assessment of tumor tissue as well as ETD

treatment effect as previously described under section

(Assessment of skin irritation potential). IHC was done on

positive control group tumors using the avidin-biotin-perox-

idase complex methodology to figure out the cancer type.

Each slide was immersed into absolute ethanol for 15 mins.

Slides were rehydrated in a series of graded ethanol. Tissue

sections were stained with the primary antibodies: Multi-

Cytokeratin AE1/AE3 (Ready to use primary antibody,

mouse anti-human, monoclonal antibody, P0012) and

HMB-45 (Ready to use primary antibody, mouse anti-

human, monoclonal antibody, P0027) use the Bond-Max

fully automated immunostainer, Leica Biosystems, USA.

Finally, the sections were counterstained by Hematoxylin.

In the IHC run, the skin epidermis was used as the internal

positive control for Multi-Cytokeratin AE1/AE3 antibody

and a case of malignant melanoma was used as the positive

control for HMB-45 antibody. Negative control with omitted

primary antibody was also included in the IHC run.39

Data analysis

In-vivo data were analyzed using IBM SPSS software

package Version 20 (IBM Corporation, Armonk, NY,

USA). Comparison between the studied groups was car-

ried out using F-test (ANOVA) and post hoc test (Tukey).

Difference was considered statistically significant at a

level of P-value ˂0.05.

Statistical analysis

Results were expressed as the mean of three independent

experiments ± SD. Data analysis was carried out using

one-way analysis of variance test (ANOVA) followed by

two-tailed test to assess the level of significance among

each two tested formulations using Microsoft Office Excel

2016. Difference was considered statistically significant at

a level of P-value <0.05.

Results and discussion
Preparation of different nanocarriers
Since sufficient high solubility of drug in lipid matrix

is a prerequisite for good drug loading as well as for

suitable association with the lipid. It has been reported

Table 1 The specific primer pairs for COX-2, PCNA, and

GAPDH with accession number

Target Sequence Accession

number

COX-2 CCACTTCAAGGGAGTCTGGA

(forward)

NM_011198.3

CCACTTCAAGGGAGTCTGGA

(reverse)

PCNA AGATGCCGTCGGGTGAAT

(forward)

NC_000068

TCTCTATGGTTACCGCCTCCT

(reverse)

GAPDH AGCTTGTCATCAACGGGAAG

(forward)

NC_000072

TTTGATGTTAGTGGGGTCTCG

(reverse).

Abbreviations: COX-2, cyclooxygenase-2; PCNA, proliferating cell nuclear antigen;

GAPDH, glyceraldehyde 3 phosphate dehydrogenase.
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that ETD displayed higher solubility in IPM over other

liquid lipids and in Tween 80 as a preferential surfac-

tant. Preliminary solubility study of ETD in Phosal

indicated higher solubility of 188.03±8.84 mg/mL.16

ETD is a poorly water-soluble drug with a pka 4.76. Being

a hydrophobic drug, could be considered as a good candidate

to be incorporated in the lipid bilayer of lipid vesicles.

Therefore, two different lipid nanovesicles; namely (N-

Phsoms and P-Phsoms), and NLCs were prepared to study

the influence of surface charge of Phsalosomes and lipid

content of NLCs on drug loading and performance. In addi-

tion, polymeric nanoparticles (AlgNPs) were prepared to

implement the difference between lipid and polymer on drug

delivery. Since minimum research studies have employed

alginate polymer for skin delivery and in order to ensure the

reproducibility of AlgNPs characteristics and yield, formula-

tion conditions were optimized and kept constant. The optimal

conditions for maximum AlgNPs production were pH 4.9, 18

mM concentration of CaCl2, and 24 hrs incubation time.

PS, PDI, ζP, and EE%
All nanoformulations showed a sufficiently good polydisper-

sity (PDI~0.3) (Table 2), indicating a moderately polydisperse

systems which confirmed with transmission electron micro-

scope (TEM) photographs (Figure 1A). The higher PDI of

NLCs may be related to the presence of IPM, which offered

a substantial solubility to ETD, resulting in higher PDI

value.40,41

The mean diameter of the various nanocarriers disper-

sions ranged from 202 to 267 nm.24 Particle sizes of

Table 2 The average diameter of the formulations (nm), PDI value, zeta-potential (mV), percentage entrapment efficiency (EE%)

Formulation Average diameter (nm) Zeta-potential (mV) PDI EE%

N-Phsoms 202.96±2.37 −24.8±4.16 0.321±0.015 88.52±0.07

P-Phsoms 260.15±26.23 35.4±4.73 0.339±0.04 68.95±0.68

NLCs 267.43±5.17 −11.8±3.07 0.360±0.017 88.86±0.56

AlgNPs 248.06±23.73 −14.3±7.64 0.353±0.02 98.63±1.97

Abbreviations: PDI, Poly Dispersity Index; NLCs, nanostructured lipid carriers; AlgNPs, alginate nanoparticles.

Figure 1 (A) TEM and SEM images of different ETD nanoformulations; (a) N-Phsoms, (b) P-Phsoms, (c) NLCs, and (d) AlgNPs. TEM images was at 7500× and scale bar is

100 nm. While SEM images were at 7500× magnification power and scale bar is 1 µm. (B) DSC thermograms of Mannitol, ETD, N-Phsoms, P-Phsoms, NLCs, and AlgNPs.

Abbreviations: ETD, Etodolac; NLC, nanostructured lipidcarriers; TEM, transmission electron microscope; SEM, scanning electron microscope; AlgNPs, alginate

nanoparticles; DSC, differential scanning calorimeter.
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nanocarriers upon DLS measurement were depicted in

Table 2. Based on the literature, formulations intended for

dermatological use should exhibit sufficiently small PS to

penetrate efficiently through the skin layers, which is assisted

by their large surface area and high mechanical strength.26

N-Phsoms showed a smaller PS compared to

P-Phsoms, reflecting the impact of SA addition. This

agrees with a previously reported study, where positive

phytosphingosine nanoemulsions had larger particle size

than negatively charged Tween 80 nanoemulsions.42 NLCs

demonstrated a smaller diameter (267.43±5.17) than the

reported value (285.3±28.9 nm), which could be referred

to the increased amount of liquid lipid in the formulation;

leading to a higher system emulsification and reduced size.

AlgNPs showed particle size very close to the reported

values.43 Regarding ζP which is a surface charge para-

meter that represents the electrostatic mobility of the par-

ticles. It may depend on many factors; nature of particle,

the external medium composition, arrangement of lipid

molecules on the surface of nanoparticles, interaction

with surfactant as well as adsorption of surfactant mole-

cules on interfacial surface. In addition, researchers have

reported that unentrapped oil droplets may accumulate at

the surface of particles and may contribute to zeta

potential.40,44 N-Phsoms, NLCs, and AlgNPs imparted a

negative ζP (−11.8 to −24 mV). Surface modification of

N-Phsoms with SA produced P-Phsoms with a high posi-

tive ζP (35.4±4.73 mV). Nevertheless, some authors

proved that a ζP-value of −10 mV could be sufficient for

nanosystems stability. Herein, ζP-values confirmed the

physical stability of the prepared nanovesicles.26

Encapsulation of ETD in nanocarriers could be such an

interesting approach to increase its skin localization poten-

tial. As recorded in Table 2, all nanocarriers revealed good

EE%. N-Phsoms exhibited no significant (P˃0.05) differ-

ence in EE% compared to NLCs. AlgNPs reached up to

98%, which is in agreement with EE% of hydrophobic

curcumin in the same polymeric nanoparticle (95%).26

Morphological assessment using TEM and

SEM
TEM and SEMphotographs demonstrated single, spherically

shaped unilamellar vesicles. The bright color with a little

folded structure in TEM images demonstrates the hollow

core of the vesicles (Figure 1A). NLCs as almost spherical

with dark colored core. The dark core may be related to drug

solubilized in lipid phase.40

TEM size measurements indicate an average diameter

of 79.66±19.13 nm and 146.83±18.51 nm for N-Phsoms

and P-Phsoms, respectively. NLCs and AlgNPs recorded a

diameter of 194.83±18.89 nm and 103.33±20.07 nm,

respectively. Since DLS measures the hydrodynamic dia-

meter of the particles, its measurements were higher than

measures obtained from TEM images, which could be

referred to the coating effect that decreased the particle

diffusivity, thus resulting in a larger hydrodynamic size. In

addition to the influence of drying process exhibited dur-

ing TEM test leading to size shrinkage.45,46 Accordingly, it

can be concluded that all prepared ETD-loaded nanocar-

riers possess uniform nanometric size which could be

maintained after lyophilization.

Thermal analysis using DSC
DSC thermograms obtained by ETD, mannitol, and freeze-

dried formulated nanoparticles are shown in Figure 1B.

ETD thermogram showed a sharp endothermic peak at

149.49°C, corresponding to the melting point of ETD

and reflecting its crystalline nature. In thermograms of

both N- and P-Phsoms, ETD endothermic peak with lesser

intensity was presented, revealing the persistence of its

crystalline form with no interaction with other ingredients.

Absence of endothermic peak of ETD in the NLCs and

AlgNPs formulations confirms the conversion of ETD

from its crystalline state to its molecularly dispersed amor-

phous state within the nanoparticle formulations.47

In-vitro release study
One of the goals of the in-vitro release study was to

evaluate the efficiency of the formulated nanocarriers in

encapsulating ETD and preventing its robust leakage from

the core to the surrounding medium. Figure 2A shows the

% cumulative release of ETD from formulated nanocar-

riers over 24 hrs. At 8 hrs, both N- and P-Phsoms showed

less than 80% of ETD released to the receiver medium

(T50=4.61, T50=7.33 hrs, respectively), which is in accor-

dance with the literature.48 NLCs showed a quick release

(T50=2 hrs) of ETD as reported NLCs may display the

highest burst drug release as a sequence of surfactant and

the related decreased surface tension and thereby NLCs

instability or may be attributed to the localization of ETD

within the surfactant polar interface rather than the lipid

matrix.43,49 ETD release from AlgNPs was rapid during

the first 3 hrs (T50=2.10 hrs) and then gradually decreased

after 3 hrs. This can be explained as at initial phase, ETD

rapidly diffused though the swollen alginate matrix. Then
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subsequently, a sustained release was obtained. The same

release profile was obtained as silk sericin was formulated

in AlgNPs and the maximum amount released was

increased by increasing silk sericin loading. All formula-

tions showed a biphasic release features, that would be

appropriate for the prolonged therapeutic influence though

transdermal application. The initial drug burst release may

be attributed to poorly entrapped drug, or drug adsorbed

onto the outside of the particles.50,51

Ex-vivo permeation and retention study

though human skin
The potential ability of the elaborated nanocarriers in enfor-

cing ETD skin penetration and retention across human skin

layers was investigated. The various nanoformulations of

ETD can be compared regarding the depth and extent of the

penetration though the various human skin layers.

Permeation study

All fabricated formulations displayed minimum amount of

ETD permeated (Figure 2B) over 24 hrs. The permeation

parameters results revealed that permeation flux (Jss) and

permeability coefficient (Kp) from NLCs (22.41 μg/cm2/h,

44.88 cm2/h) were the highest compared to the other

nanoformulations (Table 3). Higher amount of ETD was

permeated after 24 hrs (Figure 2C) from NLCs with about

2.67 folds increase than N-Phsoms. All other formulations

showed insignificant increase in cumulative ETD perme-

ated after 24 hrs (P˃0.05). These results may be explained

as the intimate interaction between NLCs and St.C may

form an adhesive layer that may occlude skin surface,

Figure 2 (A) In-vitro release profiles of N-Phsoms, P-Phsoms, NLCs, and AlgNPs in PBS (pH 7.4) using Franz diffusion technique for 24 hrs at 32°C and 75 rpm. (B) Ex-vivo
cumulative amount (μg/cm2)-time profiles of ETD permeated from N-Phsoms, P-Phsoms, NLCs, and AlgNPs systems across human abdominal skin using Franz diffusion test over

24 hrs. (C) Amount of ETD retained (μg/cm2) in St.C, Epidermis and dermis, and in receiver chamber after 24 hrs of experiment. Each value represents the mean ± SD (n=3).

Abbreviations: NLCs, nanostructured lipid carriers; AlgNPs, alginate nanoparticles; PBS, phosphate buffer saline; ETD, etodolac; St.c, stratum corneum.
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increase its hydration, resulting in reduced corneocyte, and

finally, the loose structure greatly enhances drug penetra-

tion into deeper skin layers. In addition to the skin pene-

tration enhancing effect of IPM used in its

formulation.41,52

Skin retention into the St.C, epidermis, and dermis

Loaded nanovesicles retained in St.C were in order of

AlgNPs ˃ NLCs ˃ N-Phsoms ˃ P-Phsoms. On the other

hand, the order in epidermis and dermis deposition was

NLCs ˃ N-Phsoms ˃ AlgNPs ˃ P-Phsoms (Figure 2C).

The higher ETD-AlgNPs accumulation in St.C (27.73

±2.72) could be referred to their rigid structure, causing

them to be retained in the upper layer. On the contrary,

flexible lipid nanoparticles were able to penetrate deep into

intact skin. This may be related to the presence of bio-

compatible phospholipids in their composition and their

vesicular nature.53,54

N-Phsoms showed 1.5 and 3.6 folds increase in the

amount of ETD deposited in St.C, epidermis, and der-

mis, respectively compared to P-Phsoms. For P-Phsoms,

despite the presence of phospholipid and their vesicular

structure, their low retention and permeation values may

be attributed to their positive charge. Authors were

agreed on the impact of the particles’ surface charge

on their skin penetration. Some suggested that skin

penetration of negatively charged nanoparticles is more

difficult than positively charged ones as positively

charged nanoparticles expected to electrostatically bind

to negatively charged skin, increasing their skin pene-

tration. While, others concluded that negatively charged

liposomes increase the betamethasone penetration into

epidermis and dermis 2.7 times positively charged lipo-

somes as the repulsive forces created between the nano-

carriers and the skin, create channels through which

drug can permeate.42,55 Noteworthy, several factors;

such as lipid composition, particle size, and surface

charge were proved to affect nanocarriers penetration

and deposition into skin layers. Lipid vesicles adapt

different routes to penetrate the skin. They could pene-

trate though follicular pathway or might break at the SC

surface enabling phospholipids penetration within it,

thus enhancing permeation of the drug load. Moreover,

vesicles might adapt “adsorption/fusion” pathway, where

they adsorbed to the skin surface; permitting active

molecule to diffuse through the skin layers.56,57

Tacking ex-vivo skin penetration pathway and

localization using CLSM

CLSM was utilized to observe the distribution of

RH-loaded nanovesicles in the skin layers, to get informa-

tion about the extent of skin penetration and possible

pathway as CLSM Permits skin structure to be studied in

three dimensions with very high accuracy.58

Microscopic imaging of the cross-section skin slices is

in a perpendicular direction to the skin allowed us to

reveal the distribution pattern of RH-loaded nanovesicles

in the subsequent layers of the skin including the St.C,

epidermis, dermis, and deep dermis (Figure 3A).

RH-labeled nanocarriers exhibited red fluorescence, while

viable skin layers ‘cells exhibited blue fluorescence.

Comparing N-Phsoms and P-Phsoms (Figure 3A (a, b)),

N-Phsoms facilitated the diffusion of RH though St.C and

viable epidermis and dermis and uniformly distributed

within them with a significant amount in St.C (88.75

±1.58 Pixel/µm2) (P˂0.005) (Figure 3B). In addition,

more N-Phsoms were diffused to deeper skin layers,

about 26.86±3.77 Pixel/µm2 at 200–300 µm depth. On

contrary, upon using P-Phsoms only small amount was

imaged at lower portion of the upper viable layers (0–

100 µm) 11.61±7.54 Pixel/µm2 (Figure 3B). This is with

agreement with a previous study, when negatively charged

liposomal formulation showed a significant accumulation

of the fluorescence intensity in the deeper dermal layers.24

Most RH-loaded N-Phsoms could penetrate deeply though

the hair follicles to the lower dermis, while some N-

Phsoms penetrate though the skin via intercellular and

transcellular pathways.59 However, in P-Phsoms the fluor-

escence was localized at the hair root before being dis-

tributed to the viable upper layers. These results lined with

that P-Phsoms was penetrated though hair follicles as the

main penetration pathway.24

Regarding NLCs and AlgNPs, NLCs also showed

relatively uniform distribution in epidermis and dermis

with a high amount present in the SC 82.2±12.07 Pixel/

µm2 (Figure 3A (c)) as N-Phsoms. Figure 3A (d) revealed

Table 3 Permeation kinetic parameters of N-Phosoms, P-Phsoms,

NLCs, and AlgNPs through abdominal human skin

Formulation Jss *10
−2

(µg/cm2/h)

Kp*10−6

(cm/h)

D* 10−5

(cm2/h)

N-Phsoms 4.11 8.22 2.58

P-Phsoms 5.47 10.94 3.43

NLCs 22.41 44.88 14.07

AlgNPs 6.33 12.66 3.97

Abbreviations: NLCs, nanostructured lipid carriers; AlgNPs, alginate nanoparticles.
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relatively low intensity of AlgNPs at the dermal layers,

but a very strong intensity on the St.C and epidermal

layer (76.5±2.69 Pixel/µm2). At deeper skin layers

(200–300 µm) both NLCs and AlgNPs recorded almost

no intensity. Since the experiment last for 6 hrs, NLCs as

described before by G. Chenyu et al,60 were in the stage

of interaction with St.C forming adhesive layer that could

subsequently increase skin hydration and drug penetra-

tion. Our previous finding about AlgNPs skin permeation

was confirmed with the CLSM micrographs of the dis-

tribution, and localization of AlgNPs in the epidermal

layers. This finding was also augmented by H T P

Nguyen et al,26 where the fluorescence of curcumin was

located in the first 50 μm of skin with weak fluorescence

seen in deeper skin make it suitable for the treatment of

superficial skin diseases.

Overlay of H&E images on DAPI stained images

(Figure 3C) cleared the presence of fluorescence around

the blue DAPI dye of the cellular nuclear, emphasizing

intercellular pathway and allocation of the dye constituted

in both P- and N-Phsoms and NLCs. However, AlgNPs

mainly present in the dead uppermost St.C. Our results

were compatible and closely correlated to ex-vivo permea-

tion and deposition study. N-Phsoms accumulated the most

Figure 3 (A) CLSM images of a cross-section of human abdominal skin incubated on a Franz diffusion cell with different formulations containing ETD. The nanocarriers were

applied for 6 hrs non-occlusively: (a) N-Phsoms, (b) P-Phsoms, (c) NLCs, and (d) AlgNPs. (B) Bar chart represents the fluorescence intensity (Pixels/µm2) of all

nanoformulations at different depth intervals (0–100, 100–200, and 200–300 µm2). (C) Overlay of blue fluorescence of DAPI, bright-field image, and red fluorescence of

fluorescent dye (Rhodamine B). (D) Light microscopy images of human skin samples (stained with hematoxylin and eosin) after 24 hrs of treatment 1% ETD nanoformula-

tions: (a) control group (untreated skin); (b) N-Phsoms; (c) P-Phsoms; (d) NLCs; and (e) AlgNPs. Letters S, P, and M refer to stratum corneum, epidermis, and dermis,

respectively.

Abbreviations: NLCs, nanostructured lipid carriers; AlgNPs, alginate nanoparticles; CLSM, confocal laser scanning microscopy; ETD, etodolac; St.c, stratum corneum;

DAPI, 4, 6-diamidino-2-phenylindole.
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in epidermis and dermis layers, but on the other hand

NLCs and AlgNPs were mostly accumulated in St.C,

imparting good correlation. As reported in the literature,

SC primarily initiates in epidermis of the skin. Forming

abnormal growth of cells that destroys basement mem-

brane and invade the dermis. Therefore, for the more

reliable treatment outcomes, the drug should be retained

between epidermis and dermis of skin.61

Assessment of skin irritation potential

All the investigated nanocarriers were subjected to the skin

irritation study to evaluate their safety. Insignificant histo-

logical differences between normal skin (negative control),

and treated skin with N- and P-Phsoms (Figure 3D (a–c).

As obvious in the images, a well-stratified epidermis,

complete restoration of St.C. layers (St.C, stratum granu-

losum, stratum spinosum), and dermal layers with no signs

of irritation were inspected visually and microscopically.

This observation could be related to the hydration origi-

nated from the liposomal dispersion over the skin, that did

not impact on its integrity.62 On the other hand, skin

treated with NLCs and AlgNPs (Figure 3D (d and e)

showed some signs of inflammation. NLCs showed a

case of parakeratosis, which is an increased thickness of

epidermis with multiple nuclei and increased intracellular

space. However, AlgNPs showed hyper cellularity with an

intraepidermal cellular infiltration.60

In-vitro anticancer activity
The anticancer activity of ETD-nanocarriers on SCC-9 SC

cells was evaluated by MTT assay and compared to ETD

solution. The in-vitro results showed that ETD expressed

significant increased cell growth inhibition as dose

increased after 24 hrs in a dose-dependent manner.

The results revealed that all formulations were able to

inhibit cell proliferation and % cell growth inhibition was

increased on increasing ETD concentration (Figure 4A).

Moreover, the IC50 values of free ETD on SCC-9 cells

were determined to be 982.75 µg/mL that is significantly

higher than nanoformulations. N-Phsoms, P-Phsoms,

NLCs, and AlgNPs demonstrated a significant decrease

in cell viability by 5.40, 4.33, 1.85, 1.64-fold, respectively

compared to free ETD (P˂0.01) as summarized in Table 4.

The difference in the IC50 values compared to free ETD

may be attributed to encapsulation of ETD in nanometric

carrier that subsequently increased ETD cellular internali-

zation by endocytosis or phagocytosis, resulting in sus-

tained exposure of cancer cell to the drug. However, in

free ETD cellular uptake and internalization depended

mainly on time-limited diffusion mechanism which

decreased by time due to intracellular saturation. The

more effective treatment may be also related to the better

solubility of ETD after being loaded into

nanoformulations.49,63 Precisely, the main mechanism by

which NSAIDs inhibit tumorigenesis is not well known. It

may be attributed to inhibition of arachidonic acid meta-

bolism and prostaglandin production. Inhibition of COX-2

was reported to suppresses adenoma development in APC

gene mode by suppressing the formation of β-catenin/TCF
complexes and suppressing cell proliferation. In addition,

COX-2 gene overexpression might resulted in changes in

cellular adhesion (inactivation of E-cadherin) and inhibi-

tion of apoptosis. Caco2 cells growth suppression by ETD

was found to be associated with upregulation of E-cad-

herin mRNA and protein.64 Since, ETD-N-Phsoms

demonstrated the highest cytotoxicity activity on SCC-9

cells among other formulations and based on its higher

deposition in the viable skin layer. These nanovesicles

were selected for further studies.

Wound-healing assay

The in-vitro wound-healing scratch assay is a simple and

economical method to study the cell migration activity. It

has the advantage of mimicking to a certain extent the in-

vivo behavior of tumoral cells during migration. Current

assay is based on creation of a scratch, which is an artifi-

cial gap between cells on a confluent cells monolayer.

Cells on both edges will migrate to close the created gap

and to return cell–cell contact. Images were captured at the

beginning 0 time and after 24 hrs during cell migration

process to close the scratch. Comparison of the both

images to determine % cell migration inhibition.65,66

Our study is aligned to investigate whether encapsulat-

ing ETD in a nanocarrier played a role in preventing tumor

metastasis. Accordingly, migration property of SCC was

studied. Pictures were taken at 0 and 24 hrs (Figure 4B)

and the % cell migration inhibition is depicted in Figure 4C.

Untreated cells revealed recovery of the wounded area

(Figure 4B (a, d)) with about 40% inhibition. The in-vitro

migration activity of SCC cells was noticeably reduced by

treatment with free ETD (Figure 4B (b, e)), which markedly

decreased with the use of nanocarrier (Figure 4B (c, f)). A

significant difference in % cell migration inhibition was

obtained from Free ETD (55%) and ETD-nanocarrier

(80%,). This result obviously indicates the activity of ETD

to inhibit the motility of SCC cells that significantly
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increased after incorporation in lipid nanocarrier (P˂0.005)

as a result of enhanced cell internalization by the nanocar-

rier. As reported previously, nanocarriers may exhibit their

effect by preventing and/or delaying the dissemination of

viable cells from the primary tumor rather than by exerting

a direct cytotoxic influence on micro-metastasis.23

According to the reported literature, COX-2 makes cancer-

ous cells resistant to apoptosis and promotes cell metastasis.

Since, COX-2 upregulate vascular endothelial human

growth factor C (VEGF-C). VEGF-C and COX-2

Figure 4 (A) Percent viability of SCC-9 skin cancer cell measured by MTT cytotoxicity assay after exposure to ascending concentrations of free ETD solution, ETD-

loaded N-Phsoms, P-Phsoms, NLCs, and AlgNPs for 24 hrs, data were shown as mean ± SD (n=3), P<0.05. (B) Images acquired during a wound-healing experiment,

(parts A&D) are for control untreated SCC, (parts B&E) are for SCC treated with Free ETD drug, (parts C&F) for SCC treated with ETD-loaded N-Phsoms formulation

at the time t=0 and T=24 hrs. (C) Bar chart of % cell migration inhibition of control untreated SCC, SCC treated with Free ETD drug, and ETD- loaded N-Phsoms

formulation after 24 hrs.

Abbreviations: ETD, etodolac; NLCs, nanostructured lipid carriers; AlgNPs, alginate nanoparticles; SCC, squamous cell carcinoma.

Table 4 IC50 values of ETD-loaded N-Phsoms, P-Phsoms, NLCs,

and AlgNPs compared to free ETD solution on SCC-9 skin

cancer cells after 24 hrs

Formulation IC50

Free ETD solution 982.75

ETD-N-Phsoms 181.76

ETD-P-Phsoms 227.11

ETD-NLCs 529.52

ETD-AlgNPs 597.86

Abbreviations: ETD, etodolac; NLCs, nanostructured lipid carriers; AlgNPs, alginate

nanoparticles.
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expressions work together to enhance peritumoral lymph

angiogenesis. Excessive lymphatic vessel formation has

implicated in neoplasm metastasis. COX-2 inhibition results

in an inhibition of peritoneal metastasis by gastric cancer

cells, lymph node metastasis in oral SCC, and liver metas-

tases of colon cancer.7,67,68 Moreover, it was found that

COX-2 overexpression is accompanied by matrix metallo-

proteinases (MMPs), particularly, MMP-2 and MMP-9.

They play a crucial role in the migration of malignancies

process as they involve in degradation of extracellular

matrix and basement membrane. Hence, inhibition of

MMP2/9 by COX-2 inhibitor such as celecoxib was found

to suppress cancerous cell migration and invasion.36

In-vivo chemoprotective potential
EAC was adopted in the current study as it could be

induced as ascites or as a solid tumor form. EAC is easy

to grow in suspension in the peritoneal cavity of mice.

Further, EAC suspension contains homogeneous free

tumor cells so it has a transplantable capacity to another

mouse. Lastly, EAC cell line is easily prepared, grown and

safe model for in-vivo experiments.69–71

Toxicity study
Drug safety has superior priority in drug evaluation pro-

cess. In this regard, animals’ body weight (wt) percent

change was recorded during study period (Figure 5A).

Firstly, no signs of dermal toxicity (eg, erythema) was

visually observed during the course treatment. Moreover,

no mortality was occurred during the experiment. It was

observed that mice treated with ETD nano appeared

healthy with a significant increase in their body wt and

% body wt change compared to free ETD and positive

control (P ˂0.005). The body wt % increase was 12.15

±2.16%, while the body weight change in the free

ETD-treated group and positive group was 1.60±2.38,

and 0.23±1.71%, respectively. This result may be referred

to the cumulative toxicity of free ETD compared to ETD

encapsulated in nanoformulation. Further clinical evalua-

tion of body systems, organs, and organs’ weight ratio

revealed, no significant difference in liver or kidney rela-

tive weight (Figure 5B). On the contrary, there was a

significantly higher spleen relative weight in free ETD-

treated and positive groups (P=0.001) by 1.8 and 2.33-fold

increase compared to negative control. ETD nano revealed

normalized spleen wt ratio assured its greatest anti-tumor

effect as demonstrated previously by Rivenson. A. et al,72

that splenomegaly in Ehrlich-bearing mice is a marked

indication on the presence of the tumor in its solid state.

Since, some excipients such as Tween 80 are reported to

be cytotoxic to the kidney. Assessment of any potential

systemic toxicity of ETD and excipients used was assessed

by evaluating liver and kidney functions. No significant

hepatotoxic or nephrotoxic effects compared with negative

control were found as recorded in Table 5. The latter

results revealed the role of ETD encapsulation in nanocar-

rier (ETD-N-Phsoms) to decrease the effect of ETD treat-

ment on their body weights with a good safety profile.

Efficacy study
Encapsulation of ETD in nanoformulation compiled a sig-

nificant (P˂0.05) reduction in relative tumor weight

(Figure 5C) compared to free ETD and positive control.

ETD nano depicted a relative tumor wt of 480±0.02 mg

compared to 820±0.04 and 720±0.04 mg in case of positive

control and free ETD-treated groups, respectively.

Since ETD is a COX-2 inhibitor, its tumor progression

inhibition is proceeded through the inhibition of various pro-

inflammatory and proliferation factors. Activity of ETD on

COX-2 mRNA and PCNA mRNA expression was assessed.

As reported COX-2-selective inhibitors have been shown to

induce apoptosis in a wide variety of solid tumor cell lines,

such as glioma, head and neck, cervical, and colon cancer,

through activation of caspases 3 by COX-2 dependent and

independent cell growth inhibition.12 In the current study,

ETD nano demonstrated the highest significant tumor growth

inhibition (P<0.05) with a reduction in relative tumor wt by

1.70 and 1.51-fold compared to positive control and free

ETD, respectively. ETD nano exhibited 1.72-fold reduction

in both COX-2 and PCNA mRNA levels (Figure 5D and E)

and 2.63-fold elevation in caspase-3 level in skin tumors

relative to the positive control group (Figure 5F).

Comparatively, the group treated with free ETD has shown

merely 1.06-fold reduction both COX-2 and PCNA mRNA

levels and 1.57-fold elevation of caspase-3 relative to the

positive control (P<0.05). COX-2 mRNA elevated levels

were expressed in precancerous lesions in the human head

and neck region.17 The obtained results clearly elucidated

that ETD nanoformulations exhibited a considerably higher

survival rate, chemopreventive activity, apoptotic, and anti-

angiogenic activities which resulted in superior therapeutic

effects compared with free ETD. The superiority in in-vivo

chemopreventive efficacy was also supported by the results

of in-vitro cytotoxicity study, where ETD-loaded N-Phsoms

showed higher cytotoxic potential due to their higher cellular

internalization than that of free ETD after 24 hrs. The nano-
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scaled size enables the particles to exploit the porosity of

tumor vasculature and pass directly to tumoral cells.

Furthermore, it provides protection for drug molecules

from interactions with other biological components with

subsequent improved intratumor drug stability, controlled

drug release, and modified pharmacokinetics and

biodistribution.23 The aforementioned results were further

augmented with histopathological examination.

Histopathological and IHC examination
In the light of the previous biochemical analysis, both free

ETD and ETD nano visually revealed a marked decrease

in the tumor volume and tumor scar compared to positive

control group (Figure 6A and B). Consequently, the histo-

logical examination of the excised tumors from ETD nano

and free ETD-treated groups in comparison with positive

and negative groups was elaborated (Figure 6C).

Figure 5 (A) Animals’ body weight measurements (g) during ETD treatment. (B) Animals’ relative organ weight (%) after ETD treatment. (C) Relative tumor weight after

ETD treatment. (D) Effect of ETD on tumor COX-2 mRNA expression. (E) Effect of ETD on tumor PCNA mRNA expression. (F) Effect of ETD on tumor Caspase 3

activity. *P˂0.05 vs positive control, #P˂0.05 vs ETD nano.

Abbreviations: ETD, etodolac; PCNA, proliferating cell nuclear antigen.
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Table 5 Effect of ETD treatment on serum liver and kidney functions

ALT (U/L) AST (U/L) Urea (mg/dL) Creatinine (mg/dL)

Negative control 29.67±0.33 27.33±1.38 24.52±1.0 0.78±0.06

Positive control 29.33±0.71 26.0±1.81 22.18±0.35 0.77±0.06

ETD free 29.67±0.49 24.50±0.85 23.35±1.16 0.78±0.06

ETD Nano 29.83±0.54 24.83±1.66 23.45±1.03 0.78±0.06

Abbreviations: ETD, etodolac; ALT, Alanine aminotransferase; AST, aspartate aminotransferase.

Figure 6 (A) Tumor-bearing mice. (B) Excised tumors. (C) H&E histopathological examination of tumor tissue sections at the end of study period using two magnification powers

×200 and 400 original magnification. (D) Immunohistochemical staining of tumor tissue shows focal and strong positive staining of themalignant cells to Multi-Cytokeratin AE1/AE3

(Ready to use primary antibody, Mouse anti-human, monoclonal antibody, P0012, Bond-Max fully automated immunostainer, Leica Biosystems, USA). For the following groups, (a)

untreated (positive control) tumor infiltrating the dermis, subcutaneous, and muscular tissues (yellow arrow). The tumor is formed of masses of malignant cells with pleomorphism,

hyperchromatism, vesicular nuclei, and prominent nucleoli with frequent tumor giant cells (white arrow), (b) Normal (Negative control), (c) ETD Nanoformulation treated (red

arrows point to apoptotic cells and apoptotic debris), and (d) ETD solution treated (red arrows point to apoptotic cells and apoptotic debris).

Abbreviations: H&E, hematoxylin and eosin; ETD, etodolac.
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IHC staining of the tumor tissue (Figure 6D) shows

the malignant cells focally positive to Multi -Cytokeratin

AE1/AE3, while negative to HMB-45. The lack of tumor

differentiation by H&E and the IHC-staining pattern

favor the diagnosis of undifferentiated carcinoma of the

skin.

The histopathological examination of skin biopsy from

group II (positive control) using H&E (Figure 6C (a)) in

comparison to normal skin (Figure 6C (b)) featuring a

malignant tumor infiltrating the dermis, subcutaneous,

and muscular tissues (yellow arrow). The tumor is formed

of masses of malignant cells with severe atypical changes

in the form of cellular and nuclear pleomorphism, hyper-

chromatism, increased nuclear/cytoplasmic ratio, vesicular

nuclei, prominent nucleoli, brisk mitotic figures with many

abnormal forms and frequent tumor giant cells (white

arrow, ×400 original magnification) and wide areas of

necrosis. The overlying epidermis shows focal areas of

dysplastic changes with cytological atypia. The tumor

shows no specific differentiation. In comparison to the

normal skin without tumorous growth (Figure 6C (b),

×200 original magnification).

On the other hand, tissue sections treated by ETD nano

(Figure 6C (c)) revealed a decrease in the tumor mass with

residual tumor of 15%, with wide areas of necrosis. Many

apoptotic cells were identified as condensed nuclei and

cytoplasm as well as apoptotic bodies and debris within

the residual tumor mass identifying the drug-induced

apoptosis (red arrows, Figure 6C (c), ×400 original mag-

nification). The same features were found by the histo-

pathological assessment of the tumors treated by free ETD

(Figure 6C (d)) in which the tumor mass decreased with

residual tumor of 20% with wide areas of necrosis.

Frequent apoptotic cells and apoptotic bodies and debris

were also identified within the residual tumor mass (repre-

sented by red arrows, (Figure 6C (d), H&E, ×400 original

magnification) highlighting the drug-induced apoptotic

effect.

The superior efficacy of ETD nanoformulation could

be attributed to its enhanced penetration and retention

within the tumor. The nanometric formulation with 202

nm can easily penetrate the tumor vascular system com-

bined with the tumor vessels’ leaky nature and its ineffec-

tive drainage systems, enhancing its retention. Thus,

provide an evidence on that incorporation of ETD in N-

Phsoms is a promising candidate as a chemopreventive

agent against SCC.17

Conclusion
The current piece of work highlights the importance of the

nanocarrier selection for a drug to achieve the desired and

planned attributes of safety, and efficacy. As far as ETD is

concerned, for chemoprevention of SC, better penetrating

and retaining carriers like. N-Phsoms NLCs and AlgNPs

can perform better than P-Phsoms. Appreciable dermal

compliance can be achieved with Phosalosomal formula-

tions. All nanocarriers exhibited invitro cytotoxic activity

against SCC, with IC50 values lower than free ETD.

Incorporation in nanocarrier increased ETD in-vitro migra-

tion activity inhibition. Inhibition of COX-2 has impli-

cated in VEGF-C upregulation and tumor metastasis.

Chemopreventive activity of ETD was also promoted

upon loading in nanocarrier. It showed significant inhibi-

tion of COX-2 mRNA expression, and PCNA mRNA

expression, with enhanced Caspase-3 activity. Former sig-

nificant results reflected a significant decrease in tumor

volume, combined with perfect safety profile on gross

and organ level. These findings can be extrapolated to

several other similar drugs.
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