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Abstract: In this study, a trial aims to decrease side effects and increase the efficacy of 5FU was
established through active targeting of folate receptor overexpressing cancer cells using bovine serum
albumin as a nanocarrier and folic acid as a targeting ligand. Physical characterization of size, potential,
and polydispersity index (PDI) was performed, and (265.45 nm) particles with (- 31.1 mV) potential
and (0.072) PDI were produced. For evaluation of the efficacy of the suggested formulation against the
free form of the 5FU, a cytotoxic assay was performed on (Caco2, MCF7), a human colon cancer cell
line, and a human breast cancer cell line, respectively, with different folate receptor-expressing features.
MTT, NR & ATP assays were used, and all showed higher significant efficacy and a lower side effect
of the formulation. Biochemical analysis of oxidative stress biomarker {Malonaldehyde (MDA)},
antioxidants biomarkers {Glutathione reductase (GR), Glutathione peroxidase (GPx)}, and a
detoxifying enzyme {Glutathione transferase (GST)} was carried out along with quantitative real-time
polymerase chain reaction (PCR) analysis of B cell lymphoma 2 (Bcl-2) gene. The results confirmed
the cytotoxicity assay results. These results give new hope for using 5FU in a more effective and safe
way in treatment.
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1. Introduction

Among the different categories of chemotherapeutic agents against cancer,
antimetabolites are widely used since the drug (4-amino-folic acid or aminopterin) was
discovered by Faber in 1947 as the first antifolate drug to be used clinically to cause remission
of leukemia successfully [1,2]. These agents can prevent cell division by being structurally
resembling naturally occurring substances but, to a certain degree, to be still different enough
to interfere with the natural cell biochemical metabolic pathways. This similarity enables
antimetabolites either to inhibit essential enzymes during the nucleic acid synthesis pathway
like what methotrexate- a folic acid antagonist- does or by substituting an essential nucleotide
in the DNA or RNA strand, rendering it inactive like purine and pyrimidine antimetabolites (6
— mercaptopurine and 5 Flurouracil, respectively) [3,4].

5 Flurouracil (5FU) is a pyrimidine antimetabolite drug approved by the food and drug
administration (FDA) in 1980 and synthesized by adding a Fluro atom to the 5™ position on
the pyrimidine ring of uracil, an essential nucleotide for RNA synthesis. It is widely used in
combination with other anticancer drugs such as irinotecan and oxaliplatin in the treatment of
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a variety of cancers such as colorectal, head, neck, and breast cancer [5]. Inside the cell, after
being internalized, it is catabolized to fluorodeoxyuridine monophosphate (FdUMP),
fluorodeoxyuridine triphosphate (FAUTP), and fluorouridine triphosphate (FUTP). These
active metabolites disrupt RNA synthesis by misincorporation instead of uracil and inhibition
of the action of Thymidine synthetase (TS) an essential enzyme for de novo synthesis pathway
of thymidine nucleotide in DNA structure, exerting its cytotoxic effect by preventing DNA
replication process. Many side effects were recorded for 5FU, including diarrhea, dehydration,
abdominal pain, nausea, stomatitis, intestinal mucositis, and hand-foot syndrome [6]. Despite
being of unclear causes, cardiovascular toxicity is reported as a side effect for 5FU [7,8].

Drug stacked nanoparticles presented an answer for taking care of such confinements
so as to build the adequacy and abatement of the reactions and obstruction against 5 FU.
Including cytotoxic agents inside nano-sized polymers (e.g., Chitosan, Albumin, etc.) has been
tested and showed good encapsulation, efficacy, and stability [9-13].
Albumin is the most plentiful protein in plasma (35— 50 g/L human serum), which is stable in
pH (4-9) and could withstand heat up to 60 °C for 10 hours [11]. In addition to these
physicochemical advantages, many other properties give the albumin types -human serum
albumin (HAS) [14] or bovine serum albumin (BSA) - the chance to be a perfect candidate in
drug delivery systems. The particular take-up in tumor and excited tissue, prepared
accessibility, biodegradability, and absence of toxicity are examples of these recommending
properties [15,16].

Active targeting of chemotherapy is one of the applications of the old dream of Paul
Erlich; the Magic Bullet has been suggested in the 1900s. It aims to make new designs of the
drug molecules to be delivered to diseased tissues in higher concentrations than healthy tissues,
a way that increases efficacy and decreases side effects to a great extent. In active targeting,
we simply attach the drug molecule - either directly or after incorporation in a carrying system
—to a ligand such as an antibody or other ligands like folic acid that can recognize the diseased
tissue [17,18]. Folic acid proved to be a promising targeting ligand for therapeutic or diagnostic
nanoparticles in the past few years of research [19-22].

Folate receptor is also known as a high-affinity membrane-bound protein that controls
the uptake of folic acid inside the cell [23]. Folate receptor and specifically the isoform alpha
is found to be overexpressed on the surface of many tumors [24], which makes it a promising
target to be investigated and used [25]. Folate receptor expression varies from cell line to
another as it was found to be expressed in high levels on the surface of the Caco2 Cell line [25]
while it was in a non-detectable level for the MCF-7 Cell line [26].

Half maximal inhibitory concentration (IC50) is a widely used measure of how
effective a drug is when assayed in vitro, such as in cell culture assays. It means how much of
the drug is required to inhibit a biological process to half [27]. Examples of a biological process
that can be evaluated using such terms include some enzyme activities and cell membrane
integrity [28].

In this study, a BSA nanoparticle loading 5FU was prepared then decorated with folic
acid as a targeting delivery system for cancer treatment. After evaluating the formulated system
(5FU-BSA-FA) by characterizing the physical properties like particle size, zeta potential,
polydispersity index (PDI), and Drug Entrapment Efficacy (DEE), the system was tested for
efficacy using two cell lines with different folate receptor-expressing patterns, human colon
carcinoma cell line (Caco?2) as a folate receptor overexpressing cell line & human breast cancer
cell line (MCF7) as a negative folate receptor-expressing cell line using a complementary
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testing protocol including three independent in vitro cytotoxicity assays {MTT, NR & ATP}.
Biochemical analysis of antioxidant biomarkers {Glutathione reductase (GR), Glutathione
peroxidase (GPx), a detoxifying enzyme {Glutathione transferase (GST)}, and an oxidative
stress biomarker {Malonaldehyde (MDA)} as well as a quantitative real-time polymerase chain
reaction (PCR) assay for an anti-apoptotic gene {B cell lymphoma 2 (Bcl-2)}.

2. Materials and Methods
2.1. Materials.

Folic acid, Phosphate buffer saline, and N-Hydroxy succinic acid, Neutral red dyes
obtained from (Bio Basic, Canada). N, N Di cyclo carbodiimide, and Triethylamine obtained
from (Arcos, Germany). Bovine serum albumin fraction V was provided by (LSP, USA). Fetal
Bovine serum, trypsin, Antibiotic sterile solution, RPMI cell culture medium, and Trypan blue
dye solution obtained from (Lonza, Switzerland). The 5FU was provided as powder, and 3-(4,
5-Dimethylthiazole-2-yl)-2, 5-diphenyltetrazolium (MTT) dyes purchased from (Sigma
Aldrich, USA). Ethanol, glacial acetic acid, glutaraldehyde, acetonitrile, and dimethyl
sulfoxide was used as analytic reagents were purchased as analytic agents and were of high-
performance liquid chromatography grade from (Thermoficher scientific, UK). Adenosine
triphosphate (ATP) assay Kit containing (ATP substrate, dilution buffer & enzyme) was
provided by (Biovision, USA). Bradford protein assay kit with dye reagent (Thermo Scientific,
USA). Primers of Bcl-2: F, 5-TGTGGATGACTGAGTACCTGAACC-3' and R, 5'-
CAGCCAGGAGAAATCAAACAGAG-3"; GAPDH (housekeeping gene): F, 5'-
CGTCTGCCCTATCAACTTTCG-3' and R, 5-CGTTTCTCAGGCTCCCTCT-3" were
synthesized by LGC Biosearch Technologies (Novato, CA, USA). Readymade kits for
biochemical analysis (Biodiagnostic, Cairo, Egypt). RNeasy Mini Kit (Qiagen, Valencia, CA,
USA). High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA,
USA). The water used was pretreated with the Milli-Q plus system (Merck Millipore, USA).
Cell lines are provided from (Vacsera tissue culture unit, Egypt).

2.2. Instruments.

Biological safety cabinet class Il (Thermo Scientific, HERA safe, Germany), 371 °C
Co2 Incubator (Thermo Scientific, Germany), Inverted microscope (Olympus, USA), and a
microplate ELISA multimode reader with Magellan data analysis software (Tecan, Austria)
was used in tissue culture measurements. An Agilent-1200 HPLC (Agilent Technologies,
Germany) equipped with a photodiode array (PDA) detector, auto-sampler, and temperature-
controlled column compartment was used for chromatographic separations. Malvern zeta sizer
Nano ZS (Malvern Instruments Ltd., UK) fitted with 4 mW helium/neon laser at 633 nm
wavelength along with non-invasive back-scatter optics at a detection angle of 173° was used
for Dynamic light scattering (DLS) analysis. PCR system (Applied Biosystems, USA),
Thermal cycler (Applied Biosystems), and NanoDrop 2000 (Thermo Fisher Scientific,
Waltham, MA, USA) was used for quantitative real-time PCR analysis. UV-Visible
spectrophotometer (Shimadzu Corporation, Japan) was used for biochemical and biomarker
analysis.
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2.3. Methods.
2.3.1. Preparation of Folate decorated 5FU- BSA nanoparticles (5FU-BSA-FA).

Folic acid was activated to form an ester with N-hydroxysuccinimide (NHS) by the
method [29]. Folic acid (1 g dissolved in 20 ml of dry dimethyl sulfoxide plus 0.5 ml of
triethylamine) was reacted with NHS (0.52 g) in the presence of dicyclohexylcarbodiimide
(0.94 g) overnight at room temperature. The by-product, dicyclohexylurea, was removed by
filtration while the product in the filtrate, NHS-folate, was precipitated and washed several
times with ice-cold anhydrous ether. The precipitate was dried under a vacuum and stored at -
20 °C as a yellow powder for later use.

For the preparation of BSA nanoparticles, we followed the desolvation technique [30].
A 2 ml solution of BSA in distilled water (100 mg/ml) was kept under continuous stirring (500
rpm) using a stirring magnet while adding a desolvating agent ethanol dropwise (1 ml/min)
until milky white turbidity was obtained then 170 pl of 8% Glutaraldehyde solution was added
dropwise to induce crosslinking. The stirred nanoparticles were kept overnight under
continuous stirring at room temperature. The obtained nanoparticles were purified by
centrifugation (12000 rpm for 20 min) and resuspension of the pellet in water by ultrasonication
using a probe sonicator for not less than 5 min.

To prepare 5FU encapsulating BSA nanoparticles, the same procedure described above
was used except dissolving the BSA in 2 ml (2 mg/ml) 5FU solution instead of using distilled
water as a solvent; the rest of the steps, including the purification, were exactly the same.

To induce conjugation between albumin nanoparticles and the activated folate NHS
ester, the reported procedure by Zhao was followed [11] 5mg/ml solution of NHS folate in
carbonate- bicarbonate buffer (pH 10) was added to the nanoparticles suspension on stirring
and kept overnight, then the conjugated nanoparticles were purified and dried as previously
described.

2.3.2. Characterization of nanoparticles.

2.3.2.1. Particle size and zeta potential.

Particle size and zeta potential of the prepared three groups: 5SFU-BSA-FA, 5FU-BSA
& BSA-FA were measured by DLS after suitably diluting the sample (1:100) in purified water
(MilliQ water system) [31].

2.3.2.2. NHS Folate preparation efficiency.

Both Folic acid powder and NHS-Folate prepared powder were scanned using a UV
spectrophotometer in the range of 250 to 400 nm to be tested for matching [11].

2.3.2.3. Drug entrapment efficacy.

5FU was quantified using a previously reported reversed-phase high-performance
liquid chromatography (RP-HPLC) method, as previously reported [32]. All separations were
carried out using Zorbax 300-C18 column (250mm x4.6 mm) particle size 5um and pore size
250 A°, operated at flow rate 1 mL/min using a mobile phase consisted of distilled water and
acetonitrile in ratio 70:30 % V/V in an isocratic mode. The injection volume was 20 ul through
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an automated injector, and the conditions were kept under room temperature, and UV detection
using a PDA detector was performed at 227 nm.

A standard calibration curve was established using known concentrations of 5FU, then
the concentration of 5FU in the supernatant purification cycle was determined.
Drug entrapment efficacy was calculated using the following equation:

5 FU added amount (total) - 5 FU amount in supernatant X 100
DEE =
5FU added amount (total)

2.3.3. Invitro cell cytotoxicity assay.

For in vitro evaluation of the cytotoxicity of the prepared formulations,
(Cac02&MCF7) colon and breast cancer, cell lines were used. Cell lines were grown and
maintained using RPMI growth media containing 10% FBS and 1% antibiotic and 1% L-
Glutamine sterile solutions in 37 °C in 5% CO: incubator and detached then subcultured when
required using Trypsin solution with EDTA.

2.3.3.1. MTT assay.

Cell cytotoxicity assay was carried out by seeding cells (Caco2 & MCF7 separately) in
96 well cell culture plates with a density of 1x10 # (Cells/well) counted by Hemocytometer
technique [33] and using 10% growth RPMI medium as diluent then incubated overnight in
5% COz2, 37 °C to attach.

Afterward, the media was discarded and replaced with a serial concentration of the drug
in three formulations (Free 5 FU, 5 FU-BSA & 5 FU-BSA- FA) ranged from (167 — 2 pg/ml)
using the same growth medium as a diluent. Every concentration was assayed in triplicate,
keeping wells without any drug added only growth media as a control group, then the plate was
incubated in the same conditions for 48 hours. MTT assay procedure was followed as described
[34]. Briefly, the supernatant above the cells was discarded, and 20 ul of (5 mg/ml) MTT
solution in PBS was added to each well. After 2-4 hours of incubation at 37 °C, MTT was
discarded, and 150 pl of DMSO was added to each well then incubated again for 30 min till
complete dissolving of formazan crystals. Then absorbance was measured at 570 nm, and cell
viability was represented as a percent of a control group. Then, cells viability against
concentration was plotted to calculate IC50 of 5 FU in different forms for each cell line.

2.3.3.2. Neutral red uptake assay.

In the neutral red assay, Caco2 & MCF7 cells were seeded separately, and two different
formulations of the drug (Free 5 FU, 5SFU-BSA-FA) were tested in the same way as in the MTT
assay. The neutral red dye was prepared a day before in the concentration of 40 pg/ml using
the same used cell growth medium as a diluent and kept at 37 °C till use the next day. After the
48 hours period of incubation of cells and drug formulations, the medium was discarded. Then
100 pl of the dye was added to all wells and incubated at 37 °C for at least two hours. After
incubation, the dye was discarded, and 150 ul of destaining solution (1% Glacial acetic
acid,49% Ethanol & 50% distilled water) was added to all wells until completely dissolving of
the retained dye. Then the absorbance was measured at 540 nm, and cell viability was
represented as a percent of a control group [35].

https://biointerfaceresearch.com/ 10416


https://doi.org/10.33263/BRIAC113.1041210428
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC113.1041210428

2.3.3.3. ATP luminescent assay.

Caco2 & MCF7 cells were seeded separately, and two different formulations of the
drug (Free 5 FU, 5FU-BSA-FA) were tested in the same way as in MTT and Neutral red assays
noticing that the type of the 96 wells plate is different as it has to be opaque to be suitable for
this type of luminescence assay. After 24 hours of incubation, the medium was discarded, and
a new growth medium containing different concentrations of the drug of the Free 5 FU, 5 FU-
BSA- FA was added to flasks. After 48 hours of incubation, the cells were assayed for viability
using ATP assay kit,10 ul of cell suspension was added in the well of 96wells opaque cell
culture plate, then 100 pl of nucleotide buffer was added to each well, then 10 pl of the ATP
monitoring solution was added to each well then luminescence was measured immediately
using multimode reader and viability was calculated as a percentage of the control group [36].

2.3.4. RNA isolation and cDNA synthesis.

Caco2 & MCF7 cells were treated with 1C50 of the two different formulations of the
drug (Free 5 FU, 5FU-BSA-FA) and incubated for 24 hours at 37°C in a humidified CO2
incubator. Total cellular RNA was extracted from the untreated (control) and treated cells using
the RNeasy Mini Kit. The concentration and purity of the isolated RNA were performed by
using NanoDrop 2000. High-Capacity cDNA Reverse Transcription Kit was used for DNA
synthesis. 20 pl reaction mixture was used containing 12 pl of total RNA (1 pg), 2 uL 10x RT
random primers, 1 pL 10x dNTP Mix, 1 pL RNase inhibitor, 1 pL MultiScribe Reverse
Transcriptase, and 3 pL nuclease-free water. Thermal cycler was used for performing reverse
transcription and adjusted for 10 minutes at 30 °C, for 50 minutes at 42 °C and 5 minutes at 95
°C then cooled at 4 °C for 5 min [37].

2.3.5. Quantitative real-time-PCR.

The expression of the target gene (bcl-2) was quantified using SYBR Green real-time
PCR on cDNA extracted from Caco2 & MCF7 cells. PCR system was used, and each PCR
amplification reaction was performed in 20 pl reaction mixture containing 10 pL. Power SYBR
Green PCR Master Mix (2x), 2 ul cDNA sample (100 ng), 1 pL forward primer (10 uM), 1 pL
reverse primer (10 uM), and 6 pL double-distilled water. The gene expression was calculated
using a comparative threshold cycle (Ct) where AACt = [Cr target gene—CtGAPDH] (treated
sample) —[C target gene—Ct GAPDH]untreated sample). The relative gene expression was calculated
using 244 method [37].

2.3.6. Biochemical analysis.

Caco2 & MCF7 cells were treated with the 1Cso values of the two different formulations
of the drug (Free 5 FU, 5FU-BSA-FA) for 24 hours and incubated at 37°C. Cells were
harvested, washed twice with PBS, and centrifuged at 2,000 xg for 5 minutes. The obtained
pellets were resuspended in PBS, followed by cold sonication and then centrifugation at 4,000
xg for 15 minutes. The supernatants were then collected and assayed for determining the levels
of GR, GPx, and GST along with MDA level using readymade kits and UV-Visible
spectrophotometer according to the manufacturer’s manual by biodiagnostic. The total protein
was determined in cells by the Bradford method [38,39], and the activity levels of antioxidant
enzymes and MDA were calculated per mg protein.
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2.3.7. Statistical analysis.

To confirm the results and to ensure the significance of the cytotoxicity assay for MTT,
Neutral red and ATP assay of CaCo2 & MCF7 cell lines, PCR, and biochemical analysis, the
P-value was calculated by comparing different groups using One way ANOVA or unpaired t-
student test and the difference was considered statistically significant at P < 0.05. Moreover,
IC50 was undertaken, and all statistical analysis was performed using Graphpad prism7
software (Graphpad Software, La Jolla, CA.USA).

3. Results and Discussion

3.1. Characterization of nanoparticles.
3.1.1. Particle size and zeta potential.

The formulations (5FU-BSA-FA, 5FU-BSA, BSA-FA) were prepared using the
desolvation technique, which results in the synthesis of a uniform BSA nanoparticle.
Glutaraldehyde alone -without using carboxymethyl beta-cyclodextrin- as a cross-linker was
used, which forms a stable aldehyde bond between molecules and prevent the release of the
drug while delivering of the nanoparticles to tumor cells. By applying this procedure of
nanoparticle synthesis and upon the physical characterization of the three prepared
formulations (5SFU-BSA-FA, 5FU-BSA, BSA-FA), which includes measuring particle size and
zeta potential and PDI, it was found that all results are aligned with previous preparations using
the same desolvation technique [11]. The mean of particle size and zeta potential expressed as
a standard of deviation of three independent readings and the PDI of the three formulations, as
shown in Fig. 1 and summarized in Tablel.

Table 1. Summary of particle size, zeta potential, and PDI of the studied formulations.

Particle size (nm) Pl Zeta potential (mV)
5FU-BSA-FA 265.45 0.072 -31.1
5FU-BSA 245.8 0.122 -29.4
BSA-FA 219.05 0.045 -26.75
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Figure 1. Intensity size distribution of: (a) 5FU, (b) 5FU-BSA, (c) 5FU-BSA-FA, showing the monomer peak
of 5FU ,5FU-BSA ,5FU-BSA-FA respectively.
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3.1.2. Folic acid conjugation efficiency.

Successful formulation of NHS-Folate was confirmed by scanning (5 mg/ml) solution
samples of both folic acid and NHS-Folate using UV spectrometer within range (250-400 nm),

and both showed maximum absorption peak on (366 nm) [43] matched spectrum of Folic acid,
NHS-Folate, and FA-Naked Nanoparticles are shown in Fig. 2.

Absorbance, mAU
Absorbance, mAU
f

250 300 350 400

250 300 3s0 400
Wave length, rm Wave length, rm

Figure 2. UV spectrum of (a) NHS Folate, (b) Folic Acid standard solution showing peak F: A matching peak
of 366 nm.

3.1.3. Drug entrapment efficacy.

The drug entrapment efficacy of the formulations was calculated using the RP-HPLC
system. First, a standard calibration curve of 5FU was performed using a concentration range
(5-1000 pg/ml); a linear relationship with a correlation coefficient (r=0.999) was obtained. The
concentration of drug in supernatant that collected from the purification of the formulation by
centrifugation was determined by measuring its area under peak as a mean of three independent
injections of the sample than using the standard curve to define the corresponding concentration

(Fig. 3), and the concentration of the supernatant of the drug DEE are calculated and
summarized in Table 2.

Table 2. Summary of the supernatant concentrations and the entrapped drug percentage in the studied
formulations.

5FU concentration in the supernatant (ug/ml) DEE (%)
5FU-BSA 52.6 82.8
5FU-BSA-FA 58.8 80.1
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Figure 3. RP-HPLC analysis results of (a) 5-fu drug standard (100mg/ml), (b) 5 FU-BSA (c) 5SFU-BSA-FA,
showing the monomer peak of 5FU. The analysis was carried out using the Zobrax 300-C18 column; the mobile

phase consists of distilled water and acetonitrile in ratio 70:30%v/v, the flow rate of 1mL/min, and detection
wavelength of 227.0 nm.
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3.2. In vitro cytotoxicity.
3.2.1. MTT assay.
3.2.1.1. MTT assay on the Caco?2 cell line.

Knowing that cell viability and inhibitory effect assayed by MTT depends on the
activity of the viable cell mitochondrial dehydrogenase enzyme to convert the yellow MTT dye
to violet formazan crystals that can be dissolved and assayed for color intensity [44], the
inhibitory effect of the naked BSA-FA as shown in (Fig. 4a) was minimal over the
concentrations lower than 2 mg/ml of nanoparticles. This minimal inhibitory effect at the
concentration of 2 mg/ml may be referred to as the cytotoxic effect of the used glutaraldehyde,
and it seemed to be negligible [45]. Despite that, when 5 FU is encapsulated in the decorated
nanoparticles, a significant inhibitory effect can be seen over increasing concentrations. The
significance of P-value <0.05 can be statistically noticed by applying a one-way ANOVA
model when comparing the corresponding concentration of 5 FU but in different forms (Free
drug, 5 FU-BSA, and 5FU-BSA-FA). It was found that the folate decorated form significantly
shows the more inhibitory effect (Fig. 4b). Also, the Folic acid decorated form of 5FU showed
a lower IC50 value in comparison with the free form of 5FU as shown in Table 3.

Table 3. 1C50 pg/mL of 5FU, 5FU-BSA-FA according to the three cytotoxic assays MTT, Neutral red, and

ATP.
Caco2 cell line MCF7 cell line
MTT Neutral red ATP MTT Neutral red ATP
5FU 361.2 203.9 193.2 44.66 163 156.7
5FU-BSA-FA 89.53 118 139.9 193.4 383.7 258.1
a, b
= — AN - ——
100 Ty o
S e X1
2 o
E 80 =
© s
> 40 S
;‘66:? :;;; ;;]7-' :;025 ::;CS 2058 6.173 18.519 166.66
Concentration ug mL-! Concentration pug mL-1

Figure 4. MTT assay results of (a) control group BSA-FA (b) 5FU, 5FU-BSA-FA, 5FU-BSA showing a
significant inhibitory effect of the folic decorated form of the nanoparticle encapsulated formulations 5FU-BSA-
FA.

In addition, by evaluating the linearity of the three groups, it was found that the 5FU-
BSA group showed the worst linearity (r=0.65) while 5FU and 5FU-BSA-FA showed a
correlation coefficient of 0.96, 0.91, respectively. This may be explained by the fact that the
passive targeting effect of the nanoparticles encapsulating cytotoxic agent without being linked
to an actively targeting ligand is better tested in vivo because it depends on the physical
properties of the complete solid tumor and its microenvironment, such as the enhanced
permeability and retention effect (EPR) [46].
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3.2.1.2. MTT assay on the MCF-7 cell line.

In contrast, when comparing the MTT assayed the cytotoxic effect of the different
concentrations of the free 5FU and the folic decorated nanoparticle on a folate receptor lacking
MCEF7 Cell line, using an unpaired t-student test model with adjusted P-value (< 0.05), it was
found that the drug has a significantly higher inhibitory effect with a lower 1C50 value than the
folate decorated nanoparticles (Fig 5a). These results confirmed the role of the folate ligand in
the active targeting of the prepared formulation allowing the greater extent of uptake of the
cytotoxic agents by the folate receptor, which is overexpressed on the surface of the majority
of solid tumor, giving a promising indicator of being an effective system for delivering the 5FU
cytotoxic agent into a folate receptor overexpressing tumors more than normally folate
receptor-expressing cells [47,48]. This is confirmed by the significant decrease of cell viability
in the case of the Caco2 cell line when compared to the MCF7 cell line over the same
concentration range of the folic acid decorated formulation (Fig. 5b).

140 \@Caco2 WMCF7

120

- 00 |
2
2 2 ®
2 3
S s &
>
40
20

2.058 6.173 18,519 55.556  166.667

i 1
Concentration ug mtL Concentration ug mt.*

Figure 5. MTT assay results of (a) inhibitory effect of 5FU, 5FU-BSA-FA on MCF7 cell line, (b) inhibitory
effect Of 5FU-BSA-FA on Caco2 and MCF7 cell lines, showing the targeting of the 5FU into a folate receptor
overexpressing Caco2 cancer cells more than negatively expressing folate receptor MCF7 cancer cells.

3.2.2. Neutral red assay.
3.2.2.1. Neutral red assay on the Caco?2 cell line.

Further verification for the results of MTT assay has been confirmed through the neutral
red assay method, which depends on another principle rather than the viable cell activity
evaluation; in this assay, we depended on the integrity of the viable cell membrane using the
neutral red dye which tends to be retained by the viable cell rather than the dead. As a result,
viable cells appear in a red color, which is directly proportional to the cell count, while the dead
lose the dye easily by distaining [35].

The results of the neutral red assay agreed with those of the MTT assay, as shown in
Fig. 6a. The folate decorated form of the drug showed a significantly higher inhibitory effect
over increasing the concentration more than that shown by the corresponding concentrations
of the free form of the drug. This significance could be statistically noticed when using an
unpaired t-student test model with an adjusted P-value (< 0.05). In addition, the IC50 of Folic
acid decorated form of 5FU showed a lower value when compared with the value of the free

form of the drug, as shown in Table 3.
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3.2.2.2. Neutral red assay on the MCF7 cell line.

Cytotoxicity assay using neutral red resulted in dose-dependent growth inhibition of
MCF-7 cells. However, both forms of the drug (5FU and FA-5FU BSA NPs) showed inhibition
of cell viability, the free form of the drug showed a significantly higher inhibitory effect, and
a lower IC50 value (Table 3) than the folate decorated nanoparticles (Fig. 6b) and that
significance was proven statistically using unpaired t-student test model with adjusted P-value
(< 0.05). These results also confirmed the role of the folate decorated nanoparticles form of
drug as a drug carrier system to deliver drugs into the cells with an overexpressing folate
receptor (Caco?2) rather than the negative folate receptor-expressing cell line (MCF7).

1 Neutral red assay on caco2 cell line b Neutral red assay on MCF7 cell line

-5

Concentration g mL* Concentration g mL*

Figure 6. Results of the neutral red assay: (a) 5FU, 5FU-BSA-FA on caco?2 cell line (b) 5FU, 5FU-BSA-FA on
MCEF7 cell line, showing a significant inhibitory effect of the folic decorated form of the nanoparticles
encapsulated formulations 5FU-BSA-FA.

3.2.3. ATP luminescent assay.
3.2.3.1. ATP assay on the Caco?2 cell line.

In an additional trial to validate and confirm the results of the two previous methods,
the ATP assay was carried out. This assay depends on the fact that the apoptotic cell or dead
cell shows decreased levels of ATP than that shown in the proliferated viable cell. Thus
measuring the ATP level could be used as a successful rapid method of viability assay [36].
Fig. 7a indicates the performed comparison between the free form of 5FU and the folate
decorated BSA nanoparticles form, which showed a significantly higher inhibitory effect for
the folate form as ensured by using the unpaired t-student test with the same adjusted P-value
(< 0.05) and a lower IC50 values as shown in Table 3.

3.2.3.2. ATP assay on the MCF7 cell line.

The ATP assay emphasized that the ability for folate decoration technique to decrease
5FU side effects could be confirmed through another way rather than MTT and neutral red.
The free form of 5FU resulted in a more depletion in cell number as a consequence of cell cycle
arrest, with significant higher cytotoxic effects than the folate decorated nanoparticles using
the ATP assay (Fig. 7b), and that significance is statistically proven by the model of unpaired
t-student test with the same adjusted P-value (< 0.05).

The concentration-dependent reduction in cell viability of MCF7 cells that was proved
using both MTT and neutral red assays was further confirmed using ATP assay through an
IC50 with a lower value of the free drug form than that of the folate decorated nanoparticles
(Table 3).
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Figure 7. Results of ATP assay: (a) 5FU, 5FU-BSA-FA on Caco? cell line; (b) 5FU, 5SFU-BSA-FA on MCF7
cell line, showing a significant inhibitory effect of the folic decorated form of the nanoparticles encapsulated
formulations 5FU-BSA-FA.

3.3. Quantitative real-time PCR.

Bcl-2 is a potent inhibitor of apoptotic cell death by maintaining mitochondrial
membrane potential and regulating the redistribution of cytochrome c, which is a necessary
cofactor for the activation of apoptotic effector proteases known as caspases [49]. Thus bcl-2
is classified as anti-apoptotic as a result of preventing the efflux of cytochrome ¢ from the
mitochondria and inhibiting the initiation of apoptosis [50]. A high level of Bcl-2 protein
ensures the survival advantage to the clonal population and promotes tumorigenesis; however,
5FU was reported to cause down-regulation for bcl-2 levels in cancer cells, and this inhibitory
effect plays an important role in inducing apoptosis [51].

Caco2 and Mcf7 cell lines were subjected to 24 hours treatment of the 1C50 of both
5FU and 5FU-BSA-FA, and levels of bcl-2 activity were then assayed. Results showed that
bcl-2 relative expression level was significantly inhibited by both the free form of the drug and
the folic decorated one (P-value < 0.05). This down-regulation of Bcl-2 mRNA levels revealed
that the selected gene had exhibited an important role in apoptosis induction in the studied cell
lines. Moreover, the results showed a significant (P-value < 0.05) higher inhibitory effect of
bcl-2 expression level in the Caco?2 cell line when treated with 5SFU-BSA-FA compared to those
treated with the free form of the drug. On the other hand, this inhibitory effect was higher in
the case of the free form of the drug compared to that of the folic decorated one when the
negative folate receptor-expressing cell line (Mcf7) was treated with them (Fig. 8). These
results confirmed the role of folic decoration in active targeting in the case of overexpressed
folate receptor cell lines.

Bcel-2levelsin Caco2 and MCF7

W Control E5FU B 5FU-BSA-FA
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Figure 8. Effect of 1C50 of 5FU and 5FU-BSA-FA on bcl-2 gene in Caco2 and MCF7 cell lines, results showed
a significant inhibitory effect for both the free form drug and the folic decorated form relative to the control while
the inhibitory effect of the 5SFU-BSA-FA is significantly higher than that of 5FU in Caco2 and vice versa in case
of MCF7. Statistical significance is expressed as p<0.05.
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3.4. Biochemical analysis.

Oxidative stress is a case of imbalance in which an increase of the reactive oxygen
species (ROS) or decrease in their removal enzyme system inside the cell takes place, which
negatively affects the cell by causing degeneration, aging, and death. Therefore oxidative stress
markers have long been implicated in cancer development and progression study. MDA the
end product of lipid peroxidation, is commonly used as a marker of oxidative stress. However,
the enzymatic systems involved in the maintenance of the intracellular redox balance can also
be used as markers of the antioxidant defense systems [52].

Glutathione is a tripeptide that is found in all mammalian cells in the reduced form
(GSH) and functions as an important antioxidant that serves side by side with a bunch of
enzymes in removing harmful oxidative species such as oxygen superoxide and hydrogen
peroxide [53]. GPx enzyme is one of these antioxidant enzymes that use GSH to remove
hydrogen peroxide from the cell by reducing and causing GSH to be oxidized to Glutathione
oxidized form (GSSG). Here comes the function of a second antioxidant enzyme called GR,
which helps in recycling GSSG to GSH again to be reused in further antioxidant activities
inside the cell [54]. Therefore, decreased levels of these enzymes indicate that the cell
undergoes a high oxidative stress manner, which may lead finally to its death. On the other
hand, GST is an important enzyme involved in the detoxification of many xenobiotics inside
the cell. GST was reported to be downregulated in the case of cancer cells treated with 5FU,
so its decrease could be a marker for the successful incorporation and effect of 5FU inside the
cell [55]. Other reports suggest that the administration of 5FU causes depletion of the
antioxidant enzyme activities such GPx as well as an increase in the MDA level [56,57].

Our results showed a significant increase (p-value <0.05) in MDA levels for both caco?2
and mcf7 cell lines when treated with the 1C50 of 5FU and 5FU-BSA-FA independently for 24
hours when compared to the control cell lines. Additionally, levels of GR, GST, GPX were
significantly decreased (p-value <0.05) when the studied cell lines were treated with both the
free drug and the folate decorated formulation (Table 4).

The results of the 5SFU-BSA-FA formulation were significantly higher in MDA levels
(p-value <0.05) and significantly lower in the levels of the antioxidant enzyme (p-value <0.05),
when compared to the free drug in the case of the Caco2 cell line.

It was also shown that 5SFU-BSA-FA exhibited a significantly lower MDA level (p-
value <0.05) and a significantly higher (p-value <0.05) in the levels of the antioxidant enzyme
when compared to the 5FU in the case of the MCF7 cell line.

Table 4. Effect of IC50 pg/mL of 5FU, 5SFU-BSA-FA on levels of MDA, antioxidant enzymes & detoxifying

enzyme.
Caco?2 cell line MCF7 cell line
MDA GR GST GPx MDA GR GST GPx
(nmol) (mU) (mU) (mU) (nmol) (mU) (mU) (mU)
Control 5.69+0.12 | 9.34+0.12 | 4.65+0.65 | 5.29+0.46 | 5.15+0.16 | 9.55+0.09 | 4.75+0.17 | 5.42+0.06
5FU 9.48+0.29 | 6.36+0.12 | 3.23+0.59 | 3.37+0.22 | 10.47+0.57 | 5.63+0.19 | 2.37+0.39 | 3.27+0.38
5FU-BSA-FA 13.15+0.26 | 3.09+0.12 | 1.72+0.87 | 2.19+0.32 | 7.18+0.77 | 7.1840.83 | 3.51+0.54 | 4.35+0.14

All values are expressed as mean = SD.
All results showed a significant difference at p-value > 0.05.
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4. Conclusions

Depending on the fact that folate receptors are overexpressed on the surface of many
cancer types, careful preparation and evaluation of an active targeting system for delivering
5FU cytotoxic agents to cancer cells rather than the healthy by using folic acid as a ligand were
carried out through this study. It was proved that through the desolvation technique, we could
effectively prepare a folic decorated BSA nanoparticle incorporating 5FU cytotoxic agents
inside it. That was confirmed through characterizing size, zeta potential, and entrapment
efficacy. Then the efficacy of the suggested formulation was tested against the free form of the
drug in vitro using CaCo2 & MCF7 cell lines showing the significant difference that was
confirmed through a complementary testing protocol including different approaches of the
assay (MTT, Neutral red & ATP) as cell viability assays. GR, GPx, GST, and MDA as a
biochemical biomarker and bcl-2 real-time PCR as genetic biomarker assay. This study
recommends that this 5SFU-BSA-FA form may be helpful if studied clinically, aiming to
increase the effectiveness and decrease side effects of 5FU, which gives new hopes to fight
against cancer.
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