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Abstract. This study presents a new dual drug delivery system (DDDS) of poly(lactic acid) (PLA) with different morphologies
(spheres and fibers). One approach for delivering Norfloxacin-Tenoxicam (NOR-TENO) drugs based on PLA microspheres
was prepared by encapsulating TENO into PLA via emulsion-evaporation method to form TENO/microspheres then NOR
was then adsorbed onto the surface of these microspheres by loading process. Another approach was designed by integrating
a mixture of NOR-TENO drugs into the PLA matrix, then through the electrospinning process; NOR-TENO/electrospun fibers
were fabricated. The microspheres and electrospun fibers had been characterized through FTIR, XRD, and SEM. Release be-
haviors of NOR-TENO were determined at pH (5.4, 6.7 and 7.4), where the release of the two drugs was faster in the two sys-
tems at pH 7.4. Antimicrobial activity of NOR-TENO/microspheres and NOR-TENO/electrospun fibers against S. aureus,
B. cereus, and E. coli bacteria was examined in vitro, and NOR-TENO/electrospun fibers have better potential in killing bac-
teria. In vitro cytotoxicity assay of NOR-TENO/microspheres against HepG2, MCF-7, and HCT116 tumor cells were tested,
and NOR-TENO/microspheres was highly cytotoxic to MCF-7 cells (/Cso = 21.87 pg-ml™!) with the lowest cytotoxic effect
on WI-38 normal cells (the half maximal inhibitory concentration /Csy = 58.12 pg-ml™!). In vivo study of DMBA-induced
breast cancer in rats had been accomplished for NOR-TENO/microspheres, which offer promising results in breast cancer
treatment.
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1. Introduction

A drug delivery system (DDS) is a formulation or
device that enables the drug to reach its site of ac-
tion, which can achieve the desired therapeutic effect
without fluctuation in drug concentration and dose
not require single and frequent administration [1]. A
dual DDS (DDDS) refers to two different delivered
to the targeted sites to control the release of each drug.
Because of the complexity of the pathology, multi-
drug resistance, and ineffective cell uptake, combi-
nation therapy and the effective co- or tri-delivery of
drugs to tumor cells are the main solution in the tumor
treatment [1]. Drug delivery strategies can induce

synergistic effects in vivo and in vitro; thus, the ideal
nanoformulation combination therapy can offer some
advantages, for example, long cycle time, controlled
release curve, low side effects, and high anti-cancer
effect [1].

Norfloxacin (NOR), the second generation of fluoro-
quinolones, is a synthetic chemotherapeutic antibac-
terial agent [2]. NOR works by inhibiting numerous
types of bacterial enzymes by controlling the topol-
ogy of DNA and is essential for chromosome func-
tion and replication [3]. Barman et al. [4] developed
halloysite/chitosan nanocomposites for NOR deliv-
ery with 31% release within 6 hrs with an effective
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antibacterial action against S. aureus and E. coli.
Many studies have focused on the conversion of the
quinolone family from antibacterial agents to anti-
tumor agents. This drug family shows not only high
activity on bacterial topoisomerase but also high ac-
tivity on eukaryotic topoisomerase, and it has a toxic
effect on cultured mammalian cells and tumor mod-
els in vivo [5]. The effectiveness of fluoroquinolones
in inhibiting the tumor cells’ growth in vivo and in
vitro makes them a double-edged sword. For exam-
ple, ciprofloxacin was used in clinical trials for blad-
der cancer therapy and acute myeloid leukemia [6].
Salahuddin ef al. [7] designed an extended-release
formulation of NOR up to 1080 hrs with 90% dug
release based on TiO,/(polylactic acid) (PLA), where
PLA/NOR with 5%TiO, formulation introduced a
high cytotoxic effect on MCF-7, HepG2, HCT116,
PC-3, and Hela tumor cell lines with moderate cyto-
toxicity to WI-38 normal cell lines.

Tenoxicam (TENO), a non-steroidal anti-inflamma-
tory drug, has potent effects as anti-inflammatory,
antipyretic, and analgesia [8]. TENO acts by inhibit-
ing prostaglandin synthesis by inhibiting cyclooxy-
genase enzymes (membrane-associated proteins) that
catalyze the formation of cyclic endoperoxides from
arachidonic acid that is a dietary fatty acid [9]. Vagare
[10] was evaluated the colon-specific DDS of
Tenoxicam coated by hydroxypropyl methylcellulose
mixed with guar gum which modifies drug release
through releasing the effective drug amount to the
colon and the lowest drug amount in the small intes-
tine and stomach. Non-steroidal anti-inflammatory
drugs (NSAIDs) are utilized as analgesic agents and
anti-inflammatory. Moreover, NSAIDs have chemo-
suppressive and chemopreventive effects on numer-
ous tumor cell lines [11]. Many studies in the last
years have shown that different NSAIDs, such as
meloxicam and piroxicam, have antitumor, chemo-
suppressive, and chemopreventive effects on several
types of tumor cell lines and animal models [12].
Tamasi et al. [13] synthesized a new platinum com-
plex containing anti-inflammatory drugs meloxicam
(H2MEL) and isoxicam (H2ISO). Oxicam molecule
was partially released into free ligands and living tis-
sues, and coordination residues worked together to
fight cancer and inflammation. Some complexes have
high cytotoxicity on CH1 cells (ovarian cancer) and
HeLa cells (cervical cancer) and moderate cytotox-
icity on human SW480 (colon cancer) and U2-OS
cells (osteosarcoma) in vitro.
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Biodegradable polymers are mainly used in DDSs
to overcome challenges associated with stability and
preferred drug release profiles [14]. PLA has excel-
lent potential in the development of DDSs due to its
ideal biocompatibility, and biodegradability, and has
been accepted by the FDA (Food and Drug Admin-
istration) for clinical use [15]. The use of PLA as a
drug carrier has many advantages, such as localized
drug delivery, extended drug delivery, drug stability,
and the release rate is less dependent on drug char-
acteristics with a constant release rate over time [16].
PLA has been used as a favorable polymer for vari-
ous forms of DDSs [17], including hydrogels, micro-
spheres, nanoparticles, scaffolds, and electrospun
fibers. PLA microspheres have the characteristics of
large surface area and can be used for drug delivery,
cell culture, tissue engineering scaffolds, etc. [18].
Cao et al. [19] prepared PLA microspheres encapsu-
lated 5-fluorouracil through solvent evaporation
method. The release profile of 5-FU from the mi-
crospheres displayed an initial burst release and then
slowly released within 10 days. Deepikaa ef al. [20]
used a water/oil/water emulsion method to prepare
PLGA microspheres loaded with a mixture of ben-
zamide at (B) and rutin (R) drugs. They revealed that
drugs/PLGA exhibited a higher toxic effect on can-
cer cells without an effect on healthy cells. The cu-
mulative release of R and B drugs was 85.62, 60.50,
55.80%, and 78.66, 55.88, and 51.50% at pH = 5.5,
6.8, and 7.4, respectively over 3 days. Liang et al.
[21] studied the encapsulation of Rifapentin in PLA-
microspheres (RPM). This RPM was dispersed in
hydroxyapatite/tricalcium phosphate (HA/TCP) to-
gether with adipose tissue mesenchymal stem cells
(ASC) and used as a dual-release anti-tuberculosis
scaffold for bone engineering. The efficiency of RPM
encapsulation and drug loading are around 70.24 and
40.56%, respectively. The drug was released rapidly
in the first 4 days, and then the release continued
within 62 days. The in vitro release of rifapentine
from the composite (ASC + RPM + HA/TCP) was
around 88.91%, and the drug release was fast in the
first 8 days, and then followed by slow release for
more than 76 days.

PLA-based electrospun nanofibers are used in nu-
merous biomedical applications, such as tissue en-
gineering scaffolds, wound healing dressings, drug
delivery, dental applications, etc. [22]. Electrospin-
ning technology has excellent advantages such as
strong functional adaptability, large surface area,
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easy processing, and good physical properties [23].
Mao et al. [24] studied the release of Rhodamine B
(RhB) dye as a drug model from PLA nanofiber
membranes. RhB has gradually released from the
membranes, and the total cumulative release of RhB
was approximately 47.9% within 21 days. Sun et al.
[25] studied the release of ibuprofen from ibupro-
fen-loaded PLA (IBU-PLA) micro-fibrous mats. In
vitro IBU release from IBU-PLA mats was fast with-
in the first 24 hrs, and then the release of the drug
was slow within the next 9 days.

This article has developed two dual drug delivery
systems dependent on PLA microspheres and PLA
electrospun fibers. NOR and TENO are used as drug
models. TENO/microspheres are made by evapora-
tion-emulsion method, and then NOR is adsorbed
into TENO/microspheres surface through the ad-
sorption process. The NOR-TENO mixture is intro-
duced into PLA, and then an electrospinning process
is used to make NOR-TENO/electrospun fibers. The
release of drugs at different pH values was checked,
and the antibacterial effects of the two dual systems
were evaluated. The in vitro and in vivo cytotoxicity
of NOR-TENO/microspheres was studied to evalu-
ate the antitumor activity of two drugs for cancer
treatment in the future.

2. Materials and methods

2.1. Chemicals and reagents

Poly(lactic acid) (PLA) (Grade Ingeo 4032D) was
acquired from NatureWorks Co., Minnetonka, USA.
The PLA has a density = 1.24 g/cc and D-lactide
content = 1.4 mol%, as indicated in the technical data-
sheet. Polyvinyl alcohol (PVA) (M, = 159.60 g/mol)
was supplied from NICE Chemicals Pvt. Ltd., India,
Tenoxicam and Norfloxacin were obtained from
Epico, Egypt, Dichloromethane (DCM), Acetone
(AC), Dimethylsulfoxide (DMSO), Sodium hydrox-
ide (NaOH), Hydrochloric acid (HCL), Sodium di-
hydrogen phosphate (NaH,PQy,), Disodium hydro-
gen phosphate (Na,HPO4), Dimethylbenz[o]an-
thracene (DMBA) were obtained from Sigma-Aldrich
Co., USA. The cell lines were obtained from ATCC
via Holding company for biological products and
vaccines (VACSERA), Cairo, Egypt. The reagents
RPMI-1640 medium and MTT were obtained from
Sigma Aldrich Co., St. Louis, USA and Fetal Bovine
serum was purchased from GIBCO, UK. Bacterial
species were obtained from Microbiology Depart-
ment, Faculty of Science, Tanta University, Egypt.

2.2. Preparations

2.2.1. Preparation of TENO/microspheres
TENO/PLA microspheres were prepared by the emul-
sion-evaporation method. Therefore, 0.5 g of PLA
was dispersed in 5 ml dichloromethane (DCM), then
0.025 g of TENO (5 w/w%) was added and stirred
for 24 hrs. The aqueous phase containing polyvinyl
alcohol (PVA) (2 w/v%) was prepared by dissolving
2 g PVAin 100 ml distilled H,O at 70 °C (which acts
as an emulsifier and stabilizer for the formulation).
Then organic phase was added drop-wise into the
aqueous phase under stirring at room temperature
and then sonication for 10 min. The resulting sus-
pension was stirred for 24 hrs, and the organic sol-
vent was evaporated. The suspension was centrifuged,
the supernatant was separated, and the concentration
of TENO was determined by UV-vis spectropho-
tometer at Ama,x = 373 nm. The precipitate was
washed 3 times with distilled H,O and dried in an
oven at 40°C [26, 27].

2.2.2. Adsorption of NOR onto

TENO/microspheres

[Preparation of NOR-TENO/microspheres]
A stock solution of NOR (40 ppm) was prepared,
and then drug solutions with different concentrations
were prepared. The absorbance was determined
using a UV-vis spectrophotometer at Ay, = 272 nm
and NOR calibration curve was drawn. 0.05 g of
TENO/ microspheres were added into 50 ml of NOR
solution (12 ppm), then sonicated for 10 minutes and
stirred at 500 rpm for 5 days to complete the surface
loading process by direct adsorption. The suspension
was centrifuged, then the supernatant was withdrawn
by syringe into a quartz cuvette to determine the
NOR concentration using UV-vis spectrophotometer
at Amax = 272 nm and the loading [%] was calculated
using Equation (1). Encapsulation and surface load-
ing processes were done in triplet, and the average
was calculated:

Loading [%] =

_ amount of NOR in carrier
amount of carrier loaded with NO

7100 (1)

2.2.3. Preparation of NOR-TENO/electrospun
fibers

PLA (0.5 g) was added into drugs solution prepared

by mixing 0.0125 g of NOR (2.5 w/w%) and

0.0125 g of TENO (2.5 w/w%) in 2.5 ml DCM/AC
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[volume ratio 1:1], followed by sonication and stir-
ring for 24 hrs. The electrospinning process was done
using the electrospinning equipment (Electrospinner
model, Nanon-01A, MECC Co., LTD, Japan) with
a high voltage supply (voltage 0.5 to 30 kV and cur-
rent 50 pA) and pump discharge (0.1 to 60 ml/hr). A
high voltage power source was utilized to produce
an electric field of 22.5 kV between a collector and
aneedle, where the polymer solution was negatively
charged so, the collector was positively charged.
NOR-TENO/PLA solution was placed in a 10 ml
plastic syringe of inner diameter 14.6 mm with a 16-
gauge stainless steel needle and a pump system was
used to feed a constant solution (0.6 ml/hr) through
the needle. The electrospinning method was per-
formed at relative humidity, the working distance be-
tween the collector plate and the needle was 12 cm,
and the fibers were placed on the collector plate cov-
ered with aluminum foil. The as-spun fibers were put
into a desiccator overnight at room temperature for
solvent evaporation. The electrospinning conditions
such as solution flow rate, fiber receiving distance
and receiving device were chosen according to the
previous paper [28]. By testing different applied volt-
ages, the fibers were produced at 22.5 kV. Different
weights of PLA: volumes of DCM+AC were tested
till reaching the optimum viscosity, at which the
fibers were formed and collected.

2.2.4. In vitro NOR and TENO release from
NOR-TENO/microspheres and
NOR-TENOYVelectrospun fibers

0.1 M NaH,PO4 and Na,HPO,4 were used to prepare

the phosphate buffer solution. Then 1 M HCland 2 M

NaOH were used to adjust the pH value of the buffer

solutions (5.4, 6.7, and 7.4). pH = 5.4 was selected

to mimic the intracellular pH of the tumor tissues,
the slightly acidic pH = 6.7 was chosen to mimic the
extracellular pH of tumor tissues, and also the slight-
ly basic pH = 7.4 was adapted to mimic the extracel-

lular pH of normal tissues and the body fluids. 0.01 g

NOR-TENO/microsphere and 0.05 g NOR-TENO/

electrospun fibers were placed in 10 ml of the buffer

solution with pH values (5.4, 6.7, and 7.4) as a release
medium at 37 °C under shaking to simulate human
body conditions. Then, NOR and TENO drugs amount
released from PLA at different times were deter-
mined by measuring the concentration of drugs using
UV-vis spectrophotometer (NOR at Ay, = 272 nm,
TENO at Apax = 373 nm). The buffer solution was
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totally replaced by another fresh at every 48 hours,
then the release percentage was calculated, and the
kinetics was studied.

2.2.5. In vitro antibacterial test

The antimicrobial activity of NOR-TENO/micros-
pheres and NOR-TENO/electrospun fibers was de-
termined against gram-positive bacteria such as
Bacillus cereus, Staphylococcus aureus, and gram-
negative bacteria such as Escherichia coli by utiliz-
ing the diffusion method. The diffusion method was
used to evaluate the antibacterial activity of the car-
rier by measuring the inhibition zone. The prepared
agar medium was sterilized, poured into a sterile petri-
dish to solidify, then punched with a cork-borer, and
the cultured bacterial suspension was inoculated.
Drugs carriers’ suspension (100 pg/ml) was poured
into the holes and incubated for 24 hrs at 37 °C. The
inhibition zone was measured, and the antibacterial
activity of the carriers was compared with NOR-
TENO as a control [29].

2.2.6. In vitro antioxidant test

The ABTS technique was utilized to evaluate the an-
tioxidant properties of NOR-TENO drugs and NOR-
TENO/microspheres. 60 ml (2,20-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid)) (ABTS) was mixed
with a solution of manganese (IV) oxide (3 ml,
25 mg/ml) in a solution of phosphate buffer (0.1 M,
pH =7) then centrifuged and filtered. The absorbance
of the green-blue color solution (Acontro]) Was meas-
ured at Ay = 734 nm and was adjusted at 4 = 0.5.
The test sample (20 ml, 1 mg/ml) is added to phos-
phate buffer: methanol (1:1). The absorbance of the
analyzed sample was measured (Aested), and the de-
crease in color intensity was stated as scavenging ac-
tivity [%], according to the Equation (2):

Atest

A

control

-100
)

Vitamin C (ascorbic acid solution) (20 ml 2 mM)
was used as a control [30].

Scavenging activity [%] = A

control

2.2.7. In vitro cytotoxicity test

MTT assay has been used to demonstrate the cyto-
toxic effects of drugs and drugs carriers on various
normal and tumor cell lines. Cell lines including
liver-derived hepatocellular carcinoma, HepG2; col-
orectal cancer originating from the colon, HCT116;
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breast-derived ductal carcinoma of the breast, MCEF-
7; epithelioid adenocarcinoma derived from the
cervix, Hela; human lung fibroblast, WI-38 were ex-
amined.

Cells culture

100 units/ml penicillin was added to 100 pg/ml
streptomycin to prepare the fresh RPMI1640 medi-
um for cell culture. The cells were seeded in 100 pl
RPMI1640 medium, and 10 ul bovine serum was
added to each well in a 96-well flat-bottomed culture
plate. The cells were incubated in a 5% CO, at 37°C
for 48 hrs. After incubation, the cells were treated
with different concentrations of NOR-TENO drugs
and NOR-TENO/microspheres, then incubated for
24 hrs [31].

MTT assay

The cell growth was measured by reduction of the
yellow dye 3-(4,5-dimethyl-2-thiazolyl) 2,5-
diphenyl-2H-tetrazolium bromide (MTT) to purple
formazan derivatives by using mitochondrial succi-
nate dehydrogenase in living cells. The compound
was incubated with cells and 20 ul MTT solution
(5 mg/ml) in a 5% CO, atmosphere for 4 hrs at 37 °C.
MTT reagent was removed, and 100 ul DMSO was
added to the wells and gently shaken to disperse the
purple formazan. The colorimetric evaluation was
performed with a plate reader (EXL 800, USA) to
calculate the optical density and relative cell viability
at Amax = 570 nm [32], according to the following
Equation (3):

As of treated cells
Asy of untreated cells

Cell viability [%] = 100

A3)

The effect of compounds on tumor and normal cells
was represented by /Csg values.

2.2.8. In vivo study on the effect of PLA
microspheres loaded NOR-TENO drugs
on DMBA induced breast cancer in rats

Animals

Nine adult white female Albino Wistar rats (two

months old, 110£10 g) were obtained from the house

animal of Tanta University, Egypt. The rats were

kept in a laboratory under ideal temperature (18.3—

26.7°C), humidity (40-70%), and light conditions

(12 hrs light cycles, where most rats are more active

at night), and they obtained a balanced diet of pellets
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and water. The rats were adapted before the experi-
ment for one month.

Experimental design

Rats were distributed into 3 equal groups; each group
contained 3 rats where, Group I (Control group):
normal healthy rats, Group II (DMBA group): rats
were injected with 20 mg/kg of DMBA for one
month, and Group III (DMBA+NOR-TENO/micro-
spheres group): rats have received 100 mg/kg of
NOR-TENO/microspheres twice per week for one
month after one month from DMBA injection. DMBA
injection was subcutaneously by intraperitoneal (IP)
and was used as an active chemical inductor of mam-
mary carcinogenesis.

Sampling

After 8 weeks from the onset of the experiment, the
rats were sacrificed under anesthesia. Blood samples
have been collected from the portal vein to deter-
mine the hematological indicators and biochemical
parameters. Mammary gland tissues were collected,
washed, and fixed in 10% phosphate buffer formalin,
then stained with hematoxylin and eosin for histo-
logical examination [33].

Hematological indicators

Kits were purchased from Spectrum Diagnostic,
Egypt, and Hemoglobin (Hb) level was measured
spectrophotometrically [34]. Glucose [35], Total Cho-
lesterol, and Triglycerides [35] were determined en-
zymatically. Creatinine was estimated kinetically [36].
Alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST) (which are specific enzymes
for liver diseases) were determined according to the
King method [37], white blood cells (WBCs) were
counted using a hemocytometer.

Biochemical parameters

Lipid peroxidation was determined by measuring
Malondialdehyde (MDA) concentration in serum
through the release of pink color. Kits were obtained
from Biodiganostic, Egypt. Superoxide dismutase
(SOD) determination [38] depends on the reduction
of nitroblue tetrazolium (NBT) to blue formazan,
which is insoluble in water. 1 mL thiobarbituric acid
(0.67%) and 0.5 ml of trichloroacetic acid (20%)
was incorporated with 0.5 ml serum. The solution
was warmed to 100 °C for 15 min, and after cooling,
4 ml of n-butanol was added, and then the solution
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was centrifuged at 3000 rpm for 15 min. The ab-
sorbance of the colored product was determined at
Amax = 530 nm [39]. Nitric oxide (NO) was deter-
mined after the conversion of nitrates to nitrites
using the Griess reagent method [40]. In short, 30%
zinc (II) sulfate was added to serum to precipitate
protein. After centrifugation, 100 pul of the super-
natant was added to 0.5 g of granulated cadmium
and 0.4 ml of distilled water, followed by stirring
overnight and centrifugation. 0.5 ml of the final su-
pernatant was completed with distilled water. After
that, Griess reagent containing sulphanilamide and
N-1-naphthyl ethylene diamine reacted with nitrites
and was determined at Ap.x = 540 nm. The amount
of total nitrite (NO) was determined using the nitrite
calibration curve.

Preparation of histological samples

A portion of the mammary gland was fixed in 10%
formalin for 24 hrs, dehydrated, cleared, and embed-
ded in paraffin. Tissues were sectioned at 5 mm thick-
ness, dewaxed, rehydrated, and processed for hema-
toxylin and eosin staining. The slides were observed
under light microscopy to analyze ductal carcinoma.

Statistical analysis

A one-way analysis of variance (ANOVA) (Graph
Pad InStat version 3.06, San Diego, CA, USA) was
applied for statistical analysis of obtained data fol-
lowed by the Duncan multiple tests to compare the
mean, standard deviation (SD) values of different
groups. All analyses were performed using Co Stat
6.311. Values of P < 0.05 were considered significant.

Ethical protocol

International ethical considerations for the study
using laboratory animals were respected during the
experimental process [TACUC-SCI-TU-0225].

2.2.9. Characterization techniques

Fourier transform infrared spectroscopy (FTIR)
(JASCO FT/IR-4100 model, Japan) at 4 cm™' reso-
lution and 64 scans per sample. The samples were
pelletized with a KBr disk and determined within the
wavenumber range 4000400 cm™'. X-ray powder
diffraction (XRD) patterns were evaluated at room
temperature using (GNR, APD 2000 PRP step scan
X-ray Diffractometer), with Cu as anode material
and graphite monochromator operated at a voltage
of 40 kV in the range of 4-80 (20) with a pass time
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0.05 sec. The crystallite size of NOR-TENO/micros-
pheres and NOR-TENO/electrospun fibers was cal-
culated by Debye-Scherer’s equation (Equation (4),
and it was around 14 and 21 nm, respectively:

k-A

D:B~cose

“)
where D is the crystallite size, k is a constant (0.94),
A is the wavelength of the X-ray radiation
(0.15406 nm), B is the line width at half maximum
height, and 0 is the diffraction angle.

Scanning electron microscopy (SEM) was used to
study sample morphology, where the samples were put
on double-sided carbon tape and uniformly coated
with gold by using an ion-sputter for 10 min and ex-
amined under SEM (A JEOL SEM, JSM-6510LV)
supplied by EDX operated at 30 kV at different mag-
nifications. SEM images (Figure 3a), 10 fibers from
each image (total = 100 fibers) were measured to cal-
culate the average size of fibers, and (Figure 5a),
15 spheres from each image (total = 110 spheres) were
used to calculate the average size of spheres. UV-vis
absorption spectra for all sample solutions placed in
quartz cuvette were evaluated using UV-vis spec-
troscopy (UV-2101 PC). The pH of buffer solutions
was measured using a 3510 bench Jenway pH meter.
High dispersion of samples was made using Ultrason-
ication (Ultrasonic Cleaner, KSU-100 model, 220 V;
60 W power, made in Korea by Human Lab Inc.).

3. Results and discussion

In this article, TENO/microspheres were prepared by
emulsion-evaporation method followed by loading
NOR drug through adsorption process to form NOR-
TENO/microspheres. In addition, NOR-TENO/elec-
trospun fibers were prepared by the electrospinning
process. Drugs released from microspheres and elec-
trospun fibers systems were studied. /n vitro antibac-
terial, antioxidants, cytotoxicity assays against dif-
ferent tumor cells were investigated. Moreover, in
vivo induced breast cancer in rats was studied, and
the influence of microspheres-loaded drugs on hema-
tological, biochemical, and histopathological data
was examined.

3.1. Characterization of NOR-
TENO/microspheres and
NOR-TENO/electrospun fibers

FTIR is a very effective technique to determine the

interaction between functional groups in NOR,
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TENO, PLA in NOR-TENO/microspheres and NOR-
TENO/electrospun fibers. As shown in Figure 1,
TENO drug shows characteristic peaks located at
1643 and 1595 cm™ (-C=0, C=N), 1488 cm™! (-C-H
deformations), 1422 cm™! (heterocyclic ring), 1388
and 1328 cm™' (methyl group deformation),
1245 cm™' (O-H bending), 1198 and 1149 cm™!
(—C—-0 stretching). FTIR spectrum of NOR shows
characteristic peaks located at 1625 and 1735 cm™!
(carbonyl stretching of pyridine-keto and carboxylic
group), 1468 cm™! (N-H of quinolones), 1393, 1340
and 1268 cm™! (-O—H bending), 1092 and 1031 cm™!
(C-F bending), 931 cm™ (N-H bending). PLA shows
characteristic peaks at 3449 cm™' (hydroxyl stretch-
ing), 2999 cm™! (-CH- stretching), 2947 cm™' (-CH,
stretching), 2884 cm™' (-CHj stretching), 1768 cm™
(carbonyl stretching of ester), 1385 and 1456 cm™!
(symmetric and asymmetric deformation of —CH3)
and peak at 1187 cm™! (-C—O—C— stretching) [41].
The PLA hydroxyl stretching peak at 3449 cm™! was
slightly shifted to a lower wavelength in NOR-TENO/
microspheres and was split into 3 small peaks and
shifted to a higher wavelength in NOR-TENO/elec-
trospun fibers. The characteristic peak of PLA at
1768 cm™ (~C=0 stretching) was slightly shifted to
1763 and 1756 cm™' in NOR-TENO/microspheres
and NOR-TENO/electrospun fibers, respectively.
The shifts in NOR-TENO/microspheres and NOR-
TENO/electrospun fibers were due to the electrostat-
ic interaction (physical interaction) between NOR,
TENO, and PLA matrix during the encapsulation
process [42]. Direct adsorption of NOR onto the
TENO/microspheres surface also occurred through
the electrostatic interactions.

Transmittance [%]

Wavenumber [cm~']

Figure 1. FTIR spectra of a) NOR drug, b) TENO drug,
¢) PLA, d) NOR-TENO/microspheres, and ¢) NOR-
TENO/electrospun fibers.
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XRD patterns of NOR, TENO, PLA, NOR-TENO/
microspheres, and NOR-TENO/electrospun fibers
are shown in Figure 2. XRD (Figure 2a) of NOR
shows several peaks located at 20 = 10.3, 11.05, 13,
19, 20.45, 21.3, 24.8, 32.2, 34.4, 38.25, 41.9° [41],
and for TENO, there are many peaks located at 20 =
11.55,12.05,12.45,14.45, 16, 16.8, 18.5, 19.25, 21,
21.85, 23.35, 25.4, 25.8, 26.25, 28.35, 29.35, 34 4,
38.3° [43]. XRD of NOR and TENO showed sharp
and intense crystallinity peaks, indicating a highly
crystalline nature.

XRD pattern (Figure 2b) of PLA shows characteris-
tic peaks located at 20 = 17.05, 19.30, and 22.85°
[44], indicating the presence of crystalline phases.
The XRD pattern of NOR-TENO/microspheres
shows that peaks of PLA were slightly shifted by
loading drugs to 26 = 16.7, 18.30, and 19.25°, the
drug peaks did not appear in the XRD due to the low
amount of drugs in respect to PLA [45]; thus the
slight shift in the peaks may be related either to in-
strumental causes or internal effects of the sample.
XRD pattern (Figure 2¢) of NOR-TENO/electro-
spun fibers displayed a broad peak which split into
two peaks, located at 20 = 11.35 and 13.20°, indicat-
ing a lower degree of crystallinity or changes into an
amorphous phase of the drug, and confirming the
nanostructure of the sample [46].

SEM images of NOR-TENO/electrospun fibers are
shown in Figure 3. SEM images show uniform and
smooth fibers. The average diameter of fibers was
calculated (Figure 3) to be 5504270 nm (Figure 4).
For NOR-TENO/electrospun fibers (encapsulation
was confirmed by SEM), SEM images (Figure 3e
and 3f) indicated that there are no drug molecules on
the surface of the fiber, and these images show the
encapsulated drug molecules.

SEM micrographs of microspheres are shown in
Figure 5. SEM images show spherical porous mor-
phology. The average diameter of spheres was cal-
culated from (Figure 4) to be 9+7 um. No visible
drug crystals were found in the SEM images. Many
big particles could easily be seen near the micros-
pheres; these particles are largely remnants of PVA
that are used as emulsifiers and stabilizers for the
PLA formulation.

NOR-TENO/microspheres encapsulation was con-
firmed by UV as shown in Figure 6a, which indi-
cates the adsorption of NOR by TENO/microspheres
during 5 days. As shown in Figure 6a, no peaks for
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Figure 2. XRD patterns of (a): a;) NOR, a,) TENO, (b): b;) PLA, b,) NOR-TENO/microspheres and (c): NOR-TENO/elec-

trospun fibers.

TENO appeared, confirming the preservation of the
drug inside the spheres, and there is no TENO on the
surface of the spheres. Figure 6b of NOR-TENO re-
lease of the same sample under release conditions
(bufter solution with different pHs and temperature
37°C), as noticeable, there are peaks for the adsorbed
NOR and the encapsulated TENO, indicating the
presence of encapsulated TENO inside the spheres
and referring to the preservation of the encapsulated
TENO during the adsorption process.

3.2. Drugs loading study of
NOR-TENO/microspheres and
NOR-TENO/electrospun fibers

The TENO encapsulation [%] was calculated to be

(59.35+£5.05%) in TENO/microspheres upon using

(25 mg of TENO: 0.5 g of PLA). Then NOR was

loaded onto TENO/microspheres by direct adsorption

of NOR to the surface of microspheres depending on
non-covalent chemical interactions such as electro-
static and van Der Waals interactions between drug
and PLA, and the NOR loading [%] was calculated
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to be (50.08+6.38%), upon using (0.12 mg of NOR:
0.5 g of TENO/microspheres) to form NOR-
TENO/microspheres.

A mixture of drugs was blended with PLA (100%
TENO and 100% NOR) (12.5 mg of NOR + 12.5 mg
of TENO: 0.5 g of PLA), then via electrospinning
process, NOR-TENO/electrospun fibers were pro-
duced.

3.3. In vitro drugs release study of
NOR-TENO/microspheres and
NOR-TENO/electrospun fibers

The in vitro release performance of NOR and TENO

drugs from microspheres and electrospun fibers at

various pH are displayed in (Figure 7). Release of

TENO from microspheres showed a slow profile and

reached 22.58, 15.33,12.25% at pH (7.4, 6.7, 5.4), re-

spectively, after 20 days. However, the release of ad-

sorbed NOR was fast and reached 98.82, 91.24,

92.92% in pH (7.4, 6.7, 5.4), respectively after

20 days. The slow-release of TENO was explained by

the entrapment of TENO molecules in the center of
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PLA microspheres, and lipophilic drugs can distrib-  the drug was released over a long time. Fast release
ute more homogeneously in the PLA matrix; hence, of NOR may be related to a weak bond between the
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Figure 4. Histogram of the spheres (a) and fibers (b).
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Figure 5. SEM micrographs NOR-TENO/microspheres at different magnifications (a—d) at 10 kV.
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Figure 6. Absorbance curve of NOR-TENO/microspheres: a) NOR loading by TENO/microspheres during 5 days and b)
NOR-TENO release of the same sample under release conditions (buffer solution with different pHs and temper-

ature 37°C).

drug and the microsphere surface at different pH
media. Cohen et al. [47] reported that protein was re-
leased within 76 days using PLGA microspheres by
diffusion via a tortuous water-filled path in the ma-
terial and bioerosion via degradation of PLGA mi-
crospheres by hydrolysis of ester groups. Morirera
et al. [48] reported that the in vitro release of 5-FU
from PLA microspheres with various molecular
weights was 70-85% over 7 days. Polymeric mi-
crosphere particles with a size ~6 um controlled the
diffusion rate of the drug where it slows down drug
release due to the lower surface area of these large
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particles [49]. Lizambard et al. [50] found that
PLGA-based implants were formed in situ to control
the release of an anti-inflammatory drug (ibuprofen)
and antiseptic drug (chlorhexidine) within a few
weeks, and the release of ibuprofen was slower than
chlorhexidine. Sun et al. [51] loaded ciprofloxacin
and ginsenoside into PLGA microspheres dispersed
thermo-sensitive hydrogel. /n vitro drug release ex-
hibited a faster and short release manner of ginseno-
side in hydrogel (within 48 hrs), while ciprofloxacin
showed a sustained and long-term release perform-
ance (for 12 days).
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Figure 7. In vitro NOR and TENO release behaviors from (a, b) NOR-TENO/microspheres and (c, d) NOR-TENO/electro-

spun fibers at different pH media (5.4, 6.7, 7.4).

The release of NOR from NOR-TENO/electrospun
fibers was fast, and almost 88, 68, 100% of NOR
were released within 12 days at pH (5.4, 6.7, 7.4), re-
spectively. In vitro NOR release studies from electro-
spun fibers demonstrated two stages of release: rapid
release of the drugs and then slower second stage
until reaching persistence. Approximately 85, 64,
82% of the entrapped NOR were released at pH (5.4,
6.7, 7.4), respectively, during the first eight days of
the release process, then the release was gradually
increased for the next four days. The release behav-
ior of TENO from NOR-TENO/electrospun fibers
was slow and was almost 32, 24, 40% within 12 days
at pH (5.4, 6.7, 7.4), respectively. The rapid release
may be due to the existence of drug molecules close
to the surface of polymer fibers. Compared with PLA
microspheres, the extremely substantial surface area
of electrospun PLA fibers leads to a more rapid fibers
release. Zhu et al. [28] reported that 50% of lovas-
tatin drugs are released from PLA electrospun fibers
over the first day (burst release). A slower release
that approaches a plateau after 7 days and PLA elec-
trospun fiber has a higher release rate compared to
PLA films.
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The kinetic release models as Pseudo-first order,
Higuchi, Hixon-Crowell models, and Korsmeyer-
Peppas were applied to release curves of NOR-
TENO from microspheres and electrospun fibers at
pH (7.4, 6.7, and 5.4) (Table 1). It was found that the
release of NOR-TENO from microspheres and elec-
trospun fibers followed Higuchi and Hixon-Crowell
kinetic models at pH (7.4). Korsmeyer-Peppas math-
ematical model was applied for NOR-TENO/mi-
crospheres and NOR-TENO/electrospun fiber
(Table 1) to understand the release mechanism, as Ko-
rsmeyer-Peppas was fitted for the first 60% drugs re-
lease. The n value indicates that NOR releases be-
havior from NOR-TENO/microspheres exhibited a
Fickian release (case I transport), and NOR release
from NOR-TENO/electrospun fibers exhibited a
non-Fickian release. In addition, lower k& values in-
dicate slower release behaviors.

3.4. In vitro antibacterial activity

When testing the antibacterial action of NOR-TENO/
microspheres (Figure 8) against S. aureus and B. ce-
reus, it was observed that NOR-TENO/microspheres
had good activity against B. cereus and S. aureus
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Table 1. Release kinetics models of NOR and TENO release profiles from NOR-TENO/microspheres and NOR-TENO/elec-

trospun fibers at pH (7.4, 6.7, 5.4).

Release kinetics NOR from TENO from NOR from TENO from
models pH media TENO-NOR/ TENO-NOR/ NOR-TENO/ NOR-TENO/
microspheres microspheres electrospun fibers electrospun fibers
R2=0.916 R2=10.765 R2=10.947 R2=0913
5.4
K, =0.043 K;=0.0014 K,=0.074 K =0.009
First order 6.7 R*=10.899 R*2=0.919 R*=0.935 R?*=0.897
[hr '] ' K, =0.042 K, =0.0009 K, =0.034 K, =0.008
T4 R2=0.641 R2=10.975 R2=0.924 R2=10.954
' K1 =0.064 K, =0.0011 K, =0.205 K1 =0.017
s R2=10.957 R2=10.774 R2=0.919 R2=0.911
' Ku=4.270 Ku=0.651 K =9.680 Ky =3.347
Higuchi R2=10.973 R*=0.92 R2=0.7831 R2=10.881
[hr 2] 67 Ky =5.376 Ky=0.417 Ky =8.092 Ky =3.371
T4 R2=10.940 R2=0.977 R2=10.956 R2=0.961
’ Ky =6.624 Kuy=0.510 Ky =14.372 Ky = 6.028
4 R2=10.957 R2=0.774 R2=0.919 R2=0.911
' Kuc=0.711 Kyc =0.108 Kuc=1.613 Kuc =0.557
Hixon-Crowell 6 R2=10.973 R2=10.921 R2=10.783 R2=10.881
[hr'] ) Ky =0.896 Ky = 0.069 Kuc = 1.348 Kuc =0.561
- R2=10.940 R2=0.977 R2=10.956 R2=0.961
' Kuc=1.104 Kuc =0.085 Kue =2.395 Kue = 1.004
R?2=0.768 R2=0.702 R2=10.975 R?=0.947
54 n= 0.177 n = not fitted n=0.375 n = not fitted
K=-0.263 K=-1.067 K=-0.394 K=-0.348
R2=10.806 R2=10.696 R2=10.934 R2=0.973
E?nr]smeyer'})eppas 6.7 n= 0255 n = not fitted n=0.548 n = not fitted
K=-0.383 K=-0.817 K=-0.537 K=-0.655
R2=0.868 R2=10.975 R2=10.859 R2=10.845
7.4 n=0.369 n = not fitted n=0.525 n = not fitted
K =-0.566 K=-0.975 K =-0.600 K =-0.745

compared to drugs. The antibacterial ability of NOR-
TENO/microspheres against £. coli is more effective

60

m NOR-TENO drugs

B NOR-TENO/
microspheres

B NOR-TENO/

electrospun fibers

50
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Figure 8. Antibacterial activity of NOR-TENO drugs, NOR-
TENO/microspheres, and NOR-TENO/electrospun
fibers against different bacterial strains, where,
a) B. cereus, b) S. aureus and c) E. coli.

than standard NOR-TENO drugs in killing bacteria.
The antibacterial effect of NOR-TENO/electrospun
fiber (Figure 8) on S. aureus was increased by about
2.5 times, it has a strong antibacterial effect on B. ce-
reus, and its antibacterial effect on E. coli is about
2 times higher than that of the free mixed drugs. The
inhibition zone of S. aureus, E. coli and B. cereus
were 20.45+2.15, 26.97+1.02, and 24.27+3.02 mm,
respectively by the action of NOR-TENO/micros-
pheres and was 52+0, 34.66+0, and 33.66+0 mm, re-
spectively by the action of NOR-TENO/electrospun
fibers. By comparing NOR-TENO/microspheres with
NOR-TENO/electrospun fibers in eradicating differ-
ent bacterial strains, it was found that NOR-TENO/
electrospun fibers give better results. Sun et al. [51]
revealed that the loading of ciprofloxacin and gin-
senoside into PLGA showed a high level of syner-
gism versus methicillin-resistant Staphylococcus and
aureus methicillin-sensitive Staphylococcus aureus.
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Budai-Sziics et al. [52] studied the antimicrobial ef-
fect of electrospun PLA fiber devices containing
metronidazole disks against five bacterial strains.
Some strains are not sensitive to metronidazole
(P. micra, E. corrodens and A. actinomycetes); how-
ever drug is extraordinarily effective against other
strains (P, intermedia, F. nucleatum). The longest
inhibition time (13 days) of metronidazole-sensitive
bacteria may be due to the sustained release of
metronidazole present inside the fibers and the slow-
er penetration of aqueous media into them.

3.5. In vitro antioxidant capacity

The ability of NOR-TENO drugs and NOR-TENO/
microspheres to scavenge the free radical cation
(2,20-azino-bis(3-ethyl-benzothiazoline-6-sulfonic
acid)) (ABTS) was assessed. The results are shown
in (Figure 9), NOR-TENO drug has the moderate
ability (35.5%) to scavenge free radical cations com-
pared to ascorbic acid (88.6%), which has high an-
tioxidant activity. Also, NOR-TENO/microspheres
showed moderate antioxidant properties (32.1%)
compared to ascorbic acid (88.6%), which has a high
capability of scavenging free radical cations. Results
demonstrated that NOR-TENO/microspheres pre-
sented inferior activity than free NOR-TENO, and
this may be related to the sustained release of NOR-
TENO through PLA microspheres. It was found that
the antioxidant capacity of vanillin-loaded PLA
nanoparticles to scavenge 2,2-azino-bis(3-ethylben-
zothiazoline-6-sulfonic acid) radical (ABTS) was
getting close to free vanillin and, due to its sustained
release [53].

100 =~
] a) Control of ABTS

b) Ascorbic acid

c) NOR-TENO drugs

d) NOR-TENO/microspheres

90 3
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Figure 9. Antioxidant activity of compounds compared to
ascorbic acid as a positive control.

The antioxidant activity of Tragacanth gum-cl-poly
(lactic acid—co-itaconic acid) hydrogel (640 g/ml)
recorded 43.85% scavenging of free radicals, and by
increasing hydrogel concentration, the antioxidant
activity [%] increased [54].

3.6. In vitro antitumor evaluation

The cytotoxicity of free NOR-TENO and NOR-
TENO/microspheres was tested calorimetrically on
various human tumor and normal cell lines such as
human hepatocellular carcinoma (HepG2), human
ductal carcinoma (MCF-7), human colorectal carci-
noma (HCT116), and human lung fibroblast (WI-38)
(Figure 10). Free NOR-TENO displayed very strong
activity on HepG2 and MCF-7 (ICso = 10.68+1.1,
9.87+0.9 ng/ml, respectively) and strong cytotoxic
effect on HCT116 (/Csp = 13.69+1.2 pg/ml). NOR-
TENO/microspheres have good MCF-7 killing ac-
tivity (ICso = 21.87+1.7 pg/ml) with moderate HepG2
and HCTI116 killing activity (/Cso= 26.39+2,
34.01£2.3 pg/ml, respectively). The cytotoxic ef-
fects of NOR-TENO drugs and NOR-TENO/micro-
spheres were tested against normal human cell lines
(WI-38). The obtained data displayed that the free
NOR-TENO and NOR-TENO/microspheres (/Csy =
41.86+3.2, 58.1243.8 pg/ml, respectively) are much
less toxic than the control drug DOX (/Cso=
6.68+0.5 pg/ml), which indicates the selectivity of ac-
tion towards tumor cells, in addition, a lack of tox-
icity on normal cells. The NOR-TENO/microspheres
showed the desired effects against the tumor cells
with a dose lower than the dose of the free drug used,
which would reduce the side effects of the free drugs,
all this with the minimal impact on the surrounding
normal cells. Interestingly, NOR-TENO/microspheres
have a good cytotoxic effect on MCF-7 with the low-
est toxic effect on normal cells, so, in vivo study was
done using MCF-7 tumor cell line.

Lactic acid/glycolic acid (PLGA) electrospun fibers
with different ratios of epigallocatechin gallate
(EGCG) and camptothecin (CPT) were used for com-
bined colon cancer chemotherapy. Drug release in-
dicated that EGCG and CPT could be released sus-
tainably, while dual-drug-loaded fibers had a higher
release rate than single-drug-loaded fibers. These
fibers showed clear toxicity against CT26 cells in
colon cancer tests, and also, the combination index
values of all dual drug-loaded fibers were approxi-
mately 0.5, suggesting a strong synergistic effect of
EGCG and CPT [55].
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Figure 10. Cytotoxicity assay of compounds against differ-
ent tumor cell lines and normal cell line.
1Cso [ug/ml]: 1-10 (very strong), 11-20 (strong),
21-50 (moderate), 51-100 (weak) and above 100
(non-cytotoxic).

3.7. Effect of PLA microspheres loaded
NOR-TENO drugs on DMBA induced
breast cancer in rats

DMBA was utilized to evaluate the experimental

model of chemical carcinogenesis of rat mammary

glands. The mammary gland has the ability to activate

DMBA, DMBA will be converted into active epox-

ides and metabolites, thereby destroying the DNA

molecules that cause cancer [56].

3.7.1. Hematological parameters

The serum hematological parameters in different
groups are reported in Table 2. A slight decrease in
Hb level in the group of DMBA compared to the
control group, where anemia was developed due to
the tumor itself, bone marrow infiltration, blood loss,
and nutritional deficiencies. By treating the DMBA
group with NOR-TENO/microspheres, Hb level was

elevated compared to the group of DMBA, but it
didn’t achieve the normal value compared with the
control group.

There is a clear increase in WBCs in the DMBA
group compared to the control group, which may be
due to the stress as rats are stress-sensitive. Admin-
istration of NOR-TENO/microspheres to the DMBA
group reduces elevated WBCs, but it didn’t reach the
normal value compared to the control group.
Glucose level was increased significantly in the
DMBA group as compared to the control group. An
independent role of fasting glucose in carcinogenic-
ity has been suggested by various mechanisms rang-
ing from free radical generation to inducing damage
to DNA repair enzymes. Increased availability of glu-
cose in the blood may stimulate tumor cells forma-
tion, which needs glucose for proliferation [57]. By
injection of NOR-TENO/microspheres, Glucose
level was reduced, but it did not achieve the normal
value compared to the control group.

Lipid profiles parameters as (Total cholesterols and
Triglycerols) were significantly increased in the
DMBA group [58]; it was reported that elevated total
cholesterol was linked with increased breast cancer
risk. Buchwald [59] suggests that inhibiting choles-
terol by reducing cholesterol availability or reducing
intracellular cholesterol synthesis may inhibit tumor
cell growth or prevent carcinogenic effects. A high
concentration of triacylglycerol will cause the level of
SHBG (sex hormone-binding globulin) to decrease,
which leads to an increase in the sum of free estra-
diol, which may raise the risk of breast cancer [60].
Conversely, the treated group showed a significant
reduction in total cholesterols and triglycerols com-
pared to the untreated DMBA group.

Table 2. Serum hematological parameters in the different groups under study.

Animal groups
Parameter

(group I) (group II) (group III)
Hb [g/dl] 12.18+0.32 10.18+0.25° 11.14+0.382>
WBCs [10°1] 6.05+1.18" 11.41+1.08° 8.26+0.582b
Glucose [mg/d] 84.73+3.64° 106.47+5.022 92.97+5.272b
Total cholesterol [mg/dl] 81.1+4.87° 115.43+5.83% 96.03+7.71%b
Triacylglycerol  [mg/dl] 96.6+3.70° 125.47+6.51* 98.3+6.72°
ALT [un 33.143.00° 51.00+5.012 39.67+2.60°0
AST [un 86.004.45° 135.9+15.752 100.33£9.592b
Creatinine [mg/dl] 0.55+0.06° 0.96+0.052 0.72+0.05°

Data are produced as (Mean + S.E.M), S.E.M = Standard error of the mean. Mean values with different superscript letters in the same

column are significantly different (p < 0.05).

abindicated the difference or similarity between experimental groups.
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Creatinine levels showed a significant increase in the
DMBA group compared to the control group, where
the impairment of the kidney causes the creatinine
increase. On the contrary, the treated group showed a
substantial reduction in creatinine in comparison
with the DMBA group.

The activities of ALT and AST in the DMBA group
were significantly increased, and the liver function
test mainly depends on the enzymatic levels of alka-
line phosphatase, SGOT, and SGPT. Serum gluta-
mate pyruvate transaminase (SGPT) and serum glu-
tamate oxaloacetate transaminase (SGOT) catalyze
aspartic acid to oxaloacetate and alanine to pyruvate,
respectively. Several studies have shown that these
transaminase activities in patients with malignant
breast cancer are higher than those in patients with
benign breast cancer. Elevated SGOT and SGPT in-
dicate impaired liver and kidney function, which may
be related to tumor invasion. Meanwhile, the treated
group showed a significant decrease in enzyme ac-
tivities as compared to the DMBA group.

3.7.2. Biochemical parameters

The serum biochemical parameters are reported in
Table 3. Nitric oxide (NO) showed an apparent in-
crease in the DMBA group compared to the control
group. On the other hand, intraperitoneal injection of
NOR-TENO/microspheres to the DMBA group leads
to significantly reduced NO level to half, but still
twice in the control group.

Nitric oxide or nitric oxide synthase concentrations
have been linked to tumor suppression in some cases
and tumor progression and metastasis in others [61].
Malondialdehyde (MDA) was statistically more sig-
nificant in the DMBA group than in the control
group; on the contrary, treatment DMBA group with
NOR-TENO/microspheres clearly reduced MDA pro-
duction as compared to the DMBA group. During the

Table 3. Serum biochemical parameters in the different
groups under study.

Animal groups
Parameter
(group I) (group II) | (group III)
NO [pmol/1] 1.13+0.08° | 4.07+0.11* | 2.60+0.35°
MDA  [pmol/ml] 1.28+0.09 | 1.997+0.12* | 1.59+0.099°
SOD  [U/ml] 21.56+0.90% | 15.07+0.66" | 19.95+0.77°

Data are given as (Mean + S.E.M), S.E.M = Standard error of the

mean. Mean values with different superscript letters in the same col-

umn are significantly different at (p < 0.05).

abeindicated the difference or similarity between experimental
groups.
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carcinogenic process, lipid peroxidation was in-
creased, and a more complex and reactive compound
such as Malondialdehyde (MDA) was produced.
These lipid peroxidation products have been proven
to be mutagenic and carcinogenic. Therefore, it was
believed that drugs that can decrease the generation
of free radicals in the body have the chemopreven-
tive potential [62].

SOD significantly decreased in the DMBA group as
compared to the control group; meanwhile, the
DMBA-+NOR-TENO/microspheres treated group
showed a significant elevation in SOD activity as
compared to the DMBA group. Superoxide dismu-
tase (SOD) acts as a mutually supporting antioxidant
enzyme and provides protection against reactive oxy-
gen species.

3.7.3. Histopathological study

The malignant cell is characterized by acceleration of
the cell cycle, genomic alterations; invasive growth;
increased cell mobility, and secretion of lytic factors.
Morphologically, the cancerous cell is characterized
by irregular shape, a large nucleus. The nucleoli are
prominent. The cytoplasm is scarce and intensely
colored or, on the contrary, is pale [63]. The number
of mitoses increases, with defects in the mitotic spin-
dle appearing, resulting in dissymmetrical structures.
In addition, apoptosis occurs in the presence of apop-
totic bodies. Histological slides of non-lactating
mammary glands of Normal, DMBA, and DMBA
treated with the drug of female albino rats are shown
in Figure 11. Normal mammary gland tissue (group I)
contains ducts and lobules dispersed inside animal
tissue (Figure 11a). Slides of tumor tissue (group II)
showed that, generally, normal ducts and lobules are
absent, however, they may fall inside the tumor sub-
strate. An active tumor with varied mitotic divisions
within which the nuclei were large and vesicular,
were observed. In conjunction with abnormal cells,
differentiated and undifferentiated cell types can be
seen. The enlargement of vascular structure (arrow)
and connective tissue in tumor stroma are noticed
(Figure 11a, 11b). Multiple lumina is observed
(Figure 11d), which leads to increase cell death, or
lumina may be absent (Figure 11e), which indicates
breast adenocarcinomas. Necrosis with calcification
was diffused in adjacent adipose and muscular tis-
sues, and the neoplastic cells can invade the adipose
tissues (Figure 11f, 11g).
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After treatment with NOR-TENO/microspheres
(group I1I), the main pathological change is the vac-
uolization of tumor cells, with a histocyte-like ap-
pearance. The cytoplasm of these cells was large and
full of small or interconnected vacuoles (Figure 11h).
The immune cells consisted of neutrophils and a
high number of lymphocyte and plasmacytoid cells
dispersed within the tumor tissue. Treatment with
NOR-TENO/microspheres increased the cells infil-
tration in group III [64]. It was reported that PEG-
PLA conjugated with a specific peptide F3-loaded pa-
clitaxel nanoparticles (F3-NP-PTX) treated tumors
(MCF 7) had extended vacuolation of cancer cells
and many other apoptotic cells [64].

4. Conclusions
TENO/microspheres were obtained by emulsion-
evaporation method with TENO encapsulation [%]

(59.35+£5.05%), followed by NOR loading onto
TENO/microspheres surface by direct adsorption
technique with loading [%] (50.08+6.38%). A mix-
ture of NOR-TENO was blended with PL A with load-
ing [%] (100% for NOR and TENO); then NOR-
TENO/electrospun fibers were produced by electro-
spinning process. The release profiles of TENO from
microspheres showed sustained release (22.58, 15.33,
and 12.25%) at pH values (7.4, 6.7, and 5.4), respec-
tively, and the release pattern of NOR showed short-
term release (98.82, 91.24, and 92.92%) at pH values
(7.4, 6.7 and 5.4), respectively after 20 days. Howev-
er, in vitro release behavior of TENO from NOR-
TENO/electrospun fibers was slow (32, 24, and 40%)
atpH (5.4, 6.7, and 7.4), respectively. The release of
NOR from NOR-TENO/electrospun fibers was rapid
(88, 68, and 100%) at pH (5.4, 6.7, and 7.4), respec-
tively, within 12 days. NOR-TENO/electrospun fibers
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Figure 11. Histological slides of non-lactating mammary glands of female albino rats showing: Normal ductal epithelium
(black arrows) in group I (a), ductal carcinoma in situ (DCIS) characterized by enlarged epithelial cells with in-
creased nuclear-cytoplasmic ratio, hyperchromatic nuclei, and single narrowed lumen (black arrow) (b, ¢), multiple
lumina (black arrow) (d) or absent lumen (black arrow) (e), diffuse necrosis (black arrow) with calcification (red
arrow) in adjacent adipose and muscular tissues (f) in group II, Invasive DCIS can also be seen (black asterisk)
in some fields in group II where neoplastic cells invade the adipose tissue (g), The ductal epithelium shows only
ductal hyperplasia (black arrow) with normal surrounding adipose and absent invasive neoplastic cells in

group III (h). (Microscopic scale = X: 400 bar 50).
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had better antimicrobial properties against S. aureus,
E. coli, and B. cereus with inhibition zones (~52,
34.66, and 33.66 mm, respectively than NOR-TENO/
microspheres (~20.45,26.97 and 24.27 mm, respec-
tively). In summary, NOR-TENO/ electrospun fibers
have a faster release rate (12 days) than NOR-TENO/
microspheres (20 days), but the systems have in
common that the release of NOR, TENO was faster
at pH 7.4 and that the NOR has a faster release rate
than TENO. NOR-TENO/electrospun fibers have
excellent antibacterial properties over NOR-TENO/
microspheres and free drugs. This may be related to
a relatively high amount of NOR in fiber and faster
release in the fibers system. NOR-TENO/micro-
spheres has good efficacy in killing MCF-7 tumor
cells (ICso~21.87 ug/ml) with a weak effect on
WI-38 normal cells (/Csy ~ 58.12 pg/ml) and in vivo
study on MCF-7 tumor cells shows promising results
in cancer treatment while NOR-TENO/electrospun
fibers are under investigation.
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