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3-(1H-pyrazole-1-yl/1H-1,2,4-triazole-1-yl)-N-
propananilide Derivatives: Design, Synthesis
and Neuroprotectivity Potential Against 6-OHDA
Induced Neurotoxicity Model

© Ayse Hande TARIKOGULLARI DOGAN'™, © Merve SAYLAM2, ® Sinem YILMAZ3, ® Siilinay PARLAR!, ® Petek BALLAR4, ® Vildan ALPTUZUN!

1Ege University Faculty of Pharmacy, Department of Pharmaceutical Chemistry, izmir, Turkiye

2izmir Katip Gelebi University Faculty of Pharmacy, Department of Pharmaceutical Chemistry, izmir, Turkiye
3Alanya Alaaddin Keykubat University Faculty of Engineering, Department of Bioengineering, Antalya, Turkiye
4Ege University Faculty of Pharmacy, Department of Biochemistry, izmir, Turkiye

ABSTRACT

Objectives: Excessive amounts of neuroapoptosis are the underlying cause of neurodegenerative diseases. Bax is a pro-apoptotic member of
the B-cell lymphoma-2 family that activates caspases which are the members of the cysteine protease family that play a significant role in the
initiation and execution phases of apoptosis. The aim of this study was to design and synthesize a group of N-propananilide derivatives bearing
pyrazole or 1,2,4-triazole ring were designed and synthesized to analyze the neuroprotectivity potential against 6-hydroxy-dopamine (6-OHDA).
Four compounds possessed protectivity at lower doses were subjected to further studies on caspase-3 and Bax pathway.

Materials and Methods: Designed compounds were synthesized by reacting 1H-pyrazole or 1H-1,2,4-triazole with propananilide intermediates in
Dimethylformamide. The neuroprotective activity of the title compounds was analyzed against 6-OHDA-6-OHDA-induced neurotoxicity model.
Then, caspase-3 and Bax levels were determined for the selected compounds by Western blot study.

Results: All twelve 3-(1H-pyrazole-1-yl/1H-1,2,4-triazole-1-yl)-N-propananilide derivatives possessed neuroprotectivity against the 6-OHDA-induced
neurotoxicity model (p<0.05, **p<0.001, ***p<0.005). Compounds 7, 10, 11, and 12 were found to be more active at lower doses. They were subjected
to further studies and the results revealed that their protecting activity arose from the decreasing levels of Bax, one of the pro-apoptotic proteins,
and c expression levels and caspase-3 proteins.

Conclusion: All designed and synthesized derivatives possessed neuroprotectivity against 6-OHDA-induced neurotoxicity in the SH-SY5Y cell line
and compounds 7, 10, 11, and 12 revealed that their neuroprotectivity originated from the decreasing Bax expression levels and caspase-3 activation.
Keywords: Neuroprotectivity, caspase-3, Bax protein, 1, 2, 4-triazole, 1H-pyrazole

INTRODUCTION execution of apoptosis is a group of proteolytic enzymes
Physiologically, cell proliferation and death should occur in ~ known as caspases, which are cysteine proteases. Recently,
multicellular organisms.' Apoptosis is a programmed cell death 14 members of the caspase family have been identified, and
process characterized by biochemical and morphological ~ 11 of them are found in humans>* Caspases, directly and
changes that eventually lead to cell death.? Central to the  indirectly, operate the apoptosis process both directly and

*Correspondence: handeayse@gmail.com, ORCID-ID: orcid.org/0000-0002-3134-2754
Received: 13.10.2023, Accepted: 17.01.2024 Epub: 24.01.2025 Publication Date: 07.03.2025
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indirectly.” In particular, caspase-3 is a principal effector in the
initiation and execution phases of apoptosis. Once caspase-3is
activated in cells, it cleaves a wide range of substrates, leading
to biochemical and morphological changes associated with
apoptosis.®

Proteins of the B-cell lymphoma-2 (Bcl-2) and the mitochondrial
pathway are critical intermediates in this pathway, one of the
four major pathways that lead to caspase activation.> When
cells receive apoptotic signals; Bax which is a pro-apoptotic
protein that belongs to the Bcl-2 family, undergoes a multistep
process to trigger the activation of caspases to execute the
apoptotic program leading to cell death.?4®

Neuronal cells have a different cycle than other cells as they
live longer to maintain their routine pathways.® Sometimes,
redundant amounts and rates of neuronal apoptosis
(neuroapoptosis) can occur and trigger neurodegenerative
diseases such as Parkinson's disease, Alzheimer's disease,
multiple sclerosis (MS), and amyotrophic lateral sclerosis.?”

Based on these findings, it is suggested that apoptosis triggered
by increased caspase-3 and Bax plays a significant role in the
pathogenesis of neurological disorders. Therefore, inhibition of
6-OHDA-induced neurodegeneration and activation of caspases
may be important targets in the treatment of neurodegenerative
diseases.

We reported the cholinesterase activity of a group of
N-propananilide derivatives bearing pyrazole or 1,2,4-triazole
rings and investigated the neuroprotective potential of the
most active derivatives in our previous studies.® Based on
the promising results on neuroprotectivity and cholinesterase
inhibition, we designed N-propananilide derivatives bearing
pyrazole or 1,2,4-triazole rings and tested their cholinesterase
activity, but the results were negligible. Therefore, we aimed
to focus on their neuroprotective activities. We tested the
neuroprotective activity of the synthesized compounds in
SH-SYS5Y neurotoxicity model induced by 6-OHDA, which is
a neurotoxic agent used for neurotoxicity assays based on its
ability to be autoxidized to yield potentially toxic products and
reactive oxygen species.’ After conducting neuroprotection
studies with selecting poteint compounds with more
potential, we further analyzed the underlying mechanism via
immunoblotting studies of the caspase-3 and Bax proteins for
the most active ones.

MATERIALS AND METHODS

Thin-layer chromatography was performed on silica gel
plates (Merck, Kieselgel 60F254) and detected using 254 nm
ultraviolet (UV) light. The structures of the compounds were
verified using infrared spectra (Perkin Elmer Fourier transform
infrared spectrometer 100 with attenuated total reflectance
(ATR) attachment, Perkin Elmer Inc., Massachusetts, USA),
mass spectra [atmospheric pressure chemical ionization-
electrospray ionization (APCI-ESD), (Thermo MSQ Plus LC/MS,
Thermoscientific Inc., San Jose, CA, USA), and NMR spectra
(Varian As 400 Mercury Plus nuclear magnetic resonance

(NMR), Varian Inc., Palo Alto, CA, USA). Melting points were
determined using a melting point apparatus on a Stuart SMP30
and were uncorrected. Elemental analysis was performed using
a TruSpec Micro Instrument LECO CHNS 932. All the starting
materials and reagents used for the synthesis were commercial
products with high-quality properties.

General procedure for the synthesis of the compounds 1a-6a
Substituted aniline (1 eq.) and K,CO, (1 eqg.) were dissolved in
the mixture of acetone: water (1:2). 3-chloropropionyl chloride
(1 eq.) was added dropwise in an ice bath, and the mixture was
stirred at room temperature for 2 h. The reaction mixture was
then poured into cold water, and the precipitate was filtered
and washed with water.

General procedure for the synthesis of the compounds 1-12
®-Chloro-N-propananilides (1 eq.), pyrazole or triazole (1 eq.),
and K,CO, (1 eq.) were dissolved in dimethylformamide (DMF)
and allowed to react under reflux. After monitoring the end of
the reaction, DMF was evaporated under reduced pressure, and
the residue was extracted using chloroform and water. The
organic phases were evaporated after drying over anhydrous
Na,SO," Crude products with various mobile phases were
purified by column chromatography.

N-(2-chloropheny-3-(1H-pyrazol-1-yl propanamide (1)

Yield, 30%; m.p., 102 °C; IR (ATR) v__. (cm™: 3279 (NH), 1650
(amide 1), 1533 (amide ID; '"H NMR (CDCl,, 400 MHz) & 3.04 (t,
2H, J=6.3 Hz, CH)), 453 (t, 2H, J=6.3 Hz, CH,), 6.21 (t, 1H, J=21
Hz, Py-H), 7.03 (td, 1H, J=7.8; 1.6 Hz, Ph-H), 7.22-7.26 (m, 1H,
Ph-H), 7.33 (dd, 1H, J=8.1; 1.5 Hz, Ph-H), 7.45 (d, 1H, J=2.3 Hz,
Py-H), 7.54 (d, TH, J=1.5 Hz, Py-H), 7.91 (brs, 1H, NH), 8.27 (d,
1TH, J=8.3 Hz, Ph-H) ppm; MS (ESI) m/z (% intensity): 123 (100),
250 (73) [M+H]", 252 (23) [M+2+H]*; Anal. Calcd for C,H,,CIN,O
(249): C: 57.72; H: 4.84; N: 16.83. Found C: 57.60; H: 4.99; N:
16.42.

N-(3-chloropheny)-3-(1H-pyrazol-1-yDpropanamide (2)

Yield, 72%; m.p.76 °C; IR (ATR) v__. (cm™): 3236 (NH), 1685
(amide 1), 1590 (amide II); 'H NMR (CDCL,, 400 MHz) § 2.95 (t,
2H, J=61Hz, CH,), 451 (t, 2H, J=6.1 Hz, CH.), 6.25 (t, TH, J=21
Hz, Py-H), 7.04-7.07 (m, 1H, Ph-H), 719 (t, TH, J=8.0 Hz, Ph-H),
7.26-7.29 (m, TH, Ph-H), 7.46 (d, 1H, J=2.3 Hz, Py-H), 7.57-7.64
(m, 2H, Ph-H and Py-H), 8.53 (brs, TH, NH) ppm; MS (APCD m/z
(% intensity): 250 (100) [M+H]*, 252 (23) [M+2+H]*; Anal. Calcd
for CH,,CIN,O (249): C: 57.72; H: 4.84; N: 16.83. Found C: 57.38;

127 12

H: 5.07; N: 16.46.

N-(4-chlorophenyD)-3-(1H-pyrazol-1-ylDpropanamide (3)

Yield, 59%; m.p., 151 °C; IR (ATR) v__. (cm™: 3246 (NH), 1677
(amide 1), 1538 (amide I); 'H NMR (CDCl,, 400 MHz) & 2.83 (t,
2H, J=6.4 Hz,CH)), 4.40 (t, 2H, J=6.4 Hz, CH_), 6.09-6.10 (m, 1H,
Py-H), 7.09-713 (m, 2H, Ph-2H), 7.36-7.42 (m, 4H, Ph-2H and
Py-2H), 9.25 (brs, 1TH, NH) ppm; MS (APCD m/z (% intensity):
123 (97), 250 (100) [M+H]", 252 (32) [M+2+H]*; Anal. Calcd for
C,H,CIN,O (249): C: 57.72; H: 4.84; N: 16.83. Found C: 57.52; H:

127 12

4.88; N: 16.50.
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N-(2-methoxypheny)-3-(1H-pyrazol-1-ylDpropanamide (4)

Yield, 62%; m.p., 88 °C; IR (ATR) v__. (cm™: 3374 (NH), 1681
(amide 1), 1534 (amide II); 'H NMR (CDCL,, 400 MHz) & 2.98 (t,
2H, J=6.5 Hz, CH)), 3.83 (s, 3H, OCH,), 4.53 (t, 2H, J=6.5 Hz,
CH,), 619 (t, TH, J=2.1 Hz, Py-H), 6.84 (dd, 1H, J=81; 1.4 Hz, Ph-
H), 6.91-6.95 (m, 1H, Ph-H), 7.03 (td, 1H, J=7.8; 1.7 Hz, Ph-H),
7.45-746 (m, 1H, Py-H), 7.51-7.52 (m, 1H, Py-H), 7.84 (brs, 1H,
NH), 8.29-8.31 (m, 1H, Ph-H) ppm; MS (APCI) m/z (% intensity):
123 (100), 246 (86) [M+H]*; Anal. Calcd for C_H N.O, (245): C:

13° 15 372

63.66; H: 6.16; N: 17.13. Found C: 63.30; H: 6.48; N: 16.84.

N-(3-methoxypheny)-3-(1H-pyrazol-1-ylpropanamide (5)

Yield, 66%; m.p., 96 °C; IR (ATR) v__. (cm™: 3262 (NH), 1692
(amide 1), 1491 (amide I1); 'H NMR (CDCL,, 400 MHz) & 2.94 (t,
2H, J=6.1 Hz, CH)), 3.78 (s, 3H, OCH,), 451 (t, 2H, J=6.2 Hz,
CH,), 6.23 (t, TH, J=2.1 Hz, Py-H), 6.62-6.65 (m, 1H, Ph-H), 6.91
(d, TH, J=7.8 Hz, Ph-H), 715-719 (m, 2H, Ph-2H), 7.45 (dd, 1H,
J=2.3; 0.7 Hz, Py-H), 7.55-7.56 (m, 1H, Py-H), 8.4 (brs, 1H,
NH) ppm; MS (APCI) m/z (% intensity): 246 (100) [M+H]*; Anal.
Caled for C,H, N,O, (245): C: 63.66; H: 6.16; N: 17.13. Found C:

13° 15" 372

63.70; H: 6.24; N: 16.70.

N-(4-methoxypheny)-3-(1H-pyrazol-1-ylpropanamide (6)

Yield, 14%; m.p., 127 °C; IR (ATR) v__. (cm™): 3297 (NH), 1654
(amide 1), 1529 (amide ID; 'H NMR (CDCl,, 400 MHz) & 2.91 (t,
2H, J=6.2 Hz, CH,), 3.77 (s, 3H, OCH,), 4.51 (t, 2H, J=6.2 Hz,
CH)), 6.23 (t, TH, J=2.1 Hz, Py-H), 6.82 (d, 2H, J= 9.0 Hz, Ph-
2H), 7.31(d, 2H, J= 9.0 Hz, Ph-2H), 7.45 (d, 1H, J=2.3 Hz, Py-H),
7.55 (d, TH, J=1.9 Hz, Py-H), 7.93 (brs, TH, NH) ppm; MS (APCD
m/z (% intensity): 178 (100), 246 (91) [M+H]*; Anal. Calcd for
C,H.N.O, (245): C: 63.66; H: 6.16; N: 17.13. Found C: 63.25; H:

13°15° 372

5.98; N: 16.83.

N-(2-chloropheny)-3-(1H-1,2,4-triazol-1-ylDpropanamide (7)
Yield, 7%; m.p., 98 °C; IR (ATR) Vo (cm™: 3129 (NH), 1691
(amide 1), 1507 (amide ID; '"H NMR (CDCL,, 400 MH2) 6 3.04 ¢,
2H, J=6.2 Hz, CH)), 4.59 (, 2H, J=6.2 Hz, CH,), 7.03-7.07 (m, 1H,
Ph-H), 7.23-7.27 (m, 1H, Ph-H), 7.34 (dd, 1H, J=8.1; 1.5 Hz, Ph-H),
7.67 (brs, TH, NH), 7.95 (s, 1H, Tr-H), 8.17 (s, 1H, Tr-H), 8.24 (d,
1H, J=8.4 Hz, Ph-H) ppm; MS (ESD) m/z (% intensity): 251 (100)
[M+H]*, 253 (30) [M+2+H]*; Anal. Calcd for C,H,CIN,O (250): C:
52.70; H: 4.42; N: 22.35. Found C: 52.79; H: 4.79; N: 22.18.

N-(3-chloropheny)-3-(1H-1,2,4-triazol-1-yDpropanamide (8)

Yield, 38%; m.p., 167 °C; IR (ATR) v__. (cm™): 3122 (NH), 1690
(amide D), 1540 (amide I); 'H NMR (CDCL,, 400 MHz) & 2.82 (t,
2H, J=6.3 Hz, CH,), 4.42 (t, 2H, J=6.3 Hz, CH,), 6.86-6.89 (m,
1H, Ph-H), 7.05 (t, 1H, J=8.1 Hz, Ph-H), 7.24-7.27 (m, TH, Ph-H),
7.53 (t, 1H, J=2.0 Hz, Ph-H), 7.76 (s, TH, Tr-H), 8.06 (s, TH, Tr-H),
9.47 (brs, TH, NH) ppm; MS (APCI) m/z (% intensity): 251 (100)
[M+H]", 253 (29) [M+2+H]"; Anal. Calcd for C H, CIN,O (250): C:

mwn

52.70; H: 4.42; N: 22.35. Found C: 52.77; H: 4.49; N: 21.98.
N-(4-chloropheny-3-(1H-1,2,4-triazol-1-ylDpropanamide (9)
Yield, 59%; m.p., 136 °C; IR (ATR) v__. (cm™): 3124 (NH), 1697

(amide D), 1547 (amide II); 'H NMR (CDCL,, 400 MHz) & 2.95
(t, 2H, J=61 Hz, CH)), 4.57 (t, 2H, J=6.1 Hz, CH)), 7.26 (d, 2H,

J=8.8 Hz, Ph-2H), 7.38 (d, 2H, J=8.8 Hz, Ph-2H), 7.62 (brs, 1H,
NH), 7.95 (s, TH, Tr-H), 816 (s, 1H, Tr-H) ppm; MS (ESI) m/z (%
intensity): 249 (100) [M-H]-, 253 (28) [M+2-H];; Anal. Calcd for
C,H,CIN,O (250): C: 52.70; H: 4.42; N: 22.35. Found C: 52.79;

mwmn

H: 4.37; N: 22.05.

N-(2-methoxypheny)-3-(1H-1,2,4-triazol-1-ylDpropanamide
(10)

Yield, 84%; m.p., 81 °C; IR (ATR) v__. (cm™): 3112 (NH), 1688
(amide 1), 1537 (amide ID; 'H NMR (CDCL,, 400 MHz) & 2.99 (t,
2H, J=6.2 Hz, CH,), 3.84 (s, 3H, OCH,), 4.58 (t, 2H, J=6.3 Hz,
CH,), 6.84 (dd, TH, J=81; 1.4 Hz, Ph-H), 6.93 (td, 1H, J=7.8; 1.4
Hz, Ph-H), 7.04 (id, TH, J=7.8; 1.7 Hz, Ph-H), 7.75 (brs, TH, NH),
793 (s, 1H, Tr-H), 816 (s, TH, Tr-H), 8.25 (dd, TH, J= 81; 1.6 Hz,
Ph-H) ppm; MS (ESD m/z (% intensity): 247 (100) [M+H]*; Anal.
Calcd for C_H,,N,0,(246): C: 58.53; H: 5.73; N: 22.75. Found C:

12714 7472

58.11; H: 5.88; N: 22.51.

N-(3-methoxypheny)-3-(1H-1,2,4-triazol-1-ylDpropanamide
(1

Yield, 33%; m.p., 152 °C; IR (ATR) v__ (cm™: 3114 (NH), 1675
(amide 1), 1555 (amide I); '"H NMR (CDCL,, 400 MHz) & 2.79 (t,
2H, J=6.4 Hz, CH,), 3.62 (s, 3H, OCH,), 4.40 (t, 2H, J=6.4 Hz,
CH,), 6.44-6.46 (m, TH, Ph-H), 6.86-6.89 (m, 1H, Ph-H), 7.00 (t,
TH, J=8.1 Hz, Ph-H), 712 (t, 1H, J=2.2 Hz, Ph-H), 7.74 (s, TH, Tr-
H), 8.05 (s, TH, Tr-H), 9.23 (brs, 1H, NH), ppm; MS (ESD m/z (%
intensity): 247 (100) [M+H]*; Anal. Calcd for C_H,,N,0, (246): C:

12714 7472

58.53; H: 5.73; N: 22.75. Found C: 58.35; H: 5.71; N: 22.41.

N-(4-methoxypheny)-3-(1H-1,2,4-triazol-1-ylDpropanamide
(12)

Yield, 49%; m.p., 129 °C; IR (ATR) v__. (cm™: 3113 (NH), 1682
(amide 1), 1557 (amide I); '"H NMR (CDCL,, 400 MHz) & 2.90 (t,
2H, J=6.2 Hz, CH,), 3.76 (s, 3H, OCH,), 455 (t, 2H, J=6.2 Hz,
CH,), 6.81(d, 2H, J=9.0 Hz, Ph-2H), 7.29 (d, 2H, J=9.0 Hz, Ph-
2H), 7.67 (brs, TH, NH), 7.93 (s, TH, Tr-H), 8.15 (s, 1H, Tr-H), 8.25
(dd, 1H, J= 81; 1.6 Hz, Ph-H) ppm; MS (ESD m/z (% intensity):
178 (29), 247 (100) [M+H]*; Anal. Calcd for C_H.,N,O, (246): C:

12714 7472

58.53; H: 5.73; N: 22.75. Found C: 58.40; H: 5.72; N: 22.34.

Cell lines and treatments

The SH-SY5Y cell line (human dopaminergic neurons) was
obtained from the American Type Culture Collection and
maintained in Dulbecco’s modified Eagle's medium; (Biological
Ind., Israel) containing 10% fetal bovine serum (Panbiotech,
Germany), and 2 mM L-glutamine (Biological Ind., Israel)
according to the manufacturer's instructions. Cells were
seeded at a density of 2 x 10%cells per well for the cell viability
assay; for the Western blot (WB) study cells were seeded at 5
x 10% per well. The following day, cells were pre-treated with
desired concentrations of the synthesized compounds for 12 h
and then treated with 50 pm 6-OHDA (Sigma Aldrich, UK) for
12 h. Dimethyl sulfoxide (DMSO)-treated cells were used as a
negative experimental control.

While 6-OHDA was prepared in sterile water as a 1000X stock
solution, the synthesized compounds were prepared in DMSO.
The final DMSO concentration was below 0.1%.
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Cell viability assay

The potential neuroprotective properties of the synthesized
compounds against 6-OHDA-induced neurotoxicity were
assessed using a water-soluble tetrazolium salt (WST)
reagent (Roche, Switzerland) according to the manufacturer’s
instructions. The cell viability assay was performed by
replacing the old media with a WST/medium mixture (1:9). The
absorbance was measured using a microplate reader at 440
and 690 nm (Varioscan, Thermo Fisher Scientific, US). The cell
viability is presented as a percentage of cell viability compared
to DMSO-treated cells. This experiment was conducted in
triplicate.

WB analysis

Cells were harvested using a Radioimmunoprecipitation
Assay buffer containing a protease inhibitor cocktail (Roche,
Switzerland). The bicinchoninic acid (BCA, Thermo Fisher
Scientific, US) protein assay was used to determine total
protein levels according to the manufacturer’s instructions.
Equal amounts of protein were used in WB studies. After
denaturation of protein samples in 4X Laemmli buffer (Bio-
Rad, US) at 95 °C for 5 min, the samples were first separated
via sodium dodecyl sulfate-polyacrylamide gel electrophoresis
then transferred to polyvinylidene fluoride membranes (EMD
Millipore, Thermo Fisher Scientific, US). Next, the membranes
were blocked with blocking buffer (phosphate-buffered
saline-0.1% tween-20 with 5% non-fat dry milk). In this study,
anti-B-actin (1:10000, Sigma-Aldrich-A5316, UK) was used as
a mouse monoclonal antibody, and anti-caspase-3 (1:3000,
CST-9665, US) and anti-Bax (1:3000, CST-2774, US) antibodies
were used as rabbit monoclonal antibodies. Besides, We used
goat anti-rabbit (1.5000, Thermo Fisher Scientific-31460, US)
and Goat anti-mouse (1:5000, Thermo Fisher Scientific-31430,
US) antibodies as secondary antibodies. Fusion-FX7 (Vilber
Lourmat, Thermo Fisher Scientific, USA) and Clarity ECL
substrate solution (Bio-Rad-1705061, USA) were used to
determine the chemiluminescence signal.

Statistical analysis

Data were shown as means = standard deviation. The
experiment was conducted using three independent biological
replicates and two technical replicates. Student's t-test was
used to determine significant differences between groups
(p=0.05, **p<0.001, ***p<0.005).

Acetylthiocholine esterase (AChE) activity

AChE enzyme activity was investigated with slight modifications
based on the study of Ellman et al/?® Thiocholine, the product
of enzymatic hydrolysis, does not have a distinct chromophore
for UV detection, therefore 5,5'-Dithiobis(2-nitrobenzoic acid)
[Ellman’s reagent, DTNB, Sigma-Aldrich, (St. Louis, MO, USA)]
was used for the evaluation of enzyme activity. All compounds
were tested at 30 pM and 300 pM concentrations. Galantamine
was used as a positive control. Each concentration was studied
three times. All solutions were adjusted to 20 °C before use.
First, 3.0 mL of phosphate buffer (0.1 M; pH 8.0), then 100 uL
of substrate solution (dissolved in 2% DMSO and then diluted

to lower than 0.2% DMSO in the aqueous assay medium),
100 wL of enzyme solution [(2.5 units/uL) (from electric eel,
E.C.3117., Type VI-S, Sigma-Aldrich)] were added into the
cuvette and incubated for 5 min. After the required fractional
amounts of the DTNB solution (0.01 M, 100 ml) and 20 uL of
the acetylthiocholine (ATC) (0.075 M) were added, the cuvette
was mixed immediately and rapidly. The enzymatic hydrolysis
of ATC was detected at 412 nm by UV-visible absorption
(Shimadzu UV/160-A spectrophotometer). The in vitro results
for AChE are presented in Table 1.

RESULTS

Chemistry

Synthesis of target compounds was carried out in two steps
(1a-6a and 1-12). In the first step, w-chloro-N-propananilide
derivatives were obtained!® Subsequently, these derivatives
were combined with pyrazole or triazole to obtain the final
compounds." Column chromatography was used for purification
studies. Structure characterization studies of the synthesized
compounds were carried out successfully.

The neuroprotective effects of the final compounds against
neurotoxicity and cell death

To investigate the potential neuroprotective effects of
compounds against neurotoxicity induced by 6-OHDA, we first
pre-treated cells with different concentrations of compounds (1,
5,10, 25, and 50 pM) for 12 h; then treated them with 6-OHDA
for additonall2 h. After conducting cell viability experiments,
we showed that while 6-OHDA decreased cells’ viability
46.30+0.66% compared to the DMSO-treated cells (control
cells), the compounds have a potential protective effecs against
6-OHDA induced toxicity. Especially, compounds 1,5,7,10,and 12

Table 1. AChE inhibition results of the title compounds

Compound Inhibition %

30 uM 300 uM
1 22.08+2.63 65.56+1.35
2 12.91+0.68 67.86+0.02
3 14.35+0.02 69.16+0.11
4 16.3120.9 70.30+1.84
5 15.18+0.65 66.61+1.01
6 25.81x0.16 67.09+0.08
7 29.08+0.68 83.03+0.99
8 17.37+0.67 64.20+1.71
9 13.561.65 68.70+1.08
10 23.07+0.47 82.20+0.53
1 18.18+0.46 66.50+0.9
12 30.22+0.56 86.24+0.52
Galantamine 80.7 95.9

AChE: Acetylthiocholine esterase
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presented their activities at lower concentration. While 6-OHDA
decreased cell viability to 46.30+0.66%, the viability was
restored to 40+0.76, and 70.09+1.44% at 1 and 5 concentrations
of compound 1, respectively (Figure 1, Supplementary Table 1).
While compound 5 enhanced cell viability to 98.78+2.23 (5 pM)
and 99.68+4.04% (10 uM), the cell viability with treatment with
compound 7 reached up to to 104.33+3.77 and 11112+3.02% at 1
and 5 pM concentrations, respectively (Figure 1, Supplementary
Table 1). The viability of cells with the treatment of complund 10
was foundtobe increasedtoto 101.97+3.11 (1uM) and 107.54+2.25
(5 uM) (Figure 1, Supplementary Table 1). Compound 12, another
molecule that shows activity at lower concentrations, increased
cells viability up to 10 pM (103.07+2.24; 1 uM , 106.49+2.59;
5 uM, 113.69+2.14%; 10 uM) (Figure 1, Supplementary Table
1). The compounds 2, 6 and 11 presented their activity in a
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dose dependent manner. For compound 3 and 4, the activity
was found to be increased up to 25 uyM in a dose dependent
manner (Figure 1, Supplementary Table 1). While compound 9
enhanced cell viability to 10 pM in a dose dependent manner,
compound 8 presented its activity at higher concentrations as
at 10-, 25 and 50 pM (Figure 1, Supplementary Table 1). For
this analysis, Student's #-test was used for determination of
significancy between groups (p<0.05, **p<0.001, ***p<0.005).
To investigate the potential mechanism for protective effects of
selected compounds against 6-OHDA induced toxicity model,
we checked some proteins’ levels as Bax and cleaved caspase
3 via Western blot. The results obtained, showed that while
6-OHDA increased cleaved caspase-3 and Bax proteins’ levels,
compouns 7, 10, 11, and 12 decreased these proteins levels
leadindg to potential neuroprotection.
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Figure 1. Synthesized compounds protect cells against 6-OHDA-induced toxicity. SH-SY5Y cells were pre-treated with increasing doses of compounds for 12
h and then treated with 6-OHDA for 12 h. The viability of cells was performed by WST-1reagent. The absorbance of cells treated with DMSO as solvent control
was considered 100% and cell viability of the applied concentrations was calculated. The WST-1 assay was performed by triplicate samples. ANOVA analysis
with Dunnett’s post hoc test was used to determine the significance of the differences compared to the control cells (*p<0.05, **p<0.001, ***p<0.005)

6-OHDA: 6-Hidroksi-dopamine, WST: Water-soluble tetrazolium salt, DMSO: Dimethy! sulfoxide, ANOVA: Analysis of variance
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Scheme 1. Synthesis pathway of compounds 1-12
DMF: Dimethylformamide

DISCUSSION

Chemistry

In this study, 12 substituted N-propananilide derivatives
bearing pyrazole or 1,2,4-triazole were synthesized.®" After
the acylation of substituted anilines with 3-chloropropionyl
chloride (compounds 1a-6a), they were reacted with pyrazole or
1,2,4-triazole in DMF to form 1-6 and 7-12, respectively (Scheme
1. The structures of the final compounds were verified using
spectral methods, and purity percentages were determined
by elemental analysis. Strong stretching bands were noticed
regarding the carbonyl group at 1697-1650 cm™ and 1590-1491
cm™as amide | and amide Il bands, respectively (Supplementary
Figures 1-12, Supplementary Table 1). In addition, stretching
signals in the H bond region (3374-3112 cm™) verifying the
existence of the amide functional group were observed.*®

The chemical shifts and coupling constants of '"H NMR spectra
were consistent with the molecular structures. While the
signals of methylene protons neighboring the carbonyl group
were observed at § 2.79 - 3.04, signals of methylene protons
neighboring heterocyclic ring systems were observed at 6 4.40
- 8 4.59 region because the deshielding effect of pyrazole/1,2,4-
triazole rings is greater than that of the carbonyl functional
group.® The NH proton of the amide function was noticed as a
broad singlet from 6 7.50 to 9.50 depending on the position and
type of substituent (Supplementary Figures 1-12).

The mass spectra of the title compounds were recorded using
ESI or APCI, and [M+1]* and [M-1] signals were determined
according to their molecular weights. Additionally, the expected
molecular formulas and purity of the compounds were supported
within +0.4% range according to the elemental analysis results
(Supplementary Figures 1-12, Supplementary Table 1).

All molecules except 10 had registry numbers, but no
corresponding scientific data was available.

The neuroprotective effects of the final compounds against
neurotoxicity

The potential neuroprotective activity of the titles compounds
was analyzed in a 6-OHDA-induced neurotoxicity model.
First, cells were pre-treated with desired concentrations of
compounds (1, 5, 10, 25, and 50 puM) for 12 h; then they were
subjected to 6-OHDA treatment for another 12 h. The cell
viability assays, performed using WST-1 reagent, showed that all
final compounds possessed remarkable neuroprotective effects
against 6-OHDA-induced cells, and compounds 1, 5, 7, 10, and
12 reduced the toxic effect of 6-OHDA more effectively at lower
concentrations. 6-OHDA treatment decreased cell viability by
46.30+0.66% (Figure 1, Supplementary Table 1). The viability
was revitalized to an extent of 74.40+0.76, and 70.09+1.44% at 1
and 5 concentrations of compound 1, respectively. The highest
concentration of compound 1 did not reverse cell viability as
much as the lowest concentration. For this analysis, Student’s
t-test was used for determination of significancy between
groups (p<0.05, **p<0.001, ***p<0.005).

Compound 5 treatment increased cell viability to 98.78+2.23
and 99.68+4.04% at 5 and 10 uM concentrations, respectively.
The treatment with compound 7 ameliorated cell viability to
104.33+3.77 and 11112+3.02% at 1 and 5 pM concentrations,
respectively; compound 10 increased cell viability to 101.97+3.11
and 107.54+2.25% at 1 and 5 pM concentrations, respectively.
Compound 12, another synthesized molecule that increased
cell viability at lower doses, enhanced cell viability up to a
concentration of 10 pM (103.07+2.24, 106.49+2.59, 113.69+2.14
% at the 1, 5, and 10 uM concentration, respectively). Treatment
with compounds 2, 6, and 11 increased cell viability in a
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dose-dependent manner which means that the highest doses
(50 pM) did not exert any cytotoxic effects on SH-SY5Y
cells (101.98+1.97% for 50 pM concentration of compound
2, 102.21£2.26% for 50 pM concentration of compound 6,
104.35+£2.26% for 50 pM concentration of compound 11).

Compound 3 increased cell viability up to a concentration of
25 pM in a dose-dependent manner. The viability decreased
dramatically to 69.09+0.98% at the highest concentration,
which may be due to the cytotoxic effect of the highest dose
of this compound. While compound 4 increased cell viability
up to a concentration of 25 pM (98.60+3.51%), it was slightly
decreased at 50 uM concentration (93.36+3.38%). Furthermore,
treatment with compound 9 triggered cell viability in a dose-
dependent manner up to a concentration of 10 pM, and it
was shown that a minor and moderate decrease at higher
concentrations (92.95+0.90% at 25 uM and 79.20£1.95% at 50
pM). Finally, compound 8 did not increase cell viability at lower
concentrations, whereas treatments at higher concentrations
attenuated 6-OHDA toxicity at higher doses (113.02+4.73%,
111.03+1.48% and 111.20£5.20% at 10-, 25 and 50 uM,
respectively) (Supplementary Table 1).

The protective effects of the final compounds against cell death
6-OHDA has been used in neurotoxicity models for Parkinson’s
both in vitro and in vivo' based on its ability to activate caspase-3
and increase the level of Bax protein in several studies.'®-2°

Based on the significant neuroprotective activity of the
final derivatives, we selected derivatives 7, 10, 11, and 12 for
further investigation because they also displayed impressive
neuroprotectivity at lower concentrations. For this purpose,
we used the same experimental conditions used in the cell
viability assays. Consistent with the literature, treatment with
6-OHDA alone increased the Bax and cleavage caspase-3
protein levels. This increase in Bax and cleaved caspase-3 was
significantly attenuated in cells pre-treated with 7, 10, 11, and
12 (Figure 2). 6-OHDA, a 6-hydroxylated analog of dopamine,

A
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causes degeneration of dopaminergic neurons. Treatment
with 6-OHDA induces cellular damage through a reaction with
nucleophiles, such as protein and DNA, leading to apoptotic cell
death.?" Our results revealed that compounds 7, 10, 11, and 12
protect SH-SY5Y cells against 6-OHDA toxicity by decreasing
pro-apoptotic Bax expression and caspase-3 activation.

AChE activity

All compounds were screened for AChE inhibitory potential
using Ellman’s slightly modified colorimetric method,
and galantamine was the standard drug!>?® The results
demonstrated that all synthesized compounds exhibited weak
AChE inhibitory activity (Table 1). As shown in Table 1, the
title compounds exhibited 64.4-86.2% inhibition at 300 uM
and 13.62-30.22% inhibition at 30 uM on AChE. Among the
series, compounds 7, 10, and 12 showed better activity than the
other tested compounds at both concentrations. In particular,
compound 12, named N-(4-methoxyphenyl)-2-(1H-1,2,4-triazol-
1-yDpropanamide, was found to be the most potent derivative of
all the synthesized derivatives, with an 86.2% inhibition at 300
WM and a 30.2% inhibition at 30 uM on AChE (Table 1).

CONCLUSION

In this study, we designed and synthesized twelve substituted
N-propananilide derivatives bearing pyrazole or 1,2,4-triazole
rings based on the neuroprotective results of the compounds
from our previous study.® In terms of neuroprotective potential,
triazole derivatives generally exhibit better activity than pyrazole
derivatives. Furthermore, compounds that have potential
against AChE have neuroprotective effects. Additionally,
compounds 7, 10, 11, and 12 provide neuroprotection against
6-OHDA-induced neurotoxicity by decreasing the pro-apoptotic
protein Bax and cleaved caspase-3, which play central roles in
cellular apoptosis.

In conclusion, we can state that adding one methylene group to
the linker increases the neuroprotective effect of the designed

B
7 10 11 12
1 5 1 5 1 5 1 5
Compounds (uM)
6.0HDA (75 M) + + + o+ 4 + + + o+
Bax [ Ll d TR

factin b | (D D D GND SHD SN NN SN e g | 2iD:

Figure 2. Selected compounds prevent 6-OHDA-induced neurotoxicity. SH-SY5Y cells were first treated with the desired concentration of selected
compounds, then treated with 6-OHDA. While DMSO was used as a solvent control; 6-OHDA was used as a positive control which led to activating the
cleavage form of caspase-3 and increased the level of Bax. The levels of pro-caspase 3, cleavage-caspase 3, and Bax were determined by WB using
antibodies against them. B-actin was used as a loading control. The experiments were repeated three times independently; with one representative result

shown
6-OHDA: 6-Hidroksi-dopamine, DMSO: Dimethyl sulfoxide, WB: Western blot
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compounds but decreases the AChE

inhibitory activity;

therefore, adding another methylene group to the intermediate
chain to test the neuroprotective activity of the pyrazole/1,2,4-
triazole butyramide derivatives will be our future focus.
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ABSTRACT

Objectives: Neuroblastoma, an embryonic tumor of the sympathetic nervous system, is the deadliest type of cancer, accounting for 6-9% of all
childhood cancers. The omega ()-6 [linoleic acid (LA)]: w-3 [eicosapentaenoic acid (EPA)]=13/1 ratio is associated with the presence of chronic
disease, and it has been reported that reducing this ratio to 7/1 protects against cancer and cardiovascular diseases. This study aimed to investigate
the anticancer effects of different ratios of ®-3 and -6 fatty acids in human neuroblastoma cells (SHSY-5Y).

Materials and Methods: SHSY-5Y cells were treated with different ratios of ®-3 and w-6 fatty acids for 48 and 72 h. The viability of ©-3 and -6 fatty
acid-treated cells was measured using the methylthiazolyldiphenyl-tetrazolium bromide. The percentage of cell apoptosis was detected using the
Fluorescein Isothiocyanate-conjugated Annexin-V/PI assay, and reactive oxygen species (ROS) analysis was performed using flow cytometry. The
expression levels of tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and transforming growth factor beta 1 (TGFfS1) genes were determined
using real-time polymerase chain reaction.

Results: EPA and LA separately significantly inhibited the proliferation of SH-SYS5Y cells within 48 h (p<0.001). It was found that apoptosis decreased
significantly in all groups due to the application of polyunsaturated fatty acids at different ratios, and the most effective dose was w-3:0-6 ratio: 1/1.
ROS levels were significantly decreased compared with the control group and the lowest ROS level was observed in the o-3:w-6 ratio: 1/4 group.
Both TNF-a, IL-6, and TGFfS1 mRNA expressions increased significantly after the addition of fatty acid mixtures compared with the control; they
were observed to decrease with an increasing w-6 ratio.

Conclusion: This study is the first to examine the effects of the w-3:w-6 ratio on neuroblastoma cancer cells. The application of o fatty acids
decreased apoptosis at all ratios. In contrast, when the o-3: ®-6 ratio increased, the amount of ROS. Additionally, as the ®-3:0-6 ratio increases, a
decrease in the release of pro-inflammatory cytokines is noted.

Keywords: Apoptosis, IL-6, NF-kB, ROS, SHSY-5Y cell, TGFf1, ©-3:0-6 ratio

INTRODUCTION metastatic dissemination.! The cure rate for these patients is
Neuroblastoma is an embryonic tumor responsible for 6-9%  50% despite a wide variety of treatment modalities and many
of all pediatric malignancies. Neuroblastoma exhibits a relapses due to minimal residual disease.? There is a great need
variety of biological and clinical characteristics, ranging from for new, effective, and less harmful treatments for patients with
spontaneous remission to exceedingly severe illness with neuroblastoma. However, improving current treatment methods

may improve overall survival.
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Compared with normal nervous tissue, neuroblastoma, glioma,
and meningioma have high levels of omega (w)-6 [linoleic
acid (LA)] fatty acid arachidonic acid (AA) and low levels of
-3 [eicosapentaenoic acid (EPA)] fat® This proportionate
difference may act as an adaptive mechanism in nervous
system malignancies.? It has been suggested that ©-3 fatty acids
contribute to mechanisms that arrest tumor growth progression
by accumulating intracellular reactive oxygen species (ROS)
and promoting death through antiangiogenic actions.®

Clinical trials in adult patients with cancer have shown that -3
fatty acids can improve the inflammatory response, nutritional
status, and quality of life.*” One study showed that -3
supplementation during treatment reduces the side effects of
chemotherapy, regardless of the type of drug used.”” »-3 fatty
acids, especially -3 (EPA) and docosahexaenoic acid (DHA),
have been reported to improve tumor response to treatment,
protect against toxicity, and reduce secondary complications
when administered as an adjunct to chemotherapy in patients
with different types of cancer!® Lipid mediators such as
prostaglandins derived from -6 fatty acids act as pro-
inflammatory mediators, whereas the products of ®-3 fatty acids
are anti-inflammatory. For example, ®-3 reduces the production
of proinflammatory cytokines such as interleukin (IL)-15,
tumor necrosis factor-alpha (TNF-a), and IL-6. At the same
time, the ®-6 series exerts indirect anti-inflammatory effects
by inhibiting eicosanoid biosynthesis. Given these reciprocal
effects, higher w-6 to ®-3 ratios increase carcinogenesis
risk!" Numerous w-6-derived prostaglandins and leukotrienes
have been shown to increase tumor growth by promoting
angiogenesis, increasing cellular proliferation, suppressing
the immune system, and inhibiting apoptosis.?”® Studies have
shown that inhibition of the enzymes responsible for producing
prostaglandins and leukotrienes suppresses tumor growth.4'

Dietary intake of saturated fatty acids instead of polyunsaturated
fatty acids (PUFAs) has recently been encouraged. However,
high w-6/w-3 PUFA ratios in Western diets increase cancer
risk!” These results have been confirmed in animal studies.
Although some studies have shown that high-fat diets rich in
monounsaturated fatty acid and ®-6 PUFAs promote tumor
growth and induce liver metastasis, in contrast, administration
of ®-3 PUFAs, such as EPA or DHA, has been reported to reduce
cancer-related symptoms.”® Further research has revealed that
®-3 PUFA induces ferroptosis in cells through lipid peroxidation
and inhibits tumor growth when combined with ferroptosis
inducers.” In one study, dietary supplementation with DHA
and EPA increased the antitumor efficacy of chemotherapy.?°
Dietary programs have also been reported to slow the
development of cancer. Among these programs, the ketogenic,
low-carbohydrate, and high-fat diets have been reported to
reduce tumor growth significantly.?"2?

Both direct administration of dietary FAs and FA-related
modification of dietary patterns have been shown to improve
cancer risk. There are no specific nutritional standards or
guidelines for cancer treatment. When prescribing dietary
therapy, particular attention should be paid to other nutritional

deficiencies and the increased risk of disease due to the specific
diet; There is no specific recommendation regarding the type of
FA to be taken. This study examined the impact of w-3:w-6 fatty
acid ratio on neuroblastoma cell release and cytokine release.
Fatty acids are known to play a role in tumor cell proliferation,
metastasis, and drug resistance; thus, targeting fatty acid
metabolism is a promising therapeutic strategy. The present
study aimed to investigate the anticancer effects of different
ratios of ®-3 and -6 fatty acids in human neuroblastoma cells
(SHSY-5Y).

Given the difficulty of anticancer medications entering the
blood-brain barrier, the therapeutic effect of ®-3:w-6 PUFAs
against brain cancer might be an excellent possibility to
examine.

MATERIALS AND METHODS

Cell culture

The human neuroblastoma cells (SHSY-5Y) (CRL-2266™)
cell line was used in this study. Cells were cultured at 37 °C
in 5% CO, in Dulbecco’s Modified Eagle Medium (DMEM)
(Capricorn Scientific, Germany) with 10% Fetal Bovine Serum
(FBS) (Capricorn Scientific, FBS-HI11B, Germany), 100 U/
mL penicillin (Capricorn Scientific, PS-B, Germany), 100 pg/
mL streptomycin (Capricorn Scientific, PS-B, Germany), and
passaged at 70-80% confluence.

Fatty acids and experimental groups

EPA as the -3 fatty acid and LA as the w-6 fatty acid were
used in this study. Six experimental groups were created. The
first group was the control group, which was not subjected to
treatment. The o-3:0-6 ratios were 1/1, 1/2, 1/4, 1/8, and 1/16,
respectively.

Administration of EFA and LA

200 pL of EPA (item no: 90110, Cayman) were diluted according
to the kit protocol. Then, a 4-mM stock solution was obtained.
The stock solution was then serially diluted in DMEM to doses
of 5 pM, 10 pM, 25 pM, 40 uM, 50 pM and applied to the cells
for 48 and 72 h. 3.241 M LA (PC1003367601, Sigma) was diluted
according to the kit protocol to obtain a 4-mM stock solution. As
with EPA2, the stock solution was serially diluted in DMEM to
doses of 5 uM, 10 pM, 25 pM, 40 pM, and 50 uM and applied to
cells for 48 and 72 h.

Methylthiazolyldiphenyl-Tetrazolium Bromide (MTT) assay
Cells were seeded in a 96-well plate at 10* cells per well and
incubated for 24 h at 37 °C in an atmosphere of 5% CO,. Cells
were treated with a combination of ®-6 and -3 fatty acids. After
48 h of incubation, each well received 20 pL of MTT solution
and incubated for 3-4 h. After incubation, the supernatant was
gently removed. Each well was treated with 100 pL of isopropy!
alcohol and incubated for 2 h at room temperature in the dark.
The plate was then shaken and read at 570 nm.

Annexin-V analysis
Measurement of Annexin-V bound to the cell surface as an
indicator of apoptosis should be performed in conjunction with
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a staining test to determine the integrity of the cell membrane.
It distinguishes whole cells Fluorescein Isothiocyanate (FITC-/
PI-), apoptotic cells (FITC+/PI-), and necrotic cells (FITC+/Pl+).
To analyze apoptosis, cells (1x10°) were trypsinized after being
treated with varying ratios of w-6 and -3 fatty acids after 48
h. The cell pellet was then dissolved in 100 pL binding solution
and added to 5x10° cells in 500 mL. Then, 5 pL of Annexin and
20 pL of Pl were added, and the mixture was pipetted. After 30
min of incubation in the dark at room temperature, 400 pL of
1X binding buffer was added and the samples were examined
using a BD Accuri C6 (BD Biosciences) flow cytometer.

Analysis of ROS levels

The intracellular ROS were determined using a ROS detection
kit (THORVACS Biotechnology, Cat#; ROS-100T). Cells
prepared in the experimental groups created in the SH-SY5Y
cell line were collected by trypsinization method. 1x10° cells
were suspended in PBS, centrifuged at 1000 rpm for 5 min, and
the supernatant was discarded. Cell pellets were resuspended
in 200 pL of 100 mM DCF-DA reagent and incubated at 37 °C for
30 min in the dark. The cells were then centrifuged at 1000 rpm
for 5 min, after which the supernatant was discarded. The pellet
was resuspended in 100 yL PBS and analyzed using the FLI
channel on a BD Accuri Cé (BD Biosciences) flow cytometer.

Gene expression analysis

Real-time polymerase chain reaction (PCR) was used for
quantitative investigation of TNF-¢, IL-6, and TGFA1 mRNA
expression levels. After administering fatty acids, cells were
cultured for 24 h before the flask was trypsinized. Total RNA
was isolated using an RNA isolation kit (Qiagen, Germany).
The multi-mode gave purity and quantity measurements using
a microbiological reader. The total RNA amounts obtained
from the cells were calculated according to the 260/280 nm
ratio using a spectrophotometer, and the results were found
as ng/uL. cDNA synthesis was performed from the extracted
and thawed samples using a transcriptor first strand cDNA
synthesis kit (Roche) and a T100 PCR System (Bio-Rad,
Hercules, CA, USA) thermal cycler. GAPDH was selected as
the housekeeping gene. The real-time PCR heat cycle consisted
of 35 cycles: 1 min at 95 °C, 15 s at 95 °C, 1 min at 60 °C, and
30 s at 72 °C. Primary designs were created using NCBI and
primer3 sites. Table 1 lists the primers used. National Center
for Biotechnology Information GenBank Primer-Blast® was
built and evaluated using sequence matching analysis (Table 1).

Statistical analysis
The mean and standard deviation (mean + standard deviation)
were used for continuous data as descriptive statistics. The

suitability of continuous data for normal distribution was
checked using the Kolmogorov-Smirnov test. The distributions
of variables in two groups that were suitable for normal
distribution were compared with the Student'’s t-test, and those
that were not suitable for normal distribution were compared
using the Mann-Whitney U test. The distributions of variables
that did not comply with normal distribution in three or more
groups were analyzed using the Kruskal-Wallis test, and the
formula developed by Conover® was used as the multiple
comparison test. Data were analyzed using the IBM SPSS 23
(IBM SPSS Inc, Chicago, IL) package program. The significance
level was set as p<0.05.

RESULTS

Determination of cell viability in SHSY-5Y cells after 48-72 h
exposure to fatty acid concentrations of 5, 10, 25, 40 and 50 uM
via MTT assay

To explore the cell viability of ®-3 and w-6 fatty acids alone
or in combination in the SH-SY5Y cell line, the cells were
treated with serial concentrations of EPA and LA (5-50 uM)
for 48 and 72 h. Both EPA and LA alone significantly inhibited
the proliferation of SH-SY5Y cells within 48 h (p<0.01) (Figure
1. Cell viability increased significantly as a result of 72 h of
treatment with PUFAs (p<0.001) Figure 1.

Determination of cell viability in SHSY-5Ycells after 48 h of
exposure to fatty acid ratios of 1/1, 1/2, 1/4, 1/8, and 1/16 via MTT
assay

Treatment of SH-SY5Y cells with fatty acid ratios of 1/1, 1/2,
1/4, 1/8, and 1/16 induced a significant decrease in viable cells
within 48 h (p<0.01) (Figure 2).

Results of the Annexin-V assay

The Annexin-V assay was used to measure the percentage of
apoptotic cells. The percentage of live cells in the control group
for SHSY-5Y cells is 99.6%. After 48 h of fatty acid treatment at
®-3:0-6 ratio =1/1, »-3:-6 ratio =1/2, ®-3:0-6 ratio =1/4, ®-3:0-6
ratio =1/8, w-3:w-6 ratio =1/16 the percentages of viability were
27.4%, 45.4%, 49.7%, 54%, 43.6% respectively (Figure 3).

ROS results

For the ROS assay, the ROS value in the control group was 21%,
and the 48"-h fatty acid treatment (w-3: »-6 ratio =1/1, ®-3:0-6
ratio =1/2, ®-3:-6 ratio =1/4, ©-3:0-6 ratio =1/8, ®-3:0-6 ratio
=1/16) for the SHSY-5Y cell lines were 19.8%, 11.5%, 1.5%, 2.7%,
and 6.3%, respectively (Figure 4).

Table 1. Forward and reverse primers of genes

GAPDH F: TTTTGCGTCGCCAGCC R: ATGGAATTTGCCATGGGTGGA
TNF-a F: AAAACAACCCTCAGACGCCA R: TCCTTTCCAGGGGAGAGAGG
IL-6 F: CTTCGGTCCAGTTGCCTTCTC R: GGCATTTGTGGTTGGGTCAG
TGFp1 F: ACCTGCCACAGATCCCCTAT R: GAGCAACACGGGTTCAGGTA

TNF-a: Tumor necrosis factor-alpha, TGFB1: Transforming growth factor beta, IL-6: Interleukin-6
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Figure 1. SHSY-5Y cells MTT assay. Fatty acids (5, 10, 25, 40 and 50 pM concentrations were added to SHSY-5Y cell culture. After 48-72 h treatment with
fatty acids, MTT tests were performed for each concentration. *p<0.01 significance level obtained by comparing the control group
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each concentration. *p< 0.01 significance level obtained by comparing the control group
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Figure 4. SHSY-5Y cell line ROS results
ROS: Reactive oxygen species

Gene expression results

The mRNA expression levels of TNF-a, IL-6, and TGFf1 were
increased 5.78, 214, and 7.3 times at ®-3:m-6 ratios of 1:4
compared with the control group (p<0.05, p<0.05, p<0.001,
respectively) (Figure 5). The mRNA expression levels of
IL-6 were increased 2.69, 3115, and 2.14 times in groups with
0-3/w-6 ratios of 1:1, 1:2, and 1:4 compared with the control
group (p<0.05, p<0.01, and p<0.05, respectively). Compared
with the control group, IL-15 expression increased 12.9 and 9.29
times in the 1:4 and 1:16 ©-3:»-6 ratio (p<0.05 and p<0.005,
respectively). TGFf1 expression increased 7.71 and 6.69 times
in the 1:2 and 1:8 groups (p<0.001 and p<0.05, respectively)
(Figure 5).

When the o fatty acid application groups were evaluated within
themselves, TNF-a expressions increased 4.77, 4.79, and 5.79
times in the 1:1, 1:2, and 1:4 groups, respectively, and decreased
again in the 1:8 and 1:16 groups. TNF-a expression was observed
to be statistically significantly lower in the group with a ®-3:»-6
ratio of 1:8 compared with the group with 1:4 (»p<0.01), and it
decreased statistically significantly in the group with a ®-3:»-6
ratio of 1:16 compared with the groups with 1:1, 1:2, and 1:4
(p<0.05, p<0.05 and p<0.005, respectively) (Figure 5).

IL-6 mRNA expression was increased in the group with a
o-3:0-6 ratio 1:1, and it decreased as the -6 ratio increased.
IL-6 expression was significantly lower in the group with
a ®-3:0-6 ratio of 1:8 than in the 1:1 and 1:2 groups (p<0.05
and p<0.05, respectively). IL-6 expression was significantly
decreased in the group with a ®-3:0-6 ratio of 1:16 compared

with the 1:1, 1:2, and 1:4 groups (p<0.01, p<0.005 and p<0.05,
respectively) (Figure 5).

TGFS1 mRNA expressions were observed to be significantly
higher in groups with ®-3:@-6 ratios of 1:2 and 1:4 than in the
1:1 group (»p<0.01 and p<0.05, respectively) and in the 1:16 group
(»p<0.001 and p<0.001, respectively). TGFS1 expressions were
significantly decreased in the w-3:m-6 ratio group compared to
the 1:8 group, but there was no statistical significance (p>0.05)
expressions significantly decreased in the group with ®-3:-6
ratio of 1:16 compared with the 1:8 group (p=0.056) (Figure 5).

DISCUSSION

Western diet contains high amounts of ©w-6 PUFAs and small
amounts of ®-3 s. The resulting high ©-6:0-3 ratio is believed
to contribute to different diseases, such as inflammation and
cancer. In particular, evidence that -3 PUFA may be inhibitory
on neuroblastoma has been shown in both in vitro and in vivo
studies!” In contrast, evidence suggests that a high intake of
®-6 PUFAs is associated with an increased risk of developing
cancer.** The ©-3:0-6 ratio is important in maintaining an
appropriate level of biological membrane fluidity, which is
essential for ion channel function, membrane receptor activity,
and the release of neurohormones.?'

EPA is an ®-3 fatty acid with significant anti-cancer effects
by regulating the expression of anti-inflammatory mediators,
inhibiting cell proliferation, and modulating cell death pathways.?°
Studies have shown that EPA can activate multiple molecular
mechanisms, including both classical and alternative apoptotic
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TNF-a: Tumor necrosis factor-alpha, TGFB1: Transforming growth factor beta,
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pathways, and regulate survival and cell growth signalling,
ultimately leading to cell death in various in vitro and in vivo
animal models.?2? Studies have shown that -3 fatty acids
reduce neuroblastoma cell proliferation.??" It was revealed
that oleic acid treatment significantly reduced SHSY-5Y cells
in a time- and dose-dependent manner.?® In a study of human
neuroblastoma LA-N-1 cells, it was reported that ©-3 fatty acids
docosahexaenoic acid (DHA) and EPA exert antiproliferative
effects depending on time and concentration.? In our study,
a similar decrease in cell proliferation was observed at 48 h
when increasing doses of EPA were administered.

-6 PUFAs are also reported to have anticancer activity. In
one study, LA as an w-6, the most abundant PUFA in nature,
was reported to suppress cancer cell growth by inducing ROS
production and mitochondrial damage.® In other studies, unlike
this one, they emphasized that LA has a proapoptotic effect on
cancer.®® In another study examining the effect of ®-3 and
-6 fatty acids on human IMR-32 neuroblastoma cells, it was

reported that fatty acids significantly reduced the growth rate
of cells to different degrees.3 There are studies suggesting
that -6 fatty acids have a procarcinogenic effect on increased
eicosanoid ratios or, conversely, suppress cancer cell growth
by inducing ROS production and mitochondrial damage.®3 In
our study, we observed a decrease in cell proliferation as a
result of increasing doses of LA for 48 h.

The ®-3:-6 ratio is an important nutritional parameter. While
this ratio was 1:6.4 at the turn of the last century, it changed
to 1:10 in the 2000s.%" The high ®-6:»-3 ratio in Western diets
increases the risk of cancer.® The anticancer effects of different
o-3:w-6 ratios were investigated using in vitro methods. In
SH-SY5Y cells treated with different -3:0-6 ratios, although
similar results were obtained in separate applications of these
fatty acids, we observed a significant and greater reduction in
cell proliferation in the ®-3:w-6 mixture at high levels of ®-3
than in the individual applications. This suggests that they are
more effective together, and the effect of ®-3 emerges more
strongly.

Apoptosis is referred to as programmed cell death during
normal development due to cell aging or homeostasis in a cell
population. In a study with liver cancer cell lines, DHA and EPA
administration was shown to mediate apoptosis by causing
caspase 3 and caspase 9 activity.*® Yamamoto et al.*’ reported
that EPA increased the expression of pro-apoptotic (BAX and
BCL-XS) and decreased the expression of anti-apoptotic (BCL-
2 and BCL-XL) proteins in breast cancer cell lines. On the
other hand, the role of @-6 in apoptosis is more complex, with
some studies supporting the activation of apoptosis and others
suggesting inhibition.“? In the present study, we found that
apoptosis was induced by increasing the ®-3 fatty acid ratio.
The most effective PUFA ratio was found to be 1/1. In addition,
our Annexin-V analysis results also support our MTT results.

It is well known that reactive oxygen and nitrogen species are
the underlying causes of many diseases, including cancer.
Cancer cells produce high levels of ROS because of their rapid
metabolismandimpaired cellular signalling pathways. In general,
the amount of free radicals increases in cancer. A previous
study showed that Ppt1-KO neurons treated with a combination
of -3 and ®-6 had significantly reduced ROS levels compared
with the untreated group.”’ However, another study showed
that 24 h administration of LA and EPA increased ROS levels
in embryonic stem cells.? Additionally, a study reported that
LA, an o-6 PUFA, suppresses cancer cell growth by inducing
ROS production and mitochondrial damage, and similar to ®-3
PUFAs, o-6 PUFAs also have anticancer activity.® In our study,
it is seen that there is a decrease in ROS values 48 h after
the application of ® fatty acids. The ROS level is relatively low,
especially when the ®-3:@-6 ratio is 1:4 or 1:8. According to this
result, it can be concluded that the use of ®-3:0-6 in the ratio
of 1:4 or 1:8 can make a significant contribution to protecting
against free radical damage.

The inflammatory process and cancer development are closely

related. Chronic inflammation is a bipolar process that, on the
one hand, may stimulate cancer development and progression,
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and on the other hand, the recruitment of immunocompetent
cells and their activation may cause tumour suppression and
apoptosis. Tumour-associated cells are a potent source of
immunomodulatory molecules, such as the proinflammatory
cytokines IL-1, IL-6, and TNF-a, which are involved in the
stimulation of key tumour-promoting factors, such as STAT3
and NF-kB. It has been reported that -3 PUFAs modulate the
duration and intensity of inflammatory processes, and their
increase in the diet reduces proinflammatory cytokines such as
IL-18, TNF-0, and IL-6.%* In addition, it has been stated that the
-6 series exerts indirect proinflammatory effects by inhibiting
eicosanoid biosynthesis. Considering these mutual effects,
higher o-3:m-6 PUFA ratios increase carcinogenesis risk.

In a study by Liang et al.*® mice inoculated with androgen-
sensitive prostate cancer cells were fed a high-fat diet rich in
-3 fatty acids, and mice in this group were shown to express
lower levels of proinflammatory cytokines (IL-6, TNF-a, and
IL-10) and chemoattractant protein than animals fed a high-fat
diet containing -6 fatty acids. While m-6 fatty acids are known
to activate proinflammatory pathways, Lipoxin A4 (LXA4), a
common type of lipoxin, is a metabolite derived from endogenous
AA in the -6 series. LXA4 is reported to be a lipid mediator
of endogenous anti-inflammation and resolution.* In another
study, LipoxinA4 was shown to antagonize TNF-a-stimulated
IL-18 and IL-6 synthesis.*” Another study showed that LXA4 in
activated synovial fluid inhibits the synthesis of inflammatory
cytokines and MMP and stimulates TIMP production in vitro.
This result has been interpreted as suggesting that LXA4
is involved in a negative feedback loop that opposes the
inflammatory cytokine-induced activation of synovial fluid.® In
our study, an initial increase in TNF-a and IL-6 expression was
observed as the w-6 fatty acid ratio increased, but a decrease
was observed, and similar results were obtained in a repeated
study. We believe that this result may be due to an increase
in AA-induced lipoxin synthesis due to the increased amount
of LA. On the other hand, we observed that as the w-6 fatty
acid ratio increased, the expression of TGFA1, one of the anti-
inflammatory cytokines, decreased. A limitation of our study
was that the protein expression of cytokines could not be
measured because mRNA expression may not always fully
express protein expression.

CONCLUSION

In conclusion, in our study, although significant decreases in
apoptosis were generally observed with the application of ®
fatty acids, we observed a decrease in the amount of ROS with
an increase in the -6 ratio. As expected, there was a certain
decrease in anti-inflammatory TGFf1 levels as the ®-6 ratio
increased. However, consistent with some studies, the observed
decrease in the release of proinflammatory cytokines starting
from a 1/4 or 1/8 w-3:w-6 ratio was confusing. Considering our
findings, further studies are needed to suggest a clear ®-3:0-6
ratio.
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ABSTRAC T

Objectives: Treatment outcomes for patients with arrhythmias, deep vein thrombosis, prosthetic valves, blood thinning, and cardiac issues/chest
pain problems can be affected by knowledge about oral anticoagulant therapy. The primary objective is to assess the knowledge of patients using
oral anticoagulants for anticoagulation therapy, and the secondary aim is to identify factors influencing the level of anticoagulation knowledge.
Materials and Methods: This prospective cross-sectional study was conducted at selected community pharmacies. A 33-item, self-administered
questionnaire was adopted to evaluate patient understanding of anticoagulant medication in the urban population. Scores were calculated for each
part and the association between patients’ knowledge. Binary logistic regression analysis was performed to assess variables associated with oral
anticoagulation knowledge among participants.

Results: The mean percentage knowledge score of the study population (n=323) was 42.38+12.5. Age has been found to have a negative correlation
with anticoagulant therapy knowledge (p=0.01). It was discovered that there were gaps in knowledge regarding critical areas of use and self-
management, including the identification of bleeding as a serious side effect of medication, drug-drug interactions, and dose omission.
Conclusion: This research article highlights urban participants’ knowledge gaps in oral anticoagulation. Targeted educational interventions by
pharmacists are vital for improving patient safety and treatment outcomes. Advancing age was associated with knowledge. Further research could
explore the long-term impacts of educational interventions in larger populations.

Keywords: Oral anticoagulant therapy, knowledge assessment, patient knowledge, patient education, pharmaceutical care

INTRODUCTION

Currently, the morbidity and mortality rates are high today.
Anticoagulants have been extensively used for a decade for
preventing and treating vascular and thromboembolic diseases
despite their relatively high risk/safety profile.! Anticoagulants
are narrow therapeutic range drugs leading to life-threatening
complications like bleeding and re-thrombosis, which can occur
when patients are over-anticoagulated or under-anticoagulated.?
If not properly controlled, anticoagulants, which are referred to

as “high alert medications,” may result in adverse drug events
in the inpatient and outpatient healthcare context.?

The urban population, in particular, is more likely to be exposed
to various risk factors associated with cardiovascular diseases,
such as a sedentary lifestyle, unhealthy dietary habits,
and increased stress levels.* Consequently, anticoagulant
medications are frequently prescribed to this population to
manage and prevent complications. Several research findings
indicate that patients who receive therapeutic education have

*Correspondence: ponnusankarsivas@gmail.com, ORCID-ID: orcid.org/0000-0001-5589-090X
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a reduced likelihood of experiencing hemorrhagic accidents
and/or thrombotic recurrences 3 months after discharge.
Conversely, patients who do not receive therapeutic education
are more susceptible to developing complications.’

According to previous reports, individuals frequently taking
oral anticoagulants are unaware of the risks and consequences
associated with their medication.® The response of patients to
treatment depends on their understanding of oral anticoagulant
medication. Patients who are better informed about the
benefits and risks of taking oral anticoagulants are more likely
to take them consistently. Patients who do not adhere to dose
and monitoring regimens not only reduce the likelihood of
therapeutic benefits but also put themselves at a higher risk of
experiencing adverse events. Up to 36,000 patients are seen in
U.S. hospital emergency rooms annually for side effects from
anticoagulant therapy.®

According to a recent national study, 93% of patients taking
oral anticoagulants reported adverse events and other
studies have shown that many of these occurrences are
caused by avoidable patient mistakes. Some patient errors
can likely be attributed to their insufficient understanding
of anticoagulant therapy and its associated risks.” One
of the most important elements in improving treatment
and lowering complications for patients receiving oral
anticoagulant medication is currently thought to be patient
education. Therefore, more efficient patient education
regarding anticoagulant therapy is needed. The dissolution
of a blood clot it takes about 3 months, so non-adherence to
medication provokes the incidence of stroke.®Patients taking
anticoagulants will benefit from education and information
services that lower treatment costs by limiting the risks of
bleeding and thromboembolism.®

However, it is crucial to note that anticoagulant therapy can
be complex and challenging to manage effectively. Patients
should have a thorough understanding of the purpose, dosage,
potential side effects, and interactions of these medications.
Moreover, they must be aware of the importance of regular
monitoring and follow-up appointments. Lack of knowledge or
misconceptions about anticoagulants can lead to suboptimal
outcomes, including increased risk of bleeding or thrombosis.
Therefore, in this study, we primarily aimed to assess patient
knowledge regarding oral anticoagulant treatment, identify
knowledge gaps, and identify patients at risk.

MATERIALS AND METHODS

A prospective cross-sectional study was conducted at selected
community pharmacies in Nilgiris, India, between July 2022
and May 2023. In this setting, patients who had medications
from various prescribers, many of whom had different clinical
problems. Patients who are not willing to participate in the
study are excluded.

Sample size estimation

The sample size for the present study was calculated with the
help of Cochran’s formula, n=Z2 pg/d?, where n is the sample
size, Z is 1.96, p is the estimated average patient knowledge

of anticoagulation at 70%?°, q is 1-p, and there is a 5% margin
of error. Therefore, the estimated sample size for this study is
approximately 323.

Study instrument

The present study utilized the Oral Anticoagulation
Understanding Tool (AKT), a 33-item, self-administered
questionnaire  for evaluating one's understanding of
anticoagulation, by the community pharmacies as the study
instrument. The data collection form was derived from a
prior study with acceptable validity and reliability.”® The data
collection tool included three major sections:

Section A: Assessment of socio-demographic characteristics:
This consists of six questions covering age, sex, level of
education, occupation, monthly income, and duration of oral
anticoagulant use, which are used to evaluate patients’ socio-
demographic characteristics.

Section B: Assessment of oral anticoagulation knowledge.
This section consists of 20 questions that analyze patients’
knowledge about oral anticoagulants.

Assessment of oral anticoagulation knowledge

A study information sheet and a brief explanation of the study’s
objective were given to each participant. The ethics committee
approved the waiver of written informed consent and
questionnaire. The responses received from the participants
were scored and assessed for their knowledge. Except for
questions 18 and 19 in section 2, each response received
one point for being correct and zero for being incorrect. For
questions 18 and 19, each of the three correct answers to these
questions was awarded one point. A cut-off value of more than
50% was considered an adequate knowledge score.

Statistical analysis

Data analysis was performed using SPSS software version
22.0. The participant baseline characteristics were reported
using percentages and medians. Using the Shapiro-Wilk test,
the normality of continuous variables. Using a linear regression
sub-analysis, we assessed whether there was a relationship
between mean AKT and age. All analyses were deemed
significant at p values of 0.05.

Ethical considerations

This study was approved by the Institutional Review Board
of JSS College of Pharmacy (approval number: JSSCP/
IRB/10/2022-2023, dated: 11.02.2023).

RESULTS

A total of 323 respondents were included in the analysis. The
study revealed tha men are at risk of taking oral anticoagulant
drugs compared to women. Maximum of the participants had
no formal education (43.1%). The median age of the participants
was 59 years. The minimum age of patients was 30 years, and
the maximum age was 89 years. Most of the participants were
older patients (86%). Of them, 39.4% used oral anticoagulants
for less than 3 months. Table 1 presents the demographic
characteristics of the study participants and the distribution
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Table 1. Demographic characteristics of the study participants

Knowledge of

Demographic charactertics n (%) anticoagulants (SD) p value
Age
65 years 237 (73.37) 82 (x12.5)
65 years and older 86 (26.62) 36 (£8.7) oo
Sex
Female 132 (40.86) 45 (£10.2)
0.77
Male 191 (5913) 73 (£11.8)
Highest level of education
No formal education 152 (431 65 (£9.5)
High school or equivalent 137 (38.8) 50 (£11.2)
Technical and vocational skills 50.4) 2 (£1.5) 0.78
College 0 0
Bachelor’s degree 29 (8.2) 13 (x2.8)
Occupation
Full-time work 116 (32.9) 42 (£99)
Home maker 121 (34.3) 43 (£10.5)
0.75
Part-time work 0 0
Unemployed/Retired 86 (24.4) 33 (x8.0)
Annual income range INR (USD)
Rs.0-50,000 (0-600%) 156 (44.2) 50 (9.0
Rs.51,000-1,00,000 (612-1200$) 5 (1.4) 1(x0.5)
Rs.5,00,000 and later (6000%$ and above) 11@GD 4 (£1D) 091
| prefer not to say this 96 (27.2) 35(8.2)
Duration of treatment with oral anticoagulants
<3 months 139 (39.4) 52 (£10.7)
1-2 years 68 (19.3) 22 (+6.8)
3-12 months 104 (29.5) 39 (9. 0.73
>2 years 12 (3.4) 4 (£15)
Not taking anticoagulant medication 0 0

SD: Standard deviation, INR: International normalised ratio

of knowledge about
demographic groups.

anticoagulant use among different

The results revealed statistically significant associations
between age and knowledge. Other factors like sex, education,
occupation, income range, and duration of anticoagulant therapy
did not significant association with knowledge scores. Figure
1 presents the results of the multivariate logistic regression.
Figure 2 shows a pictorial representation of the knowledge
assessment among the elderly and other patient groups. The
relationship between the oral anticoagulation knowledge score
and the age of respondents (circles) is presented. The straight
line is the oral anticoagulation knowledge score.

Responses regarding the use of oral anticoagulants are detailed
in Table 2. The results showed that rivaroxaban (48.6%) was
the most commonly used anticoagulant, followed by dabigatran
(30.3%) and apixaban (21.1%). Regarding the reasons for
prescribing anticoagulant medicine, most participants reported
taking it for arrhythmias (39.9%), followed by cardiac issues/
chest pain (20.1%). Major of respondents were unsure about
how the medicine worked in their bodies, and few correctly
identified that it prevents blood from clotting (23.3%). Major
(42.4%) of respondents were uncertain about the duration
needed to take the medicine. Most participants recognized the
importance of taking the medicine as prescribedto avoid bleeding
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Anti-coagulant (1-2 years vs. not on any medication)
Anti-coagulant (<3 months vs. 1-2 years)
Anti-coagulant (<3 months vs. not on any medication)
Education (highschool vs. no education)

Education (bachelor’s vs. no education)

Education (high school vs. technical)

Income (no income vs. >1L)

Income (no income vs. >5L)

Income (prefer not to say vs. > 5L)

Occupation (housewife vs. fulltime)
Occupation (unemployed vs. fulltime)
Gender (male vs. female)

Diagnosis (arrhythmia vs. others)
Drug (rivarobaxan vs. others
Education (educated vs. uneducated)
Age (<65 vs. >65)
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Figure 1. Results of multivariate logistic regression analysis for factors associated with adequate anticoagulant knowledge
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Figure 2. Linear regression plot of oral anticoagulation knowledge and age
of the participants

complications (58.5%). Most respondents the significance of
taking the medicine at the same time each day (97.2%). The
data showed that a large number of respondents did not believe
that skipping one dose could worsen their condition (98.5%).
The importance of continuing the medication even after feeling
better was also addressed, in which a maximum of participants
were okay with stopping the medication (94.7%) once they felt
better.

When asked about taking more of the medicine than prescribed,
respondents were not sure (75.8%) that doing so would have
any benefit. Concerning safety and side effects, a vast majority
knew that excessive alcohol consumption could increase the
risk of side effects (89.7%). Many were uncertain about other
safety aspects, such as taking additional doses or taking anti-

inflammatory medicines (59.9%) with the anticoagulant. The
study explored the respondents’ understanding of the most
important side effects and the signs to watch out for while
taking the medication. Half of the participants identified
bleeding (59.4%) as the most important side effect and correctly
identified bleeding gums, prolonged nose bleeds, and nose
bleeds (59.4%) as signs to watch out for.

DISCUSSION

The findings of this study highlight the need for targeted
educational interventions to improve anticoagulant knowledge
among urban populations. It is essential to address the identified
knowledge gaps to ensure safe and effective anticoagulant
therapy. Surveys in several nations, including England,"
Australia,”” Hungary,® Poland,' and Saudi Arabia,”® showed that
patients taking oral anticoagulants had adequate knowledge
(>50%), while surveys in others, including London,® Brazil,”
New York City,” Iran,® Saudi Arabia,'” Pakistan,® Libya,®
Nepal,?? and European nations,?>? like Switzerland, Germany,
France, Denmark, Sweden, Spain, Norway, and ltaly, showed
that they had inadequate knowledge.

Healthcare providers should play a crucial role in educating
patients about their medications and monitoring requirements.
Additionally, community-based awareness campaigns and
educational materials can enhance the public understanding of
anticoagulant therapy.

This study evaluated patients’ awareness of anticoagulation in
relation to deep vein thrombosis, coronary artery disease, atrial
fibrillation, and blood thinning. The majority of the participants
had inadequate knowledge of anticoagulation. Overall, there
were gaps in our understanding of essential areas such as self-
management, including missing doses, drug-drug interactions
(DDls), as well as recognizing bleeding as a significant adverse
drug effect. These findings are in line with earlier reports on
a variety of demographics in which low oral anticoagulant
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Table 2. Assessment of respondents’ knowledge about oral

anticoagulants (n=323)

Table 2. Continued

Anticoagulant medication knowledge assessment Response
. . Response n (%)
Anticoagulant medication knowledge assessment o - — —
n (%) Can we stop taking the medication once the feeling improves?
Anticoagulant Yes 306 (94.7)
Rivaroxaban 157 (48.6) No 1 (3.4)
Apixaban 68 (21D Not sure 6 (1.9)
Dabigatran 98 (30.3) Can you take anti-inflammatory medicines like ibuprofen in
The reason for the prescription combination with anticoagulant medication?
Arrhythmias 129 (39.9) Yes 192 (59.9)
Deep vein thrombosis 60 (18.6) No 309
Prosthetic valve 3(0.9) Not sure 126 (39.6)
T Can vitamin supplements and herbal medicines with anticoagulant
Blood thinning 6 (.9) medication be administered without physician’s opinion?
Cardiac issue/chest pain 65 (201 Yes 195 (60.4)
Others 60 (18.6) No 2 (0.6)
How does the medication work in the body? Not sure 126 (39.0)
Lower BP 3(0.9) Benefits of taking more medication than prescribed?
Prevents blood clotting 75 (23.2) Yes 0
Lowers heart rate 20 (6.2) No 78 (24.2)
Don't know 225 (69.7 Not sure 245 (75.8)
Frequency of medication Does alcohol consumption affect the side effects of the medication?
Once 151 (46.7) Yes 290 (89.1)
Twice 172 (53.3) No 0(0)
Duration of treatment Not sure 33(10.3)
3 months 124 (38.4) Will you inform health professionals before any surgery?
6 months 33(10.2) Yes 195 (60.4)
1 year 2(0.6) No 0@
Lifelong 27 (8.4) Not sure 128 (39.6)
Will you inform all health care practitioners about your medications?
Don't know 137 (42.4)
; " S ; Yes 192 (59.4)
The importance of following physician’s instructions
No 0
Too much of this can cause bleeding. 189 (58.5)
) Not sure 131 (40.6)
Don't know 134 (415 The most important side effect
Importance of taking medication at the same time daily? ]
Bleeding 192 (59.4)
Yes 314 (97.2)
Others 3(0.9)
No 6 (1.9
Don't know 128 (40.6)
Not sure 309 Three signs of side effects that should be monitored
- - . -
Is it acceptable to double the dose if a dose is missed? Don't know 131 (40.6)
Yes 0@ Bleeding gums, prolonged nose bleeding 192 (59.4)
No 318 (98.5) Three ways to reduce the risk of side effects
Not sure 505 Don't know 291 (90.)
cD::jitsiz:gplng one dose of the medication worsen the patient’s INR monitoring regularly, proper dosing 32 (99)
' Steps to take if accidentally taking too much
Yes 3(0.9)
Consult the doctor 192 (60.1)
No 319 (98.5) i i
Be alert for signs of side effects 129 (39.9)
Not sure 1(0.3)

BP: Blood pressure, INR: International normalised ratio
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awareness has been documented on a regular basis. This study
considered clinically relevant DDls. This includes interactions
that could significantly affect patient outcomes during
anticoagulation therapy.

Our research showed that adults aged 65 years and older
had much less knowledge about oral anticoagulants than
those younger than 65. The understanding of anticoagulants
was identically predicted by age. Several reports have found
that aging is inversely connected with knowledge of oral
anticoagulants, which have examined the impact of age on oral
anticoagulant knowledge in a variety of populations. A known
factor in determining drug-related knowledge is the quantity
and quality of interactions between patients and medical
professionals. An increase in the frequency of patient-
healthcare professional interactions will persistently increase
patient knowledge. Therefore, it is a great opportunity for
healthcare professionals to interact with patients and prevent
various side effects and hazards caused by inadequate
knowledge regarding anticoagulant use.

Participants cannot effectively participate in shared decision-
making or self-management of their condition unless they
are informed about anticoagulation. To identify and address
awareness gaps, it is imperative that knowledge assessments
be incorporated into counseling programs and given to patients
at the beginning of their oral anticoagulant therapy and on
an ongoing basis thereafter. It is necessary to implement a
comparable follow-up session for direct oral anticoagulant
users in the absence of routine coagulation monitoring to
assess their understanding of oral anticoagulants and other
patient-related outcomes.

Anticoagulants are high-risk medications widely used to
prevent and treat thrombotic events, resulting in the need
for adequate patient education to minimize harm. However,
patients should be closely and consistently monitored due to
the narrow therapeutic index and potentially fatal side effects.
According to previous studies, there is a higher risk of bleeding
when the international normalised ratio (INR) is higher than
the therapeutic range and a higher risk of thromboembolism
when it is lower than 2. Education regarding the management
of patients taking oral anticoagulants was identified as a critical
component of the Joint Commission International, National
Patient Safety Goal guideline for 2014.7

Although prior studies have indicated a potential positive
relationship between patients’ anticoagulant knowledge and
achieving INR values within the therapeutic range, the study by
Baysal and Midilli" did not find a significant correlation between
knowledge levels and INR outcomes. An effective education
program is therefore required to raise and maintain patients’
awareness of anticoagulants. Patients taking anticoagulants
will benefit from education and information services that
lower treatment costs by lowering the risks of bleeding and
thrombosis. Non-adherence to medication can increase the risk
of stroke.

Furthermore, the findings of this study have implications for
healthcare policies and guidelines. The results can inform the

development of educational programs tailored to the specific
needs of urban populations. By improving anticoagulant
knowledge, healthcare providers can empower patients to
actively participate in their treatment plans, resulting in better
clinical outcomes.

Study limitations

It is important to acknowledge this study's constraints.
The research focused on a specific urban population, and
the findings may not be generalizable to rural or other
demographic groups. However, patients’ knowledge may
be poorer if other centers were included. The sample size
was limited, which may have affected the representativeness
of the results. Consequently, it makes sense to conduct a
nationwide survey involving a large sample of patients who
are on oral anticoagulants. Moreover, the study relied on self-
reported knowledge, which may be subject to recall or social
desirability bias. The study did not take into consideration
whether the patients were cognitively impaired, psychosocial,
or psychotic.

CONCLUSION

In conclusion, this study presents a comprehensive
assessment of anticoagulant knowledge among the urban
population. The findings indicate both strengths and
weaknesses in the level of knowledge, emphasizing the
importance of targeted educational interventions to address
the identified gaps. Significant knowledge gaps were
discovered in this study among urban individuals using oral
anticoagulants. Understanding oral anticoagulation was
negatively correlated with advancing age. By improving
anticoagulant knowledge, healthcare providers can enhance
patient safety, adherence, and overall treatment outcomes.
This evidence regarding oral anticoagulant medication may
increase awareness of patient-related factors that may
impact therapeutic outcomes. Future research could focus on
evaluating the long-term impact of educational interventions
and expanding the study to include a broader population for
more robust conclusions.
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ABSTRACT

Objectives: Informing patients about the adverse effects of non-steroidal anti-inflammatory drugs (NSAIDs) is essential to ensure their safe use.
The aim of this study was to determine whether the years of experience of Iragi pharmacists affect their knowledge of the renal and gastrointestinal
adverse effects of NSAIDs, and their attitudes toward informing patients about drug safety.

Materials and Methods: An online cross-sectional survey was conducted between January and October 2023. A convenience sample of Iraqi
pharmacists working in hospitals and/or community pharmacies answered a validated questions about demographics, knowledge, and attitudes
regarding the adverse effects of NSAIDs.

Results: Of the 309 Iragi pharmacists who participated, 46% had less than four years of experience. Eighty-five percent had good knowledge of
the adverse effects of NSAIDs. Specifically, 83% of participants with good knowledge and >4 years of experience were younger than 35 years
(p=0.008). Among participants with good knowledge and <4 years of experience, 93% had a bachelor’s degree (p=0.008), and 57% worked from
six to more than ten hours per day (p=0.045). The dispensing patterns of NSAIDs showed a highly significant association (p<0.001) with participant
knowledge regardless of years of experience. Negative attitudes were reported more frequently among pharmacists with fewer years of experience
than those with longer years of experience (73% vs. 71%, respectively; p>0.05). Sixty percent of the participants agreed that education about
adverse drug reactions (ADRs) increases anxiety and medication nonadherence. Seventy-eight percent agreed that pharmacists and physicians
could improve patients’ knowledge of ADRs. Pharmacists believed that leaflets reduce patients’ medication adherence (57%) but help patients
improve their medication knowledge (51%; p<0.05) and monitor and report ADRs (56%; p<0.05).

Conclusion: Despite years of experience, good knowledge and negative attitudes were found regarding safety information for NSAIDs. Pharmacists
and physicians play an important role in ensuring appropriate drug use. Leaflets serve as a source of information, but they can also lead to
medication nonadherence.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs), antiplatelets,
diuretics, and anticoagulants are four medication classes that
contribute to potentially avoidable drug-related hospitalizations.
NSAIDs are anti-inflammatory, analgesic, and antipyretic
agents commonly used to treat conditions such as arthritis,
premenstrual syndrome, headache, and gout.>* Aspirin, an
antiplatelet agent, is one of the NSAIDs that is frequently
recommended for primary and secondary prophylaxis against
ischemic stroke and cardiovascular events.> NSAIDs comprise
approximately 5-10% of all medications prescribed annually.
They are used either alone or in combination with other drugs.*®

The awareness of patients regarding the risks of NSAIDs is lower
than expected, which may be due to the ease of their purchase
as over-the-counter (OTC) medicines.® The drugs are obtained
either from a community pharmacy or from other sources, such
as supermarkets or websites.®” Thus, pharmacists play a role
in ensuring patient safety as part of their job responsibilities.®
The Beers Criteria of the American Geriatric Society, updated
in 2023,° strongly recommend avoiding the chronic use of non-
selective cyclooxygenase-2 inhibitors and high-dose aspirin for
high-risk patients aged >75 years and those on anticoagulants,
corticosteroids, and antiplatelet agents. NSAID use increases
the risk of gastrointestinal bleeding or peptic ulcer disease;
approximately 2-4% of patients experience these issues after 1
year of treatment.” Treatment with these drugs can also cause
renal vasoconstriction, resulting in decreased renal perfusion
and abnormal renal function. In the early stages of treatment,
non-aspirin NSAIDs can have adverse cardiovascular effects,
and the risk of adverse effects may increase as the treatment
progresses. The approximate risk increase ranged from 10%
to 250%, depending on the drugs and doses studied.? These
effects include hypertension, myocardial infarction, stroke, and
heart failure.”® Elderly patients (065 years) with comorbidities
such as hypertension, heart disease, diabetes, gastrointestinal,
and renal problems may have an increased risk of adverse
drug reactions (ADRs) from using NSAIDs.5¢"2 Additionally,
polypharmacy use with the risk of drug interactions and the type,
duration, and dose of NSAIDs are considered risk factors for
NSAID-related ADRs.5%°3 Alcohol consumption and smoking
status may also increase the risk of adverse effects, particularly
cardiovascular and gastrointestinal adverse effects."”

Adverse drug events (ADEs), including ADRs, are any
unintended, adverse medical events or harm following medical
intervention unrelated to a patient’'s medical condition. ADEs
can occur even without any errors during prescription,
dispensing, or taking the medication." These events are the
fifth leading cause of mortality among hospitalized patients.”
Hussain et al.,’® found that healthcare professionals (HCPs) in
Baghdad, Irag had a positive attitude toward reporting ADRs,
but their knowledge of these reactions remains inadequate.
The unavailability of reporting forms was the main reason that
discouraged HCPs from reporting and detecting ADRs."® Most
pharmacists were reported to be inexperienced by the Iraqi
Pharmacovigilance Center (IgPhvc).”

Since 2010, this center has been a member of the World Health
Organization International Monitoring Program of Drugs and
is part of the Pharmacy Department of the Directorate of
Technical Affairs.”® The IgPhvc has a center in each healthcare
committee, where pharmacists are responsible for monitoring
and reporting ADRs. This center verifies and assigns alerts to
ADRs in all healthcare settings. The IgPhvc ensures the safety
of vaccines, medicines, and herbal and biopharmaceutical
products, whether in the private or public sections.” To
provide effective patient care with the IgPhvc, pharmacists
must possess extensive knowledge of drug risks and exhibit
a proactive approach to educating patients about drug safety.
In Irag, non-communicable diseases, which account for 55%
of deaths, pose a significant health burden. These include
cardiovascular disease, stroke, cancer, diabetes, and chronic
lung disease.” Consequently, due to the scarcity of information
on the subject of awareness of the adverse effects of NSAIDs
and patient education in Irag, this study aimed to assess
whether years of experience affect pharmacists’ knowledge
of NSAID-related adverse effects, in addition to their attitudes
toward informing patients about the safety of NSAIDs and,
more specifically, ADRs.

MATERIALS AND METHODS

A cross-sectional study using an online survey was conducted
from January to October 2023. The survey was created using
Google Forms and distributed among private Iragi pharmacist
groups on Facebook, Telegram, and WhatsApp. Reminders
were sent every two weeks. An online sample size calculator®
determined the minimum required sample size to be 377 with a
5% margin of error and 95% confidence interval.

Public and private pharmacy colleges in Iraq offer bachelor’s
degrees in pharmacy sciences after five years of study. After
graduation, licensed pharmacists can work in hospitals and/or
community pharmacies.

The convenience sampling method was used to recruit
pharmacists working in community pharmacies and/or
hospitals, excluding those in medical stores or those with
invalid responses. The participants provided their consent
before answering the questionnaire. This study was approved
by the Collegiate Committee for Medical Research Ethics at the
University of Mosul (approval number: CCMRE-phA-21-10, date:
25.01.2023).

Survey questionnaire

Three parts of the questionnaire were used to collect data
(Appendix ). The questions were in English, which is the
language of education in Iragi pharmacy colleges. The first
section included pharmacists’ demographic data regarding age,
sex, and educational level, as well as their work patterns and
NSAID dispensing. The second part was a knowledge scale
on NSAID-related kidney and gastrointestinal adverse effects,
which was adapted from a validated form by Owusu et al.?!
The scale had ten questions: nine multiple-choice questions
with one question requiring either “true,” “false,” or “I do not
know” as an answer. Each correct answer was awarded one
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point, resulting in a total of 10 points. The total score was then
categorized as poor knowledge (<4 points) or good knowledge
(5-10 points). The third part was a validated attitude scale
developed by Phueanpinit et al.?? to assess pharmacists’
attitudes toward providing drug safety information to patients.
The questionnaire consists of 17 questions divided into three
subparts: “the roles of pharmacists in providing ADR information
to patients” (questions 1 to 8), “usefulness and necessity of
patient information leaflets (PILs) for patients” (questions 9-14),
and “the roles of drug companies in preparing PILs" (questions
15-17). This score is based on a 5-point Likert scale ranging
from strongly disagree =1 to strongly agree =5. The negatively
worded questions (questions 7 and 12) in the original scale
were transformed into positively worded questions to have the
same scale scoring as the other questions. The lowest possible
total score was 17; the highest was 85. It was then grouped as
poor (17-40), moderate (41-63), and good (64-85). We classified
the attitude scores into two groups, negative (<64) and positive
(=64).

Statistical analysis

IBM SPSS version 24 (IBM, New York, NY, USA) was used
for statistical analysis. Continuous data were presented as
mean, standard deviation (SD), minimum, and maximum,
while categorical data were presented as frequencies and
percentages (%). A Pearson’s chi-square test or Fisher's exact
test was used to determine statistical significance at p<0.05.

RESULTS

Three hundred nine pharmacists participated in the survey, with
a response rate of 82%. The mean (SD) years of experience
was 5.2 (+4.8), with a median of 4 years. A total of 45.6% of
participants had less than 4 years of experience, whereas 54.4%
had four or more years of experience. Table 1 shows that more
than two-thirds of the participants were male and aged 23-28
years. Only 17.2% had a higher education beyond a bachelor’s
degree. Moreover, 57% worked in hospitals and pharmacies,
72.5% had pharmacies located in the city, and 51.8% (156/301)
had one or two pharmacists co-working with them in the
pharmacy. Nearly half (47%, 143/304) of the workers worked
for approximately six to ten hours each day for six days a week.

Most participants (85%) dispensed NSAIDs as OTCs or
prescribed medications. The frequently dispensed NSAIDs
were diclofenac (76.7%), mefenamic acid (70.9%), and ibuprofen
(67.3%). Approximately half of the participants (48%) preferred
to instruct their patients about NSAIDs. Almost two-thirds
of the participants relied on academic learning and medical
textbooks as sources of information on NSAIDs.

On the knowledge scale (Table 2), the participants had a mean
(+ SD) of 6.8 (£2), and 85.4% had good knowledge about the
adverse effects. The number of years of experience was not
significantly associated with knowledge (p>0.05).

Years of experience were not significantly associated (p>0.05)
with the answers to the knowledge questions. The lowest
percentage of correct answers was for question two regarding
NSAID-drug interactions (Figure 1.

Table 3 shows statistically significant associations between
age and knowledge of pharmacists with =4 years of
experience (p=0.008). In particular, about 83% of those with
good knowledge were younger than 35 years. In addition,
knowledge of pharmacists with <4 years of experience showed
a significant association with scientific degrees (p=0.008);
93% of those with good knowledge had a bachelor’s degree.
Working hours were significantly associated (p=0.045) with
knowledge, as 57% of those with <4 years of experience
who had good knowledge worked from six to more than ten
hours per day for six days a week. The dispensing patterns
of NSAIDs showed a highly significant association (p<0.001)
with participant knowledge.

Table 2 also shows a non-significant association (p>0.05)
between years of experience and attitudes toward providing
drug safety information to patients. Approximately 73% of
pharmacists with <4 years of experience and 71% of those with
>4 years of experience had negative attitudes. Only 28% of the
participants exhibited a good attitude.

In Figure 2, 64% of pharmacists with more years of experience
agreed to informing patients about ADRs (Q1). About two-thirds
(60%) of the participants agreed that informing patients about
ADRs might increase their anxiety (Q2), leading to patients
discontinuing their medication (Q4). Most participants agreed
with the roles of pharmacists (85%) and physicians (70%) in
providing patients with ADR information (Q3 and Qé). Regarding
question 7, which asked about improving patients’ confidence
in self-reporting ADRs through education, 47% of pharmacists
with fewer years of experience disagreed with this concept.
Seventy percent of participants found it necessary to improve
patients’ knowledge of ADRs (Q8).

Figures 3 and 4 show a significant difference (p<0.05)
between years of experience and participants’ responses to
questions 9 and 11 of the attitude scale. Approximately half of
the participants (50.8%, p=0.004) agreed that PILs improved
patients’ knowledge about medication (Q9), and 56.6% believed
that PILs may reduce patients’ adherence to medications (Q10).
In contrast, 56% of pharmacists agreed that PILs were useful
in helping patients monitor ADRs and improve their confidence
in reporting these reactions (Q11, p=0.019). Forty-seven percent
of pharmacists with many years of experience agreed that PlLs
are useful in reducing workload by informing patients about
ADRs (Q13). Regarding the roles of drug companies in PILs
preparation, approximately 60% of the participants agreed
(Q15-Q17).

In Table 4, none of the demographic factors showed a significant
association with the attitudes of participants based on years
of experience. Most participants with negative attitudes were
male, young (less than 35 years), had a bachelor’s degree, and
worked at hospitals and pharmacies, mostly in the city. They
had fewer than three co-working pharmacists, worked less
than 10 hours daily, had an unspecified dispensing pattern for
NSAIDs, and preferred verbal methods to deliver information
to patients.
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Table 1. Demographical data of pharmacists based on experience years, (n=309)

Total Pharmacists with <4 years of Pharmac.ists with 24 years
experience of experience

Factors 309 (100%) 141 (45.6%) 168 (54.4%)
Age (years) (mean + SD) 28.22 (£4.94) 25.45 (£1.90) 30.55 (+5.48)
23-28 208 (67.3%) 130 (92.2%) 78 (46.4%)
29-34 71(23.0%) 11 (7.8%) 60 (35.7%)
35-40 16 (5.2%) 0 (0.0%) 16 (9.5%)
More than 40 14 (4.5%) 0 (0.0%) 14 (8.3%)
Gender
Female 107 (34.6%) 49 (34.8%) 58 (34.4%)
Male 202 (65.4%) 92 (65.2%) 110 (65.5%)
Scientific degree
Bachelor's degree 256 (82.8%) 126 (89.4%) 130 (77.4%)
Higher than bachelor’s level 53 (17.2%) 15 (10.6%) 38 (22.6%)
Working place
Hospital (general/private) 42 (13.6%) 17 (12.1%) 25 (14.9%)
Private pharmacy 90 (29.1%) 59 (41.8%) 31(18.5%)
Both 177 (57.3%) 65 (46.1%) 112 (66.7%)
Location of the pharmacy
In the city 224 (72.5%) 102 (72.3%) 122 (72.6%)
Inarural area 43 (13.9%) 22 (15.6%) 21 (12.5%)
Not working at a private pharmacy 42 (13.6%) 17 (12.1%) 25 (14.9%)
Number of co-working pharmacists (301)
None 51(16.9%) 26 (18.7%) 25 (15.4%)
Less than three 156 (51.8%) 70 (50.4%) 86 (53.1%)
Equal to or more than three 52 (17.3%) 26 (18.7%) 26 (16.0%)
Not working at a private pharmacy 42 (14.0%) 17 (12.2%) 25 (15.4%)
Working hours per day (304)
1-5 hours 117 (38.5%) 55 (39.3%) 62 (37.8%)
6-10 hours 143(47.0%) 63 (45.0%) 80 (48.8%)
More than 10 hours 44 (14.5%) 22 (15.7%) 22 (13.4%)
Dispensing patterns of NSAIDs
OTC medication 22 (71%) 8 (5.7%) 14 (8.3%)
The prescribed medication 24 (7.8%) 7 (5.0%) 17 (10.1%)
Both 263 (85.1%) 126 (89.4%) 137 (81.5%)
Names of most frequent dispensed NSAIDs*
Diclofenac 237 (76.7%) 107 (75.9%) 130 (77.4%)
Mefenamic acid 219 (70.9%) 105 (74.5%) 114 (67.9%)
Ibuprofen 208 (67.3%) 106 (75.2%) 102 (60.7%)
Aspirin 126 (40.8%) 58 (41.1%) 68 (40.5%)

Meloxicam 101 (32.7%) 48 (34.0%) 53 (31.5%)
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Table 1. Continued

Factors

Total

Pharmacists with <4 years of

experience

Pharmacists with 24 years
of experience

309 (100%)

141 (45.6%)

168 (54.4%)

Methods of providing patient instructions

Verbally

148 (47.9%)

66 (46.8%)

82 (48.8%)

Written information by the PlILs

15 (4.9%)

7 (5.0%)

8 (4.8%)

Both

139 (45.0%)

63 (44.7%)

76 (45.2%)

None

7 (2.3%)

5(3.5%)

2 (1.2%)

Sources of information regarding NSAIDs*

Academic learning

191 (61.8%)

83 (58.9%)

108 (64.3%)

Medical websites

164 (53.1%)

75 (53.2%)

89 (53.0%)

Medical applications

165 (53.4%)

70 (49.6%)

95 (56.5%)

Medical text book

183 (59.2%)

87 (61.7%)

96 (57.1%)

Research articles

85 (27.5%)

38 (27.0%)

47 (28.0%)

Scientific conferences, workshops, webinars

7 (24.9%)

35 (24.8%)

42 (25.0%)

Data are expressed as frequency (%). *Multiple responses were provided, NSAIDs: Non-steroidal anti-inflammatory drugs, PlLs: Patient information leaflets, OTC:

Over-the-counter, SD: Standard deviation

Table 2. A statistical analysis of pharmacists’ knowledge and attitude, (n=309)

Pharmacists with

Pharmacists with

Variables Total {4 years of experience >4 years of experience p value
309 (100%) 141 (45.6%) 168 (54.4%)

The knowledge category

Poor knowledge (0-4) 45 (14.6%) 20 (14.2%) 25 (14.9%) .

Good knowledge (5-10) 264 (85.4%) 121(85.8%) 143 (85.1%) 0873

Knowledge score

Mean (+ SD) 6.8 (£2.0) 6.77 (£1.92) 6.85 (+2.05)

Minimum-maximum 1-10 2-10 1-10

The attitude category

Poor (17-40) 2 (0.6%) 0 (0.0%) 2 (1.2%)

Moderate (41-63) 220 (71.2%) 103 (73.0%) 117 (69.6%) 0.541**

Good (64-85) 87 (28.2%) 38 (27.0%) 49 (29.2%)
Attitude score

Mean (+ SD) 59.5 (£6.4) 59.72 (6. 59.39 (6.7
Minimum-maximum 38.0-77.0 42.0-77.0 38.0 -74.0

Data are expressed as frequency (%). p value is significant at p < 0.05. *Based on chi-square test, **based on Fisher’s exact test. NSAIDs: Non-steroidal anti-

inflammatory drugs, SD: Standard deviation

DISCUSSION

In this study, most Iragi pharmacists (85.4%) demonstrated
good knowledge about NSAID-related renal and gastrointestinal
adverse effects. This finding is consistent with the results
of Owusu et al,? who reported that 90% of community
pharmacists in Qatar had good knowledge. Pharmacists are
knowledgeable and skilled in medication-related aspects. This

is related to their education, roles, and duties as medication
professionals, in addition to other HCPs.*® This is particularly
true in remote and rural areas with limited medical services.?
Pharmacists must be attentive to risk factors while dispensing
NSAIDs and be able to reduce complications by screening and
monitoring high-risk patients.*®
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experience, n=141, B: Pharmacists with >4 years of experience, n=168)
ADR: Adverse drug reaction

Years of experience were unrelated to participants’ knowledge
and attitude (p>0.05). A significant association was found
between the knowledge of pharmacists with >4 years of
experience and their age and the knowledge of pharmacists
with <4 years of experience and their scientific degree (p<0.05).
Younger Iragi pharmacists and those with a bachelor’s degree
were more attentive and proactive and tended to depend on
their knowledge of academic learning and medical textbooks.
Other pharmacists preferred online sources to update their
knowledge of NSAIDs' adverse reactions.?’ More knowledgeable
pharmacists can provide better patient advice, leading to
increased confidence in their careers.* Perhaps this is why

our participants with long working hours had good knowledge.
Patients often prefer to consult pharmacists about ADRs
because such consultations are free and readily available, and
they form part of their professional duties.?

For proper patient management, continuous medical education
on updated NSAID safety information is needed.?"® In
addition, more ADR education topics should be included in
undergraduate healthcare education programs.?® Technology,
on the other hand, plays a crucial role in healthcare and should
be carefully adopted. For example, support systems contain
alerts for drug interactions and reminders for drug monitoring.
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Table 3. The association between different demographic factors and pharmacists’ knowledge based on experience years (n=309)*

Pharmacist knowledge <4 years Pharmacist knowledge 24 years
Factors of experience; n=141 of experience; n=168

Poor knowledge Good knowledge Poor knowledge Good knowledge

n=20 n=121 n=25 n=143
Age (years) (p=0.008)*
23-28 19 (95.0%) 111 (91.7%) 17 (68.0%) 61 (42.7%)
29-34 1(5.0%) 10 (8.3%) 3(12.0%) 57 (39.9%)
35-40 - - 1(4.0%) 15 (10.5%)
More than 40 - - 4 (16.0%) 10 (7.0%)
Gender
Male 17 (85.0%) 75 (62.0%) 15 (60.0%) 95 (66.4%)
Female 3(15.0%) 46 (38.0%) 10 (40.0%) 48 (33.6%)
Scientific degree (p=0.008)*
Bachelor's degree 14 (70.0%) 112 (92.6%) 21(84.0%) 109 (76.2%)
Higher than bachelor’s level 6 (30.0%) 9 (7.4%) 4 (16.0%) 34 (23.8%)
Working place
At the hospital 3(15.0%) 14 (11.6%) 5 (20.0%) 20 (14.0%)
At a private pharmacy 8 (40.0%) 51 (42.1%) 6 (24.0%) 25 (17.5%)
Both 9 (45.0%) 56 (46.3%) 14 (56.0%) 98 (68.5%)
Location of the pharmacy
In the city 13 (65.0%) 89 (73.6%) 18 (72.0%) 104 (72.7%)
Inarural area 4 (20.0%) 18 (14.9%) 2 (8.0%) 19 (13.3%)
Not working at a private pharmacy 3(15.0%) 14 (11.6%) 5(20.0%) 20 (14.0%)
Number of co-working pharmacists (301)
None 1(5.3%) 25 (20.8%) 2 (9.5%) 23 (16.3%)
Less than three 10 (52.6%) 60 (50.0%) 9 (42.9%) 77 (54.6%)
Equal to or more than three 5 (26.3%) 21 (17.5%) 5(23.8%) 21 (14.9%)
Not working at a private pharmacy 3 (15.8%) 14 (11.7%) 5 (23.8%) 20 (14.2%)
Working hours per day (304) (p=0.045)*
1-5 hours 3 (15.8%) 52 (43.0%) 10 (43.5%) 52 (36.9%)
6-10 hours 13 (68.4%) 50 (41.3%) 13 (56.5%) 67 (47.5%)
More than 10 hours 3(15.8%) 19 (15.7%) 0 (0.0%) 22 (15.6%)
Dispensing patterns of NSAIDs (p<0.001*
OTC medication 4 (20.0%) 4 (3.3%) 8 (32.0%) 6 (4.2%)
The prescribed medication 4 (20.0%) 3(2.5%) 3(12.0%) 14 (9.8%)
Both 12 (60.0%) 114 (94.2%) 14 (56.0%) 123 (86.0%)
Methods of providing patient instructions
Verbally 7 (35.0%) 59 (48.8%) 11 (44.0%) 71 (49.7%)
Written information by the PILs 2 (10.0%) 5 (4.1%) 4 (16.0%) 4 (2.8%)
Both 9 (45.0%) 54 (44.6%) 10 (40.0%) 66 (46.2%)
None 2 (10.0%) 3(2.5%) 0 (0.0%) 2 (1.4%)

*Based on Fisher's exact test. #p values of all other associations were >0.05 based on chi-square test or Fisher’s exact test as appropriate. Data are expressed as
frequency (%). NSAIDs: Non-steroidal anti-inflammatory drugs, PILs: Patient information leaflets, OTC: Over-the-counter
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Table 4. The association between different demographic factors and pharmacists’ attitudes based on experience years (n=309)*

Pharmacists’ attitudes toward Pharmacists’ attitudes toward
<4 years of experience; n=141 24 years of experience; n=168
Factors Negative attitude Positive attitude Negative attitude Positive attitude
n=103 n=38 n=119 n=49
Age (years)
23-28 97 (94.2%) 33 (86.8%) 58 (48.7%) 20 (40.8%)
29-34 6 (5.8%) 5 (13.2%) 38 (31.9%) 22 (44.9%)
35-40 - - 13 (10.9%) 3 (6.1%)
>40 - - 10 (8.4%) 4(8.2%)
Gender
Male 64 (62.1%) 28 (73.7%) 78 (65.5%) 32 (65.3%)
Female 39 (37.9%) 10 (26.3%) 41 (34.5%) 17 (34.7%)
Scientific degree
Bachelor's degree 94 (91.3%) 32 (84.2%) 90 (75.6%) 40 (81.6%)
Higher than bachelor’s degree 9 (8.7%) 6 (15.8%) 29 (24.4%) 9 (18.4%)
Working place
At the hospital 11.(10.7%) 6 (15.8%) 19 (16.0%) 6 (12.2%)
At a private pharmacy 42 (40.8%) 17 (44.7%) 24 (20.2%) 7 (14.3%)
Both 50 (48.5%) 15 (39.5%) 76 (63.9%) 36 (73.5%)
Location of the pharmacy
In the city 79 (76.7%) 23 (60.5%) 85 (71.4%) 37 (75.5%)
Inarural area 13 (12.6%) 9 (23.7%) 15 (12.6%) 6 (12.2%)
Not working at a private pharmacy 11 (10.7%) 6 (15.8%) 19 (16.0%) 6 (12.2%)
Number of co-working pharmacists (301)
None 17 (16.7%) 9 (24.3%) 19 (16.8%) 6 (12.2%)
Less than three 57 (55.9%) 13 (35.1%) 58 (51.3%) 28 (57.1%)
Equal to or more than three 17 (16.7%) 9 (24.3%) 17 (15.0%) 9 (18.4%)
Not working at a private pharmacy 11 (10.8%) 6 (16.2%) 19 (16.8%) 6 (12.2%)
Working hours per day (304)
1-5 hours 43 (42.2%) 12 (31.6%) 47 (40.2%) 15 (31.9%)
6-10 hours 41 (40.2%) 22 (57.9%) 55 (47.0%) 25 (53.2%)
More than 10 hours 18 (17.6%) 4 (10.5%) 15 (12.8%) 7 (14.9%)
Dispensing patterns of NSAIDs
OTC medication 7 (6.8%) 1(2.6%) 12 (10.1%) 2 (41%)
The prescribed medication 4 (3.9%) 3 (7.9%) 14 (11.8%) 3 (6.1%)
Both 92 (89.3%) 34 (89.5%) 93 (78.2%) 44 (89.8%)
Methods of providing patient instructions
Verbally 50 (48.5%) 16 (42.1%) 57 (47.9%) 25 (51.0%)
Written information by the PILs 5 (4.9%) 2 (5.3%) 8 (6.7%) 0 (0.0%)
Both 43 (41.7%) 20 (52.6%) 53 (44.5%) 23 (46.9%)
None 5 (4.9%) 0 (0.0%) 1(0.8%) 1(2.0%)

Data are expressed as frequency (%). #p values of all associations were >0.05 based on chi-square test or Fisher's exact test as appropriate. NSAIDs: Non-steroidal
anti-inflammatory drugs, PILs: Patient information leaflets, OTC: Over-the-counter
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Figure 3. Responses to Q9 to Q14 of attitude scale; the usefulness and necessity of PILs for patients. (A: Pharmacists with <4 years of experience, n=141, B:

Pharmacists with 24 years of experience, n=168)
PILs: Patient information leaflets
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Figure 4. Responses to Q15 to Q17 on the attitude scale; the roles of drug companies in preparing PlLs (A: Pharmacists with <4 years of experience, n=141,

B: Pharmacists with 24 years of experience, n=168)
PILs: Patient information leaflets

Through this system, physicians and pharmacists can also
share patient information to guide their prescription decisions.?®
Accessing artificial intelligence (Al) applications can enhance
pharmacovigilance activities, but caution should be exercised
to ensure accurate information.?”

A highly significant association (p<0.001) was observed
between the dispensing patterns of NSAIDs and the participants’
knowledge. These drugs are available as prescribed and OTC
medicines.?®?’ The increase in their use as OTC medicines may
lead to unintentional overuse and therapeutic repetitions.* Most
NSAID overuses lacked adequate information or counseling
from HCPs.“ In particular, these drugs are frequently prescribed
for elderly patients, those with comorbidities, and those with
polypharmacy.™ Community pharmacists may be better

positioned to educate patients with minimal health literacy®® and
advise on OTC drugs.®>% Patients often believe NSAIDs are safe
and are unaware of risks such as drug interactions or abuse/
misuse potential.’> On the other hand, hospital pharmacists
should review medications for high-risk patients,3? for greater
safety awareness, therapeutic individualization, and follow-
up.t Those high-risk patients included elderly, use multiple
medications, low therapeutic index, and unsuitable drugs.®

Only approximately one-third of the participants had a good
attitude toward educating patients about drug safety information.
This is in contrast to the findings of Owusu et al.,?" and nearly
similar to the good attitudinal results reported among 42.1% of
hospital pharmacists?? and 36% of orthopedic physicians? in
Thailand using the same attitude scale. Pharmacists with less
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than four years of experience had more negative attitudes than
those with more years of experience (73% vs. 71%). These
findings are similar to the results reported by others“?? and
in contrast to Kopciuch et al.,* who showed that pharmacists
with longer professional experience were less willing to report
ADRs. Therefore, regardless of whether years of experience
influence pharmacists’ attitudes, continued awareness of
the importance of patient education regarding ADRs remains
essential.

Although 85% of the participants agreed that pharmacists play
a role in educating patients about ADRs, 70% believed that
physicians also play a similar role. Likewise, a study reported
that Iragi physicians had a role in reporting ADRs (78%) and
monitoring drug safety (96%) as part of their duty.3* Physicians
play an essential role in providing risk information regarding
NSAIDs and desire to share patient education responsibilities
with pharmacists.®*® By recognizing the risk factors before
prescribing, adverse effects during treatment can be
minimized.?” It also allows patients to weigh the risks and
benefits before starting treatment with any class of NSAIDs.*?

Health literacy presents a challenge, as patients often lack
medical vocabulary, knowledge, and understanding of new
information.*® In this study, 64% of pharmacists with more
experience agreed to inform patients about ADRs, and
70% of participants found it necessary to improve patients’
knowledge of these reactions. In addition, approximately half
of the less experienced pharmacists disagreed with the ability
of education to improve patients’ confidence in self-reporting
ADRs. However, participants’ concerns (60%) increased
regarding patients’ anxiety and medication nonadherence,
similar to others’ findings.?2?° There is uncertainty about
whether NSAID users have adequate information about their
therapeutic risks and benefits,*® and all essential NSAID
issues, such as risk information, may not be fully explained
to all patients.?® Pharmacists and physicians tend to inform
patients about common NSAID adverse effects, such as
gastrointestinal adverse effects.?2?3° However, patients may
lack information about the severe, perhaps less common,
cardiovascular, and renal adverse effects of NSAIDs.>2230
This may render patients with inadequate understanding
more vulnerable to the risks of NSAID therapy.* Therefore,
balanced, individualized information is needed based on
patients’ cases to use NSAIDs without fear or concern,
similar to others’ opinions.*?528

Various methods, including teach-back techniques and written
materials, can be used to effectively convey information
to patients.*® Using PILs is useful in saving time, improving
patient education, and increasing their confidence in reporting
and monitoring ADRs, as agreed upon by approximately 50%
to 56% of our participants and supported by other studies.???’
The FDA also mandates the use of approved medication
guides as written information to clarify treatment risks and
benefits.*® However, concerns have been raised about the
impact of PILS on patient care, as the content may not be
suitable or understandable for all patients.” This may affect
their willingness to use the drug again if they are aware of

its adverse effects on their health. Approximately 57% of
the participants had similar concerns. Phueanpinit et al.,??
suggested the availability of user-friendly leaflets to help
patients who extensively use a high-risk drug with the
potential for serious ADRs. These leaflets should be easy
to read and understandable for patients with minimal health
literacy.® Technology can support both pharmacist and patient
education, but multimedia education should be limited to a
supplementary role, not a replacement for HCP education.”

Several factors can influence the rate and type of education on
drug safety information, such as patient-related factors like age,
understanding ability, type, and duration of NSAIDs used."2830
Pharmacist-related factors include age, gender, workload,
number of co-workers, working hours, experience, and
educational level.2'24283035 Pharmacists may not have sufficient
time to counsel patients adequately in busy pharmacies
with limited staff.> According to Kopciuch et al.** younger
pharmacists, those with higher educational degrees (master’s
and doctoral degrees), and those with less experience had a
strong sense of duty regarding drug safety.

Online surveys offer cost-effective, easy-to-implement, and
nationwide participant access. However, the low response rate
may limit the generalizability of the study results. The response
rates were influenced by the participants’ desirability and
interest in responding to the survey. Our study’s response rate,
although slightly lower than the target rate, was higher than
that reported by others.?'?23 A cross-sectional design does
not allow for the assessment of causal relationships, and self-
reporting raises concerns about recall bias, social desirability
bias, and the trust issue between participants and researchers.

In this study, it was difficult to distinguish between counseling
and education regarding new or repeated prescriptions of
NSAIDs. The knowledge questions did not assess other
adverse effects of NSAIDs, and perhaps the participants were
more interested in the gastrointestinal and renal adverse
effects of NSAIDs, which resulted in higher knowledge scores.
The results should be exercised when interpreting the results.
Nonetheless, the study can still benefit pharmacists in terms of
improving their attitudes toward informing patients about drug
safety information and encouraging pharmacists to stay up-to-
date with the latest information.

CONCLUSION

Regardless of years of experience, a good degree of knowledge
was found among most Iragi pharmacists regarding the renal
and gastrointestinal adverse effects of NSAIDs. Knowledge
was significantly associated with the dispensing patterns of
NSAIDs, participants' age, their scientific degrees, and working
hours. Most participants had negative attitudes toward providing
information on drug safety, which was not significantly related
to years of experience. Patient education requires the efforts
of both pharmacists and physicians to ensure proper drug use
with minimal risks. Leaflets can be helpful as a reliable source
of information but can also be a reason for nonadherence to the
therapeutic regimen.
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Objectives: This study aimed to explore the relationship between emotional labor, professional commitment, and self-efficacy among community
pharmacists. Specifically, this study examined how self-efficacy influences professional commitment and the mediating role of emotional labor
strategies in this relationship.

Materials and Methods: A cross-sectional survey design was used to collect data from 396 community pharmacists. The study used a convenience
sampling method and included standardized measures of emotional labor, professional commitment, and self-efficacy. Descriptive statistics were
used to examine the levels of these variables among the participants. Multiple regression analyses were conducted to assess the interdependencies
and mediating effects of emotional labor strategies.

Results: General self-efficacy was positively correlated with emotional commitment (5=0.275, p<0.05) and continuance commitment (3=0.364,
p<0.05), explaining 5% and 8% of their variances, respectively. A normative commitment was influenced by self-efficacy ($=0.464, p<0.05) and
deep emotional labor (8=0.134, p<0.05), explaining 11% of its variance. Self-efficacy and deep emotional labor positively affected overall professional
commitment ($=0.368, p<0.05), accounting for 15% of the variance.

Conclusion: The results highlight the crucial role of self-efficacy in managing the emotional demands of the pharmacy profession and in fostering
stronger professional commitment. Enhancing pharmacists’ self-efficacy and emotional management skills can improve their job satisfaction
and commitment to the profession. These findings have clinical implications for the development of training interventions aimed at supporting
pharmacists in coping with the emotional aspects of their work and improving their overall professional well-being.

Keywords: Emotional labor, professional commitment, self-efficacy, community pharmacists, pharmacy practice
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INTRODUCTION enhancing human healththrough sustained engagement between
The healthcare sector is a pivotal part of the service industry ~ professionals and patients.” This relational aspect reflects the
and is tasked with meeting the population’s health needs.! Central broader dynamics of the service industry, where employees
to healthcare services is a commitment to preserving and are expected to align with societal values and standards.’
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Healthcare professionals, including physicians, nurses, and
pharmacists, are integral components of a system that supports
society’s health.* Understanding their multifaceted roles and
interactions is crucial for patient outcomes and satisfaction. As
healthcare evolves with technological advancements, changing
demographics, and new challenges, the ability of professionals
to adapt while maintaining professionalism is essential.® This
adaptation involves fostering trust, empathy, and effective
communication with patients and their families.®

Community pharmacists play a crucial role in the healthcare
ecosystem, offering accessible consultation services and
guidance beyond dispensing medications.” Comprehensive
education and experience allow healthcare professionals to
address a spectrum of challenges, making them key players
in patient care and health outcomes.® Community pharmacists
are involved in patient education, chronic disease management,
medication management, and preventive health services,
positively impacting healthcare delivery.’ This expanded
role highlights the importance of professional commitment,
emotional labor, and self-efficacy in community pharmacy.”
This study explores these dynamics to provide insights into
how these factors influence community pharmacists’ practices
and their impact on healthcare.

Community pharmacists’ interactions with patients emphasize
their engagement and dedication. Factors shaping professional
commitment, emotional labor, and self-efficacy are essential yet
underexplored in healthcare research. Although the literature
addresses these themes across various sectors, specific
exploration within community pharmacy is limited.™?

This study aimed to explore the relationship between emotional
labor, professional commitment, and self-efficacy among
community pharmacists. Specifically, this study examined
how self-efficacy influences professional commitment and the
mediating role of emotional labor strategies in this relationship.

The findings of this study can enhance the understanding
of community pharmacists’ contributions to healthcare by
emphasizing their commitment, emotional resilience, and
confidence in fostering a positive healthcare environment.

MATERIALS AND METHODS

Participants and procedures

This cross-sectional study was designed to examine the
effects of community pharmacists’ emotional labor behaviors
and general self-efficacy perceptions on their levels of
professional commitment. The study was conducted from June
2018 to May 2019 and focused on a target population of 1,992
community pharmacists registered with the Ankara Chamber of
Pharmacists.

Due to practical challenges such as time and cost constraints,
a decision was made to sample a portion of the population.
A simple random sampling technique was used to select a
representative sample of pharmacists from the population
list provided by the Ankara Chamber of Pharmacists. Each
pharmacist had an equal chance of being selected. The sample
size was determined using the formula:

No=[(txS)/D]2, n=[no/(1+(no/N))]

where:

* t represents the z-score for the desired confidence level,
* S is the estimated population standard deviation,

* D denotes the acceptable margin of error, and

* N is the total population size.

Based on these calculations, the initial sample size was
determined as no=384.16. After applying the finite population
correction factor, the final adjusted sample size was n=322.

After randomly selecting the pharmacists, invitations to
participate in the survey were sent, and the pharmacists who
agreed to participate did so voluntarily. In total, 402 pharmacists
participated in the face-to-face survey. After data cleaning
(removing incomplete or erroneous responses), the final
dataset comprised responses from 396 pharmacists. Voluntary
participation was essential for ensuring ethical compliance and
participant willingness, although the initial selection process
was random.

Instruments

The initial section of the measurement tool consists of five
questions designed to gather demographic information from
the participants. The foundational data serves to contextualize
the subsequent analyses by providing insights into the diverse
backgrounds of the study population.

The measurement tool's second section incorporates the 18-
item, three-dimensional Professional Commitment Scale
originally developed by Meyer et al”® Adapted for the Turkish
context through factor analyses by Tak and Ciftgioglu™,
this scale is designed to evaluate the complex construct of
professional commitment, encapsulating three distinct factors:
emotional, continuance, and normative commitment. The
scale’s comprehensive approach to assessing professional
commitment is further validated by its overall reliability, which
is underscored by a Cronbach’s alpha coefficient of 0.85,
confirming its efficacy in capturing the nuanced dimensions of
professional commitment among Turkish professionals.

The third section incorporates the 10-item general self-efficacy
scale developed by Schwarzer and Fuchs,”® with Turkish validity
and reliability established by Aypay.® This scale, characterized
by its unidimensional structure, evaluates an individual's belief
in their capacity to cope with a broad range of demanding or
novel situations. The reliability of the general self-efficacy
scale was confirmed by a Cronbach’s alpha coefficient of 0.83,
highlighting its consistency in measuring self-efficacy among
Turkish participants.

The fourth section of the measurement tool employs the
Emotional Labor Scale, a 13-item instrument initially developed
by Diefendorff et al/” and subsequently validated for the Turkish
context by Basim and Begenirbas.® Contrary to the initial
three-factor structure, this scale effectively distills emotional
labor into two core dimensions, Surface Behavior and Deep
Behavior, providing a focused exploration of the emotional labor
dynamics encountered in the workplace. The reliability of this
scale, as evidenced by a Cronbach'’s alpha coefficient of 0.80,
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underscores its capacity to accurately reflect the complexities
of emotional labor among Turkish professionals, ensuring its
applicability and relevance in examining workplace emotional
dynamics.

Informed consent and institutional review board (IRB) approval
Informed consent was obtained from all participants. This study

was approved by the Ankara University Health Sciences Ethics
Sub-Board (approval number 143, date: 25.06.2018).

Statistical analysis

Using the robust capabilities of the Statistical Package for
the Social Sciences and Analysis of Moment Structures,
the data underwent a comprehensive analysis through two
pivotal phases. Initially, Exploratory Factor Analysis (EFA)
was employed to ascertain the dimensionality and construct
validity, followed by Confirmatory Factor Analysis (CFA) to
validate the scales’ structure and assess model fit, employing
maximum likelihood estimation as recommended by Anderson
and Gerbing.”

The Kaiser-Meyer-Olkin (KMO) measure, atestament to sampling
adequacy, yielded favorable results across the board. The
Professional Commitment Scale revealed a KMO value of 0.802,
coupled with a significant chi-square test result (x?=2559.694,
p<0.05), underscoring the data’s fitness for factor analysis.
General self-efficacy and emotional labor scale followed suit,
registering KMO values of 0.900 and 0.821, respectively, with
both scales demonstrating statistically significant chi-square
test results, thus validating the preparedness of the dataset
for nuanced factor analysis. The EFA for the Professional
Commitment Scale has a three-dimensional structure, which,
after refinement, comprises 17 items distributed across three
factors. This restructured scale accounted for 54.461% of the
total variance and exhibited high reliability with a Cronbach’s
alpha coefficient of 0.816. General Self-Efficacy Scale had
a unidimensional structure, encompassing 10 items that
explained 49.326% of the variance and achieved a Cronbach'’s
alpha of 0.884, indicating exemplary reliability. The emotional
labor scale, upon further analysis, presented a two-factor
structure. The final configuration, a 10-item scale, elucidated
64.861% of the variance and exhibited a Cronbach’s alpha of
0.816, affirming its reliability. In the process of validating the
constructs involved in this study, CFA was meticulously applied
to the scales representing professional commitment, general
self-efficacy, and emotional labor. The aim of this study was
to corroborate the structures unearthed during the exploratory
phase, ensuring their statistical robustness and relevance to
the professional dynamics of community pharmacists. The CFA
was instrumental in affirming the three-dimensional construct
of the Professional Commitment Scale, as initially identified.
The model fit indices revealed a commendable alignment
with the theoretical model, with the chi-square to degrees of
freedom ratio (x?/df) at 3.35, a marker of good model fit. The
Goodness-of-Fit Index (GFI) and the Comparative Fit Index (CFD
registered values of 0.90, underscoring a substantial model fit.
Additionally, the Root Mean Square Error of Approximation
(RMSEA) was 0.08, further solidifying the scale's capacity to

accurately represent the facet of professional commitment
among the pharmacists surveyed. The analysis of the general
self-efficacy scale through CFA highlighted its unidimensional
structure, complemented by persuasive fit indices that
underscored the scale’s reliability and construct validity within
the study’s framework. The x?/df ratio was noted at 2.85,
indicative of a favorable model fit. Exceptional GFI and CFlI
values of 0.96 and 0.97, respectively, confirmed the model's
satisfactory alignment with the hypothesized structure. The
RMSEA index quantified at 0.07, validated a close fit, further
confirming the scale’s ability to gauge self-efficacy perceptions
among participants. Emotional labor scale underwent CFA
to validate its factorial structure, with the resultant model fit
indices robustly supporting the scale’s construct validity. The
x?/df ratio achieved a commendable value of 318, indicating a
good model fit. Noteworthy GFl and CFl values of 0.96 and 0.97,
respectively, demonstrate exceptional data fit. Furthermore, an
RMSEA value of 0.07 was within the acceptable range, affirming
the scale's efficacy in capturing the nuanced dimensions of
emotional labor pertinent to the community pharmacy context.
These analyses are summarized in Table 1.

The validation of the constructs was meticulously undertaken
by examining both convergent and discriminant validity. This
critical evaluation was achieved through the application of
several key metrics, namely average variance extracted (AVE)
and composite reliability (CR). Furthermore, the study’'s AVE
values were observed to lie between 0.52 and 0.71, thereby
exceeding the accepted benchmark of 0.5. This indicates a
satisfactory level of variance explained by the constructs
relative to the measurement error. CR values ranged from 0.69
to 0.89, well above the standard criterion of 0.6 recommended
by Bagozzi and Yi attesting to the reliability and internal
consistency of the constructs. The assessment of discriminant
validity further reinforced the constructs’ distinctiveness. This
was evidenced by the square roots of the AVE values, which
were found to be greater than the correlations among the
constructs. This result substantiates the discriminant validity
of the measurement model, affirming that each construct
indeed captures a unique phenomenon, distinct from the others
within the study. Collectively, these findings lend substantial
support to the construct validity of the study’s measurement
instruments, thereby affirming the reliability and accuracy of
the underlying research framework.

RESULTS

A total of 396 community pharmacists participated in the study
after data cleaning. A total of 24 participants were excluded
due to incomplete or inconsistent data. The sex distribution of
the participants was nearly balanced, with 52.5% identifying
as male (n=208) and 47.5% as female (n=188). The age range
of the participants was diverse, with the most significant
proportion (26.0%, n=103) falling within the 31-40 years age
group. Other age groups were also represented, reflecting
the broad spectrum of age among community pharmacists. A
comprehensive summary of characteristic of responders is
presented in Table 2.
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A significant majority of the participants were married,
accounting for 74.5% (n=295) of the sample. Regarding
educational qualifications, 81.3% of the pharmacists (n=322)
held a bachelor’s degree, indicating a high level of educational
attainment across the sample. Additionally, participants varied
in terms of their professional experience, with 29.0% (n=115)
having over 26 years of experience. Others had a range of
shorter durations in practice, contributing to a comprehensive
representation of community pharmacists in the study.

Table 1. Characteristics of responders

Characteristic Frequency (n) Percentage (%)

Sex

Male 208 525
Female 188 475
Age group

21-30 years 82 20.7
31-40 years 103 26.0
41-50 years 97 24.5
51+ years 114 28.8

Marital status

Married 295 74.5
Single/Other 101 255

Educational qualification

Bachelor's degrees 322 81.3

Other degrees T4 18.7

Professional experience

As shown in Table 3, the mean score for emotional commitment
was 4.28, with a standard deviation of 0.66, indicating a
relatively high level of emotional attachment to the profession
among the participants. Continuance commitment had a mean
score of 3.69 and a standard deviation of 0.74, suggesting a
moderate level of commitment based on the costs associated
with leaving the profession. The normative commitment had a
mean score of 3.37 with a standard deviation of 0.88, reflecting
a moderate sense of obligation to remain within the profession.
The overall professional commitment yielded a mean score
of 3.78 and a standard deviation of 0.54. This suggests that
the participants have a strong commitment to the pharmacy
profession. General self-efficacy scale had a mean of 3.25 with
a standard deviation of 0.52, indicating a positive belief in one’s
capability to execute necessary actions in one professional
role. Emotional labor constructs were also examined, with
surface behavior recording a mean score of 3.07 and a standard
deviation of 0.85, which denotes the frequency of surface acting
among participants. Deep behavior had a higher mean score
of 3.71 and a standard deviation of 0.84, suggesting greater
engagement in deep-acting strategies. The combined emotional
labor scale had a mean of 3.39 and a standard deviation of 0.64,
highlighting the overall emotional labor efforts of community
pharmacists.

In this research, regression analysis was employed to explore
the impact of general self-efficacy and the subdimensions of
emotional labor on various aspects of professional commitment
among community pharmacists. The analysis demonstrated
that general self-efficacy positively influences emotional
commitment (5=0.275, p<0.05), explaining 5% of its variance.
This suggests that pharmacists’ belief in their abilities
contributes to their emotional attachment to their profession.
Similarly, general self-efficacy was found to positively affect
continuance commitment (5=0.364, p<0.05), accounting for 8%

0-5 years 65 16.4 of its variance. This indicates that self-efficacy beliefs also play
6-15 years 98 547 a ro.le in pharmamst; evaluation of the costs. assouate@ with

leaving their profession. In terms of Normative Commitment,
16-25 years 18 29.8 both general self-efficacy (8=0.464, p<0.05) and Deep Behavior
26+ years 115 29.0

Table 3. Model fit indices of the constructs involved in the

stud
Table 2. Descriptive statistics of scale scores i —

Calculated fit indices

Variable Mean SD Skewness Kurtosis - - -

Acceptable fit index Professional Self- Emotional
Emotional commitment 4.28 0.66  -1.513 2.589 commitment efficacy labor
Continuance commitment  3.69 0.74 -0.705 0.894 x2/df<5 3.355 2.848 3180
Normative commitment 3.37 0.88 -0.448 -0.014 GFI1>0.90, indicating 0.903 0.962 0.955
Professional commitment  3.78 0.54 -0.687 1.736 AGF1>0.90 0.866 0.925 0.921
General self-efficacy 3.25 0.52 -0.455 -0.409 CFI1>0.90 0.894 0.968 0.965
Surface behavior 3.07 0.85 -0.083 0.365 RMR<0.08 0.087 0.021 0.052
Deep behavior 3.71 0.84 -0.711 0.7 RMSEA0.08 0.077 0.068 0.074
Emotional labor 3.39 0.64 -0.446 0.883 GFl: Goodness-of-fit index, AGFI: Adjusted goodness of fit index, CFI:

SD: Standard deviation

Comparative fit index, RMR: Root mean square residual, RMSEA: Root mean
square error of approximation
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(f=0.134, p<0.05) from the emotional labor subdimensions
positively influenced this aspect, while Surface Behavior had a
negative effect (8=-0.104, p<0.05). These findings illustrate that
pharmacists’ self-efficacy and deeper engagement in emotional
labor positively contribute to their feeling of obligation to
continue in their profession, with 11% of normative commitment
variance explained.

The regression analysis further revealed that general self-
efficacy and deep behavior positively impact overall professional
commitment ($=0.368 for general self-efficacy and 5=0.062 for
deep behavior, p<0.05), explaining 15% of its variance. This
underscores the significant role of pharmacists’ confidence
in their professional abilities and their depth of emotional
engagement in fostering a strong commitment to their field.

The study also examined the effect of general self-efficacy on
emotional labor as a whole. It was found to positively influence
emotional labor (5 =0.131, p<0.05), albeit explaining a smaller
portion of its variance (1%). This highlights the nuanced impact
of self-efficacy on how pharmacists manage their emotions in
the workplace.

These findings support the hypothesis that general self-efficacy
significantly influences various dimensions of professional
commitment and emotional labor processes among community
pharmacists. Specifically, the positive effect of general self-
efficacy on both deep emotional labor strategies and normative
commitment sheds light on the critical interplay between
pharmacists’ self-belief, approach to emotional regulation, and
adherence to professional norms and obligations. Conversely,
the lack of significant effect of general self-efficacy on Surface
Behavior suggests a more complex relationship between self-
efficacy and superficial emotional labor tactics. Collectively,
these results offer a comprehensive understanding of the
factors contributing to professional commitment and emotional
labor in the context of community pharmacy, emphasizing the
importance of fostering self-efficacy to enhance professional
engagement and effective emotional management. For a
detailed examination, the regression analysis results for each
construct are presented in Table 4.

Table 4. Regression analysis results

DISCUSSION

This study thoroughly explores the intricate interconnections
among emotional labor, professional commitment, and self-
efficacy within the field of community pharmacy, drawing on a
strong theoretical framework supported by existing literature.
It carefully examines how its findings align with and expand
upon previous research by incorporating concepts from
Bandura's? self-efficacy theory and emotional labor theory to
clarify the complex dynamics at play in the professional lives
of pharmacists.

The positive influence of high self-efficacy on quality of life
and satisfaction, as demonstrated in numerous studies,??
underscores the pivotal role of self-efficacy in fostering a
resilient professional demeanor among pharmacists. This study
revealed that pharmacists with higher self-efficacy perceive
challenging conditions not as obstacles but as opportunities
for excellence, highlighting their capacity to perform at optimal
levels when facing adversity. This finding aligns with Bandura's?'
assertion that individuals with high self-efficacy exhibit distinct
cognitive, emotional, and behavioral responses to tasks or
challenges, further emphasizing the critical importance of
self-efficacy in professional commitment and emotional labor
management.

Furthermore, this study explores the effects of emotional labor
behaviors and self-efficacy on professional commitment among
community pharmacists, revealing nuanced insights through
correlation and regression analyses. The validity of the scales
used in the data collection tool, as established through factor
analyses, attests to the reliability and relevance of the study’s
methodological approach.

Interestingly, the study’s regression analyses revealed that
neither surface nor deep acting significantly influences
emotional commitment, challenging some existing assumptions
in the emotional labor literature. However, deep acting
positively affects normative commitment, whereas surface
acting negatively impacts it, suggesting that the quality and
authenticity of emotional labor are crucial determinants of
professional commitment. These findings resonate with limited
prior research linking emotional labor factors with professional

Dependent variable Independent variable Coefficient () t p R?
Emotional commitment General self-efficacy 0.275 4.394 <0.05 0.052
Continuance commitment General self-efficacy 0.364 5.215 <0.05 0.084
Normative General svelf—efficacy 0.464 (GSBE), ' 5.712 (GSE), '

and emotional labor 0.134 (Deep behavior), 2.602 (Deep behavior), <0.05 omn4

commitment ) .
subdimensions

-0.104 (Surface behavior)

-2.091 (Surface behavior)

General self-efficacy

and Deep behavior 0.368

Professional commitment

7.593 <0.05 0.154

Emotional labor General self-efficacy 0131

2147 <0.05 0.012

GSE: General self-efficacy
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commitment, yet they provide a fresh perspective by highlighting
the significant positive impact of deep acting on professional
commitment. This contrasts with studies like Yildirm# and
Giderler et al.?*, who reported varied effects of emotional labor
dimensions on different aspects of professional commitment
across diverse professions.

This research also identified a significant positive impact
of general self-efficacy on deep acting in emotional labor,
suggesting that individuals with higher self-efficacy are more
inclined toward genuine emotional engagement. This finding is
consistent with findings from Lee and Van-Vlack?® and Alev?,
who indicated that high self-efficacy fosters a preference
for deep, over-surface acting in emotional labor, potentially
reducing emotional dissonance and burnout. Durak-Buz?
further supports this, noting the significant influence of general
self-efficacy on emotional labor dimensions.

Crucially, this study demonstrated a meaningful positive effect
of general self-efficacy on professional commitment among
community pharmacists, which is consistent with Bandura’s?
insights on the relationship between high self-efficacy,
success, and personal fulfillment. This reinforces the notion
that self-efficacy not only enhances individuals’ confidence in
facing uncertain and challenging situations, and supports their
adaptation to continually changing life conditions, as noted by
Karadag et al.?®

The practical implications of this study extend valuable insights
into the management of community pharmacies and the
broader healthcare sector, emphasizing the intertwined roles
of emotional labor, professional commitment, and self-efficacy
in enhancing workplace dynamics. A pivotal suggestion
is the enhancement of pharmacists’ self-efficacy through
continuous professional development programs, mentorship
opportunities, and constructive feedback mechanisms. By
strengthening pharmacists’ confidence in their professional
abilities, organizations can foster increased commitment levels,
improved job performance, and potentially reduce turnover
rates.

Addressing the nuanced impacts of surface and deep acting on
professional commitment, this study underscores the necessity
for targeted training in emotional labor strategies. By equipping
pharmacists with the skills to engage more deeply in their
emotional labor through genuine emotional expression and
empathy-building techniques, organizations can facilitate more
authentic interactions with patients and colleagues, thereby
enhancing normative commitment. The creation of a supportive
work environment that recognizes the emotional challenges
faced by pharmacists is also crucial. Promoting a culture of
emotional support where employees feel valued and understood
can mitigate the negative effects associated with surface acting
and encourage a healthier emotional engagement with work.

The interplay between self-efficacy and emotional labor
strategies suggests a strategic approach to task and role
assignments in pharmacies. Aligning pharmacists’ roles with
their levels of self-efficacy and capacity for emotional labor can
enhance job satisfaction and minimize emotional exhaustion.

This approach extends to strategic human resource practices,
including recruitment, performance management, and career
development, all of which should support the cultivation
of professional commitment and effective management of
emotional labor.

Finally, the emphasis on promoting work-life balance reflects
the acknowledgment of the emotional toll associated with
pharmacy work. Implementing policies that support flexible
scheduling, wellness programs, and initiatives aimed at
reducing work-related stress can help pharmacists manage the
emotional demands of their roles more effectively. This holistic
approach not only contributes to higher levels of professional
commitment and job satisfaction but also elevates the quality
of care provided to patients. Collectively, these practical
implications provide a comprehensive framework for community
pharmacies and healthcare organizations to enhance employee
well-being and organizational effectiveness by addressing the
emotional and cognitive aspects of healthcare work.

Study limitations

One of the primary limitations of this study stems from its
cross-sectional design, which restricted the ability to infer
causality among the examined constructs. Longitudinal or
experimental studies could offer a deeper understanding of how
changes in self-efficacy influence emotional labor strategies
and professional commitment over time. Additionally, reliance
on self-reported measures, while practical, may introduce bias
and does not capture the dynamic nature of emotional labor and
professional commitment in real-time work settings. Future
studies could incorporate observational methods or diary
entries to provide a more nuanced picture of these phenomena.

The sample drawn from community pharmacists in a specific
geographical region limits the generalizability of the findings.
Subsequent research could broaden the scope to include
pharmacists from diverse practice settings and geographical
locations to enhance the external validity of the results.
Moreover, exploring these constructs among other healthcare
professionals could provide comparative insights and highlight
the profession-specific dynamics of emotional labor and
commitment.

Future investigations could incorporate additional psychological
constructs, such as job satisfaction, stress, and burnout, to
provide a more comprehensive understanding of the factors
influencing professional commitment in the pharmacy sector.
Additionally, the impact of organizational culture and support
on the management of emotional labor and professional
commitment requires further exploration.

CONCLUSION

The comprehensive exploration undertaken in this study sheds
light on the intricate dynamics between emotional labor,
professional commitment, and self-efficacy among community
pharmacists, with significant implications for both theory and
practice. A rigorous statistical analysis revealed that a higher
sense of self-efficacy among pharmacists positively influences
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their professional commitment and how they manage emotional
labor, particularly favoring deeper, more authentic emotional
engagements over superficial ones. A key takeaway from
the findings is the critical role of self-efficacy in enhancing
professional commitment. Pharmacists with strong beliefs in
self-efficacy tend to exhibit greater emotional, continuance,
and normative commitment. This underscores the importance
of self-confidence in individuals’ abilities, not only in executing
professional tasks but also in navigating the emotional
complexities inherent in pharmacy practice. Moreover,
the study highlighted the nuanced effects of emotional
labor strategies on professional commitment. Deep acting,
characterized by genuine emotional expressions, positively
impacts normative commitment, suggesting that authentic
emotional engagement fosters a stronger sense of obligation
and loyalty to the profession. Conversely, surface acting or
superficial emotional management did not significantly affect
professional commitment, indicating that mere compliance with
expected emotional displays may not be sufficient to foster a
deeper sense of professional belonging. The findings also point
to the necessity of addressing emotional labor in pharmacy
practice, emphasizing the benefits of deep-acting strategies for
both pharmacists and patient care. Training and development
initiatives that enhance pharmacists’ emotional intelligence and
capacity for genuine emotional engagement can lead to more
fulfilling professional experiences and higher-quality patient
interactions.
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ABSTRACT

Objectives: This study aimed to formulate and evaluate etoricoxib suppositories to improve patient compliance and drug efficacy in the management
of hemorrhoids.

Materials and Methods: Suppositories were prepared using glycerin and gelatin. The prepared suppositories were evaluated for content uniformity,
homogenization, hardness, weight variation, disintegration time, texture analysis, and in vitro drug release.

Results: Hardness, weight variation, disintegration time, and content uniformity values were found in the range of 4.00+0.50 to 7.50+0.50 kg/cm?®,
1.20£0.03 to 1.31+£0.01 g, 11.00 to 19.05 min, and 66.98+0.86 to 80.76+3.60%, respectively. The SB3 gave 91.47+17.74% drug release in 6 h, whereas
the SB1 gave 99.08+3.40% drug release in 12 h. Drug release from all formulations of suppositories was supported by zero-order, first-order, and
Higuchi plots, except for SB4. The mechanism of drug release from all suppositories was fickian diffusion-based. The SB2 results were found to
be more appropriate than those of the other batches.

Conclusion: These results confirm that the prepared formulation has a future scope and should be further explored in in vitro cell lines and animal

studies.
Keywords: Etoricoxib, suppositories, hemorrhoids, texture analysis

INTRODUCTION

Hemorrhoids, often known as piles, indicate bulging veins in
the lower part of the rectum and anus that resemble varicose
veins. Hemorrhoids grow on the inner side of the rectum, which
is recognized as interior or internal hemorrhoids, whereas
beneath the skin surface around or surrounding the anus, which
is recognized as exterior or external hemorrhoids.! The internal
hemorrhoids occur above the dentate line and are covered
by columnar epithelium, whereas the external hemorrhoids
occur under the dentate line and are covered by squamous
epithelium.? [t commonly occurs as an inflammatory process of
the hemorrhoidal plexus.” Hemorrhoids may be asymptomatic
or symptomatic. The common symptoms associated with
hemorrhoids are pain, the passage of bleeding in stool, itching
around the anus, swelling, discomfort, lumps inside or around

the anus, incomplete bowel emptying, and mucus discharge
from the anus.'>” Long-term constipation, extreme pressure on
the rectum, diarrhea, obesity, aging, pregnancy, and excessive
use of laxatives contribute to the development of hemorrhoids
owing to the irritates and enlarged blood vessels inside and
around the anus!® Although hemorrhoids have low morbidity,
they have a significant negative influence on quality of life.
Available treatments for the management of symptomatic
hemorrhoids include non-surgical medical procedures (like
lifestyle modification and medications) and surgery. Patients
try to avoid surgery, which is also expensive; however, this
is also preferred by physicians as a last option for treatment.
Lifestyle changes are recommended in the primary stage,
which includes diet control and regular exercise.® Medications
are preferred in the primary stage if diet control and regular
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exercise do not work well. Medicine-based treatment is
associated with pain relief, control of inflammation, reduction
of swelling, control of excessive blood loss, and reduction of
diarrhea and constipation.

In intolerable pain conditions, patients expect immediate pain
relief before other treatments. To tackle this problem, ointments,
creams, and suppositories with non-steroidal anti-inflammatory
drugs (NSAIDs) with or without antibiotics and anesthetic
agents are available!®" The suppositories are ideal for internal
hemorrhoidal conditions, where they are inserted into the
anus after bowel passage, whereas ointments and creams
are ideal for external hemorrhoidal conditions. Furthermore,
suppositories can have an immediate or prolonged effect
compared to ointments and creams. All these dosage forms
are suitable for local application as well as can also provide
immediate relief and avoid first-pass metabolism with minimal
demerits of leakage and stains on clothes.

For intolerable pain relief before or after surgery and waning
inflammation, NSAIDs are mostly prescribed. NSAIDs primarily
work by inhibiting the two isoforms of cyclooxygenase (COX)
enzymes. The COX enzymes play an important role in the
production of prostaglandins, which are elements in the body
that contribute to pain and inflammation. Conventional, non-
selective NSAIDs suppress both COX-1 and COX-2 enzymes.
However, COX inhibitors have gastrointestinal (G side
effects after oral administration. The major side effects of
COX inhibitors extend from mild Gl tract irritation to severe
Gl bleeding and perforation.>"* Other associated side effects
include peptic ulcers, heartburn, dyspepsia, and nausea. The
side effects of upper Gl are reported more frequently*’> This
upper Gl intolerance can be alleviated by avoiding contact with
the gastric mucosa.®

Etoricoxib is a selective COX-2 inhibitor that is used as an
anti-inflammatory painkiller. Although it is prescribed for
osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, for
a limited duration in gout, and so on. It inhibits COX-2 in a dose-
dependent manner without blocking COX-1 over the therapeutic
dose range. Etoricoxib exhibits 106-fold COX-2 selectivity.
Etoricoxib has fewer cardiovascular side effects compared to
another coxib with a sulfone moiety, i.e., rofecoxib.e"

By considering the intriguing and pertinent characteristics
of suppositories and identifying the upper Gl intolerance to
COX inhibitors, this study aimed to prepare and characterize
etoricoxib suppositories for pain relief and anti-inflammatory
response in hemorrhoids. In this study, etoricoxib suppositories
were prepared using gelatin and glycerin as the bases, and the
formulated suppositories were evaluated for homogeneity,
weight variation, content uniformity, hardness, texture analysis,
and drug release.

MATERIALS AND METHODS

Chemicals

Sanofi India Ltd., Verna, Goa, India, gifted Etoricoxib for research
work. Gelatin powder was purchased from SRL Lab Pvt. Ltd.
MIDC, Taloja, India. Glycerol was purchased from Merck Life

Science Pvt. Ltd., Mumbai, India. Milli Q water was freshly
prepared in our lab using MERK Millipore, ABC Enterprises,
West Bengal, India.

Instrumentation and apparatus

Ultraviolet-visible spectroscopy (UV-vis) spectrophotometer
(UV-1900i, Shimadzu Corporation, Kyoto, Japan), Dissolution
apparatus (DS 14000 Smart, LAB INDIA, Thane, Maharashtra,
India), Disintegration Tester (DT 1000, LAB INDIA, Thane,
Maharashtra, India), Hardness Tester (Monsanto), Texture
Analyzer (XCTX0000000S00, Ametek Brookfield, USA),
Magnetic Stirrer (10 MLH, REMI, Kolkata, India), and electronic
balance (Valency Lab, Kolkata, India).

Drug-excipient compatibility

Attenuated total reflectance-fourier transform infrared
spectroscopy (FTIR) (Spectrum Two, PerkinElmer, UK) was
used to identify etoricoxib, glycerin, and gelatin as well as
to assess the drug-excipient compatibility. The drug and
excipients were used at a ratio of 1:1 as a physical mixture. The
FTIR spectra were logged in the infrared (IR) range of 4000
and 400 cm™. The test sample results obtained in the form of
IR spectra using the PerkinElmer spectrum IR v10.7.2 software
were compared with standard drug IR spectra®

Method for preparing etoricoxib suppositories

In a glass beaker, glycerin was added to the required volume, and
heating was applied to maintain the temperature at 120 °C. Then,
a precisely weighed amount of gelatin was added, followed by
continuous stirring until the gelatin was completely solubilized
in glycerin. A constant temperature was maintained during the
preparation. Then, the calculated amount of drug and water was
continuously added until a homogeneous mixture. The obtained
mixture was decanted in pre-cleaned and greased (with glycerin)
suppository molds. The molds containing the formulations were
then stored in a refrigerator at 420.5 °C. After two hours, the
prepared suppositories were collected, wrapped in parchment
paper, and stored in a cool, dry place.® The compositions of the
different batches of suppositories are shown in Table 1.

Physical appearance

The color and shape of the formulated etoricoxib suppositories
were assessed with the naked eye against a clear background,
and observations were recorded.®"”

Homogeneity test

The prepared suppositories were assessed using the naked
eye to determine the drug distribution pattern. The dryness

Table 1. Composition of etoricoxib rectal suppositories

Formulation composition (w/w%)

Drug/Excipients

SBI SB2 SB3 SB4
Etoricoxib 3.00 3.00 3.00 3.00
Glycerin 60.00 60.00 65.00 65.00
Gelatin 20.00 25.00 20.00 25.00
Purified water 17.00 12.00 12.00 7.00
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and/or roughness of the suppositories were also confirmed.
Three suppositories from each batch were collected and cut
longitudinally. The observations were recorded against a clear
background.’®2°

Weight variation

Twelve etoricoxib suppositories were randomly selected from
each batch, and the suppository weight was recorded. Average
weight and weight variations were calculated to compare with
official limits 181921

Content uniformity

The suppository was dissolved in 10 mL of methanol under
mild heating. The final volume was made up to 100 mL with
a phophate buffer (pH 7.4). The resultant solution was passed
through the Whatman filter paper, and the filtrate was collected.
The drug was estimated in the filtrate after appropriate
dilutions with phosphate buffer at pH 7.4 using a UV-vis
spectrophotometer (UV-1900i, Shimadzu Corporation, Kyoto,
Japan) at a wavelength of 283 nm!® The study was repeated
three times, and the average drug content was reported.

Hardness

The Monsanto tester was used to determine the hardness of
the etoricoxib rectal suppositories. Three suppositories were
selected from each batch, and the hardness was measured at
room temperature.?#?®

Disintegration time

Six suppositories were randomly selected from each batch
and placed in cylindrical glass tubes [having a United States
Pharmacopoeia (USP) type A basket with 10 mesh] of the
USP tablet disintegration tester (DT 1000, LAB INDIA, Thane,
Maharashtra). Suppositories holding glass tubes were allowed
to be immersed in 900 mL of phosphate buffer (pH 7.4) and
taken in a 1000 mL beaker while maintaining a dip speed of
30+1 DPM. The phosphate buffer temperature was maintained
at 37+0.2 °C. The time taken by the suppositories to eliminate
debris particles from the perforated ends of the glass tubes
was recorded.®?

Texture analysis

The adhesiveness, adhesive force, and stringiness of the
formulated etoricoxib suppositories as mechanical properties
were analyzed using a texture analyzer (XCTX0000000S00,
Ametek Brookfield, USA), which was connected to a 1500 g
load cell. The probe (TA39) and TA-RIF fixture were used in
the analysis. The trigger load, distance, and holding time were
50.00 g, 5.00 mm, and 2.00 s, respectively. The probe traveled
at a rate of 1 mm/s until the surface of the suppositories was
detected.

Dissolution studies and drug release kinetics

The dissolution studies of the prepared etoricoxib suppositories
were performed using a USP Type 2 Dissolution apparatus
(DS 14000 Smart, LAB INDIA, Thane, India) in 250 mL of
phosphate buffer (pH 7.4) by maintaining 25 rpm paddle
speed. The dissolution media temperature was maintained

at 37+0.5 °C using a thermostat. The 4.0 mL of sample was
collected at predefined time points, and the equivalent volume
of the replacement buffer was exchanged at regular time
points. Collected samples were filtered through Whatman
filter paper, and the drug was estimated in the filtrate after
appropriate dilutions with pH 7.4 phosphate buffer using the
UV-Vis spectrophotometer (UV-1900i, Shimadzu Corporation,
Kyoto, Japan) at 283 nm wavelength. The study was repeated
in triplicate, and the percent cumulative drug release was
reported.?* The drug release data were further assessed for in
vitro drug release kinetics and release mechanisms. Zero-order
kinetics, first-order kinetics, and the Higuchi plot were applied
to evaluate the drug release kinetics, whereas the Korsmeyer-
Peppas model was applied to evaluate the release mechanisms.
The release mechanism was evaluated by applying the model to
an initial 60% cumulative drug release.?*

Differential scanning calorimetry (DSC)

The chemical modifications in the polymeric structure,
temperature transition changes, and stability of the formulations
at 30 "C to 120 "C to 30 °C, 30 Cto 120 ‘Cto 4 °C, and 30 C
to 150 °C to 30 °C were ensured by DSC studies. The study
was performed using a DSC 2500, Discovery Series [TA
Instruments Division, Waters (India) Private Limited, Bangalore]
connected to a refrigerated cooling system 90. The 4-6 mg of
drug containing suppositories were weighed, crimped in an
aluminum pan, and analyzed with a heating rate of 10 “C/min
and a nitrogen flow of 50 mL/min.?®

Physical stability studies

The physical stability of the prepared suppositories was
evaluated by storing them at 4+1 °C. The stability of the
formulations was assessed by analyzing their homogeneity and
color.

Statistical analysis

The results were calculated and presented as mean + SD of
independent assessments (n=3 or n=12). The Excel office 2019
was used for the calculation of data.

RESULTS

Drug excipient compatibility

The FTIR spectra of etoricoxib, glycerin, gelatin, and physical
mixture (etoricoxib + both gelatin and glycerin in a 1:1 ratio)
are shown in Figure 1A-D, respectively. Figure 1A shows the
etoricoxib spectra with the characteristic absorbance bands
at 3050.8 cm™, 1594 cm”, 1428.7 cm™, 1390 cm™, 1292.7 cm’,
11399 cm, 1090 cm™, 1008 cm™ (in-plane: C-H bend), 955.7
cm™ (in-plane: C-H bend), and 769.42 cm™ for aromatic C-H
stretching, stretching of C=C, aliphatic bending (asymmetric)
of C-H, aliphatic bending (symmetric) of C-H, stretching
vibration (asymmetric) of 0=S=0, stretching vibration
(symmetric) of O=S=0, aromatic stretching of C-Cl, in-plane
C-H bend (aromatic), and out-of-plane C-H bend (aromatic),
respectively.?"?® The characteristic absorbance bands in the
obtained spectra confirm that the present sample is etoricoxib.
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Figure 1B depicts the glycerin spectra with absorbance bands of
3283.1 cm for OH stretching, 2931.5 cm™ to 2821.3 cm™ for C-H
stretching, 1414 cm for C-O-H bending, 1108 cm™and 1035.2
cm™for C-0 stretching, and 993.37 cm™ for O-H bending.?¥ The
presence of the above-mentioned absorbance bands reveals
that the present sample is glycerin.

Figure 1C illustrates the IR spectra of gelatin with characteristic
absorbance bands of 2300 cm™ to 3600 cm, for amide A, 1600
cm™to 1620 cm™ for amide 1 (C=0) stretching, 1560 cm™to 1300
cm™ for amide 2 (NH bending), 1240 cm™to 2929.4 cm™and 670
cm™ for amide 3 (C-N stretching).® The obtained band confirms
that the given sample is gelatin.

Figure 1D shows the physical mixture of etoricoxib with both
glycerin and gelatin in a 1:1 ratio of the drug and excipients.
The presence of characteristic absorbance bands at 1595 cm’
for C=C aromatic benzene, 1294 cm™ for 0=S=0 stretching
vibration (asymmetric), 1139 cm™ for 0=S=0 stretching vibration
(symmetric) of etoricoxib, for glycerin bands at 3297.8 cm for
OH stretching, 2929.4 cm™and 2875 cm™ for C-H stretching, and
for gelatin absorbance bands are observed. FTIR studies confirm
the absence of interactions between etoricoxib and excipients.

Physical appearance

Table 2 lists the physical characteristics of the prepared
suppositories. There were no observable differences in the
suppositories among the batches. Suppositories were slightly
yellowish and opaque. All the suppositories were conical with
no breakage.

Homogeneity test

As shown in Table 2, the SB2 suppositories were found to be
homogeneous, smooth, and free from dryness. The remaining
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Figure 1. FTIR spectra: (A) Etoricoxib; (B) Glycerin; (C) Gelatin; (D) PM

FTIR: Fourier transform infrared spectroscopy, PM: Physical mixture

batches of suppositories were found to be almost homogeneous,
smooth, and free from dryness.

Hardness

Different hardness values were recorded for different batches
of suppositories. Batch SB1 suppositories showed the lowest
hardness values, ie., 4.00£0.50 kg/cm, SB2 suppositories
showed the highest hardness values, ie., 7.50+0.50 kg/cm?,
whereas SB3 and SB4 presented almost the same hardness
values, i.e., between 5.9+0.36 and 5.5+0.50 kg/cm? (results are
reported in Table 2). The SB2 sample had the highest hardness,
which may be attributed to the higher concentration of gelatin
in this batch.

Weight variation

The weight variation values (shown in Table 2) were within the
acceptable weight variation limits, with values between 0.00
and 1.09%. SB2 exhibited the highest content uniformity, i.e.,
80.76+3.6%.

Content uniformity and disintegration time

The content uniformity (results are depicted in Table 2) for all
batches was found to be between 66.98 and 80.76% with a very
low standard deviation. As reported in Table 2, the disintegration
time was noticed in the following order: SB2>SB4>SB1>SB3.
SB2 exhibited a longer disintegration time, which may be due
to the presence of a higher gelatin concentration in this batch.
SB3 showed the least disintegration time, which may be due to
the lowest concentration of gelatin in these suppositories.

Texture analysis

The texture analysis of the formulated suppositoriesis presented
in Table 3. Suppositories SB1 and SB3 showed the highest
adhesive forces, i.e., 4.70+£1.20 and 3.90+2.80 g, respectively,
compared with the other batches of suppositories, which may
be due to the presence of a higher glycerin-to-gelatin ratio, i.e.,
3.00 and 3.25, respectively. These two batches of suppositories
also gave higher standard deviation values than the SB2 and
SB4 suppositories. The SB2 suppositories showed the least
adhesive force, i.e., 3.73x0.90 g) among all remaining batches.
The standard deviation values of SB2 and SB4 were also lower.

The SB1 and SB3 suppositories (with adhesiveness values
of 0.07+0.04 and 0.14x0.01 mJ, respectively) also showed
the highest adhesiveness compared with the SB2 and SB4
suppositories (with adhesiveness values of 0.06+0.01 and
0.09+0.01 mJ, respectively).

Stringiness was found to decrease with increasing glycerin
concentration but to increase with increasing gelatin
concentration. SB2 showed the highest stringiness (1.36+0.24
mm), whereas SB3 showed the lowest stinginess (0.20+0.15
mm).

Dissolution studies and drug release kinetics

Figure 2 shows the in vitro drug release profile of the drug
from the prepared batches of suppositories in phosphate
buffer (pH 7.4) to mimic the physiological condition of the
rectal. SB3 gave the fastest drug release (i.e., 91.47+17.74%
in 6 h) because it had a gelatin-to-glycerin ratio of 0.31. SB1
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induced complete drug release within 12 h (i.e., 99.08+3.40%).
The drug release from SB2 and SB4 was found to be almost
the same, (i.e., 98.14£13.50% and 97.12+26.66%, respectively)
within 10 h.

The obtained drug release data was assessed for drug release
kinetics and mechanisms (the data is reported in Table 4). The
drug release from all the formulated batches of suppositories
except SB4 was appropriately supported by zero-order and
first-order drug release kinetics. The release of drugs from
SB4 was noticed to be first-order-based. The release of drugs
from the suppositories was also supported by the Higuchi plot.

Differential scanning calorimetry

To confirm the changes in the polymeric structure of gelatin
between 30 °C and 120 °C, the prepared suppositories underwent
DSC analysis. The study was executed by scanning the samples
between 30 °C and 120 °C and then reversing the thermal cycle
from 120 °C to 30 °C at a rate of 10 "C/min. The absence of
modifications was recorded in the thermogram during the
study, as reported in Figure 3A, confirming that gelatin retains
its polymeric structure at the mentioned temperature range.

120 r
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Figure 2. In vitro drug release profile of formulated suppositories. *Above
data are presented as mean + SD, n=3

SD: Standard deviation

To assess the stability of the prepared suppositories at 4 °C, the
DSC runs were recorded in the thermal cycle from 30 to 120 °C
andthenreversed from 120 to 4 °C. The absence of modifications
in the thermogram was observed (data presented in Figure 3B),
indicating the stability of the prepared suppositories between 4
°C and 120 °C.

The DSC thermogram shown in Figure 3C confirms the stability
of the active molecule over the temperature range of 30 °C to
150 °C.

Physical stability studies

The prepared suppositories exhibited good homogeneity over
a period of 21 days (Figure 4). No observable differences in
homogeneity or physical appearance were recorded during
storage at 4 °C. However, a slight color change was observed
in the formulated suppositories.

DISCUSSION

As reported in the literature,®3% etoricoxib has good
permeability, with a log P of approximately 2.8. However,
its solubility was reported to be 0.0245, 0.0103, 0.0772, and
0.0785 mg/mL in water, acetate buffer pH 1.2, phosphate buffer
pH 6.8, and phosphate buffer pH 7.4, respectively.® Hence, the
drug solubility was better at the rectal pH, i.e., between pH 7
and 8, compared to all other regions. Another reason is that
because the drug has a pKa value of 5,3 it can also have better
absorption at rectal pH.

Long-term constipation contributes to the development of
hemorrhoids owing to the presence of irritates and enlarged blood
vessels inside and around the anus.®**" Glycerin in suppositories
is also most commonly used in the treatment of constipation.®®
Hence, the presence of glycerin in the suppositories for the
management of constipation-based hemorrhoids may be
preferable. Another reason is that the addition of glycerin to
the suppositories enhances their lubrication and imparts their
moisturizing properties, which further, in contact with the
minimal amount of water from the surrounding tissue, enhances
the dissolution of the suppositories.®*° On the other hand, the
presence of gelatin in the suppositories dissolves slowly and

Table 2. Physical characteristics of etoricoxib rectal suppositories

Formulation batch

Physical characteristics
SB1 SB2

SB3 SB4

Slight yellowish and

Color and opacity B

opaque

Slight yellowish and

Slight yellowish and

B Slight yellowish and opaque

Shape’ Conical Conical

Conical Conical

Almost homogeneous and

H ity” !
omogenetty smooth with no dryness

Homogeneous and
smooth with no dryness

Almost homogeneous and
smooth with no dryness

Almost homogeneous and
smooth with no dryness

Hardness™ (kg/cm?®) 4.00+0.50 7.50+0.50 5.90+0.36 5.50+0.50
Weight variation (g)* 1.20+0.03 1.30£0.02 1.31+0.01 1.25£0.02
Content uniformity (%) 66.98+0.86 80.76x3.60 T4.34+5.70 78.66+1.48
Disintegration time (min.)  13.45 19.05 11.00 18.00

*Results present as mean + SD, n=3, *Results present as mean + SD, n=12. min.: Minimum, SD: Standard deviation
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maintains long-term drug release at the site.* The combination of
glycerin and gelatin is complementary to each other to maintain
sustained drug release.

Furthermore, drugs that are not completely soluble and have
been dispersed in suppositories with opposing properties
encourage the drug to leave the fluid.®4%? Considering this
useful fact, lipophilic drugs (such as nifedipine, diclofenac

formulatuion 1run
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Figure 3A. DSC thermogram of suppositories from 30 °C to 120 °C and
120°Ct0 30 °C

DSC: Differential scanning calorimetry
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Figure 3B. DSC thermogram of suppositories from 30 °C to 120 °C and
120°Cto 4°C

DSC: Differential scanning calorimetry
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Figure 3C. DSC thermogram of suppositories from 30°C to 150°C and 150°C
to 30°C

Abbreviations: DSC: Differential scanning calorimetry

sodium, efc.) have been incorporated in hydrophilic bases for
better delivery on the application site.3*%3

USP 1151 recommends a glycerin: gelatin: water ratio of
70:20:10 for suppositories. However, this study was planned
with slight modifications to the above-mentioned ratio to obtain
a suitable sustained-release formulation. The study used
glycerin: gelatin: water in ratios of 60 to 65:20 to 25:7 to 17.
The study was planned to sustain the release of the drug from
the formulated suppositories for a period of 8-10 h, as this is
preferred during bedtime.

FTIR spectroscopy was conducted to confirm etoricoxib and
its compatibility with the excipients planned in the study. The
study showed all characteristic absorbance bands positioned
as per the literature?32 in the obtained spectra, which confirms
that the present sample is etoricoxib and also ensures its
compatibility with the selected polymers. This study is in line
with the earlier findings reported® for other molecules such as
gelatin and glycerin.

The formulated suppositories were wrapped in parchment
paper, which is a cellulose-based paper with properties such
as non-stickiness, grease resistance, humidity resistance, and
heat resistance. This paper was used to wrap the suppositories
to prevent moisture loss during storage at 4 °C.

Although color, size, and shape have negligible effects on
the effectiveness of the suppositories,®® they are considered
parameters for their attractive appearance. This study
demonstrated that the use of glycerin and gelatin in the
suppositories not only maintains their shape but also helps in
the homogeneous distribution of the drug.

The hardness of the suppositories has been given the least
importance in the literature; however, this parameter is assumed
to be important as it may influence drug release, therapeutic
response, and packaging and transportation hazards. It is
assumed that as the hardness of the material increases,
drug release and response decrease. The formulation with
glycerin: gelatin: water in a ratio of 60:25:12 produced uniform
suppositories with optimal hardness, least weight variation, and
sufficient disintegration time. This combination is considered
suitable and anticipated to be useful for sustaining the release
of the formulation due to the slightly higher concentration of
the gelatin.®

The highest adhesive force was noted with a higher glycerin-to-
gelatin ratio. The findings are similar to earlier research in this
area, in which researchers showed an increase in bio-adhesive
force with glycerin** Glycerin enhances the bioadhesive
strength by enhancing the degree of penetration of the polymer
chains.

Both SB2 and SB4 contained a higher concentration of gelatin,
which retarded drug release from formulated suppositories
compared with the other batches. On the other hand, these
studies showed that glycerin enhances drug release with an
increase in its concentration owing to its wetting properties.®
SB2 can provide complete drug release throughout 8 to 10
hours, which is essential for a patient to achieve complete
drug release during bedtime. According to the reported n-value
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Table 3. Texture analysis of etoricoxib suppositories

Formulation Adhesive force (g) Adhesiveness (mJ) Stringiness (mm)
SB1 4.70+1.20 0.07+0.04 110+1.30

SB2 3.73+0.90 0.06+0.01 1.360.24

SB3 3.90+2.80 0.14+0.01 0.20+0.15

SB4 4.20+0.20 0.09+0.01 0.25:0.05

All results represent as mean + SD, n=3. SD: Standard deviation

Table 4. Drug release kinetics

Formulation Zero-order First-order Higuchi plot Korsmeyer-Peppas

code r2 K r2 K r2 r2 N

SB1 0.92+0.05 13.50+0.98 0.92+0.03 0.24+0.03 0.92+0.03 0.77+0.14 0.20+0.04
SB2 0.850.14 9.44+1.61 0.89+0.12 0.16+0.02 0.93+0.08 0.87+0.08 0.10+0.01
SB3 0.88+0.07 7.85£3.20 0.83+0.13 0.12+£0.05 0.88+0.07 0.93+0.05 0.12+£0.03
SB4 0.57+0.26 3.53+0.99 0.84+0.13 0.13+0.01 0.85+0.09 0.82+0.06 0.065+0.01

*Above data are presented as mean + SD (n=3), r?: Correlation coefficient, and K: Reflecting rate constant, SD: Standard deviation
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Figure 4. Appearance of formulated suppositories at 4 °C for a period of 21 days

(release exponent), all batches of the formulated suppositories
showed the Fickian diffusion mechanism.242543

The formulations are physically stable; this may be due to
the presence of gelatin, which may contribute to maintaining
the shape and size of the suppositories. However, chemical
stability studies (especially for the estimation of drug content)
are preferred for these formulations in the future.

CONCLUSION

This study was initiated to develop novel etoricoxib rectal
suppositories to provide instant pain relief and anti-
inflammatory activity in hemorrhoids. Drug-containing
suppositories were formulated using glycerin and gelatin as
a suitable base. From the evaluation studies of the formulated
suppositories, we conclude that the SB2 suppositories have
a very good physical appearance with optimum hardness,
disintegration time, and weight variation. Further, from
the texture analysis studies, we also concluded that the
formulated suppositories have good adhesive force and
adhesiveness, demonstrating their suitability for preventing
rectal leakage and entry of the drug into the colon. The
elasticity of the formulated suppositories, as stringiness,
was also found to be suitable. The in vitro drug release, as an

important study to predict the fate of formulated suppositories
in vivo, showed a desirable release pattern with etoricoxib
release of 98.14+13.50% in 10 h, and this drug release was
diffusion-based, which is expected to be suitable for this type
of formulation. Therefore, based on the in vitro evaluations of
the formulated suppositories, we conclude that the present
work has future scope and should be explored for further
investigation of their activities in cell lines and in vivo.
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Objectives: Orodispersible films (ODFs) are new-generation dosage forms that increase patient compliance, providing ease of drug administration
in many patient groups, such as pediatric, geriatric, and patients with physiological and psychiatric disorders. The aim of this study was to conduct
preliminary studies to develop ODF containing the poorly water-soluble and oxidation-sensitive drug desloratadine (DL).

Materials and Methods: In this study, the formulation and process parameters, as well as the characterization method were investigated using 20
film formulations manufactured by the solvent casting method. The films were characterized in terms of their appearance, mechanical properties,
thickness, disintegration time, and content uniformity. Various strategies have been applied to increase the chemical stability of DL in the formulations
and, therefore to choose suitable antioxidants, and morphological and compatibility studies using differential scanning calorimetry were performed.
For increasing drug loading, different film compositions were also evaluated.

Results: Among the preliminary formulations tested with a casting height of 400 pm, homogeneous, good mechanical properties with tensile
strength values between 6.21-10.34 MPa, flexibility, and ODFs with a disintegration time of less than 60s ODFs were developed. By increasing the
solubility of DL in the formulation with the selected components, the drug loading capacity was increased to 3% by the desired level.

Conclusion: One of the enabling formulations, F20, was particle-free with a suitable thickness uniformity (relative standard deviation =4.6%) and
content uniformity (acceptance values =5) films were developed.

Keywords: Orodispersible film, solvent casting method, desloratadine

INTRODUCTION

Oral administration is the most preferred route. However, some
problems may occur in pediatric, geriatric, and special patient
groups with limited swallowing ability in terms of treatment
with conventional liquid and solid dosage forms. Orodispersible
films (ODFs) are appropriate dosage forms not only for patients
who have difficulty swallowing due to physical and cognitive
disorders and are at risk of choking but also for those who
do not cooperate to take the medication.2 ODFs offer another
advantage in that they enable rapid treatment of various
conditions such as allergies, migraines, and nausea without the
need for water. On the other hand, one of the most important
disadvantages of ODFs is their limited drug-loading capacity.?

ODFs are defined in the European Pharmacopoeia (Ph. Eur.)
1114 as single- or multi-layer strips made of suitable material
that disintegrate rapidly when placed in the mouth.* Whereas
there are no standardized methods or guides for the quality
control and characterization of films, it is stated in Ph. Eur. “In
the manufacture of ODFs, measures are taken to ensure that
they possess suitable mechanical strength to resist handling
without being damaged.” The tensile strength (TS) is an often
used parameter in evaluating the mechanical properties of thin
films.> The type and concentrations of film-forming polymers
that form the main component of orally disintegrating films
are largely responsible for producing films with appropriate
mechanical strength and integrity.3® Films are manufactured
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using different methods such as hot melt extrusion,
electrospinning, and solvent casting method.> Among these
methods, the solvent casting method is the most widely used
in the pharmaceutical industry due to its simple production
process and low cost.” Polymers used in ODFs can basically be
classified as cellulose derivatives, starch derivatives, synthetic,
and semi-synthetic polymers. Starch derivatives are among the
most preferred polymers among all natural biopolymers because
of their low price, widespread availability, and biodegradability.
Modified starches used in oral films include maltodextrin
(Maltrin®, Maltodextrin®), hydroxypropy!l pea starch (Lycoat®),
pregelatinized starch (Instant Pure Coat®), and Pullulan.® Of the
cellulose derivatives, hydroxypropylmethylcellulose (HPMC)
and hydroxypropyl cellulose (HPC) are most commonly used
as film-forming polymers. Other commonly used excipients in
the production of ODF include plasticizers [glycerol, propylene
glycol (PQ), sorbitol, polyethylene glycoll, fillers (maltodextrin,
mannitol), saliva enhancers (citric acid), solvents, color, flavor,
stabilizer, surfactants, and various solubility enhancing agents
(CD derivatives, Kleptose® linecaps) depending on the product’s
quality target product profile and the active ingredient used."2¢8

Another factor that may affect mechanical strength is
morphological changes in the films, such as crystal formation
caused by the active ingredient.’ Therefore, for mechanical
strength in films, in addition to the film-forming materials,
different factors, such as the type and amount of active
substance in the film, the thickness, and the manufacturing
process must be carefully controlled.®

Desloratadine (DL) is a 2™ generation H1 antihistamine that is
widely used in the treatment of allergic rhinitis and urticaria.
The recommended oral dose is 5 mg for adults and adolescents.
For the pediatric population from 1 to 5 years old, 1.25 mg of
DL can be administered once a day, whereas children aged
between 6 and 11 years may be administered 2.5 mg of DL
once daily® DL is currently available in the market in the
form of a 5 mg film-coated tablet, as well as an oral solution
suitable for use at lower doses in pediatric patients and certain
patient groups. The development of an ODF formulation for
DL provides several advantages over traditional formulations,
including enhanced patient compliance, decreased risk of
choking, mitigation of stability issues associated with liquid
formulations, and accurate dosing. With the growing focus
on personalized medicine, ODFs offer the advantage of dose-
specification. These formulations can be tailored in terms of
dose and size to suit individual age and physiological conditions,
facilitating individualized treatment and improving therapeutic
outcomes. Given the advantages of ODFs and the necessity to
overcome the issue of low drug-loading capacity in this dosage
form, we aimed to develop a formulation containing 5 mg of DL
that aligns with the highest recommended dosage and ensures
therapeutic efficacy.

DL is practically insoluble in water!” Moreover, due to its
molecular structure, DL is prone to degradation and is especially
sensitive to oxidation2®

Considering the properties of the active substance, the
present study aimed to evaluate the appropriate formulation

composition, process determination, and characterization
methods through preliminary formulation development studies
for DL-containing ODF.

Materials and Methods

Materials

DL was a gift sample from Nobel ilag. Citric acid anhydrous
(10024) was obtained from Merck. Pregelatinized hydroxypropy!
pea starch (Lycoat RS 780 and Lycoat RS 720), pea maltodextrin
(Kleptose Linecaps), and maltodextrin (Glucidex IT6) were
kindly donated by Roquette Pharma. HPMC E15 and HPMC E5
(Methocel E15 LVP, Methocel E) were supplied by Colorcon. HP-
S-CD (Cavasol W7 HP Pharma) was gifted by Ashland. Sodium
Metabisulfite, ascorbic acid, and EDTA were procured as gift
samples from Drogsan. Propylgallate was kindly supplied by Ali
Raif Pharmaceuticals. Polyvinylpyrrolidone (PVP) (Kollidon® 30
LP), PEG 400, and poloxamer (Kolliphor® P188) were obtained
from BASF. Ethanol absolute (Merck) and PG (Merck Emsure)
were purchased from local vendors. All other reagents and
solvents were of analytical grade.

Method
Compatibility study
Differential scanning calorimetry (DSC) analyses were

performed on 2 mg samples of DL, excipient, and drug:
excipient in a ratio of approximately 1.1 (w/w) and were
weighed and placed in aluminum sample containers. After
closing the aluminum cover and compressing it with pressure,
the cover was placed in the heating cell of the instrument
(Shimadzu, DSC-60, Japan). Measurements were performed in
the temperature range of 25 °C-300 °C at a heating speed of 10
°C/min under a nitrogen atmosphere.

ODF preparation

ODF was prepared using the solvent casting method. The
guantitative compositions of the formulations are listed in
Table 1. The ODF preparation steps are illustrated in Figure 1.
According to the procedure for the preparation of the polymer
solution, film-forming enhancing agents and plasticizers were
first added to a measured amount of water, which was heated
to 90 °C when using HPMC polymer, and then mixed until a
homogeneous solution was obtained. In a separate beaker,
solubility-enhancing agents, antioxidants, ethanol, DL, and
other excipients were dissolved in a measured volume of water.
The mixture was stirred at 1000 rpm for 30 min. The polymer
solution was then gradually added to the beaker containing the
active ingredient mixture. The resulting mixture containing the
active ingredients was stirred using an overhead stirrer (High-
Speed Digital, R1042 Dissolver, Ika Eurostar 20) for a total of 30
min, following a stepwise mixing protocol: 10 min at 750 rpm,
10 min at 1000 rpm, and 10 min at 1500 rpm. The bulk wet film
was left to degass overnight. Wet film masses were cast using
an automated film applicator equipped with a quadruple-layer
film applicator (Coatmaster 510, Erichsen). The ODFs were
cast at a casting height of 400-1500 um at a speed of 6 mm/s.
Subsequently, the films were dried at room temperature for 24
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h and then cut into desired sizes, each containing 5 mg of DL,
for further analysis. The prepared films were heat-sealed with
polyethylene terephthalate/aluminum sachet foil as the primary
packaging.

Characterization of ODFs

ODFs were visually examined for appearance based on the
following parameters: homogeneity (absence of insoluble
particles and uniform texture), peelability (removability of
ODFs from the surface), brittleness, and color alterations. In
this respect, following the evaluation of wet mass and films,
applicable formulations and casting heights were selected, and
further characterization studies were carried out with F17-F20
formulations.

Thickness

The thickness was measured from various regions of the film
using a digital micrometer (precision +0.001 mm Mitutoyo,
Japan).

Tensile strength

The TS of the film formulations was measured by attaching
a miniature tensile grip accessory to a TA-XT Plus Texture
Analyzer (Stable Micro Systems, UK). The distance between
the upper and lower handles of the films (2x1 cm) was set to
10 mm. While the upper handle part of the apparatus, whose
lower handle part is fixed, moves upwards at a speed of 5 mm/
min, the TS is calculated by the device software by dividing the
force (N) required to break the film by the cross-sectional area
(mm?).4

Table 1. Quantitative composition of formulations for examining drug load and development stable orodispersible film

Ingredients Formulation code

(%) Fl F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 Fl4 F15 F16 FI17 F18 F19 F20
Lycoat RS720 18.0 18.0 180 20.0 20.0 20.0 20.0 - 20.0 1925 - - - - - - - - - -
Lycoat RS780 - - - - - - - - - - - - - 50 40 40 50 - - -
HPMC E15 - - - - - - - 5.0 - - 12.0 12.0 12.0 10.0 80 8.0 10.0 10.0 10.0 90
HPMC E5 - - - - - - - - - - - - - - - - - 30 30 30
PVP 30LP - - - - - - - - - - - - - - - - - - 30 4.0
DI - - - - - - - - - 03 05 05 05 30 24 24 30 30 30 30
Ethanol - 140 140 140 70 70 70 - 70 70 70 70 70 70 56 56 70 70 1025 10.25
PEG 75 75 100 75 - - - - 75 75 75 - - 75 60 60 75 65 65 70
Glycerol - - - - 75 75 30 50 - - - - - - - - - - - -
PEG 400 - - - - - - - - - - - 75 75 - - - - - - -
Glucidex®IT6 50 50 50 50 50 30 50 50 50 50 - - - - - - - - - -
HP-p-CD - - - - - - - - - - 30 30 - 50 40 40 - - - -
fn?todextrin ) i ) i ) ) i ) i ) i ) 30 - i ) i ) i )
Poloxamer 188 - - - - - - - - - - - - - - - - 50 50 40 30
Citric acid - - - - - - - - 05 05 02 02 02 02 04 04 02 02 02 02
Ascorbic acid - - - - - - - - - - - - - - 05 - - - - -
EDTA - - - - - - - - - - - - - 0.05 0.05 0.05 0.05 0.05 0.05 0.05
?Js““edwater 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Assesment remarks

Peelability /- +/- +/- +/- - - - + +/- - + + + ND®  + + + + + +
Brittleness +/- - - - ND® ND* ND® + - +/- o+ + + ND® + + o+~ o+ + +
Homogeneity — + + + + ND= ND® ND° + + - + + + ND®  +/-  +/- +/- o+ + +

Evaluations obtained from experimental observations: + Desired; +/- Moderate; - Not desired; +": Best casting solutions.
NDz: Not detected because the films could not be removed from the surface, ND®: Not detected because the films could not be cast, HPMC: Hydroxypropylmethylcellulose,
PVP: Polyvinylpyrrolidone, PEG: Polyethylene Glycol, EDTA: Ethylenediaminetetraacetic acid
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Disintegration time

Disintegration times were evaluated using the Petri dish
method, and the slide frame method proposed for ODFs in the
literature® In the Petri method, a film is placed on the surface
of the water in a Petri dish containing 2 mL of distilled water,
and the time until the strip disappears completely is recorded.
In the slide frame method, films cut in 5x2 cm dimensions were
placed on the slide frame. The slide frame was placed on a
beaker, and 200 pL of 37 °C distilled water was dropped into
the middle of the film using a pipette. The time at which the film
dissolved when the first drop fell into the beaker was recorded.

Uniformity of content

DL content was determined by spectrophotometry at 280 nm
and was validated according to the International Conference
on Harmonisation Q2 (R1) guidelines. The film samples were
completely dissolved in 0.1 N hydrochloric acid and diluted
to a final concentration 10 pg/mL. Content uniformity was
determined by calculating acceptance values (AV) according to
the Ph. Eur. 2.9.40.

Statistical analysis

All statistical data were analyzed using Microsoft Excel
(Microsoft Office). The Student’s t-test was used to perform
statistical comparisons between two different levels. Results
for thickness uniformity results are expressed as mean
with relative standard deviation (RSD)%, while mechanical
properties and disintegration tests are expressed as mean +
standard deviation (SD).

RESULTS

The preliminary formulations of placebo and Dl-containing
films and their characteristics are presented in Table 1. The
formulation development studies began with the development
of orodispersible placebo films (F1) using starch-derived film-

Solubility
Enhancing
Agent Antioxidant

API S = Ethanol

H Degassing
Film
Forming Plasticizer

Agent \/ /

A

Figure 1. Schematic view of solvent casting procedure of orodispersible
film containing DI

Dl: Desloratadine

forming polymers. Ethanol was added to the F1 formulation to
reduce bubble formation. An increase in film brittleness was
observed in F2. With the F3 formulation, in which PG amount
was increased to reduce brittleness, no improvement in
brittleness was achieved, and even increased stickiness was
observed. Increasing the amount of PG promoted a significant
decrease (p<0.05) in TS. Results of physico-mechanical
properties are presented in Figure 2. To support the production
of a more cohesive and durable film, the hydroxypropyl pea
starch content increased in F4, and an inadequate improvement
was observed. Glycerol was tested as a different plasticizer
in F5, F6, and F7 with a starch-based film-forming polymer to
improve brittleness, and the films could not be removed from
the surface. The ODF formulation containing HPMC as a film-
forming polymer along with Glycerin in the F8 was easy to
remove, non-brittle, and exhibited good mechanical integrity.
Placebo F9 films were prepared to evaluate the impact of
citric acid on the starch-based films; an increase in brittleness
was observed. It was detected that the peelability of the film
from the surface became difficult. In F10, the addition of an
active ingredient further negatively affects the removability
of the film from the surface. The films formed HPMC were
flexible, homogenous, and easy to remove from the substrate.
F12 and F13 containing PEG 400 showed an improvement in
the morphological and mechanical properties of the films as
the TS increased. The color of the aqueous casting solutions
and films changed to slightly pink. It was intended to contain
3% DI, the amount of HP-3-CD was increased to enhance the
water solubility of the active ingredient in the formulation. In
F14, due to the presence of an excessive amount of solid mass
in the formulation, wetting could not occur, resulting in the
formulation could not be cast. To increase the water content and
ensure wetting, all excipient ratios except citric acid, as well
as Dl amount were reduced in F15 and F16. The formulations
exhibited high viscosity due to the presence of significant
amounts of HP-/3-CD, resulting in the entrapment of air bubbles.
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Figure 2. Comparison of TS and dry film thickness characteristics between
formulations incorporating HPMC and starch based compositions

HPMC: Hydroxypropylmethylcellulose, TS: Tensile strength
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In the preliminary stage, the appropriate antioxidants were
investigated by DSC compatibility study. DSC thermograms
of DI, antioxidant constituents, and Dl: antioxidant in a ratio of
1:1 (w/w) are presented in Figure 3. The melting endothermic
peak of Dl disappeared in the Dl: propilgallate binary mixture
(Figure 3B). In the DSC thermogram illustrating the 1:1 ascorbic
acid mixture, there was a reduction in the peak intensity of the
DI, and the peak corresponding to Ascorbic acid disappeared
entirely (Figure 3C). To confirm that the formulation containing
Ascorbic acid was prepared (F15), it was also observed that
the color of Dl and ascorbic acid containing casting dispersion
changed to light pink (Figure 3E). The influence of casting
height on the TS is compared by comparing the disintegration
time using the Petri Dish and Slide Frame Method and thickness
using F16. These results are shown in Table 2.

Based on the F14 formulation, formulation 17 containing
Poloxamer 188 at the same concentration of the film-forming
polymer was prepared. It was observed that there was an
increase in brittleness and air bubble formation. The particles
observed in the wet mass and film surface thickness uniformity
(RSD%) were 17.0%. The disintegration time, TS, and thickness
measurements of F17-F20 formulations prepared using 400

DSC
mwy

DsC
mw

pum casting height are shown in Table 3. With formulation 18
starch-based polymers excluded, HPMC E5 was added to
increase the HPMC ratio in the formulation without further
increasing the viscosity to improve the solubility of DI. The
amount of particles in the wet mass and on the film surface has
decreased significantly. In F19 and F20 formulations with the
addition of PVP and Poloxamer, which acts as a film-forming
agent and plasticizer, to increase solubility, no particles were
observed both in wet mass and homogenous, flexible ODFs
were obtained.

DISCUSSION

The preliminary studies of formulation development were
conducted to evaluate formulation factors, select the final
excipients, determine the process, and choose an appropriate
characterization method because no pharmacopeial method
has been described and no acceptable limit has been specified.

ODFs typically contain one or a combination of suitable film-
forming agents, which constitute a backbone for incorporating
drug substances and various excipients.®” A variety of
hydrophilic polymers have been extensively investigated in
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acid and Dl: Ascorbic acid. Wet film formulations containing sodium metabisulfite (D) and ascorbic acid (E) where color change is observed
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Table 2. Film thicknesses, tensile strengths, and disintegration times measured by the Petri Dish and Slide frame method for prepared

orodispersible films with casting heights of 400 pm, 1000 pm and 1500 pm

Disintegration time (sec.)

Formulation code Casting height (um) Dry thickness (um) Stide frame — TS (MPa)
400 41.5+8.0 25.3+2.3 31.3z6.1 8.4+0.6

F16 1000 138.9+8.0 212.3+6.9 380.0+40.0 4.5+0.9
1500 183.9+8.5 363.0£8.9 483.3+751 3.3%13

TS: Tensile strength, sec.: Second

Table 3. Characterization of physical and mechanical
parameters and disintegration time measured by the sliding

frame method for orodispersible films with a casting height of
400 pm

Disintegration Thickness TS

Formulations time (sec) (gm) (MPa) AV
F17 44.3+9.0 68.7£17.0  ND ND
F18 44.66+3.5 53.9+34 10.3£1.7 134
F19 445+4.5 64.7+4.3 9132 6.8
F20 40.5+4.8 56.5+4.6 6.2£3.3 5.0

ND: Not detected, TS: Tensile strength, AV: Acceptance value

the preparation of ODFs, including HPMC; HPC; pregelatinized
hydroxypropy! pea starch; PVP and maltodextrin.” The different
types of HPMC and HPC differ in terms of the degree of
substitution and viscosity. It is stated in the literature that
appropriate films can be formed by combining different grades
of polymers with PVP, HPMC, or starch derivatives.®®"
Although maltodextrin alone can act as film-forming polymers,
it has been stated that film properties can be improved by
mixing them with other polymers, one of which is modified
starches.® It was noted that maltodextrin with low dextrose
equivalents reduces the brittleness of films.2% In our study,
to improve the mechanical properties of films prepared with
Lycoat, such as reducing brittleness and improving removability
from the surface, experiments were carried out with the use of
Glucidex, different plasticizers, and their ratios, and different
film-forming polymer combinations, as shown in Table 1. It was
observed that film-forming polymers have a notable effect on
mechanical properties. To demonstrate these effects, F2 and
F3, containing only Lycoat, F12, containing only HPMC, and F15,
containing a combination of Lycoat and HPMC, were selected.
As shown in Figure 2, the TS of HPMC-produced films is
higher than that of starch-based films. Additionally, when the
results obtained from Table 1 in terms of brittleness and film
removability were examined, it was found that the major effect
in terms of improvement in the mechanical properties of films
was obtained with the HPMC polymer. Further studies on
HPMC-based films, and the results of formulations of F17-F20
are presented in Table 3. TS values were found to be 1.47%-
33.91 MPa in the study evaluating the mechanical properties of
commercial ODFs.2" Our measurement results were within this
range, and as the polymer concentrations of HPMC and PVP
increased within F19 and F20, flexible films and TS increased as

desired; thus, films suitable for handling were obtained. Visser
et al.? investigated the mechanical properties of polymer films
and reported TS values above 2 MPa, with films containing
a higher percentage of HPMC exhibiting the greatest TS and
being the most preferred.

The results of the investigation of the impact of wet film
thickness on TS, disintegration time, and dry thickness show
that, in Table 2, the decrease in wet film thickness is associated
with an increase in TS and, as expected, a decrease in
disintegration time. Since the F16 formulation prepared with a
wet film thickness of 400 um was thin, easy to remove, and
flexible with a disintegration time of less than 30s for both
methods, a casting height of 400 um was found appropriate for
further studies. Due to the lack of standardized characterization
methods for ODFs, the objective of this study was not only to
develop Dl-containing film formulations but also to assess and
compare various characterization techniques. In this context,
in addition to evaluating the effect of wet mass thicknesses,
different disintegration methods were comparatively evaluated
as there is no formal disintegration test for orodispersible
films. Disintegration times were evaluated using the Petri dish
method and the slide frame method proposed for ODFs in the
literature?® The results are presented in Table 2, and when
the Petri dish method was applied, the difference between
the disintegration times of the formulations could not be
distinguished precisely; therefore, the SD values were found to
be higher. In addition, measurement results can vary between
individuals. With the Slide Frame method, the endpoint could
be easily determined, and the repeatability was high. It is clear
from the obtained results that the Slide-frame method is more
precise and sensitive than the Petri dish method. An additional
advantage of the slide frame method is its simplicity and
minimal equipment requirements. The test setup only requires
the use of a beaker, slide frame, and small volume of liquid,
making it a cost-effective and straightforward technique.?
However, the slide frame method does not fully correlate with
in vivo conditions. Under physiological conditions, the oral film
is wetted from both directions, reflecting a more complex and
dynamic interaction between the film and saliva. In contrast,
this method only involves wetting the film in one direction. In
addition, adhesion to the oral mucosa and the force exerted
by the tongue are not taken into account.?* 2 From this point
of view, it can be inferred that the disintegration times found
with the slide frame method may be longer than physiological
conditions, which can effectively simulate the worst-case
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scenario. This hypothesis could be further validated through
additional studies in the future. The measurement results of
the disintegration times of F17-F20 formulations with the Slide
Frame method were found to be lower than the 60s (Table 3),
and the results obtained were significantly lower than the 180s
specified in Ph. Eur. 11.4 for orally disintegrating tablets.?

For ODFs, the thickness depends on the wet mass thickness,
formulation components, and solid mass content. In the literature,
the thickness of 9 commercial preparations was measured, and
the results were found to be between 40 and 140 um.?' In another
study, it was reported that the ideal thickness of buccal films
was between 50 and 100 um.?" In our study, with the selected
formulation content and casting height of 400 um, homogeneous
and suitable films with dry film thicknesses ranging between
50 and 70 um were obtained (Table 3). Because the thickness
uniformity is directly related to the amount of drug in the film,
it is important for content uniformity. The RSD% value used in
the thickness uniformity evaluation for F19 and F20 was found
to be lower than 5%. Another important issue in ensuring
content uniformity in ODFs is the homogeneous distribution of
the active ingredient in the film. The fact that the film contains
particles poses a risk in terms of both content uniformity and
mechanical strength. The interaction between the polymer and
the crystalline active substance can harden the surface of the
film, disrupt its homogeneity, and make it brittle.?* The choice
of a film-forming polymer in ODFs is not only important for the
mechanical properties and disintegration time but also plays an
important role in the dissolution of the drug in the polymer.®
Studies have shown that some film-forming polymers such as
PVP and HPMC increase the solubility of poorly water-soluble
drugs by acting as crystallization inhibitors32% Using these
polymers, the crystallization that may occur in the films due to
active pharmaceutical ingredients can be reduced or completely
prevented during the production and storage of films. It has also
been reported in the literature that recrystallization of some
active substances, such as Dimenhydrinate, is prevented by the
use of maltodextrin and cyclodextrins.3 Aim of this part of the
study was to dissolve Dl in the film to prevent the formation of
crystal lumps in ODF. In our previous study, we found that HP-4-
CD increased its water solubility by forming a 1:1 stoichiometric
complexation with DL.% However, when Dl and HP-B-CD were
incorporated into the film formulation, since a very high amount
of HP-p-CD was required to form a soluble complex, it was not
found suitable for ODF containing DL. Similarly, in the literature, it
was stated that ODFs containing high amounts of CDs negatively
affected the mechanical properties.® As aimed in this part of our
study, DI could be dissolved in the film at a rate of 3% with the
combination of HPMC, PVP, and the surfactant poloxamer P188,
and F19 and F20-particle-free homogeneous films were obtained.

In the selection of excipients in addition to their usage purposes,
the chemical compatibility between excipients and active
ingredients is also critical in the early formulation development
stage. Compatibility studies are the first step toward eliminating
incompatible excipients.*” Using DSC as a screening technique,

the results showed incompatibility between ascorbic acid and
propylgallate, which was also confirmed by further formulation
development studies by observing a color change in the bulk
formulation containing ascorbic acid (Figure 3E).

The trace amounts of reactive impurities in excipients can
cause drug instability. The most common reactive impurities
in excipients are peroxides.® It is known that peroxides consist
of very weak O-O bond and can readily form hydroxyl and
alkoxy radicals. Hydroperoxides are commonly formed by the
degradation of excipients such as PG and PVP.*® Formaldehyde
and formic acid formed by oxidative degradation are involved
in the N-methylation and N-formylation of amine-containing
active drug ingredients.® The chemical reactions of reactive
impurities of formaldehyde and formic acid, majorly formed
by the degradation of PG, particularly with amine-containing
active drug ingredients, have been investigated extensively.3*4?
Formic acid is often responsible for the formation of N-formyl
impurities in active drug ingredients containing primary
and secondary amino groups.®#4 |t is known that the main
degradation product of Dl is N-formyl-DL** Very small amounts
of the degradation product N-formyl desloratadine were found
to cause discoloration of DL.* Since an orange-yellow color was
observed in the PG-containing formulations and was attributed
to oxidation triggering by the mentioned mechanism, PG was
excluded from the study. Among the plasticizers tested, PG, one
of the solvents in which Dl dissolves well,*® was found suitable
in terms of plasticizing effect, considering the sensitivity of
the active substance to oxidation and the need to increase its
solubility to increase the amount of drug loading in the film. In
the early stages of drug development, understanding the type
and degree of degradation of a drug candidate is crucial. As
metals found in excipients can catalyze oxidation in drugs at
residual levels® in addition to sodium metabisulfite, which is
used as an antioxidant, EDTA, which acts as an antioxidant
synergist,“” was also added to the formulations.

CONCLUSION

In this study, it was demonstrated that Dl-containing ODF was
successfully developed by taking into account the drug loading
and chemical stability of the active substance in combination
with selected excipients and process parameters. As a result
of preliminary studies, thin, homogeneous, flexible, fast
disintegrating (40s), particle-free films were developed with
F20, which was found suitable for further studies. The fact that
the formulations met the criteria for AV below 15 confirmed
that the active ingredient was distributed homogeneously.
Based on the obtained promising results, further optimization
studies were conducted to develop a generic ODF product of
Dl for the effective treatment of allergy and to improve patient
compliance.
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ABSTRACT

Objectives: This study aimed to explore the use of D-limonene and some vegetable oils with different amounts of saturated and unsaturated fatty
acids as alternative green solvents for microwave-assisted extraction (MAE) of cannabis (Cannabis sativa L.). A standardized cannabis extract was
selected to evaluate its potential as a chemopreventive agent.

Materials and Methods: Alternative green solvents, powder-to-solvent ratios, and irradiation cycles were determined to optimize the MAE
conditions. The 3-(4,5-dimethylthiazol-2-yD-2,5-diphenyltetrazolium bromide assay was performed to assess the cytotoxic effects against human
breast cancer (MCF-7), liver cancer (HepG2), and mammary epithelium (hTert-HME1) cell lines.

Results: The extracts obtained from D-limonene and palm oil contained the highest concentrations of cannabidiol (CBD) and D-tetrahydrocannabinol
(THC). A standardized D-limonene extract of cannabis (DEC) containing 0.03% w/w CBD and 1.37% w/w THC was selected for the evaluation of
cytotoxic activity compared with CBD and THC. The results revealed that CBD and THC exhibited significant cytotoxic effects (p<0.05) against MCF-
7 and HepG2, with the 50% inhibitory concentration (IC, ) values of 18.5 and 12.37 pg/mL for CBD and 24.21 and 4.30 ug/mL for THC, respectively,
whereas DEC exhibited moderate cytotoxicity against MCF-7 (IC_; of 488.85 pg/mL). However, CBD and THC exhibited significant cytotoxicity
(p<0.05) against hTert-HME1 (IC_; values of 35.61 and 25.63 pg/mL, respectively), whereas DEC exhibited low cytotoxicity against hTert-HME1 (IC,
of 1.537.03 pg/mL).

Conclusion: DECs containing appropriate levels of THC and CBD have the potential to be candidates for cancer treatment. However, further
investigations are required to improve the efficacy and safety profiles.

Keywords: Cannabis, cancer, limonene, microwave extraction, vegetable oil

INTRODUCTION

Globally, cancer is a significant cause of morbidity and
mortality, resulting in a large disease burden. According to
Global Cancer Statistics 2020, breast cancer, with the largest
number of 2.3million new cases, accounted for 11.7% of all
cancers, followed by lung cancer (11.4%), colorectal cancer
(CRC) (10.0%), while lung cancer was the main cause of cancer

death (1.8 million deaths, 18%), followed by CRC (9.4%) and
liver cancer (8.3%). Conventional cancer treatment includes
surgery, chemotherapy, and radiotherapy. Although traditional
treatments like chemotherapy and radiotherapy are effective,
they have limitations, such as severe side effects and the
development of multidrug resistance in cancer cells. Medical
cannabis is gaining attention as a treatment option for various
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diseases. Currently, the Food and Drug Administration of
Thailand has approved cannabis for specific conditions like
nausea and vomiting, intractable epilepsy, and neuropathic pain.
However, previous studies have explored the potential benefits
of medical cannabis for various medical conditions, including
cancer. Cannabis contains cannabinoids that interact with
specific endogenous cannabinoid receptors, as well as other
receptors, resulting in the expectation of anti-cancer effects.?
The cannabis industry now favors microwave-assisted
extraction (MAE) because of its superior extraction efficiency
compared to traditional methods.® Generally, organic solvents,
including hexane, chloroform, and methanol, are commonly
used for cannabis extraction.® However, most of these
compounds are toxic to the human body,* which limits the
industrial applications of these cannabis extracts. Therefore,
the need for an alternative green solvent for cannabis
extraction is a pressing concern because it can enhance
the safety of the cannabinoid extraction process. Vegetable
oils have higher cannabinoid content and a slower rate of
cannabinoid degradation in cannabis extract than ethanol?
Furthermore, other natural compounds, such as D-limonene,
are potential candidates primarily due to their non-polar
properties. D-limonene not only aids in the extraction
process but also possesses inherent anti-cancer properties,®
which may synergistically enhance the anti-cancer effects
of the cannabis extract itself. This dual benefit supports the
rationale for using D-limonene as an alternative green solvent.
This study aimed to investigate the potential of D-limonene
and various vegetable oils, such as olive oil, sunflower oil,
soybean oil, palm oil, and coconut oil, as green solvents for
cannabis MAEs. The MAE conditions were optimized to yield
cannabinoid-enriched extracts. Furthermore, we selected a
standardized cannabis extract for cytotoxicity studies against
human breast and liver cancers. We compared it with normal
human cells to assess its potential as a chemopreventive agent.

MATERIALS AND METHODS

Plant materials

Dried Cannabis sativa inflorescences were obtained from the
Faculty of Natural Resources, Prince of Songkla University,
Thailand. The inflorescences were dried in a hot air oven and
reduced to powder using an electric blender. The powder was
then passed through a sieve to ensure its homogeneity.

Chemicals and materials

The purification and acquisition of tetrahydrocannabinol (THC)
were accomplished using the method previously outlined.® The
cannabidiol (CBD) compound was acquired from Chemfaces,
a company based in Wuhan, China. Methanol, ethanol, and
hexane were acquired from RCI Labscan (Bangkok, Thailand).
D-limonene was procured from Krungthepchemi (Bangkok,
Thailand). Sunflower oil, soybean oil, and palm oil were
procured from Lam Soon (Thailand) Public Company situated
in Samut Prakarn, Thailand. The acquisition of coconut oil was
madeby Ampol Food Processing, located in Nakornpathom,
Thailand. The acquisition of olive oil was made by Sino-

Pacific Trading, a company based in Bangkok, Thailand. The
acquisition of rice bran oil was made by Oleen, a company in
Samut Sakhon, Thailand. A Luna® C-18 column was obtained
from Phenomenex (Bangkok, Thailand). Dimethyl sulfoxide
(DMSO0) and 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazolium
bromide (MTT) were acquired from Sigma Chemical, Inc. (St.
Louis, MO, USA). Dulbecco’s modified Eagle's medium (DMEM),
modified Eagle's medium (MEM), and fetal bovine serum (FBS)
were obtained from Gibco BRL Life Technologies (Grand Island,
NY, USA).

Cell cultures

Human mammary epithelium (hTERT-HMET; ATCC CRL-4010™),
human liver cancer (HepG2; ATCC HB-8065"), and human
breast cancer (MCF-7; ATCC HTB-22™) cells were obtained
from the American Type Culture Collection (ATCC, Manassas,
VA). hTERT-HME1T and HepG2 cells were cultured in DMEM,
whereas MCF-7 cells were cultured in MEM. All cell lines were
kept in a 5% CO, humidified incubator at 37 ‘C. DMEM and MEM
media were supplemented with 10% FBS, 1% L-glutamine (2
mM), 1% penicillin (100 1U/mL), and 100 pg/mL streptomycin.

Identifying alternative green solvents and MAE conditions

The powders of cannabis inflorescences were extracted with
vegetable oils, D-limonene, ethanol, and hexane using MAE
under the optimal conditions (for D-limonene and vegetable
oils: microwave power: 900 W, irradiation time: 60 sec, and
temperature: 115-120 °C; for ethanol and hexane: microwave
power: 450 W, irradiation time: 35 sec, and temperature: 65-70
°C). The extracts were filtered, and the yields were recorded.
The content of THC and CBD was determined using quantitative
high-performance liquid chromatography (HPLC). The cannabis
powders were subsequently extracted with suitable solvents
using MAEs with different powder-to-solvent ratios and
irradiation cycles. The extracts were then filtered, and the yields
were recorded. The content of THC and CBD was determined
using quantitative HPLC. All experiments were performed in
triplicate.

Quantitative HPLC of THC and CBD

We used the previously described HPLC method with some
modifications to determine the content of CBD and THC in the
cannabis extracts. Briefly, the analysis was performed using
a UFLC Shimadzu model equipped with a photodiode-array
detector and autosampler (Shimadzu, Japan) at a wavelength of
220 nm. A 4.6x250 mm, 5 pm Luna® C18 column (Phenomenex,
Thailand) was eluted with a mobile phase consisting of
85% v/v methanol in water at a flow rate of 1 mL/min.
Calibration curves for THC and CBD were established using
six concentrations (from 6.25 to 200 mg/mL based on linear
regression; the calibration curves of CBD and THC were
Y=72615X+72146 (r?=0.9998), and

Y=5446TX+77267 (r?=0.9999), respectively.

The samples (2.0 mg) were accurately weighed and diluted with
methanol to 10 mL in a volumetric flask. Before HPLC analysis,

the sample solutions were filtered through a 0.45 pm membrane
filter. The experiments were performed in triplicate.
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Determination of anticancer activity

Anti-cancer activity was determined using the MTT assay.”
Briefly, HepG2, MCF-7, and hTERT-HME1 cells were seeded
into a 96-well microplate at a density of 1x10* cells per well
and then incubated in a 5% CO, humidified incubator at 37
°‘C for 24 h. The cells were treated with sample solutions at
various concentrations, including CBD (312, 6.25, 12.5, 25, and
50 pg/mb), THC (312, 6.25, 12.5, 25, and 50 pg/mL), D-limonene
extract of cannabis (DEC) (125, 250, 500, 1000, and 2000 pg/
mL), D-limonene (125, 250, 500, 1000, and 2000 pg/mL), and
5-Fluorouracil (5-FU) (1, 5, 10, 50, and 100 pg/mL), and then
incubated at 37 °C for 24 h. The media was removed, and the
cells were treated with MTT solution (500 pg/mL) and incubated
for 2 h at 37 °C. The formazan product was solubilized with
DMSO, and the intensity of solutions was measured at 570 nm
using a microplate reader (Biotek, Winooski, VT, USA). 5-FU
was used as a positive control. The percentage of cell viability
relative to non-treated cells was presented as a negative
control. The selectivity index (SI) was calculated by dividing the

50% inhibitory concentration (IC_)) values of the samples by
those of cancer and normal cells.

Statistical analysis

The results are expressed as the mean + standard deviation. A
statistically significant difference was evaluated using one-way
analysis of variance, followed by Duncan’s multiple range test
(p<0.05).

RESULTS

Identifying an alternative solvent for extraction

This study determined D-limonene and some vegetable oils
containing different ratios of unsaturated to saturated fatty
acids (SFAs) as alternative green solvents for the extraction
of THC and CBD from C. sativa inflorescences using the MAE
method and compared them to conventional solvents such
as ethanol and hexane. Based on an HPLC analysis (Figure
1), ethanol and hexane provided the extracts with the highest
cannabinoid concentrations, especially the THC levels (Table 1).
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Figure 1. High performance liquid chromatography chromatograms of the cannabidiol and tetrahydrocannabinol standard (a) and cannabinoids extracts using
sunflower oil (b), olive oil (c), soybean oil (d), palm oil (e), coconut oil (f), D-limonene (g), ethanol (h), and hexane (i) as the extraction solvents
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The results of this study indicate that D-limonene, coconut oil,
and palm oil have non-polar properties similar to those of CBD
and THC.

Optimization of the extraction conditions

This study evaluated the effects of varying amounts of cannabis
powder (1, 2, 4, and 6 g) per 20 mL of solvent extracted using
the MAE method. The results revealed that a powder-to-solvent
ratio of 4 g per 20 mL produced the cannabis extracts with the
highest total yields of CBD and THC for palm oil and D-limonene
(Table 2). The concentrations of both THC and CBD increased
as the powder content increased. The extraction yields of the
extracts were markedly reduced at ratios greater than 4 g per
20 mL due to solvent adsorption by cannabis powders, which
resulted in a decrease in total yields of both THC and CBD. In
this study, the irradiation cycles up to three cycles (one cycle
was 70-sec power-on and 50-sec power-off) resulted in a
significant increase in total yields of THC and CBD for both
palm oil and D-limonene cannabis extracts (Table 3). These

MAE conditions increased the extraction temperature to 110
°C. Increased irradiation cycles of more than 3 cycles, which
resulted in a higher extraction temperature, did not significantly
increase the total yields of cannabinoids in either extract.

Determination of the anticancer activity of cannabinoids

As shown in Table 4, the MTT assay revealed that both THC
and CBD had strong cytotoxicity against MCF-7 and HepG2.
They also had strong cytotoxicity against HTERT-HMET. DEC
containing 0.03% w/w CBD and 1.37% w/w THC exhibited
moderate cytotoxicity against MCF-7 and low cytotoxicity
against HepG2. DEC exhibited very low cytotoxicity against
hTERT-HMET. D-limonene demonstrated reduced cytotoxic
effects on MCF-7 cells and showed no cytotoxicity toward
HepG2 and hTERT-HMET.

DISCUSSION

The superior efficiency and environmental benefits of MAE
make it suitable for extracting cannabinoids from cannabis.

Table 1. Cannabinoid content and yields of Cannabis sativa inflorescence extracts obtained using various extraction solvents

Mean + SD
Solvents

Extraction CBD concentration THC concentration Total yield of CBD Total yield of THC

yield (mL) (mg/mL) (mg/mL) (mg/2 g powders) (mg/2 g powders)
Sunflower oil 11.83+0.14° 0.04+0.00° 2.04+0.1920 0.45+0.02° 24.24+2 477
Olive oil 12.75+£0.50° 0.04+0.00° 1.87+0.122 0.51£0.012 23.81:0.71°
Soybean oil 12.08+0.88° 0.05+0.00° 2.01£0.1220 0.62+0.04° 24.32+0.70°
Palm oil 13.08+0.522 0.06+0.01° 2.2520.06°¢ 0.77+0.07¢¢ 29.45+1.32°
Coconut oil 12.3311.26° 0.06+0.00¢ 2.43+0.02¢ 0.73+0.08¢ 29.96+3.10°
D-limonene 12.67+0.29° 0.07+0.00¢ 2.34+0.05¢ 0.85+0.05¢ 29.61+0.73°
Ethanol 9.75+0.87° 0.05+0.00° 2.99+0.46¢ 0.50+0.062 28.85+2.21°
Hexane 8.33+0.38¢ 0.09+0.00¢ 2.98+0.07¢ 0.71£0.05¢ 24.82+1.73°

Values with non-identical letters in the same column are significantly different with statistic values p<0.05. Total yield of cannabinoids = extraction yield (mL) x
concentration (mg/mL). CBD: Cannabidiol, THC: Tetrahydrocannabinol, SD: Standard deviation

Table 2. Effects of powder-to-solvent ratios on CBD and THC content and yields of Cannabis sativa inflorescence extracts containing

palm oil and D-limonene

Mean £ SD
Solvent Powder content (g) Extraction yield CBD conc. THC conc. Total yield of CBD Total yield of THC
(mL) (mg/mL) (mg/mL) (mg) (mg)
1 14.50+£0.43° 0.02+0.00° 1.03+0.02° 0.35+0.03° 15.23+0.38°
2 13.08+0.14° 0.06+0.01° 213+0.06° 0.74+0.03° 28.26+0.83°
Palm oil
4 8.75+0.66° 0.08+0.01¢ 410+£0.12¢ 0.67+0.08°¢ 34.87+1.03¢
6 4.92+0.38¢ 0.11£0.01¢ 6.41+0.26¢ 0.56+0.03¢ 27.60+1.32¢
1 14.75£0.25° 0.01+0.00° 0.63+0.05° 0.14+0.00° 9.07+0.74°
2 1318+0.16° 0.11x0.01° 2.13+0.02° 1.34+0.17° 27.18+0.30°
D-limonene
8.42+0.52¢ 0.27+0.01° 5.51+0.11¢ 2.18+0.07¢ 4411+0.88¢
6 5.25+0.25¢ 0.34+0.00¢ 7.19+0.10¢ 1.63+0.01° 33.74+0.45°

Values with non-identical letters in the same column differ significantly for each solvent (statistical values p<0.05). Total yield of cannabinoids = extraction yield (mL)
x concentration (mg/mL) CBD: Cannabidiol, THC: Tetrahydrocannabinol, SD: Standard deviation



68 SUTTITHUMSATID et al. Green Microwave-Assisted Extraction of Cannabis sativa

Compared with conventional methods such as heat reflux
extraction, soxhlet extraction, supercritical fluid extraction, and
ultrasound-assisted extraction, MAE consistently achieves the
highest extraction yields of cannabis cannabinoids.® This method
is more effective and sustainable, requires significantly less
solvent, and requires a shorter time frame. These advantages
make MAE an optimal choice for cannabinoid extraction.

According to reports, THC and CBD are non-polar compounds
that display nearly identical lipophilicity, with log P values of 5.41
and 5.42, respectively. However, their water solubility differed
slightly, with log values of 5.93 and 5.41, respectively.’ Therefore,
non-polar solvents should extract both CBD and THC with high
efficiency. Based on the chemical structures of D-limonene
and vegetable oils, which exhibit non-polar properties, they can
be used as an alternative green solvent for extracting naturally
occurring active compounds with non-polar properties. The
major component of vegetable oils is triglycerides, which are

esters of fatty acids and glycerol. Different types of fatty acid
composition affect the physical and chemical properties of
triglycerides, resulting in different extraction efficiencies for
vegetable oils!® For example, coconut oil and palm oil contain
higher levels of SFAs than the others. The major SFA in
coconut oil is lauric acid, whereas palm oil contains palmitic
acid as the predominant SFAs." However, among the alternative
solvents, D-limonene, palm oil, and coconut oil produce the
highest total yields of cannabinoid content, which are not
significantly different from those of the ethanol and hexane
extracts. Because ethanol and hexane have a low boiling point,
they are highly volatile in the MAE. Thus, although these two
solvents produced the extract with higher concentrations of
both cannabinoids, they produced lower extraction yields and,
therefore, produced slightly lower total yields of cannabinoids
than those extracted from D-limonene, palm oil, and coconut oil.
As a result, they can be an alternative green solvent to extract

Table 3. Effects of irradiation cycles on CBD and THC content and yields of Cannabis sativa inflorescence extracts containing palm oil

and D-limonene

Mean £ SD
Solvent Irradiation cycle Extraction yield CBD conc. (mg/ THC conc. Total yield of CBD Total yield of THC
(mL) mL) (mg/mL) (mg/2 g powders) (mg/2 g powders)
0.5 12.40£0.53° 0.04+0.00° 1.74+0.06° 0.53+0.042° 22.59+0.83°
1 12.23+1.08° 0.04+0.00° 1.81+£0.03¢ 0.56+0.030¢ 23.53+0.37¢
A 2 12.08+0.14° 0.04+0.01° 1.87+0.10° 0.49+0.06? 2243114
Pelmol 3 12.68+0.082 0.04+0.00° 211£0.08° 0.52+0.022* 26.93+1.00°
4 12.47+0.06° 0.04+0.00° 215:0.07° 0.55+0.0220¢ 26.84+0.86°
5 12.54+0.46° 0.05+0.00° 2.15+0.04° 0.60+0.01¢ 26.82+0.46°
0.5 12.65+0.372 0.06+0.00° 2.08z0.11 0.73£0.012 27.00+1.39°
1 12.24+0.28° 0.06+0.00° 2.22+0.012F 0.81+0.01° 27.81£0.272b¢
2 12.30+0.09? 0.07+0.00¢ 2.25+0.05° 0.81x0.01° 27.51+0.572°
D-limonene
3 12.67+0.10° 0.07+0.00¢ 2.35+0.02° 0.87+0.01¢ 29.39+0.21¢
4 12.65+0.322 0.07+0.00¢ 2.24+0.07° 0.86+0.01° 2914+0.91<4
5 12.70+0.60° 0.07+0.00¢ 2.21+0.03%° 0.86+0.01° 28.7520.010¢¢

Values with non-identical letters in the same column differ significantly for each solvent (statistical values p<0.05). Total yield of cannabinoids = extraction yield (mL)
x concentration (mg/mL). CBD: Cannabidiol, THC: Tetrahydrocannabinol, SD: Standard deviation

Table 4. Cytotoxic activities of DEC, CBD, and THC against MCF-7 and HepG2 cancer cells and hTERT-HME1 normal cells

Compounds IC,, (ug/mL) Selectivity index
hTERT-HME1 MCF-7 HepG2 MCF-7 HepG2
CBD 35.61 18.46 12.37 193 2.88
THC 25.63 24.21 4.30 1.06 5.96
DEC 1537.03 488.85 1336.97 314 115
D-limonene N/A 1150.9 N/A N/A N/A
5-FU N/A 1.9 99.83 N/A N/A

hTERT-HME1: Human mammary epithelium, MCF-7: Human breast cancer cells, HepG2: Human liver cancer, DEC: Standardized D-limonene extract of cannabis, IC,:
50% inhibitory concentration, DEC: D-limonene extract of cannabis, CBD: Cannabidiol, THC: Tetrahydrocannabinol, 5-FU: 5-Fluorouracil, N/A: Selectivity index is not
available. Not active for 2000 pg/mL D-limonene and 100 pg/mL 5-FU
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cannabinoids. However, for nutraceutical applications, coconut
oil consumption considerably increases the levels of low-
density lipoprotein cholesterol and total cholesterol compared
with palm oil, which may increase the risk of cardiovascular
disease.? Therefore, D-limonene and palm oil are considered
suitable alternative green solvents for cannabinoid extraction,
to produce functional food products.

In addition to solvent polarity, powder-to-solvent ratios, and
microwave irradiation cycles are common factors that affect
MAE efficiency. According to mass transfer principles, during
the solid-liquid extraction process, the powder-to-solvent ratio
has a significant impact on the concentration gradient between
the solute in the powder and the solvent at the surface of the
raw material.”® The increasing diffusion rate of the compounds
from the extracted powder into the solvent depends on the
concentration gradient, which increases with increasing
powder-to-solvent ratio. However, the concentration gradient
does not continue to increase once equilibrium is reached,
which is characterized by the relationship between the amount
of powder and solvent used that gives the maximum yields.*"
Additionally, researchers typically perform the MAE method
under several irradiation cycles to prevent overheating or
bumping during herbal extraction. Furthermore, the number
of irradiation cycles in MAE has a significant impact on
extraction time and temperature. Time and temperature are
critical extraction conditions because they affect the solubility,
mass transfer, and stability of natural compounds. However,
prolonged extraction and extreme temperatures may lead to the
degradation of bioactive compounds.*

Recent reports indicate that D-limonene inhibits anti-cancer
activity through various mechanisms of action.® Accordingly,
cannabis extraction using D-limonene has attracted attention
and has the potential to be a novel anticancer nutraceutical. The
cytotoxicity categorization® classifies DEC as having moderate
cytotoxicity (IC,: 100-500 g/mL, for herbal extract) against
MCF-7 and THC and CBD as potentially toxic substances
with moderate cytotoxic activity (IC.: 20-100 uM, for pure
compounds) against MCF-7 and HepG2 cell lines. However,
only THC exhibited very strong cytotoxicity against HepG2 cell
lines (IC,: 1-20 uM, for the pure compound). Calculating the Sl
value is crucial for evaluating the anticancer activity of herbal
drugs. A Sl value >3 is classified as a prospective anti-cancer
sample.”” According to these standards, the Sl data of DEC was
specifically toxic to MCF-7 cells, whereas CBD and THC were
not selectively toxic to cells. Although DEC contained only 1.37%
w/w of THC and 0.03% w/w of CBD, it also showed potential
cytotoxicity against MCF-7 with higher selectivity than CBD and
THC. Nevertheless, using D-limonene as an alternative green
solvent for the preparation of a cannabis extract may improve
its anti-cancer effects. However, the enhancement of DEC's
anticancer properties necessitates careful consideration of
cannabis strain selection, specifically those characterized by
an ideal balance between THC and CBD. This critical factor

plays a pivotal role in the production of cannabis extracts with
maximized anticancer potential.

CONCLUSION

The present study identified D-limonene and palm oil as
promising alternative green solvents for extracting cannabinoids
from cannabis inflorescences under MAE optimal conditions. The
MAE method offers several advantages, including reduced time
and energy consumption. In this study, DEC exhibited moderate
cytotoxicity against MCF-7 cells with higher selectivity than
CBD and THC. Therefore, DEC containing an appropriate amount
of THC and CBD may exhibit a more satisfying anticancer effect
and be a promising candidate for cancer treatment. However,
additional research is required to understand the mechanisms
of anticancer activity and to investigate additional efficacy and
safety profiles.
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