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ORIGINAL ARTICLE

Initial Empirical Antibiotic Treatment in Patients
with COVID-19 is Associated with Excess Adverse
Drug Reactions without Clinical Benefit

® Pinar BAKIR EKINCi™*, @ Emre KARA!, @ Giilgin TELLI DiZMAN2, @ Meliha Gagla SONMEZER2, ® Ahmet Gagkan iINKAYAZ,
© Kutay DEMIRKAN!, @ Serhat UNAL2, ® Omriim UZUN2

THacettepe University Faculty of Pharmacy, Department of Clinical Pharmacy, Ankara, Turkiye
2Hacettepe University Faculty of Medicine, Department of Infectious Diseases and Clinical Microbiology, Ankara, Turkiye

ABSTRACT

Objectives: Empirical antibiotic use is common among hospitalized patients with coronavirus disease-2019 (COVID-19) pneumonia because it
is difficult to differentiate it from concurrent bacterial pneumonia. The aim of this study was to determine risk factors for concurrent bacterial
community-acquired pneumonia (b-CAP) and the need for initial empirical antibiotic coverage in patients with pulmonary involvement caused by
Severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) infection.

Materials and Methods: This prospective observational study was conducted at a tertiary university hospital between March 2020 and April 2021.
Patients aged over 18 years who were hospitalized due to COVID-19 were included. Risk factors and outcomes were compared between patients
who initially received empirical antibiotics and those who did not.

Results: The presence of respiratory viral pathogens other than SARS-CoV-2 was investigated via respiratory panel multiplex polymerase chain
reaction in 295 patients and potential bacterial respiratory pathogens in 306 patients admitted to the hospital. The co-infection rate was low (17.4%)
and half of the patients (205/409, 50.1%) were administered initial empirical antibiotics for suspected concurrent b-CAP. Antibiotic use was higher
in patients with multiple comorbidities, severe to critical pneumonia, and patients older than 65 years (p < 0.001). The overall 30-day mortality rate
was significantly higher (26.3% and 2.0%, p < 0.001), and the duration of hospital stay was longer (median 13.0 and 5.5 days, p < 0.001) in patients
who received empirical antibacterial agents compared to those who did not.

Conclusion: Initial empirical antibiotic treatment is common among patients infected with SARS-CoV-2, although the coinfection rate is low.
Empirical antibiotic(s) did not improve the clinical course in COVID-19 patients.

Keywords: SARS-CoV-2, COVID-19, antimicrobial, empirical therapy, co-infections, community-acquired pneumonia

INTRODUCTION

Differential diagnosis of bacterial co-infections may be
challenging in patients with severe to critical coronavirus
disease-2019 (COVID-19) on hospital admission because the
clinical presentation of COVID-19 may mimic atypical bacterial
pneumonia, and pulmonary consolidation develops later
during the disease.' In addition, physicians overwhelmed by
pandemic conditions might tend to cover all potential causes
of community-acquired pneumonia (CAP) and leave no button
unturned.??

The World Health Organization guidelines recommend empirical
antibiotic therapy based on local epidemiology for bacterial
pneumonia in patients with severe COVID-19, older patients,
and long-term nursing home residents,* but a few studies have
shown that the rate of antibiotic usage is high despite low
microbiological evidence. In most of these studies, empirical
antibacterial treatment of suspected hospital-acquired and
ventilator-associated pneumonia was investigated.>® A meta-
analysis emphasized that the incidence of co-infection was
low (8%) at hospital admission, yet empirical antibacterial

*Correspondence: pinar.bakir55@gmail.com, ORCID-ID: orcid.org/0000-0003-0694-6078
Received: 17.08.2023, Accepted: 19.12.2023
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therapy was started in 48.6% to 72% of these patients.” During
the COVID-19 pandemic in Turkiye, antibacterial drug sales
decreased by 24.30% in 2020 compared with 2019, which
was probably associated with the quarantine.® However, a
study conducted on Severe acute respiratory syndrome-
Coronavirus-2 (SARS-CoV-2)-infected patients in Turkiye
showed that 71.2% of the patients were prescribed inappropriate
antibiotics.’

Antibiotic misuse/abuse is well known to have a negative impact,
such as increased antimicrobial resistance and adverse events
related to the medication.”® Therefore, the aim of this study was
to determine the risk factors for concomitant bacterial CAP
(b-CAP) and the need for initial empirical antibiotic coverage in
patients with SARS-Cov-2 infection.

MATERIALS AND METHODS

This prospective, observational, and single-center study was
conducted at an tertiary university hospital between March
20, 2020, and April 15, 2021. This study was conducted by the
Declaration of Helsinki, and the study protocol was reviewed
and approved by the Hacettepe University Non-Interventional
Clinical Research Ethics Committee and the Ministry of
Health (approval number: GO 22/520, date: 31.05.2022). All
participants provided informed consent.

In this hospital, authorization to wuse carbapenems,
ceftazidime, cefepime, piperacillin-tazobactam, polymyxins,
quinolones (except oral forms), glycopeptide antibiotics
(vancomycin and teicoplanin), daptomycin, and linezolid
as well as more than three days of treatment with the 3
generation cephalosporins and intravenous fluorogquinolones
requires infectious diseases (ID) approval because of
reimbursement rules by the Social Security Institution. There
is a close collaboration between the department of ID and
other clinical departments in the management of patients
with suspicious infections. Routine clinical practice includes
daily clinical rounds of patients treated with an antimicrobial
agent by an ID specialist, residents, and a clinical pharmacist
during antimicrobial treatment.

Study population

Patients aged over 18 years who tested positive by SARS-CoV-2
polymerase chain reaction (PCR) were included. Those with
negative PCR test results but diagnosed presumptively based
on characteristic findings on chest computed tomography (CT)
and/or positive anti-SARS-CoV-2 immunoglobulin M (IgM)
antibodies were also included in the analysis.""? Chest imaging
and respiratory panel multiplex PCR test (Seegene, South
Korea®) were used to diagnose concurrent b-CAP (Supplement
1). Patients younger than 18 years, those with nosocomial
pneumonia (pneumonia that developed 72 hours or more after
hospital admission), or those without pulmonary involvement
were excluded.

Data collection
Data on patient characteristics, diagnostic and clinical
parameters, such as changes in oxygen requirement and

fever, and antimicrobial therapy were collected. Patients were
followed until the discontinuation of antimicrobial agents,
discharge from the hospital, or death.

CURB-65 scores and pneumonia severity index (PSI) were used
to predict mortality and determine severity of CAP. The CURB-
65 and PSI scores at hospital admission were calculated. The
severity of COVID-19 was classified according to the World
Health Organization-China Joint Mission definitions.” Patients
with tachypnea, oxygen saturation < 93% or PaO,/FiO, ratio <
300 mmHg, respiratory failure requiring mechanical ventilation,
and septic shock were defined as severe to critical COVID-19
pneumonia. Patients with mild pneumonia were classified as
mild to moderate COVID-19 patients.

Fever was defined as body temperature > 38 °C, whereas oxygen
demand was defined as Sa0, < 90% and/or the need for oxygen
supplementation. Changes in the fever pattern and oxygen
demand were recorded. A leukocyte count of less than 4.1 x
10%/uL was defined as leukopenia, whereas a leukocyte count of
more than 11.2 x 103/uL was defined as leukocytosis. C-reactive
protein (CRP) values greater than 0.8 mg/dL and a procalcitonin
(PCT) value greater than 0.1 ng/mL were considered abnormal/
high.

TheKidney Disease: Improving Global Outcomes (KDIGO) criteria
were used to define drug-related nephrotoxicity. To summarize,
nephrotoxicity was defined as an increase in serum creatinine
(SCr) by > 0.3 mg/dL within 48 hours or an increase in SCr by
> 1.5 times the baseline within seven days after the initiation
of the antibacterial agent. According to KDIGO guidelines, an
increase in SCr to 1.5-1.9 times the baseline or an increase in
SCr of > 0.3 mg/dL was considered stage 1, and an increase in
SCr to 2.0-2.9 times the baseline was considered stage 2, and
an increase in SCr to = 3.0 times the baseline or > 4.0 mg/dL or
the initiation of renal replacement therapy was considered stage
3. The Cancer Therapy Evaluation Program of the National
Cancer Institute of the National Institutes of Health, which
has been accepted as the common toxicity criteria for adverse
events, was used to determine drug-induced hepatotoxicity.”
The Sanford Guide to Antimicrobial Therapy recommendations
were used to determine the appropriateness of antimicrobial
doses.” “Drugs.com Drug Interactions Checker” (https://www.
drugs.com/drug_interactions.html) database was used to detect
potential drug-drug interactions (pDDIs) among antibacterial
agents, and pDDIs were classified as “minor”, “moderate” and
“major” interactions.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
23.0 for patients who were given empirical antibiotic treatment
for b-CAP within 72 hours of admission and those who were not.
In addition, SARS-CoV-2 PCR-positive patients were compared
with those who tested negative but had highly suggestive
CT findings or were SARS-CoV-2 IgM antibody-positive.
The Shapiro-Wilk goodness-of-fit test will test whether the
distributions related to the numerical variables match the normal
distribution. Descriptive statistics, such as mean, standard
deviation, median [IQR], minimum, and maximum, were used for
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numerical variables that conformed to the normal distribution.
For categorical variables, percentage values and frequency
tables are given. Categorical variables were compared with
the %2 tests. Mann-Whitney U non-parametric test was used to
compare two independent groups. Univariate and multivariate
logistic regression models were used to identify risk factors
associated with antibiotic treatment. The logistic regression
models included independent variables found to be significant
predictors (p < 0.05).

RESULTS

A total of 262 patients (262/409, 64.1%) with positive PCR for
COVID-19 and 147 (147/409, 35.9%) PCR-negative but diagnosed
with COVID-19 according to clinical and CT imaging findings
were evaluated. The median age of the patients was 62 years
[IQR: 48-75 years], and 58.7% were males. The most common
comorbidity was hypertension, followed by diabetes mellitus
and coronary artery disease (Table 1.

Four hundred and five patients received antiviral treatment in
accordance with the recommendations of the Turkish Ministry
of Health at the time of diagnosis: favipiravir (76.8%, n= 311),
redeliver (3.2%, n= 13), and hydroxychloroquine (20%, n= 81).
Antiviral therapy was not prescribed to four patients because of
severe liver failure. Oseltamivir was added in 14 (6.8%) patients
empirically.

Pulmonary co-infection was detected in 71 (17.4%) patients.
Among the coinfecting agents, 831% (n= 59) were bacteria
and 16.9% (n= 12) were respiratory viruses. The most common
bacterial pathogen was Haemophilus influenzae (n= 36, 60.0%),
followed by Streptococcus pneumoniae (n= 20, 33.3%) (Table 2).
Urinary Legionella antigen was positive in one patient despite a
negative respiratory multiplex PCR.

Intotal, 205 (50.1%) patients received initial empirical antibiotics
for suspected b-CAP (Table 2). Antibacterial treatment with
atypical coverage was given in 178 patients (86.8%). Chest
CT did not suggest concurrent bacterial pneumonia in 66.8%

Table 1. Demographic and clinical characteristics of patients with COVID-19 pneumonia

Initial antibiotic Not initially receiving

Total (n=409) therapy (n=205) antibiotic therapy (n= 204) p value
Age
Age (years), median (IQR) 62 (48-75) 70 (57.5-80.0) 54 (40.5-67.0) <0.001
> 65 years, n (%) 184 (45.0) 126 (61.5) 58 (28.4) <0.001
Sex, n (%)
Male 240 (58.7) 134 (65.4) 106 (52.0) 0.006
Vaccination rate, n (%)
Influenza vaccine 17 (4.2) 9 (4.4) 8 (3.9 0.085
Pneumococcal vaccine 9(2.2) 7G4 2 (0.98) 0.692
Comorbidities, n (%)
Hypertension 166 (40.6) 103 (50.2) 63 (30.9) <0.001
Diabetes mellitus M Q7.0 73(35.6) 38 (18.6) <0.001
Coronary artery disease 106 (25.9) 66 (32.2) 40 (19.6) 0.004
Malignancy 63 (15.4) 48 (23.4) 15 (7.4) <0.001
Neurological disease 56 (13.7) 48 (23.4) 8(3.9) < 0.001
COPD 44(10.8) 38(18.5) 6 (2.9 <0.001
Congestive heart failure 37 (9.0) 29 (141 8 (3.9 <0.001
Benign prostatic hyperplasia 30 (7.3) 19 (9.3) 1G4 0133
Chronic kidney disease 25 (6.1 19 (9.3) 629 0.008
Asthma 25 (6. 839 17 (8.3) 0.061
Atrial fibrillation 23 (5.6) 20 (9.8) 3(1.5) <0.001
Rheumatological diseases 19 (4.6) 8 (3.9) 11(5.4) 0.474
Liver failure 707 4 (2.0) 3(1.5) 1.000
Presence of comorbidity 308 (75.3) 189 (92.2) 119 (58.3) <0.001
Number of comorbidities, median (IQR) 2(1-3) 3.0 (1.0-4.0) 1.0 (0.0-2.0) <0.001
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Table 1. Continued

Initial antibiotic Not initially receiving

Total (n= 409 therapy (n=205) antibiotic therapy (n= 204) p value
Severity of COVID-19, n (%)
Severe-to-critical patient 168 (41.1) 129 (62.9) 39 (19D .
Mild-moderate patient 241 (58.9) 76 (37.1) 165 (80.8)
Corticosteroid therapy, n (%)
Yes 158 (38.6) 125 (61.0) 33(16.2) < 0.001
No 251 (61.4) 80 (39.0) 171(83.8)
Risk factors for CAP, n (%)
Risk factors 239 (58.4) 167 (81.5) 72 (35.3) <0.001
Number of patients monitored for biochemical markers, n (%)
PCT 348 (85.) 191(93.2) 157 (77.0) <0.001
CRP 383(93.6) 195 (95 188 (92.2) 0.219
Erythrocyte sedimentation rate 302 (73.8) 157 (76.6) 145 (71D 0.205
Development of nosocomial infections during hospitalization, n (%)
Presence of nosocomial infections 103 (25.2) 80 (39.0) 23 (11.3) < 0.001
Hospital stay [median (IQR)]
Duration of hospital stay: day 9.0 (5.0-17.0) 13.0 (8.0-27.5) 5.5 (4.0-10.0) < 0.001
Criteria for evaluating the severity of the disease, [median (IQR)]
CURB-65 score 2.0 (0.0-2.0) 2.0 (1.0-3.0) 0.0 (0.0-1.0) < 0.001
PSI 94 (51.0-139.0) 132 (104.5-164.0) 54 (39.25-88.0) < 0.001
Adverse events
Acute kidney injury 46 (11.2) 37 (18.0) 9 (4.4) < 0.001
ALT elevation 203 (49.6) 108 (52.7) 95 (46.6) 0.236
AST elevation 214 (52.3) 119 (58.0) 95 (46.6) 0.023
Mortality, n (%)
30-day mortality 58 (14.2) 54 (26.3) 4(2.0) < 0.001
Mortality (in hospital) 79 (19.3) 70 (341 9 (4.4) < 0.001

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, CAP: Community-acquired pneumonia, PCT: Procalcitonin, CRP: C-reactive protein, IQR:
Interquartile range, COPD: Chronic obstructive pulmonary disease, COVID-19: Coronavirus disease-2019, PSI: Pneumonia severity index

(n= 138) of the patients. Patients with high PCT and CRP
levels, leukocytosis, oxygen demand, and fever were more
likely to receive initial empirical antibiotic therapy (Table
3). Corticosteroid use was also significantly more common
in patients who received antibiotic treatment (61%, n= 125)
compared to those who did not (16.2%, n= 33, p < 0.001). Anti-
inflammatory treatment was given to 3 patients due to cytokine
storm (tocilizumab in 2 patients, pulse corticosteroid in one). All
three patients also received empirical antibiotics at admission
to the hospital. Initial empirical antibiotic coverage was 5.338
(95% Cl: 2130-13.379) times more frequent in patients with
chronic obstructive pulmonary disease (COPD), 4.457 (95%
Cl: 1.220-16.276) times with atrial fibrillation (AF), and 1.784
(95% Cl: 1.060-3.004) times with diabetes mellitus. The PSI
was higher in patients who received antibiotic treatment than

in those who did not [132 (range: 104.5-164.0) versus 54 (range:
39.25-88.0); p < 0.001]. However, discontinuation of oxygen
supplementation, clinical improvement, and defervescence
were similar between patients who received antibiotics and
those who did not (Table 3). Thirty-day mortality was
significantly higher in patients who received initial antibiotics
(26.3%) than in those who did not (2.0%) (p < 0.001) (Table 1.
The mortality rate increased with older age (1.028-fold), severe
to critical patients (3.411-fold), antibiotic therapy (5.726-fold),
and nosocomial infection (3.557-fold) (Table 4).

Administration of antibiotics was comparable between SARS-
CoV-2 PCR-positive (131/262, 50.0%) and PCR-negative
patients (74/147, 50.3%) (p= 0.947). In the severe to critical
disease subgroup, empirical antibiotics were administered
more frequently in patients with positive PCR than in those with
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Table 2. Initial empirical antibiotic treatment for CAP in patients with COVID-19 confirmed via PCR positive for SARS-CoV-2 and

those with suggestive clinical and radiological findings

COVID-19 patients with
suggestive CT imaging & p value
negative PCR (n= 147)

COVID-19 patients with

Parameters Total (n= 409) positive PCR (n= 262)

Antibiotic use, n (%)

Rate of antibiotic use 205 (50. 131 (50.0) 74 (50.3) 0.947
Coverage of atypical pathogens during treatment 178 (86.8) 112 (85.5) 66 (89.2) 0.453
Antibacterial treatment duration (day), median (IQR) 7 (6-10) 7.5 (6.0-10.0) 7 (6.75-10.0) 0.999
Preference of antibiotics for the treatment of CAP, n (%)

Cefuroxime 524 2 (1.5) 340 0.354
Ceftriaxone 73 (35.6) 48 (36.6) 25(33.8) 0.682
Amoxicillin-clavulanic acid 10 (4.9) 5(3.8) 5(6.8) 0.501
Ampicillin-sulbactam 45 (22.0) 26 (19.8) 19 (25.7) 0.333
Piperacillin-tazobactam 81(39.5) 50 (38.2) 31 (41.9) 0.600
Meropenem 51 (24.9) 37 (28.2) 14 (18.9) 0138
Fluoroquinolones 9 (4.4) 5(3.8) 4(5.4) 0.725
Macrolides 23 (1.2) 15 (11.5) 8 (10.8) 0.889
Doxycycline 147 (71.7) 92 (70.2) 55 (74.3) 0.532

Respiratory multiplex PCR at admission, n (%)

Bacteria (n=295) 59 (20.0) 33 (18.0) 26 (23.2) 0.280

Detected pathogens (n= 60)

Haemophilus influenzae 36 (60.0) 18 (52.9) 18 (69.2)
Streptococcus pneumoniae 20 (333) 14 (41.2) 6 (231
Dual pathogen’ 4(6.7) 2(5.9) 2 (1.1
Virus (n= 306) 12 (3.9 8 (4.2) 435 1.000

Detected viruses (n=12)

Human rhinovirus 3(25.0) 1(12.5) 2 (50.0)

Influenza A 20161 2 (25.0) 0(0.0)

Influenza B 2 (16.7) 1(12.5) 1(25.0)

Bocavirus 206D 1012.5) 1(25.0)

Adenovirus 206D 2 (25.0) 0 (0.0)

Dual pathogent* 1(8.3) 1012.5) 0.0
COVID-19 severity, n (%)
Severe-to-critical 168 (41.1) 12 (42.7) 56 (38.1)
Mild-moderate 241(58.9) 150 (57.3) 91 (61.9) 0359
Nosocomial infections during hospitalization, n (%)
Presence of nosocomial infections 103 (25.2) 76 (29.0) 27 (18.4) 0.017
Mortality, n (%)
30-day mortality 58 (14.2) 41(15.6) 17 (11.6) 0.256
Mortality (in hospital) 79 (19.3) 58 (22. 21(14.3) 0.054

"Dual pathogens in bacterial respiratory, PCR: Haemophilus influenza and Streptococcus pneumoniae, *Dual pathogens in viral respiratory PCR: Human rhinovirus and
Influenza B, COVID-19: Coronavirus disease 2019, CT: Computed tomography, PCR: Polymerase chain reaction, IQR: Interquartile range, CAP: Community-acquired
pneumonia, SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2
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Table 3. Antibiotic treatment and clinical, biochemical, and microbiological parameters

Initial antibiotic

Not receiving initial

Total therapy antibiotic therapy p value

Baseline inflammatory marker levels, n (%)
> 0.1 ng/mL 167 (42.1) 133 (65.5) 34 (17.5)

PCT (n=397) < 0.001
<01 ng/mL 230 (57.9) 70 (34.5) 160 (82.5)
> 0.8 mg/dL 345(85.2) 197 (97.0) 148 (73.3)

CRP (n= 405) < 0.001
< 0.8 mg/dL 60 (14.8) 6 (3.0) 54 (26.7)
<41 x10%/uL 53 (13.0) 20 (9.8) 33(16.2)

Leukocyte count (n= 409) 41-11.2 x 10%/uL 269 (65.8) 114 (55.6) 155 (76.0) < 0.001
> 11.2 x 10%/uL 87 (21.3) 71 (34.6) 16 (7.8)

Inflammatory markers at antibiotic discontinuation, n (%)
No change 47 (32.0) 34 (28.3) 13481

PCT (n=147) 0.046
Improved 100 (68.0) 86 (71.7) 14 (51.9)
No change 97 (30.2) 42 (22.8) 55 (40.1)

CRP (n=321) 0.001
Improved 224 (69.8) 142 (77.2) 82 (59.9)
No change 61 (44.9) 36 (39.6) 25 (55.6)

Leukocyte (n=136) 0.078
Improved 75 (55.1) 55 (60.4) 20 (44.4)

Baseline clinical parameters, n (%)
Sa0,z 90 mmHg 200 (48.9) 353070 165 (80.9)

Oxygen saturation (n= 409) <0.001
Sa0, < 90 mmHg 209 (51D 170 (82.9) 39 (19D
(38°C 130 (31.8) 48 (23.4) 82 (40.2)

Fever (n=409) 0.001
>38°C 279 (68.2) 157 (76.6) 122 (59.8)

Clinical parameters at antibiotic discontinuation, n (%)
No change 96 (45.9) 77 (45.3) 19 (48.7)

Oxygen saturation (n= 209) 0.699
Improved 113 (54 93 (54.7) 20 (51.3)
No change 95 (341 48 (30.6) 47 (38.5)

Fever (n=279) 0.164
Improved 184 (65.9) 109 (69.4) 75 (61.5)

Respiratory PCR monitoring, n (%)
Positive 59 (20.0) 28 (17.9) 31(22.3)

Bacterial multiplex PCR (n= 295) 0.351
Negative 236 (80.0) 128 (82.1) 108 (77.7)
Positive 12 (39 8 (5.0) 4(2.8)

Viral multiplex PCR (n= 306) 0.320
Negative 294 (96.1) 153 (95.0) 141 (97.2)

Bacterial culture within 72 hours of hospitalization, n (%)
Yes 9 (17.3) 8 (17.8) 1014.3)

Growth of the sputum culture (n= 52) 1.000
No 43(82.7) 37 (82.2) 6 (85.7)
Yes 11 (4.0 10 (6.0) 1(1.0)

Growth of the blood culture (n= 272) 0.055
No 261 (96.0) 157 (94.0) 104 (99.0)

PCT: Procalcitonin, CRP: C-reactive protein, PCR: Polymerase chain reaction
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Table 4. Factors influencing mortality in logistic regression analysis

Univariable analysis

Multivariable analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value
Male 2.485 (1.314-4.701) 0.005 1.997 (0.963-4.142) 0.063
Age 1.057 (1.034-1.079) < 0.001 1.028 (1.003-1.053) 0.030
Comorbidities 7101 (2.171-23.231) 0.001 1.366 (0.276-6.768) 0.702
Presence of risk factors for CAP 6.317 (2.789-14.305) <0.001 1.653 (0.533-5.126) 0.384
Severe-to-critical patient 10.614 (5.042-22.344) < 0.001 3.411 (1.506-7.724) 0.003
Initial antibiotic therapy 17.881 (6.337-50.456) <0.001 5.726 (1.866-17.569) 0.002
Nosocomial infection 6.936 (3.832-12.556) <0.001 3.557 (1.826-6.930) <0.001
CAP: Community-acquired pneumonia, Cl: Confidence interval

negative PCR (64.9% versus 59.5%, p < 0.001). Corticosteroid DISCUSSION

use (dexamethasone or methylprednisolone) was more
frequent in SARS-CoV-2 PCR-positive patients (431% versus
30.6%, p= 0.013). Nosocomial infections were more common
in the SARS-CoV-2 PCR-positive group than in the PCR-
negative group (29.0% versus 18.4%, respectively, p= 0.017),
and in those who received corticosteroids compared with those
who did not (59.2% versus 40.8%, respectively, p < 0.001). The
median duration of antibiotic treatment did not differ between
PCR-positive and PCR-negative patients (p= 0.999) (Table
2). Antibiotic treatment did not improve the clinical course of
patients with positive SARS-CoV-2 PCR and negative results
(data not shown).

Adverse events and pDDls during follow-up

Acute kidney injury occurred in 11.2% of patients. Thirty-
seven patients who received antibiotic treatment experienced
nephrotoxicity ( 52.8% for stage 1; 36.1% for stage 2; and 111%
for stage 3). Nephrotoxicity was significantly higher in patients
treated with antibiotics than in patients not treated with
antibiotics (18.0% versus 4.4%; p < 0.001). Patients treated
with piperacillin-tazobactam experienced more nephrotoxicity
than those treated with other antibiotics (31.3% versus 9.6%, p
< 0.00M.

Elevated aminotransferase levels occurred in 60.9% (n= 249)
of the patients. Elevated aspartate aminotransferase levels
were observed more frequently in patients receiving antibiotic
treatment than in those who were not receiving antibiotic
treatment [58.0% (n= 119) versus 46.6% (n= 95), p= 0.023].
Alanine aminotransferase elevation was similar between
patients who did and did not receive antibiotic(s) [52.7% (n=
108) versus 46.6% (n= 95), p= 0.236].

Antibiotic-related pDDlIs were detected in 77.1% of the patients
treated with antibiotics (the rate of minor pDDIs was 30.7%, the
rate of moderate pDDIs was 68.3%, and the rate of major pDDls
was 151%) (Supplement 2). The median number of pDDIs
detected with antibiotics was 2 (1-3). The 30-day mortality was
similar between patients with and without antibiotic-related
pDDIs (25.3% versus 29.8%, p= 0.541).

Our results emphasize that initial empirical antibiotic treatment
is mostly unnecessary in patients with COVID-19. We observed
that empirical antibiotics did not affect mortality regardless
of comorbidities and severity of pneumonia. In contrast, they
lead to drug-related problems, such as nephrotoxicity and
pDDIs. Although inflammatory markers were improved, clinical
parameters remained similar between patients who did and did
not receive antibiotics.

Several studies reported an incidence of 2.0-17.2% bacterial
co-infection in patients with COVID-19. However, antibiotic
therapy was administered to 48.6-100% of patients.'"22 In our
study (n= 409) antibiotics were used in 50.1% of the COVID-19
patients for presumptive b-CAP. A cross-sectional study from
our center found that respiratory bacterial co-infection was
present in 26 (13.1%) of 198 outpatients with COVID-19, with
only 10.6% received.?® This could be explained by the preference
of the physician for antibiotic administration to patients who
require hospitalization for pulmonary infection.

Whether the patient was positive by PCR for SARS-CoV-2
or diagnosed presumptively based on clinical and imaging
findings did not affect the clinical decision-making of the
physicians to start antibiotics. Antibiotic treatment rates and
antibiotic preferences were similar between patients with and
without SARS-CoV-2 PCR (p= 0.947). In a study by Beovi¢ et
al.,* clinical presentation was the most common indication
for antibiotic therapy in patients with COVID-19. It was also
emphasized that laboratory markers and radiological evaluation
were effective in the antibiotic therapy decision.? Similarly, in
our study, antibiotic use was related to supplemental oxygen
therapy, fever, and elevated acute-phase reactants.

The role of inflammatory markers in determining the efficacy
of antibiotic therapy is limited. In our study, significant
improvement was achieved in these parameters but not in
the clinical course. The use of anti-inflammatory agents
(corticosteroids or tocilizumab) and the rate of concomitant
nosocomial infection are confounding factors in determining the
impact of antibiotic treatment on serum levels of inflammatory
markers. In our study, more patients who received empirical
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antibiotics were also treated with corticosteroids (61.0% versus
16.2%; p < 0.001). This finding could explain the improvement in
inflammatory marker levels observed in the antibiotic-treated
group, despite no clinical improvement.

Empirical antibacterial therapy may have undesirable
consequences. Contrary to other studies,®®?" we found that
the nosocomial infection rate was significantly higher in
patients treated with antibiotics for CAP (39.0% versus 11.3%,
respectively, p < 0.001). In addition, hospital stay was longer
among patients treated with antibiotics (p < 0.001). This could
also be related to a more severe initial clinical presentation, the
presence of certain comorbidities, such as COPD and diabetes
mellitus, which are known to have a negative effect on the
hospital stay of patients with COVID-19, and the more frequent
use of corticosteroids in this patient population.

Pettit et al.? reported that the mortality rate of patients with
COVID-19 receiving empirical antibiotic therapy for CAP
was 13.8%.2 A retrospective study by Ng et al.?® On patients
with COVID-19 showed that mortality was higher in patients
receiving antibiotic treatment (13.3% versus 0.5%, p < 0.001.
Furthermore, their study did not associate antibiotic therapy
with lower mortality [adjusted odds ratio 14,492, (95% ClI
0.533-393.875)].2° We found that initial empirical antibacterial
treatment was an independent risk factor for mortality (Table
4).

Study limitations

This was a single-center, observational study; thus, the results
may not be applicable to other centers. In some patients with
positive CT imaging but negative PCR results, the absence of
antibody test results makes the definitive diagnosis of COVID-19
unclear. We did our best to rule out other viral/bacterial
infections and non-infectious causes, such as congestive
heart failure, leaving us with a COVID-19 diagnosis during the
pandemic.

CONCLUSION

Attending physicians tend to prescribe antimicrobials to
prevent adverse outcomes in high-risk COVID-19 patients, i.e.,
patients with older age, severe disease, comorbidities such as
COPD, AF, and diabetes mellitus, high inflammatory marker
levels, fever, and the necessity for oxygen supplementation
even when there is no evidence of co-infection. Irrational
use of antibiotics may cause drug-related problems and
negative effects by disrupting the gastrointestinal microbiota
in patients with COVID-19, including altered metabolic activity
and increased antibiotic resistance. This study provides further
evidence for antimicrobial stewardship efforts and recommends
discontinuing empirical antibiotics, even if they are not started.
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Supplement 1. Respiratory pathogens were tested using respiratory panel multiplex PCR (Seegene, South Korea)

Viral pathogens Bacterial pathogens
Adenovirus Streptococcus pneumoniae
Bocavirus Haemophilus influenza
Enterovirus Mycoplasma spp.

Human rhinovirus Legionella spp.

Influenza A

Influenza B

Metapneumovirus
Coronavirus 0C43
Coronavirus HKU1
Coronavirus 229E
Coronavirus NL63
Parainfluenza 1
Parainfluenza 2
Parainfluenza 3
Parainfluenza 4
RSV A

RSV B

Microbiological culture (deep tracheal aspirate or sputum)

Meticillin-sensitive Staphylococcus aureus
Streptococcus parasanguinis
- Haemophilus influenzae
Klebsiella pneumoniae
Klebsiella aerogenes

PCR: Polymerase chain reaction, RSV: Respiratory Syncytial Virus

Supplement 2. Classification of antibiotic-drug interactions

Major antibiotic-drug interactions (n= 42)* Moderate antibiotic-drug interactions (n= 221)*
Clarithromycin and atorvastatin 14.3% Doxycyclin-piperacillin 21.7%
Clarithromycin-methylprednisolone 9.5% Doxycycline-calcium carbonate 20.8%
Moxifloxacin-dexamethasone 9.5% Doxycycline-insulin 16.3%
Clarithromycin, fentanyl 71% Doxycycline-ampicillin 10.4%
Clarithromycin/haloperidol 4.8% Clarithromycin and dexamethasone 6.3%
Clarithromycin and quetiapine 4.8% Ceftriaxone-furosemide 5.9%
Clarithromycin and tamsulosin 4.8% Clarithromycin-lactulose 2.3%
Clarithromycin and midazolam 4.8% Doxycycline-digoxin 1.8%
Clarithromycin and amiodarone 4.8% Clarithromycin-amlodipine 1.8%
Clarithromycin and silodosin 4.8% Clarithromycin, lansoprazole 1.4%
Meropenem and tramadol 4.8% Doxycycline (warfarin) 0.9%
Clarithromycin and warfarin 2.4% Doxycycline-rocuronium 0.9%
Clarithromycin-colchicine 2.4% Clarithromycin-insulin 0.9%
Clarithromycin and escitalopram 2.4% Clarithromycin and propofol 0.9%
Clarithromycin-hydroxychloroquine 2.4% Levofloxacin, quetiapine 0.9%
Levofloxacin-methylprednisolone 2.4% Levofloxacin-lactulose 0.9%
Levofloxacin-dexamethasone 2.4% Ceftriaxone (warfarin) 0.5%
Levofloxacin/haloperidol 2.4% Cefuroxime-pantoprazole 0.5%
Levofloxacin-insulin 2.4% Piperacillin and warfarin 0.5%
Moxifloxacin (granisetron) 2.4% Moxifloxacin, aspirin (low strength) 0.5%
Moxifloxacin-insulin 2.4% Moxifloxacin/famotidine 0.5%
Meropenem-valproic acid 2.4% Moxifloxacin/ibuprofen 0.5%
Levofloxacin, aspirin (low strength) 0.5%
Levofloxacin, mirtazapine 0.5%
Doxycycline-sucralfate 0.5%
Doxycycline (primidone) 0.5%
Doxycycline, carbamazepine 0.5%
Clarithromycin, clopidogrel 0.5%
Clarithromycin-sertraline 0.5%

*Indicates the total number of interactions
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ABSTRAC T |

Objectives: The present study aimed to assess the antiproliferative and pro-apoptotic effects of hinokitiol in osteosarcoma cells via in vitro and in
silico targeting of glycogen synthase kinase 3/ (GSK3p).

Materials and Methods: The (3-(4,5-dimethylthiazol-2-yD-2,5-diphenyltetrazolium bromide) assay was used to evaluate the cytotoxic potential of
hinokitiol in osteosarcoma cells. Various concentrations of hinokitiol (5, 10, 20, 40, 60, and 80 pg/mL) were tested, and the half-maximal inhibitory
concentration (IC, ) was calculated. Cell morphology, migration (scratch assay), and gene expression analysis using real-time polymerase chain
reaction for pro-apoptotic studies were conducted, with the IC,; dose of hinokitiol utilized in all these experiments. Additionally the anti-proliferative
effect of hinokitiol on GSK3p was also examined using in silico and gene expression methods.

Results: Hinokitiol significantly (p < 0.05) and dose-dependently decreased the viability of MG-63 cells, with an IC, value of 40 pg/mL. Cell
morphology study revealed cellular shrinkage and reduced cell density. The scratch assay revealed anti-migratory activity, while gene expression
studies indicated pro-apoptotic effects, including significant (p < 0.05) upregulation of BAX and down-regulation of BCL-2 and GSK3p. Bonding
interactions were also observed with GSK34 and atomic contact energy of -5.69 kcal/mol.

Conclusion: According to the current study findings, hinokitiol prevented Morphological study of the effects of hinokitiol on osteosarcoma cells from
proliferating, migrating, and induced apoptosis by upregulating BAX (a pro-apoptotic signal) expression and downregulating BCL-2 (anti-apoptotic
signal) expression in osteosarcoma cells. /n silico findings of hinokitiol showed a significant bonding interaction with GSK3p and its downregulated
gene expression probably prevented cancer cell survival.

Keywords: Hinokitiol, osteosarcoma, MTT assay, in silico, glycogen synthase kinase 3/

INTRODUCTION

Osteosarcoma is a rare malignant condition and is the most
prevalent bone cancer. Osteosarcoma primarily affects
youths and adolescents.! The treatment of osteosarcoma
has advanced significantly in the modern era. The treatment

includes radiation, chemotherapy, and even surgery. Currently,
individuals with osteosarcoma have a 5-year survival rate
of approximately 60-70%. Ifosfamide and methotrexate are
some of the chemotherapy drugs used. Various combinations
and other cytotoxic substances like etoposide have also been
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proposed in the literature.? However, taking these medications
can cause several difficulties and adverse effects, such as
neutropenia, mouth fissures, exhaustion, severe diarrhea,
nausea, and emesis. The most notorious culprit may be
anthracyclines, which cause acute reactions such as chest
pain and dyspnea, underscoring a significant drawback of
chemotherapy.® Chemoresistance is another issue posed by
contemporary therapies. These therapeutic limitations have
inspired researchers to explore new avenues, such as finding
new targets and understanding their mechanisms, to identify
cutting-edge treatments for a variety of cancers, including
osteosarcoma. The most popular cell lines for osteosarcoma
are MG-63 cells, which were generated from young Caucasian
patients and were derived from their fibroblastic or epithelial
origins. MG-63 cells have a highly proliferative phenotype.*
The intent of using this specific cell line was to improve its
affordability and accessibility as well as be beneficial for
experimental research.

Glycogen synthase kinase 3f (GSK3p) is an important protein
kinase that regulates metabolism, apoptosis, inflammation,
and cell differentiation.>” Aberrant activation of GSK3pB has
been observed in neurodegenerative diseases, cardiovascular
diseases, and some oncological conditions.®* Osteosarcomas
express more GSK3p than normal cells and tissues. According
to several recent studies down-regulated GSK3p may inhibit
cancer cell growth and trigger apoptosis in human osteosarcoma
cells.® The enhancement of Wnt signaling and catenin
signaling through the inhibition of GSK3p is also believed to
limit osteosarcoma cancer cell survival and proliferation. Based
on these findings, increased expression of GSK3p in cancer is a
potential therapeutic target.

Hinokitiol, chemically known as 2-hydroxy-4-
isopropylcyclohepta-2,4,6-trien-1-one, (Figure 1), belongs to the
monoterpenoid class and has a range of medicinal properties,
including neuroprotective,”? anti-tyronase,” anti-inflammatory™
and anti-proliferative.”® Hinokitinol has been demonstrated in
recent studies to be effective against lung adenocarcinoma,'
melanoma,” and breast cancer™ cell lines. It also interferes with
signaling pathways and explains how protein expression stops
cancer cells from proliferating, migrating, and metastasizing.
The effectiveness of hinokitiol against various cancers has
been studied in vitro, and its benefits for bone loss have been
evaluated; however, its potential against bone cancer remains
unexplored. In this study, its efficacy against osteosarcoma was
evaluated to assess the anti-proliferative and pro-apoptotic

O

Figure 1. Structure of hinokitiol

effects of hinokitiol in osteosarcoma cells via in vitro and in
silico targeting of GSK3p.

MATERIALS AND METHODS

Hinokitiol was purchased from the Tokyo Chemical Industry to
ensure material purity. The melting point of 51 °C and Amax
(238, 320) were assessed using a melting point apparatus
and ultraviolet absorption spectroscopy (Shimadzu 160 A) and
found the same.

Cell line maintenance

From NCCS in Pune, MG-63 cells were purchased. The cells
were grown in T25 culture flasks containing 10% fetal bovine
serum (FBS) and 1% anti-biotics in Dulbecco’s modified Eagle
medium. Cells were housed in a humidified atmosphere with
5% CO, at 37 °C. Once confluence was reached, the cells were
trypsinized and passaged.

Cell viability [(3-(4,5-dimethylthiazol-2-y)-2,5-
diphenyltetrazolium bromide (MTT)] assay

Cytotoxicity (loss of viable cells) was assessed using the
MTT assay.” This assay relies on the metabolic conversion
of the soluble MTT salt, 3-(4, 5-dimethylthiazol-2-yD)-2,5-
diphenyltetrazolium bromide, which symbolizes the normal
function of mitochondrial dehydrogenase activity and cell
viability, into an insoluble colored formazan product, which was
estimated spectrophotometrically. The number of viable cells
can be directly and proportionally estimated from the activity
of mitochondria in living cells. MG-63 cells of 5X10%density per
well were coated on 96-well plates, and to this medium FBS
was added and kept for 24 h in an incubator. The cells were then
exposed to various doses of hinokitiol in triplicate (5, 10, 20, 40,
60, 80 pg/mL) at 5% CO, at 37 °C for 24 h. Subsequently, cells
were added with MTT reagent and incubated for 4 h (Sigma,
MO, USA). The same amount of time was also spent incubating
untreated [dimethyl sulfoxide (DMSO)] cells. MTT solubilization
solution (Sigma) was used to dissolve the formazan crystals
after the incubation period; the formed formazan crystals were
then made into a solution in DMSO (100 pb) and incubated in
the dark for an hour. A 96-well image reader was used to
detect absorbance at 570 nm. The percentage of viable cells
was defined as the percentage of control cells established in
a serum-free medium. The control medium without treatment
was considered 100% viable. The cell viability was calculated
using the following formula: % cell viability = [A570 nm of
treated cells/A570 nm of control cells] x 100.

Cell morphology analysis

Based on the results of the MTT experiment, we selected the
optimum dose (IC, 40 pg/mL) for further research. Using a
phase-contrast microscope, changes in cell morphology were
analyzed. In a 6-well plate, MG63 cells were seeded at a density
of 2 x 10° and were kept overnight. The cells were treated with
an optimal dose of hinokitiol (40 pg/mL) for 24 h, and untreated
cells served as the negative control. When the incubation period
ceased, the medium was removed, and the cells were washed
with phosphate buffer saline (pH 7.4) and examined under a
phase-contrast microscope.
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Cell migration was analyzed using the scratch-wound healing
assay

MG63 cell line was planted onto a six-well culture plate at a
density of 2 x 10° and was kept overnight. The incubated cells
were then washed with Dulbecco’s phosphate-buffered saline
(DPBS), and a sterile micropipette tip of 200 pl, was used to
make a scratch.?® The detached cells and other cellular debris
were washed with DPBS. The cells were then treated with an
optimal dose of hinokitiol (40 ug/mL) for 24 h, and untreated
cells served as the negative control. After incubation, the wells
were washed and fixed in 4% paraformaldehyde. Photographs
were taken using an inverted microscope (Euromex, The
Netherlands).

RNA extraction and gene expression by real-time polymerase
chain reaction (RT-PCR)

Using RT-PCR, the gene expression of pro-apoptotic and anti-
apoptotic cells was examined, and Trizol Reagent (Sigma)
was used to separate the total RNA. Briefly, 1-2 pg of total
RNA was transformed to cDNA using, PrimeScript, 1% strand
cDNA synthesis kit (Takara, Japan) by the manufacturer’s
instructions.?’ Primers were designed to specifically amplify
targeted genes. The primer sequences BAX-Forward:
5'gctggacattggacttccteld’;  reverse:  5S'ctcagcccatcttcttccag3’;
BCL-2- forward: 5'gctggacattggacttccte3’; reverse:
5'ctcagcccatcttcttccagld’. GAPDH- Forward:
5'cgaccactttgtcaagctcad’; reverse: 5' cccctcttcaaggggtctac3'.
GSK3p-  Forward: 5'ccgactaacaccactggaagct3’  Reverse:
5'aggatggtagccagaggtggat3’. PCR was performed using
iTag Universal SYBR Green Supermix (Bio-Rad, USA),
which contains SYBR green dye and all PCR components.??
Stratagene’s MX3000p PCR machine was used to perform real-
time PCR. The results were analyzed using the comparative
computed tomography method and 2. and the Schmittgen
and Livak 2CT method was utilized to calculate fold changes.

Molecular docking

Structure preparation

The crystal structure of GSK3f was downloaded from the
Protein Data Bank (PDB) at (PDB_http://www.pdb.org/pdb/
home/home CODE: 205K). The 3D structure of hinokitiol was
downloaded from the Pubchem database for docking.

Molecular docking

Auto Dock 4.2 was used to perform docking calculations.
Auto Dock Tools (ADT) were used to create grid boxes and
.pdbqt files to generate proteins and ligands. ADT was used to
modify the native GSK3p structure by adding polar hydrogens,
unified Kollman charges, solvation parameters, and fragmental
volumes. The Auto Grid was used to construct grid maps
representing proteins throughout the docking process. The
dimensions of the x, y, and z axes were set to 100, 100, and
100, respectively, and the grid spacing was set to 0.403. The
100 docking conformers were performed using the Lamarckian
Genetic Algorithm (LGA), and the Auto Dock application was
run with the following parameters; Maximum number of
energy evaluations allowed is 250000; GA crossover mode

is two points; GA population size is 150. Out of 100 LGA
conformers, the conformer with the lowest binding energy was
chosen for further analysis. We measured the binding energy
and determined both particular and non-specific interaction
residues of the entire molecule coupled to GSK3. The software
packages Pymol and Discovery Studio were used to visualize
the docked conformations.

Statistical analysis

Data obtained from the study (Cell Viability and Gene expression)
were analyzed by One-Way analysis of variance followed by
Student's t-test using SPSS version 20 and represented as
mean + standard deviation for triplicate analyses. Statistical
significance was determined at a level of p < 0.05.

RESULTS

Hinokitiol significantly reduces MG-63 cell viability

Cellular survival following exposure to hinokitiol at various
concentrations (5, 10, 20, 40, 60, and 80 pg/mL) was
determined using absorbance readings obtained from the
MTT assay. Results were compared with the corresponding
negative controls (untreated cells) after 24 h of incubation and
expressed as percentages of viability. Hinokitiol significantly
(p € 0.05) decreased MG-63 cell viability in a dose-dependent
manner, with a half-maximal inhibitory concentration (IC,) of
40 pg/mL (Figure 2)

Morphological study of the effects of hinokitiol on osteosarcoma
(MG63) cells

A decrease in the cell population was observed following
hinokitiol incubation. As depicted in (Figure 3) treatment with
the IC,, dose of 40 pg/mL hinokitiol led to noticeable cellular
shrinkage and a reduction in cell density, causing overall
morphological alterations. MG-63 cells were treated with the
test compound hinokitiol (IC_, 40 pg/mL) along with the control
group for 24 h. The images were obtained at a magnification (x
10) using an inverted phase-contrast microscope.

Hinokitiol decreases wound closure in MG-63 cells

120 -
MTT Assay - 24h
100 - "
80 - *
*
60 -
Z *
;: ,
E *
3
O .
o
EE - T T T
Control 5 10 20 40 60 80

Concentration of Hinokitiol (ug/ml)

Figure 2. Cytotoxic effect of Hinokitiol on osteosarcoma cancer cells by
MTT assay method. Data are shown as means + SD (n= 3). *Compared with
the control blank group, p < 0.05

SD: Standard deviation
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At an IC,, of 40 g/ml, hinokitiol greatly reduced MG-63 cell
motility in the wound-healing experiment, a common method
for assessing cell migration and cell-cell contact. Hinokitiol
virtually completely prevented MG63 cell migration after 24
hours of incubation (Figure 4).

Gene expression profiles of hinokitiol-induced genes

Hinokitiol treatment modulates apoptosis marker gene
expression in MG-63 cells. To identify the mechanism of
apoptosis caused by treatment with hinokitiol in osteosarcoma
cell lines (MG-63), an messenger ribonucleic acid (mRNA)
expression study of three genes mainly considered for their
involvement in apoptotic pathway regulation, such as BAX, BCL-
2, and GSK3p were studied. Hinokitiol treatment significantly
(p < 0.05) decreased the expression of BCL-2, an apoptosis
inhibitor in cells, and GSK3p, a kinase, compared with untreated
cells. Additionally, a significant (p < 0.05) up regulation of BAX
gene expression and downregulation of BCL-2 and GSK3p
were observed in the hinokitiol-treated group compared to the
control group (Figures 5, 6).

Control

Figure 3. Morphological study of hinokitiol on osteosarcoma (MG63) cell line

Control 0 hr

Docking study

Molecular modeling is an application in which molecular
docking techniques are used to study how receptors interact
with ligands. The Autodock 4.2 suite was used to visualize the
binding affinities of the hinokitiol against target protein GSK3p
(PDB CODE: 205K) based on binding energy to elucidate the
probable mechanisms of the compounds. The best docking
complex was obtained from 100 different conformers for
further research based on the extent of hydrogen bonding,
maximal occupancy of the binding pocket with the lowest
binding energy, and other potential non-covalent interactions.
The lowest binding energy (-5.69 kcal/mol) was observed
among 100 conformers.

The amino acids of isoleucine 62, alanine 83, aspartic acid
(ASP) 133, tyrosine (TYR) 134, valine (VAL) 135, proline (PRO)
136, TYR 140, arginine (ARG) 141, Glycine 185, asparagine
ASN 186, LEU 188, ASP 200, and ARG 220 were noted as
active site residues in the binding cavities of GSK3p via
discovery studio visualizer. Interestingly, the current docking

Hinokitiol 40 pg/mL

Figure 4. Cell Migration study of hinokitiol on osteosarcoma (MG63) cell line by scratch assay
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Figure 5. mRNA levels of target genes were analyzed by RT-PCR using
GAPDH as a reference. Data are mean + SEM of three independent tests
with triplicate reactions. *p < 0.05 vs. control

RT-PCR: Real time-polymerase chain reaction, SEM: Standard error of mean
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Figure 6. GSK3B gene expression is normalized to GAPDH mRNA
expression and the results are expressed as fold change from control.
Each bar represents mean + SEM of three independent observations. “*"
represents statistical significance between control versus drug treatment
groups at p < 0.05 level

SEM: Standard error of mean, mRNA: Messenger ribonucleic acid

investigation demonstrated that hinokitiol interacts with the
amino acids ARG 113, TYR 134, LEU 81, VAL 135, and LYS
197 via hydrogen bonds and hydrophobic interactions within
the binding cavity. Hinokitiol formed three strong hydrogen
bonds between the hydroxyl and carbonyl groups of the
ligand with the side chains of ARG 113, TYR 134, and LEU
81 (Figure 7B). The bond distances of 29 A, 21 A, and 1.7 A
were noted respectively. The one carbon-hydrogen bond was
found in ASP 133. It was also observed to involve three alkyl
hydrophobic interactions within the amino acids of VAL 135
and LYS 197. Furthermore, the following amino acids were
involved in the van der Waals interactions: PRO 136, ASP 190,
VAL 82, and GLU 80 (Figure 7).

DISCUSSION

In this investigation, we examined the anticarcinogenic effects
of hinokitiol on human osteosarcoma MG-63 cells, which
were not previously reported. Due to their well-known lack
of functioning p53 (p53 null status), MG-63 cells are excellent
models for the development of innovative therapeutic therapies
for patients with osteosarcoma.?

The MTT assay relies on living cells converting MTT into
formazan crystals to detect mitochondrial activity, which
is a typical method for assessing the metabolic activity of
viable cells.” This method is universally used to assess the
in vitro cytotoxic nature of drugs and chemicals in cell lines
because the overall mitochondrial activity of the majority of cell
populations is correlated with the ratio of viable cells.”” In the
study, we found a dose-dependent decrease in the percentage
of viable MG-63 cells as we increased the concentration of
hinokitiol; however, we have selected a hinokitiol (IC_)) dose
of 40 puM for further research. Morphological analysis of the
MG-63 cells was done following exposure to the hinokitiol in
the osteosarcoma cell line using an inverted phase-contrast
microscope. The findings demonstrated that compared with
untreated cells, hinokitiol-treated cells underwent considerable
morphological alterations characterized by decreased cell
density and cell shrinkage, which is a common feature of
apoptotic cells. The scratch-wound healing assay examines
the capability of cells to drift and consequently heal the wound
created in a confluent plate of cells. Cell migration can be easily
measured using the scratch test because the metastatic process
is a major contributor to cancer patient deaths.? Cancer cells
propagate and proliferate throughout the body. They traverse
through the extracellular matrix, enter the circulation, attach
to an unrelated location, and then extravasate to produce far-
off foci.?* Hinokitiol 40 uM treatment significantly reduced cell
movement in the osteosarcoma migration assay. The results of
our study were consistent with tomentosin-induced toxicity on
MG-63 cell lines.?* The efficacy of cancer medication therapy
depends on its capacity to cause cancer cells to undergo
programmed cell death. According to previous studies, there
are two primary apoptotic pathways: intrinsic or mitochondrial
pathway and extrinsic pathway.?® Most cancer drugs follow the
mitochondrial pathway, and in the current study of cell viability,
we observed that hinokitiol reduced mitochondrial activity. In
the mitochondrial pathway, the process of apoptosis starts with
the generation of intracellular impulses that eventually result in
the opening of the inner membranes of mitochondria and the
gradual release of pro-apoptotic proteins into the cytoplasm.?®
Changes in mitochondria are controlled by B-cell lymphoma
protein 2 (BCL-2) and (BAX) proteins. BAX protein promotes
apoptosis by releasing cytochrome C from the mitochondria.
This facilitates subsequent activation of caspases, which
eventually results in cell death.?® According to theory, BCL-2
limits the activation of the apoptotic machinery downstream by
preventing BAX from releasing cytochrome C. Consequently,
cells survive, although BCL-2 is also engaged in relocating
proliferating cells back to the resting phase of the cell cycle.?
Thus, the impact of hinokitiol on the apoptosis-related genes
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Figure 7. Three-dimensional (3D) and two-dimensional (2D) binding interactions poses of hinokitiol in the binding pocket of GSK3p (PDB CODE: 205K).
Hydrophobic interactions and hydrogen bond and are indicated by pink and green dashed lines

BAX and BCL-2 was evaluated. BAX genes are crucial for
controlling apoptosis. In the present study, hinokitiol treatment
reduced the expression of BCL-2, an apoptosis inhibitor.
Significantly higher BAX gene (proapoptotic) expression was
observed in the hinokitiol-treated group.

GSK3p is a protein that is highly relevant in different cancers
because it plays a significant role in cell growth, proliferation,
and migration.>” The serine/threonine protein kinase GSK3p
has emerged as a crucial enzyme in controllinof several crucial
cellular signaling pathways by phosphorylating its substrates.
Phosphorylating many oncogene proteins, such as B-catenin,
carcinogenic transcription factors, and c-Myc, causes their
ubiquitin degradation and inactivation.?” GSK3p adversely
affects cell survival and proliferation in normal physiological
settings. GSK3p is therefore commonly thought of as a “tumor-
suppressor gene”. According to Tang et al.," osteosarcoma
cells that overexpress GSK3p have a considerable positive
impact on colony growth and tumor growth. Importantly, the
findings showed that osteosarcoma tumors were aided in
growth by the aberrant activation of GSK3p. According to Cai
et al.,?8 therapy with a GSK3p inhibitor reduces cell survival
and proliferation rates, suggesting that GSK34 may be linked
to the development of osteosarcoma. In the current study, we
evaluated the role of hinokitiol on GSK3p by in silico models,
and the results revealed a significant binding interaction. The
GSK3p gene expression analysis also showed hinokitiol's
potential to negatively regulate its function, thereby promoting
cell death and mitigating cell survival. A downregulated GSK34
in osteosarcoma has reduced tumor cell viability and triggered
apoptosis, according to recent researches. The results of
our study were further substantiated by earlier findings that
hinokitiol has an apoptotic and anti-hepatofibrotic impact on
hepatic stellate cells via activating GSK3f and inhibiting the
Wnt/-catenin pathway.?

CONCLUSION

We used a potent bioactive agent known to have anti-
proliferative activity in various cell lines. In the current study,
we evaluated the anti-proliferative activity of hinokitiol against
the osteosarcoma cell line showed significant cytotoxic
activity. A deep examination of the cell line after treatment
with hinokitiol revealed morphological changes such as cell
shrinkage and reduced cell density. In vitro evaluation of the
wound healing assay revealed anti-migratory effects, which
are characteristic properties of anti-cancer drugs. The study
also analyzed mRNA gene expression by RT-PCR in the MG-63
cell line, and the pro-apoptotic BAX gene was upregulated and
the anti-apoptotic gene BCL-2 and GSK3/ was downregulated.
The study also used in silico models to assess the binding
energy of the biomarker enzyme GSK3f regulated on numerous
signaling pathways for cancer progression hinokitiol, and
showed effective interactions at various binding sites of
GSK3p. Because the present study was carried out only in
the osteosarcoma MG-63 cell line, further research on other
osteosarcoma cell lines will substantiate the claim of hinokitiol
as a strong candidate drug for ameliorating bone cancer.
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ABSTRACT

Objectives: This study aimed to assess the general population’s knowledge, attitudes, and practices regarding hair dye (HD) usage and its adverse
effects in the Northern Emirates of the United Arab Emirates.

Materials and Methods: A cross-sectional study was conducted over 3 months in the general population of Ras Al Khaimah. Information was
collected by administering a pre-validated self-administered questionnaire related to HDs. Data collected were analyzed using descriptive statistics
and binary logistic regression to correlate HD use with various sociodemographic variables. Results with a p-value less than 0.05 were considered
statistically significant.

Results: In total, 333 of the 405 distributed questionnaires completed the study, with a response rate of 82.20%. Most (52.85%) participants used
natural HDs, and most (30.59%) admitted that their motivation to use HD was to remove gray hair. Of the total sample, nearly 75% agreed that they
had never performed an allergic test before using the HD, and almost 70% believed that providing advice regarding the HD would be beneficial. Sex
(p < 0.000M), age (in years) (p= 0.032), and occupation (p= 0.042) were associated with the frequency of HD use, which was statistically significant.
Conclusion: In the present study, HD was common among students, employees, and middle-aged students. Approaches such as educational
awareness programs with special attention to the safe and effective use of HDs may help individuals select appropriate HDs and avoid preventable
adverse effects.

Keywords: Hair dye, health knowledge, adverse effects, surveys and questionnaires

INTRODUCTION

Healthy and beautiful hair enhances personality, physical
appearance, and beauty. Maintaining good, healthy, and stylish
hair has gained much importance presently and significantly
among adolescents, exerting a profound effect on their outlook!
In today's modern world, the use of hair dye (HD) products
is widely accepted, irrespective of gender, age, educational
status, or social status to conceal gray hairs or just for changing
fashion trends.?

Temporary, semi-permanent, and permanent HDs are the
different types of HDs used to modify hair color to achieve a
beautiful and youthful appearance. HDs consisting of natural
and synthetic agents provide hair with good shape, attractive
and elegant appearance, and long-lasting color. The periodic
use of HDs or coloring products has become routine for
many individuals, devoting considerable time and financial
expenditure to achieving soft, silky, and shiny hair."?
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The assumption that HDs are safe and will not cause damage
to human health, and the increase in hair coloring trend have
raised concerns about their safety, as some synthetic agents
contain toxic substances known to be detrimental to their well-
being.* Studies have reported that cosmetics, including hair
products, are associated with various known and unknown
adverse reactions ranging from mild local reactions to more
severe systemic life-threatening reactions jeopardizing a
person’s life in danger.3¢Keeping in view the numerous health
hazards associated with HD, adequate knowledge and accurate
information about HD composition, its use, and adverse effects
are important in reducing the prevalence of HD-associated
complications among users.

It has been reportedthat the use of paraphenylenediamine (PPD),
a synthetic aromatic amine, is the leading cause of contact
dermatitis among HD users. In addition, hyperpigmentation,
leukoderma, hair loss, chemical burns, skin malignancy, and
systemic diseases are some of the adverse effects of HD
preparations.?*

However, there is a paucity of studies describing the adverse
effects of HDs among HD users. To the best of our knowledge,
no previous study has attempted to assess the level of
knowledge, attitudes, and practices regarding HD use among
users in the Northern Emirates of the United Arab Emirates.
Considering this, the present study aimed to assess knowledge,
attitudes, and practices regarding HD and its adverse effects
among HD users.

MATERIALS AND METHODS

Study design and settings

This cross-sectional, self-administered questionnaire-based
study was conducted in the Emirate of Ras Al Khaimah from
February 2022 to July 2022. Ethical approval was obtained from
the institutional research ethics committee and from the Ras
Al Khaimah Research Ethics Committee before the initiation of
the study (approval number: MOHAP/REC/2022/7-2022-UG-P,
date: 21.02.2022). Subjects of either gender aged 18 years and
above who had used HD (natural/synthetic) at least once in
their lifetime were included after obtaining informed consent.

Study procedure

The sample size was calculated using the Rao soft calculator.”
Assuming that the estimated urban population of Ras al
Khaimah is nearly one lakh, and the prevalence rate of HDs
used in the Gulf Cooperation Council based on earlier studies is
30%. The minimum sample size is 330 respondents with a 5%
margin of error, 95% confidence interval, and 50% response
distribution. A convenient sampling technique was used to
enroll participants in the study. Information was collected from
the general population and employees of our university through
a questionnaire developed by the researcher via Google Forms
provided through emails. In addition, subjects who visited the
hair and beauty salons were contacted, and information was
collected by providing a hard copy of the questionnaire. For the
questions sent through the Google survey form, the informed

consent form page will be opened, and only after consenting to
answer the questions by marking a voluntary checkbox will the
respondents be directed to the main survey instrument.

Participants were informed that the study was voluntary, and
we assured them of the anonymity and confidentiality of their
responses. Sufficient time (approximately one week) and an
email reminder were provided to each participant to complete
and submit the questionnaire. The investigator re-checked
every submitted response to ensure the collected data’s quality
and to avoid any incomplete information in the questionnaire.
Questions that could reveal the personal identity of the study
subject were not included in the tool.

Questionnaire development and scoring

A self-administered or interviewer-assisted survey on
knowledge, attitude, and practice related to HD use was
prepared by referring to previous literature and similar studies
and modified as per study requirements.>¢8? The questionnaire’s
content validity was evaluated by three experts in the field,
who assessed the relevance, clarity, and comprehensiveness
of the items to ensure accurate representation of key aspects
of knowledge, attitudes, and practices concerning HD use. The
questionnaire was improved as a result of their input, proving its
pre-validity. A convenience sample of ten people was used for
a pilot test to evaluate the instrument'’s reliability. Cronbach’s
alpha was used to determine internal consistency, and a value
of > 0.7 indicated satisfactory reliability. We acknowledge the
significance of concept and criterion validity and recommend
that they be investigated in future research using methods
like factor analysis or correlations with existing measures,
even though formal tests for these validities were not carried
out in this study. Multiple-choice items were evaluated
according to the total number of correct answers chosen, and
the questionnaire was scored using a binary approach (1 for
correct/positive responses, O for incorrect/negative ones). The
questionnaire’s reliability and clarity for the intended audience
were validated by the pilot study.

There are two sections and sixteen questions in the survey
instrument. The demographic data of the respondents, such
as age, gender, nationality, marital status, and employment,
is gathered in the first part. Questions about the type of HD,
usage frequency, side effects, and motivations for using HDs
are included in the second section. These questions were
answered with the following responses: “yes”, “no”, and “I do
not know”. When appropriate, several questions were made
to let respondents choose more than one answer. Descriptive
analysis of the information gathered from these answers was
done to find patterns in HD use-related knowledge, attitudes,
and behaviours.

Statistical analysis

Participants’ responses to the questions were coded, entered
into an Excel spreadsheet, and analyzed using SPSS version
27 (IBM Corp., Armonk, NY, USA). Descriptive statistics were
employed to assess the mean and standard deviation for
continuous variables and the percentages and frequencies
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for categorical variables to narrate demographic factors. The
chi-square test was used to test the association between
the frequency of HD use and demographic variables. Binary
logistic regression was used to relate HD use to various
sociodemographic variables. A value of p < 0.05 was considered
statistically significant.

RESULTS

The questionnaire was distributed among 405 participants. In
total, 333 subjects (82.20%) fully completed and returned the
questionnaire. Among the remaining 72 participants, 57 did
not respond to the e-mails, and 15 responses were partially
completed and not considered for the analysis. Among the
333 participants who completed the study, 99 completed
the questionnaire via Google Forms, and the remaining 234
completed face-to-face interviews.

Sociodemographic characteristics of the study participants

Of the total study population, female (68.5%) predominance was
noted over males, and the study population's median age was
30.0 (in years). Most of the study participants were in the age
group 21-40 years. The majority of the study participants were
non-Arab (74.2%), and nearly half of the study subjects were
unmarried (48.9%) and none were classified as “divorced”.
More than one-third of the participants were working employees
(39.9%), and almost half were students (47.4%) (Table 1). An
analysis of the responses to the questions related to knowledge,
attitude, and practice among the HD users revealed that only
8.4% responded that they had experienced allergic reactions
related to HD preparations. When asked about performing an
allergic test before using HD, 72.97% answered that they had
never previously performed an allergic test before using HD.

Regarding the ingredients in HD, only one-third (34.53%) of
the participants read the list. Among the total participants, only
45.64% agreed that they seek advice or suggestions before
buying HD. Almost 70% of users indicated that providing
educational advice regarding HD would benefit them. Less
than 10% of the study participants stated that available HD
preparations in the market are safe and can be used in all age
groups. Most of the study participants acknowledged that they
were unaware of the hazardous chemicals/toxic ingredients of
HDs, did not get enough information when buying HD products,
and neither consulted nor received pharmacist advice (Table 2).

Concerning the types of HD preferred by the study participants,
more than half (52.85%) preferred the use of natural dye,

Natural
= Synthetic - Temporary
» Synthetic - Semi permanent
(512_7:5) = Synthetic - Permanent

= Others

Figure 1. Different types of hair dyes used by the study participants (n= 333)

while 42.93 preferred synthetic dyes of different types, and the
remaining 4.20% answered others consisting of egg, hibiscus,
and other natural substances (Figure 1).

Adverse effects of HDs
Fewer adverse effects such as fizzy hair (n= 6; 11.53%), rashes
over the face and forehead (n= 14; 26.92%), headache (n=
10; 19.23%), hair fall (n= 6; 11.53%), and itching (n=16; 32%)
associated with HDs use were reported among the study
participants (Figure 2).

The reason for HD use varied considerably among the
participants. Most respondents (30.59%) reported that HD
helped them get rid of gray hair, while 18.76% believed it made
them look more beautiful (Figure 3).

Regarding the source of information about HDs, most (30%) of
the study subjects reported using the Internet, whereas 26.19%

chose advertisement as the major source of information related
to HD (Figure 4).

Table 1. Sociodemographic characteristics of the study

populations (n= 333)

Variables Frequency Percentage
Sex

Female 228 68.5

Male 105 315
Median age 30.0 (range: 17-76) (in years)

Age group (in years)

<20 26 7.8
21-40 179 53.8
41-60 84 25.2
> 61 44 13.2
Nationality

Arabs 86 25.8
Non-Arabs 247 4.2

Marital status

Married 146 438
Unmarried 163 489
Divorced 24 7.2
Education

School level 37 11
Graduate level 136 40.8
Postgraduate and above 160 48.0
Occupation

Working 133 399
Not working 28 8.4
Student 158 474
Home maker 14 4.2
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Associations between sociodemographic variables and HD ing
practices

Participants with female (p <0.0001), aged between 21 and 40
years (p= 0.032) and employees (p= 0.042) are inclined to use
HD more frequently than other age groups, which was found to
be statistically significant (Table 3). The frequency of HD use
was higher among highly educated participants, the difference
was not statistically significant (p= 0.052).

The correlation between sociodemographic characteristics
and frequency of HD use using binary logistic regression
analysis after adjusting for all other variables showed that sex
[odds ratio (OR) = 0.068, 95% confidence interval (Cl) (0.024
- 1199), p <0.0001], marital statuslodds ratio (OR) = 0.242,
95% confidence interval (Cl) (0.098 - 0.602), p= 0.002], and
employment [odds ratio (OR) = 1.737, 95% confidence interval
(Ch (1.058 - 2.851), p=0.029]were significantly associated with
HD use. In the adjusted model, age (in years), nationality, and
education were not significantly associated with the frequency
of HD use.

DISCUSSION

Hair care has gained considerable importance, and HD use has
increased globally to enhance youth and beauty. Additionally,
significant growth and rapid development in the cosmetic
industry and the limited evidence on safety profiles related to

Fizzy hair 6 (11.53%)
Rashes over the face and
forehead 14 (26:92%)
Headache 10 (19.23%)

Hairfall 6 (11.53%)
liching 14 (30.76%)
0 5 10 15 20

Number (%)

Figure 2. Adverse effects reported by the study participants associated
with hair dyes (n=52)

HDs influence guidance on the safe and effective use of HD
preparations.>® The present study assesses the knowledge,
attitude, and practice regarding HDs and their adverse effects
among HD users.

The study results point out that more than half of the study
participants were female, indicating their predominance in
using HDs at least once to have a smart and young look in
the work field. The increased percentage is insignificant
considering that the prevalence of HD use among females in
earlier studies ranged from 60% to 90%.°'2 A previous study
conducted in Riyadh, Saudi Arabia reported that 82.6% of
their female participants had used HD at some point.”®In the
present study, the median age at first use of HD was 29.5 years,
expressing HD is common among teenagers and young adults,
echoing previous studies, which reported that the median age
at first HD ing ranged between 22-36 years, respectively.>™

Concerning the different types of HDs used by the study
participants, > 50% preferred natural (henna) dye, indicating its
popularity in the community. It must be noted that henna dye
is traditional in Islamic countries and has religious and social
significance. The growing popularity that natural dyes provide
the best normal results without any chemical ingredients and
the increased concern that synthetic dyes are likely to cause

119 (30.59)

73(1574) 67(17.22)

Percentage

47 (12.08) 44(1.31) 39(10.02)

1
Source of Information

u Getrid of grey hair mFashionable

Having a new look m Makes me more self confident

= Look more beautiful

mLlook younger

Figure 3. Motivation behind the use of hair dyes

Table 2. Results of a questionnaire on HD-related knowledge, attitude, and practice

Slno.  Questions n= 333 O6)

Yes (%) No (%) I don’t know (%)
1 Have you ever experienced any allergic reactions with the use of any HD? 28 (8.40) 237 (7117 68 (20.42)
2 Have you ever performed an allergy test before using a HD? 51 (15.31 243 (72.97) 39 (11.7D
3 Do you usually read/check the list of ingredients present in HDs? 115 (34.53) 124 (37.23) 94 (28.22)
4 Do you seek any advice or suggestions before buying your HD? 152 (45.64) 43 (1291 138 (41.44)
5 Do you think educational advice on HD would be beneficial for you? 233 (69.96) 30 (9.0) 70 (21.02)
6 Do you think that all the available HDs in the market are safe? 29 (8.70) 139 (41.74) 165 (49.54)
7 Is it safe to use all available HDs in all age groups? 20 (6.0) 240 (72.07) 73 (21.92)
8 Are you aware of any hazardous chemicals and toxins present in HDs? 99 (29.72) 207 (62.16) 27 (8.10)
9 Did you ever consult or receive pharmacist advice when buying your HD? 91 (27.32) 148 (44.44) 94 (28.22)
10 Do you think you get enough information when buying a product? 71 (21.32) 145 (43.54) 117 (3513)

Slno.: Serial number, HD: Hair dye
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17 = Family members / friends

(478) = Beautician

= Internet
93
(26.19)

Advertisement
Product promoter
= Pharmacist

Figure 4. Source of information about hair dyes

Table 3. Association between frequency of HD use and

sociodemographic characteristics

Frequency of HD use
(per year)

Characteristics p value
Once 2-5times > 5times
Gender
Female 142 68 18
0.0001*
Male 55 19 31
Age group (in years)
<20 12 6 8
21-40 108 51 20
0.032*
41-60 55 14 15
> 61 22 16 6
Nationality
Non-Arabs 142 66 39
0.526
Arabs 55 21 10
Marital status
Married 76 40 30
Unmarried 105 41 17 0.075
Divorced 16 6 2
Education
School level 19 n 01
Graduate 76 32 28 0.052
Postgraduate and 102 44 14
above
Occupation
Working 75 35 23
Not working 2 6 0
0.042¢
Student 88 44 26
Home maker 12 2 0

*p value < 0.05 is statistically significant, *Chi-square test, tFischer’s exact
test

serious adverse effects could also be why we prefer natural
dyes. Regarding safety, fewer adverse effects related to HDs
were reported, shadowing the previous study results.>”® This
emphasizes the need for performing an allergy test before using
any HD products to improve safety and prevent possible side

effects in the future. The most common reason for using HDs
was to cover gray hair, which enhanced their self-confidence.
In the modern world, the desire to be youthful is most common,
and people prefer to conceal their gray hair at an early age,
which is supported by the study responses and their desire to
be more beautiful, fashionable, and stand out as young people.
The above findings correlate with those of earlier studies,
which reported that HD's principal purpose was to cover the
gray hair and have a youthful appearance.’3'

Regarding the source of information about HDs, most of the
study participants expressed that the internet, social media,
and newspaper advertisements were the primary sources of
information for understanding HD preparation. This section
discusses fast-growing online information technology,
including the internet and media, which has opened the way for
consumers to reach out quickly and can be an effective platform
for consumers to learn more about HD products. However,
sometimes, making sense of overwhelming information from
an online platform becomes difficult, which can be misleading
or lead to negative health outcomes 314

Nearly two-thirds of the study sample reported that they
never experienced any adverse effects associated with HD
use, and almost the same revealed that they never performed
an allergy test before using HD. Appropriate advice must be
reinforced in HD users as sometimes mild-moderate adverse
effects are underreported because of self-diagnosis and self-
medication, which are more common in cosmetics products.®'
It is important to highlight that severe reactions can sometimes
cause permanent disability or life-threatening. Only less than
half of the study sample declared that they usually read or
checked the ingredients before using HD or sought advice while
buying HD. A study in Saudi Arabia reported that more than half
of the women who developed adverse effects from cosmetics
did not seek medical advice or consult a pharmacist.®

More than 60% of the study population reported that they were
unaware of the hazardous chemicals/toxic ingredients present
in HD. Understanding the ingredients in HDs, adhering to the
instructions for proper use, and seeking medical advice from
healthcare professionals will help ensure the safe and effective
use of HDs. Misuse or overuse of HDs is likely to damage
hair. Furthermore, few published studies have documented
conflicting findings that some compositions in permanent HDs
are linked with the development of certain malignancies, but the
evidence was weak and could not prove causality.07®

Additional studies on the carcinogenic potential of HDs should
be conducted to resolve public concerns. Many participants
expressed that HDs available in the market are unsafe and not
recommended for use in all age groups. This is particularly
important in pregnancy and young children. Concerns regarding
safety during pregnancy have been raised, which is a matter
of active debate. Studies evaluating the association between
HD use in pregnancy and neonatal outcomes have concluded
that the strength of evidence is limited to moving the needle on
recommendations for the safety of HDs during pregnancy and
might cause neonatal health problems.2°
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The presence of toxic ingredients such as PPD, the most potent
and key ingredient in HD formulations, raises an important public
health concern. Exposure to these products can induce local and
systemic toxic effects when applied topically and/or ingested
orally, and the outcome depends mainly on the dose taken. Acute
(short-term) exposure to high levels of p-phenylenediamine
may cause angioedema leading to dysphasia and respiratory
distress, rhabdomyolysis, intravascular hemolysis, acute renal
failure, and hepatic necrosis, whereas chronic (long-term)
exposure in humans results in Eczematous contact dermatitis.
Studies have demonstrated that children are susceptible to PPD
allergy, and their use might increase the risk of carcinoma and
infertility problems in the future.?"23

Thedifferenttypes of HD use and motivation justify the increased
frequency of HD use observed in the present study. Participants
aged between 21 and 40 years and employed individuals tended
to use HDs more frequently, which was statistically significant.
This observation highlights that individuals aged between 21
and 40 years are either job seekers or employees who would
like to continue to maintain a fresh look, believe that it will
add shine and dimension to hair, make it more beautiful, and
perceive it as an integral part of self-expression and fashion.

Study limitations

First, the study relied on self-reporting information provided
by HD users through survey questionnaires in which the data
obtained reflected the respondents’ personal opinions. However,
self-reporting is a common and practical method of collecting
data. The information provided may not mirror real-life practice
because some respondents may be unwilling to reveal practice
deficiencies. The possibility of recall bias cannot be excluded
entirely. Secondly, We recognise that only individuals from the
northern emirates of the United Arab Emirates were included
in the study sample, which could limit the results’ applicability
to the whole population of the United Arab Emirates. Future
research with a sample that is more geographically diverse
would improve the findings’ representativeness.

CONCLUSIONS

The present study highlights the extensive use of HDs by
individuals aged 21-40 years, emphasizing the importance
given to their esthetic value. The focus should be on providing
appropriate information to HD users regarding the safe use
and chemical ingredients of HD products. Performing a patch
test before HD use and adhering to usage instructions may
help choose safer HD products and avoid possible adverse
reactions. The conflicting results regarding the safe use of HDs
in pregnancy warrant further investigation with more accurate
data on neonatal health issues in the future.
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ABSTRAC T |

Objectives: The aim of this study was to ivnestigate the effect of simulated gastrointestinal viscosity, surface tension, and pH on the dissolution rate
of two commercial candesartan cilexetil (CC) products.

Materials and Methods: /n vitro dissolution of two commercial CC products and immediate release of 16 mg of CC were applied under two conditions:
(1) the requirements of the United States Pharmacopeia (USP) and (2) conditions physiologically related to the gastrointestinal tract mimicking
viscous food intake. The solubility of CC in different simulation fluids was also measured. The dissolution media's viscosity, surface tension, and pH
were also measured. The viscosity of the gel layer was measured during CC dissolution.

Results: The CC dissolution rate was highest in the USP medium. It was found that the media type affected CC dissolution. The non-USP media
exhibited a slower dissolution rate than the USP specification. The highest viscosity media lowered the dissolution rate in one of the CC products.
Acidic pH showed a significant decrease in dissolution for both CC products. The solubility of CC was affected by solvent type (p value < 0.001).
Conclusion: Higher viscosity media slow the dissolution rate of a product, where a gel layer forms on the tablet surface.The results show variation
in the dissolution media. This may reveal differences in the dissolution rates of the same drug in different products and media. Considering,
viscosity's effect on dissolution might improve patient outcomes when treated with different products.

Keywords: Immediate release, dissolution, viscosity, simulated gastrointestinal fluid, gel

INTRODUCTION

The dissolution test is a tool that is conducted for measuring the

should simulate the anticipated in vivo dissolution conditions,
which sequentially mimic the physiological conditions in the

in vitro performance of solid oral dosage forms and is performed
during the design and optimization of tablet formulations as a
comparative tool! The data obtained from in vitro dissolution
can be highly correlated with in vivo biopharmaceutical
specifications.? Consequently, the generated data are used
to predict the in vivo performance of oral drug products.?
Therefore, the media used in in vitro dissolution studies

gastrointestinal tract (GIT).4

Viscosity, surface tension, pH, and ionic strength of dissolution
media are crucial conditions that affect drug dissolution.® In
addition, several previous studies documented the effects of
various dissolution conditions on the dissolution of poorly
soluble drugs.®”
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Solubility along with the dissolution of class Il drugs can be
affected by the complex luminal environment throughout GIT,
including pH, buffer capacity, ionic strength, surface tension,
osmolality, food intake, viscosity, Gl motility, and volume
available for drug dissolution.® When selecting a proper test
method in a well-controlled environment, the dissolution
test remains sensitive and affected by the finished product
composition, material properties (including material source),
and manufacturing process of the tested drug.? Hence, the choice
of an appropriate medium for the evaluation of the dissolution
of BCS class Il drugs, which simulates the physiological
conditions of Gl fluids, is crucial for better predicting in vivo
oral performance and differences in bioavailability among
different formulations.®"

The limited dissolution of highly permeable/low-soluble drugs,
classified as class Il drugs according to BCS, makes them
less likely to be absorbed in the oral cavity.” Moreover, the
physiological conditions of GIT may influence the speed of drug
dissolution; for example, increasing the viscosity and surface
tension of the dissolution medium may affect drug liberation
from its pharmaceutical dosage form.® Therefore, testing the
effects of these conditions on the dissolution of BCS class |
drugs is important.

Candesartan cilexetil (CC) is an angiotensin Il receptor blocker
of BSC class Il drugs.”” CC is commonly used for the treatment
of heart failure, hypertension, diabetic nephropathy, and
myocardial infarction” CC was previously used as a model
drug for class Il drugs due to its low solubility in water (lower
than 8 x 10® M) and low bioavailability.* Therefore, the aim of
this study was to investigate the effects of different parameters
including viscosity, surface tension, and pH, on the dissolution
of two CC tablets.

MATERIALS AND METHODS

Materials

CC powder was obtained from Dar Al Dawa Pharmaceuticals
(Amman, Jordan). Two commercial 16 mg CC immediate-
release tablets were collected from the Jordanian market; CC
product 1 (AstraZeneca Company, UK, batch number: GTIN
07321839721397, production date: 01-2019) and CC product 2
(United Pharmaceuticals Manufacturing Co., Amman, Jordan,
batch number: MO73 JPD, production date: 01-2018). Table 1
presents the excipients and pharmaceutical uses of the two CC
products.

Tween® 20 was purchased from Tedia Company (OH, USA),
sodium lauryl sulfate (SLS, 94%) from Laboratory Rasayan
(Gujarat, India), hydroxypropyl methylcellulose (HPMC; M
= 69.49) from AZ Chem for Lab Chemicals (Pretoria, South
Africa), and acetonitrile (CH3CN, 99.9%) from Sigma-Aldrich
(Germany). Sodium acetate anhydrous (CH,COONa, 99%,
Guangdong Guangzhou Sci-Tech Co., Ltd, Guangzhou, China),
sodium hydroxide (NaOH, 99%, EMD Millipore Corporation,
Fairburn, Georgia), glacial acetic acid (CH,CO,H, 99.8%,
Scharlab, Barcelona, Spain), hydrochloric acid (HC|, 37% w/w,
Fisher, Shanghai, China), ethanol (EOH, Fisher, Shanghai,

China), sodium tri-phosphate (Na,PO,, 98%, Fisher, Shanghai,
China), and potassium dihydrogen phosphate (KH,PO,, 99.9%,
Fisher, Shanghai, China). All chemical reagents used in the
preparation of dissolution media were analytical grades.

Dissolution media

The contents of the compendial United States Pharmacopeia
(USP) medium buffer and the four non-compendial dissolution
media were prepared to investigate the effects of low pH (0.IN
HCD, low surface tension (0.4% w/v SLS), and high viscosity
(0.1 and 0.2% w/v HPMO).

Preparation of the CC calibration curve

Calibration curves for CC in the CC-USP, HCl, SLS, 0.1% HPMC,
and 0.2% HPMC media were prepared according to previously
documented procedures,® which were briefly described as
follows: 100 mg of CC was weighed into a 100 mL volumetric
flask, 10 mL of acetonitrile was added, and the flask was
sonicated for 10 min. An additional volume of acetonitrile was
added to the mixture to reach a final volume of 100 mL. The
resulting standard stock solution (1 mg/mL) was used to prepare
the final standard concentrations of 2, 5, 6, 10, 20, and 35 pg/
mL by diluting the stock solution in plain USP medium (CC-
USP) as well as in the other investigated media, including HCIl,
SLS, 0.1% HPMC, and 0.2% HPMC. The calibration curves were
prepared three times, and the mean of the resulting curves was
obtained.

The concentration of the dissolved drug in the media was
measured using an ultraviolet (UV)-Vis spectrophotometer-1800
(SHIMADZU) scanned over a range of 200-400 nm to detect
the maximum wavelength absorbance (A__). The absorbance

Table 1. Excipients of two commercially available CC
tablets as issued on a leaflet by the manufacturers.
product 1 (AstraZeneca Company, UK, batch number: GTIN

07321839721397, production date: 01-2019) and product 2
(United Pharmaceuticals Manufacturing Co., Amman, Jordan,
batch number: MO73 JPD, production date: 01-2018)

Pharmaceutical function Product 1 Product 2
Disintegration enhancer Carmellose

Thickening agent sodium

Disintegration enhancer . .

. . Microcrystalline
Compression molding cellulose*
Adhesion agent
Flow enhancer Lactose Lactose
Direct-compression excipient ~ monohydrate ~ monohydrate
Dissolution enhancer HPMC HPMC

Direct-compression excipient

Disintegration enhancer Maize starch Maize starch

Diluent

Wetting ggent Macrogol Polyethylene
Penetration enhancer glycol
Colorant Iron oxide Ferric iron
Ultraviolet absorber (E127) oxides

UV: Ultraviolet, CC: Candesartan cilexetil
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was measured against 1 mL of acetonitrile in 100 mL of each
prepared medium. The measured absorbance was plotted
against drug concentrations to determine absorptivity using the
Beer-Lambert equation.®

Hardness testing

Randomly selected tablets of CC products 1 and 2 (n= 10)
were tested for hardness using an automated hardness tester
(electrolab, India). The mean and standard deviation (SD) of the
force were recorded in Newton (N).

In vitro dissolution testing

Dissolution testing was conducted in 900 mL of the investigated
media to which the tablets were added. In all experiments, the
temperature was fixed at 37 °C + 0.5 using USP apparatus ||
(paddles) rotating at 50 rpm. Samples were withdrawn from
the media at specific time intervals (15, 30, 45, 60, 75, 90, 105,
and 120 min). Samples (3 mL) were first passed through a 0.22
pm syringe filter, and the amount of dissolved CC in the media
was analyzed using a UV-Vis spectrophotometer at A__ 254
nm. According to USP requirements, immediate-release dosage
forms require the release of not less than 80% of the claimed
amount after 45 min.” The dissolution rate of CC (expressed
as dissolution percentage; %) was calculated by establishing
calibration curves for each medium, with Milli-Q water used as
a control. The applied tests were repeated six times for each
product, and the raw material was dissolved in the investigated
media. The same control and number of replicates were
used in the solubility study, surface tension measurement,
viscosity measurements, pH measurements, and ionic strength
measurements.

Solubility of CC

The solubility of CC in the investigated media was measured as
previously described (Hassan et al.”®). Briefly, CC was added
in excess of 15 mL of each medium. The mixtures were kept at
37 °C for 24 h and then filtered through a 0.2 um syringe filter.
The filtrates were collected, and UV absorbance was measured
using a UV-Vis spectrophotometer at A__ 254 nm.®

Surface tension measurements

The surface tension of dissolution media containing drugs was
measured using a micro-roughened platinum plate tensiometer
(Tensiometer Attension®, Biolion Scientific, Sweden). The
measurements were performed on the surface of Platinum
plates immersed in 40 mL of the investigated media, which
were placed in a round vessel made of Pyrex (with 50 mm
diameter) and then incubated in a water bath for three minutes
at 37 °C.

Viscosity testing of the dissolution media and gel layer formed
on the tablet surface

The viscosities of dissolution media and the gel layer formed on
the surface of the tablets undergoing dissolution were measured
at 37 °C using Rheometer DVT3 (Brookfield, USA), coupled
with a 4-mm diameter cone and plate geometry of 1°. Tablets
were first placed in dissolution vessels containing dissolution
media. After 15 min, the formed gel layer on the tablets was

carefully removed using a spatula. Viscosity measurements
were performed at a shear rate of 75 sl, speed of 10 rpm, and
strain stress of 0.01-10%.

pH and ionic strength testing

The pH of the media was measured using a pH meter (Mettler
Toledo, USA) calibrated before each measurement. The ionic
strength of the media was calculated using the following
equation:

—1lyn 2
I'=>271c¢z; M)

Where [ is the ionic strength, in the number of species in the
solution, c, is the molar concentration of ion /, z, is the charge
number of ions, and X refers to the summation symbol (the sum
of overall ions in the solution).”

Statistical analysis

Data analysis was conducted using GraphPad Prism version
7. One-Way analysis of variance and Two-Way analysis of
variance followed by the Tukey test were used ti differentiate
and compare the dissolution profiles of CC products 1 and 2 in
the tested media. Data were presented as mean + SD. A p value
lower than 0.05 (p value <) was deemed statistically significant.

RESULTS

CC calibration curves
The calibration curves of raw CC were obtained in all dissolution
media with A__ of 254 nm. The plotted curve was linear for
all three replicates in a concentration range of 2 to 35 pg/mL.
Results: Mean correlation factor R? = 0.9997 and mean slope (¢)
of 27.5 mg™.0.1L".cm.

CC hardness test

Products 1 and 2 had a significantly higher index of hardness
(92.0 £ 3.7 N; p value < 0.01) compared to products 2 (56.6 +
49 N).

Solubility, surface tension, viscosity, and ionic strength of raw
CC in dissolution media

Table 3 presents the solubility of raw CC in different dissolution
media and its physicochemical properties. The highest solubility
was observed in CC-USP medium (20.9 + 0.5 pg/mL), followed
by SLS (14.7 + 0.3 pg/mL) and 0.1% HPMC (13.9 + 0.4 pg/mL)
media. Lower solubility was observed in 0.2% HPMC (5.6 + 0.3
pg/mL) and HCI (3.7 £ 0.2 pg/mL) media.

The highest surface tension was achieved using Milli-Q® water
(72.0 + 0.0 mN/m). The surface tension of the CC-dissolved
media was comparable between the investigated media, ranging
from 34.8 and 34.7 mN/m in HCl CC-USP media, respectively,
followed by 33.2 mN/m in 0.1% and 0.2% HPMC, and then 30.20
mN/m in SLS media.

The highest viscosity was observed in the 0.2% HPMC medium,
which was ten times higher than the viscosity of the Milli-Q®
water, which was used as a control (8.0 + 0.8 vs. 0.8 = 0.1
cP 0.2% HPMC, Milli-Q® water respectively). The viscosity
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decreased as the HPMC concentration decreased to 0.1% (5. 5
+ 0.3 cP). The CC-USP, HCl, and SLS media exhibited similar
viscosities (1.2 £ 0.1, 1.2 £ 0.1, 1.2 £ 0.1 cP, respectively), which
were approximately eight times lower than that of the 0.2%
HPMC medium.

The ionic strength of the HCl media was the highest (0.1 mM),
whereas the other media, except Milli-Q® water, had relatively
similar ionic strengths of 0.06-0.07 mM. The results are
presented in Table 2.

In vitro dissolution of Product 1

Figure 1 shows the dissolution profiles of product 1 tablets
in the investigated media. CC dissolution was significantly
affected by the dissolution media employed. While using the
CC-USP medium, product 1 met the recommended USP release
rate at 45 min post-dissolution of 106.9 + 6.2%, whereas the
USP requirements were not observed in the other dissolution
media. As an example, low dissolution was observed in the SLS
medium (51.80 + 4.72% after 45 min), followed by that observed
in the HCl medium (30.6 + 8.96% after 45 min). Almost no
release was detected when HPMC was used as a viscosity
enhancer at a 0.2% w/v concentration. However, the rate of CC
release was slightly increased to 12.16 + 7.79% after 120 min
when the concentration of HPMC was reduced to 0.1% w/Vv.

The differences in CC release rate using different dissolution
media were marked immediately after 15 min post-dissolution.
The CC-USP medium achieved a dissolution of 65.86 + 13.77%
in 15 min, followed by the SLS medium (2411, + 6.61%; p value <
0.001. Compared with the CC-USP medium, the rate of release
was slower (p value < 0.001) in HCl medium with a release rate
of 21.77 + 6.48% after 15 min.

In vitro dissolution of product 2

Figure 2 illustrates the dissolution profiles of product 2
tablets in the investigated media. The dissolution profiles were
significantly affected by the media employed. At 45 min, the
highest CC dissolution was recorded in the CC-USP medium
(100.5 £ 6.19%), followed by the 0.1% HPMC medium (97.36
6.77%). However, dissolution was significantly lower in SLS
(56.0 +1.8%), 0.2% HPMC (32.3 + 9.2%, %; p value < 0.001), and
HCl media (24.0 £ 1.7%, %; p value < 0.001).

Viscosity of the gel layer temporarily formed on dissolved
tablets

A clear gel layer was formed on the surface of the tablets
containing product 1 but not those containing product 2. The
viscosity of the gel layer (Figure 3) was highest when using
Milli-Q® water (515 + 0.31 CP). The viscosity of the gel layer
decreased to 4.25 + 0.16 CP, and 3.66 + 0.14 CP when using
0.2% HPMC and 0.1% HPMC media, respectively. The viscosities
of the gel layers formed in the CC-USP medium (1.53 + 0.16 CP)
and the HCl medium (1.66 + 0.46 CP ) media were comparatively
similar and low.

DISCUSSION

CC is a BCS class Il drug that is typically characterized by
low solubility and high permeability, which limit its oral
bioavailability.** Therefore, the in vitro dissolution testing
of CC is important for predicting its in vivo absorption and
bioavailability. Consequently, optimization of the experimental
parameters of the in vitro dissolution testing when compared to
in-vivo conditions was needed. Comparing the two commercial
CC products is not the primary aim of this study; on the contrary,
it aims to identify new validated methods that are not usually
applied in QC analysis to determine the physicochemical
properties of the products.”?°

Dissolving the investigated commercial CC tablets in USP
medium met the USP compendial requirements. However,

100
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Figure 1. Dissolution profiles of candesartan cilexetil CC-product 1
(AstraZeneca Company, UK, batch number: GTIN 07321839721397,
production date: 01-2019) were obtained at a rotation speed of 50 rpm and
37 °C, (n= 6). Dissolution was performed using CC-USP, HC|, SLS, 0.1%
HPMC, and 0.2% HPMC media

CC: Candesartan cilexetil, USP: United States Pharmacopeia, HCl: Hydrochloric
acid, SLS: Sodium laury! sulfate, HPMC: Hydroxypropyl methylcellulose

Table 2. Composition of the media (components per 100 mL) used for dissolving candesartan and cilexetil

Phosphate buffer at pH 6.5

Media pH Na2HPO4-7H20 (@) NaH2PO4H20 (g) Tween® 20 (g)  HCl (mL) SLS (g) HPMC (g)
CC-USsP 6.5 0.96 0.88 0.35

HCl 1.2 0.35 83

SLS 0.4% w/v 6.5 0.96 0.88 0.35 0.4

0.1% HPMC 6.5 0.96 0.88 0.35 01

0.2% HPMC 6.5 0.96 0.88 0.35 0.2

CC: Candesartan cilexetil, USP: United States Pharmacopeia, HCl: Hydrochloric acid, SLS: Sodium laury! sulfate, HPMC: Hydroxypropy! methylcellulose
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changes in the dissolution media conditions such as the
viscosity and the surface tension were not responded in the
same pattern when using different types of investigated media.

Surfactants are usually used in the preparation of dissolution
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Figure 2. Dissolution profiles of candesartan cilexetil (CC-product 2:
United Pharmaceuticals Manufacturing Co., Amman, Jordan, batch number:
MO73 JPD, production date: 01-2018) were obtained at a rotation speed of
50 rpm and 37 °C (n= 6). Dissolution was performed using CC-USP, HC|,
SLS, 0.1% HPMC, and 0.2% HPMC media

CC: Candesartan cilexetil, USP: United States Pharmacopeia, HCl: Hydrochloric
acid, SLS: Sodium laury! sulfate, HPMC: Hydroxypropy!l methylcellulose
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Figure 3. The viscosity of the gel layer formed on the surface of commercially
available tablets of candesartan cilexetil (product 1: AstraZeneca Company,
UK, batch number: GTIN 07321839721397, production date: 01-2019) after
15 min dissolution in various media at 37 °C and 50 rpm.

CC: Candesartan cilexetil, USP: United States Pharmacopeia, HCl: Hydrochloric
acid, SLS: Sodium laury! sulfate, HPMC: Hydroxypropy!l methylcellulose

media to enhance the drug wetting and dissolution process.”
When the surfactant concentration was increased, micelles
were formed, and their stability was generally related to the
critical micelle concentration (CMC).?2 The rationale for
selecting specific surfactants for in vitro testing is essential
to understand their interaction with drug molecules and other
ingredients in dissolution media and excipients.?** A 0.5 w/w%
tween® 20 sample had a surface tension of 3.7 mN/m,? whereas
the surface tension of SLS was 39.4 mN/m at an estimated
CMC of 0.58 w/v%.? Differences in surface tension and CMC
between the two surfactants used to explain the rheological
behavior and wetting of dissolved drugs.?® The USP medium
includes tween® 20, which may enhance the dissolution of CC.
The addition of 0.4% SLS to the USP medium was performed
to further reduce surface tension and simulate gastric fluid
conditions, which were approximately 30 mN/m.?*?" However,
the addition of SLS did not increase the rate of CC dissolution
in the tablet products. This result can be attributed to the
interaction between the anionic SLS and the cations present
in the buffer, which may result in the formation of insoluble
material that lowers the effect of SLS.2® Moreover, the addition
of more components may disrupt the water structure, reducing
the cohesive dielectric constant and cohesive energy, leading to
lowering solvent polarity® and, as a result, causing a reduction
in drug dissolution. Generally, the viscosity of the dissolution
media plays an essential role in the dissolution of drugs.® It was
found that CC tablets and the raw material used in this study
exhibited different dissolution patterns. The dissolution of CC
in product 2 was comparable to that of raw CC in the CC-USP
medium. On the other hand, the dissolution of CC in product
1 was comparable to that of raw CC in the CC-USP and 0.1%
HPMC media but was slower in 0.2% HPMC, which has a higher
viscosity level. The recorded viscosity of raw CC in the 0.2%
HPMC medium was approximately eight times higher than that
of the CC-USP medium, which may explain the slow dissolution
of raw CC in the 0.2% HPMC medium. High viscosity can inhibit
drug dissolution by reducing the dissolution rates.?® Therefore,
the passage of the drug through the surrounding medium
is impeded, increasing the resistance to drug diffusion.
Viscosity may vary according to food content and the different
parts of the GIT, which affects the diffusion of the drug into the
surrounding media.®' The variation between commercial drugs

Table 3. Solubility, surface tension, viscosity, and ionic strength of raw CC in different media at 37 °C. Data are presented as mean +

SD. Milli-Q water was used as a control. The tests were repeated six times for each product, and the raw material was dissolved in

the investigated media

Dissolution media pH Solubility (pg/mL) Surface tension mN/m Viscosity (CP) lonic strength (mM)
Milli-Q® water 699 17+0.6 72.0+ 0.0 0.8+ 0. 0.00
Cc-usp 6.5 209+ 05 34.7+0.0 1.2+ 0.1 0.06
HCl 1.2 37+0.2 34.8+0.8 1.2+ 0.1 0.10
SLS 6.5 147+ 0.3 30.20 £ 01 1.2+ 0.1 0.07
0.1% HPMC 6.5 139 £ 0.4 33.2+09 55+03 0.06
0.2% HPMC 6.5 56+03 33203 8.0+0.8 0.06

CC: Candesartan cilexetil, USP: United States Pharmacopeia, HCl: Hydrochloric acid, SLS: Sodium lauryl sulfate, HPMC: Hydroxypropy! methylcellulose
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and non-compendial requirements could be related to different
compositions and sources of raw materials.?® Therefore, an
explanation of the food breeds that may reduce the availability
of drugs should be noticed in the product leaflets.

Typically, the first step in drug dissolution is wetting followed
by gelling the tablet.* The formed gelling layer is stagnant
and is expected to dissolve to enhance the release of drugs
from the tablet.? In this study, gel layers were formed in the
tablets containing product 1 after 15 min of dissolution. Tablets
of product 2 disintegrated quickly, probably as a result of the
existence of microcrystalline cellulose. In addition, a harder
tablet may increase the probability of dissolution failure.® On the
other hand, higher compression forces are employed to attain
tablet hardness, which results from an increase in interparticle
bonding.®* Hardness can be affected by processing techniques
such as direct compaction, hot melt extrusion, or fused melting
deposition, as well as by affecting intermolecular interactions,
causing an increase in the tablet's hardness.** Furthermore,
disintegration can be somehow related to tablet hardness. A
harder tablet may increase the probability of dissolution failure;
therefore, it takes longer for the tablet to interact with the
medium to form the presumed gel layer.*® In addition, the ionic
strength of the media affects the formation and viscosity of gel
layers formed on the surface of tablets.® High ionic strength
increases the electrolyte concentration, thus increasing the
spaces between water molecules as a result of the salting-
out effect, which decreases gelation.®* This will support the
current findings that lower viscosity of the formed gel layers
was observed in media of higher ionic strength (HCl and SLS)
compared to the viscosity of gels formed in media of lower ionic
strength (Milli-Q water, 0.1 and 0.2% HPMC).

The pH of the dissolution media plays an important role in drug
ionization throughout the GIT.*" In fasting conditions, the pH of
the stomach can reach 1.2 or lower"

When CC (pK_ =4.66) is taken under fasting conditions with a low
stomach pH, CC will be expected to exist in its unionized form,
and thereby, it will precipitate. This was obvious in the current
study, as the observed solubility of CC in the HCl medium was
five to six times lower than that in the CC-USP medium, which
affected the dissolution results for both products. It is worth
mentioning that the leaflets of CC products lack instructions for
avoiding the intake of tablets in the fasted stomach. This could
be revised in the future to enhance the effects of CC.

CONCLUSIONS

The in vitro dissolution of two commercial products of
immediate-release tablets containing CC in USP and non-USP
media with various physiological properties was studied. Both
products were consistent with the compendial requirement for
immediate release according to USP, whereby more than 85%
of the claimed amount was released after 45 min. However,
the dissolution of tablets varied when using different media
conditions. A higher-viscosity media slowed the dissolution
rate of one CC product. It was found that a gel layer could form

on tablets, thereby reducing the dissolution rate. The present
results showedthatvariationsinthe pharmacopeiarequirements
of dissolution media may not only exhibit differences in the
dissolution of the same drug in different products but can also
show different dissolution profiles between these products in
the investigated media. The findings of this study should be
taken into consideration when revising the instructions in the
published leaflets of the investigated CC tablets.
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Insecticidal and Bactericidal Activities of Cassia
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ABSTRACT

Objectives: This study focused on the phytochemical, insecticidal, and bactericidal activities of Cassia nigricans Vahl, as well as molecular docking
analysis of an acetylcholinesterase (AChE) inhibitor as a promising natural insecticide.

Materials and Methods: The leaves of C. nigricans were successively extracted with n-hexane, acetone, and methanol. Silica gel column
chromatography of the methanol extract yielded compound 1. The insecticidal properties of the extracts and compound 1 were evaluated in terms of
contact toxicity against Sitophilus zeamais. Bactericidal activity was achieved by photodynamic inactivation of fecal coliforms (FCs) and enterococci
in water using extracts and compound one as natural photosensitizers. Compound 1 was analyzed for physicochemical and pharmacokinetic
parameters and molecular docking against the AChE protein (6XYU).

Results: Compound 1 was characterized as emodin (1,3,8-trihydroxy-6-methylanthracene-9,10-dione) using 1D-2D-'H-®C nuclear magnetic
resonance and mass spectrometry. Insecticidal properties showed that emodin exhibited the highest toxicity with an lethal concentration 50 (LC, )
= 5.00 mg/mL compared with all extracts. The n-hexane extract showed the highest insecticidal activity (LC_, = 177.48 mg/mL) compared with
the methanol (LC_ = 195.08 mg/mL) and acetone (LC_ = 374.14 mg/mL) extracts. Complete inhibition of fecal enterococci by photosensitization
was observed after 60 min of light exposure to emodin-treated water at all concentrations (1-5 mg/mL) and 120 minutes for FCs under the same
conditions. Based on the docking score, the binding energy of emodin (-6.38 kcal/mol) was close to that of the marketed insecticide pirimiphos-
methyl (-6.25 kcal/mol).

Conclusion: In addition, emodin was subjected to insecticide probability prediction and absorption, distribution, metabolism, excretion, and toxicity
analysis and was found to be satisfactory as a natural insecticide. Emodin is a promising candidate for insecticidal pest control.

Keywords: Cassia nigricans, insecticidal, bactericidal, molecular docking

INTRODUCTION can act as insecticides by inhibiting insect acetylcholinesterase
Several methods are used to control stored grain insect ~ (AChE) and preventing the breakdown of acetylcholine, the
pests: smoking, heating, and synthetic chemicals! Synthetic =~ accumulation of which causes insect death. Many compounds
insecticides have drawbacks, and their high cost limits their =~ such as the organophosphates used as insecticides for
accessibility to farmers. To minimize post-harvest losses, pest control exert their effects as AChE inhibitors (AChED.?
plants containing alkaloids, terpenoids, and anthraquinones are ~ Numerous models are used for AChEI as part of the study of
used as natural insecticides and are of purely ecological interest ~ the insecticidal effect, such as the molecular docking analysis
as they are not harmful to the environment.2 Some compounds ~ against insect AChE.*
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Some natural compounds used to protect stored foodstuffs
can have a bactericidal effect.®> The bactericidal effect may be
due to the photodynamic inactivation of microorganisms by the
photosensitizing effect of plants or compounds in the presence
of light.® This photosensitizing effect is directly linked to the
presence of substances that generate singlet oxygen, which
can damage microorganisms present in the environment.” The
alkaloids, coumarins, and anthraquinones present in plants are
responsible for photosensitizing and bactericidal activities.®

Cassia nigricans Vahl (Caesalpiniaceae) was previously studied
for its antimicrobial, insecticidal, analgesic, anti-inflammatory,
and antiplasmodial activities.’

This work presents for the first time the insecticidal activity by
contact toxicity against Sitophilus zeamais, the photosensitized
inactivation of fecal coliforms (FC) and fecal enterococci (FE)
by the leaves of C. nigricans, the molecular docking of the
isolated anthraquinone against Drosophila melanogaster AChE
(DmAChE) and the analysis of its absorption, distribution,
metabolism, excretion, and toxicity (ADMET) properties.

MATERIALS AND METHODS

Plant material

The leaves of C. nigricans were collected in Dobem, Chad,
in September 2021. The plant was identified at the National
Herbarium of Cameroon, Yaounde, Cameroon where a Voucher
Specimen 26339 SFR/Cam was deposited.

Extraction and isolation

Dried and ground C. nigricans leaves (1 kg) were extracted
with 4 L of n-hexane for 48 hours and concentrated to produce
the n-hexane extract (HE). The residues were successively
extracted with acetone and methanol following the same
procedure used previously to obtain the acetone extract (AE)
and the methanol extract (ME).

Column chromatography (CC) of ME (40 g) on silica gel (60-
120 Mesh) using a gradient of increasing polarity of n-hexane/
EtOAc (1-100% EtOAC) yielded 83 fractions. Fractions 39-54,
eluted with the Hexane/EtOAc (3/1) system formed a precipitate
that was purified by recrystallization with 5% methanol/EtOAc
yielding compound 1(1 g). 'H and *C NMR spectra were recorded
at 400 and 100 MHz using tetramethylsilane as reference
(spectrometer Bruker AM-400 Darmstadt, Germany Company).
Analytical thin layer chromatography (TLC) plates on silica gel
60 F254 TLC (Merck, Germany) were used for TLC analysis.

Obtaining and rearing insects

S. zeamais strains were collected from infested maize grains
from Booster Soumian Entreprise, an agropastoral and quality
control company in Chad. Mass rearing was performed with
adult insects collected from already-infested maize grains
at the Booster Soumian Entreprise rearing site. The insects
were reared in the dark on white maize grains in a chamber
(temperature 28 + 2 °C, relative humidity 65 + 5%).°

Contact toxicity tests

Contact toxicity tests were performed using Ndomo et al!® Five
concentrations of crude extracts (25, 50, 100, 200, and 400

mg/mL) and compound 1 (5, 12.5, 25, 50, and 100 mg/mL) were
prepared. One mL of each dose was added to 40 g of clean and
undamaged maize grains. After evaporation of the solvent, each
insect was infested with a batch of 20 two-day-old unsexed
adult insects. The marketed insecticide pirimiphos-methyl was
used as a positive control. The number of dead insects was
estimated daily for 3 days. Abbott’s (1925) formula was used to
calculate the corrected insect mortality rate."

% Mortality = (Number of dead insects / Total number of
insects) x 100

Mc (%) = (Mt - Mo) / (100 - Mo)

Mc: Corrected mortality (%); Mt: Mortality in treated batches
(%); Mo: Mortality in untreated controls (%)

LC,, values were determined by Probit analysis.”

Microorganisms

The microorganisms used for the photosensitization tests were
FC and FE from an open well for consumption by the population
of Dobem, Chad. This water contained 25.102 colony-forming
units (CFU) FC/100 mL and 15.102 CFU FE/100 mL.

Photosensitized inactivation of bacteria

Five concentrations of 1, 2, 3, 4, and 5 mg/mL of ME and
compound 1 were used for photosensitization experiments
according to the method of Sunda et al™ A batch of treated
water samples (with ME and compound 1) and another batch
of untreated water samples (blank) were exposed to light
(ultraviolet lamp, brand B-100 AP, emitting between 320 and
400 nm, with a maximum at 365 nm). The lamp was placed 15
cm from the water samples for 0, 30, 45, 60, 120, and 180 min.
A batch of treated and untreated samples was kept in the dark.
For each dataset, the standard error was calculated (mean +
standard deviation).

Bacteriological analysis

Bacteriological analysis was performed via culture in rapid
Escherichia coli and Bile Esculin agar media for FC and FE.
After the photosensitization experiments, 1 mL of water
from the samples was inoculated into the culture medium,
and the number of colonies formed after 24 h of incubation
at 44.5 °C was counted.? The number of germs in CFU was
determined in water samples before and after the application
of the photosensitizer.

Molecular docking and dynamics analysis

Molecular Operating Environment (MOE, 2013) software' was
used to dock a DmAChE protein against compound 1 and two
marketed insecticides into the protein’s active site. The crystal
structure of DmAChE (PID: 6XYU, resolution: 2.51 A) was
downloaded from the Protein Data Bank (https://www.rcsb.
org/). The water molecules and heteroatoms in the proteins
were removed. Compound 1 and two marketed insecticides:
emodin (PubChem CID 3220), cypermethrin (PubChem CID
91691), and pirimiphos-methyl (PubChem CID 34526), were
collected from the chemical database (https://pubchem.ncbi.
nlm.nih.gov/), input into the MOE program, and subjected to 3D
protonation and energy minimization. The MMFF94X force field
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was used to minimize the number of ligands and the protein
structure. After docking, the best and top conformations were
determined based onthe S-scores and the interacting residues.”®
The physicochemical, pharmacokinetic, and ADMET properties
of compound 1 were predicted using the SwissADME web tool.®

Statistical analysis

Experiments were performed in triplicate, and mean values
were obtained. All statistical analyses were performed using
SPSS version 21.0. Data on corrected mortality were subjected
to analysis of variance using the Waller-Duncan test.

RESULTS

Phytochemical studies

Extraction of C. nigricans leaves with HE, AE, and ME gave
yields of 28.6 g (2.9%), 36.5 g (3.9%), and 95.3 g (11.2%) of
crude extracts respectively.

Characterization of the isolated compound

Chromatographic fractionation of ME yielded compound 1,
whose structure (Figure 1) was established by spectral data
and by comparison with literature data.”

Compound 1: Orange needles; melting point 260-263 °C.
Solubility in dimethy!l sulfoxide (DMS0); HRESIMS at m/z 270.3
(calculated for C H, O,). ESI-MS (70 ev): m/z (rel. Int.) 2713

(5), 226.5 (10), 224.4 (15), and 222.6 (20). 'H-NMR (500 MHz,
DMSO0-d,) and *C-NMR (125 MHz, DMSO-d,) (Table 1.

Mortality of S. zeamais

A time- and concentration-dependent increase in the mortality
rate of adult S. zeamais was observed for all extracts and emodin
(Table 2). The highest dose (400 mg/mL) caused 95.7, 22.2,
and 55.7% mortality in insects on the second day of exposure
for HE, AE, and ME, respectively. The insecticidal activity of
emodin was found to be higher than that of HE, which was the
most active extract tested. Similarly, the activity of emodin
(LC,,, 5 mg/mL) was higher than that of the positive control,
Pirimiphos-methyl (LC,, 1.25 mg/mL) (Table 3).

Photosensitizer inactivation by bacteria
Results of the light exposure of water samples treated and
untreated with ME and emodin showed complete inactivation of
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Figure 1. Structures of the isolated compounds and drugs

FC after 3 h of exposure for ME treatment and 2 h for emodin
treatment (Table 4). Complete inhibition of EF was observed
after 2 h of light exposure in water treated with ME and after
1 h of treatment with emodin for all tested concentrations. No
inactivation of FC et FE in the water was observed after 3 h of
light exposure in the untreated water samples and all treated
water samples exposed to darkness. The photo disinfection
efficiency increased as a function of concentration and
irradiation time (Figures 2, 3).

Molecular docking

A molecular docking analysis of emodin was performed to
study its binding to DmACHE and to compare it with marketed
insecticides used to control pests in crops, fruit trees, and
ornamental plants. The crystal structure of DmAChE was used
as amodel to study insecticidal potential due to the unavailability
of DmAChE from S. zeamais in the PDB. The binding energy
of emodin (-6.38 kcal/mol) was close to that of pirimiphos-
methyl (-6.25 kcal/mol) and lower than that of cypermethrin
(5.52 kcal/mol) (Table 5). Emodin has two types of interaction
bonds (pi-pi) with residues TRP83 and TYR370, similar to those
of tacrine-derived insecticides used as ligands.® Emodin and
pirimiphos-methyl have a common amino acid TRP83 residue
for binding to the 6XYU active site (Table 5).

Table 1. Spectra of compound 1 in DMSO-dé

N° ;C en ?3E5PT_ ::t;l;ﬂed“’ O L-multiplicity
ppm Jin Hz2)

1 166.0 C 166.03

2 108.3 CH 108.39 1Hd (2.4)

3 161.8 C 161.87

4 109.2 CH 109.43 1Hd (2.4)

5 120.8 CH 124.59 Hs

6 148.6 C 148.71

7 124.5 CH 120.93 Hs

8 164.8 C 164.90

9 190.0 C 190.19

10 181.6 C 181.85

4a 135.4 C 135.58

8a 113.6 C 113.85

9a 109.2 C 109.22

10a 1331 C 133.29

Ar-CH, 219 CH, 2196 3Hs

1-OH - THs

3-OH - THs

8-OH - 1

DMSO: Dimethyl sulfoxide, DEPT: Distortionless enhancement by polarisation
transfer
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ADMET analysis

Evaluation of the pharmacokinetic parameters of emodin and
other marketed insecticides enabled us to assess insecticide-
likeness as well as intestinal absorption and brain permeation,
which are key toxicokinetic parameters that determine
insecticide toxicity, including neurotoxicity. The insecticide-
likeliness of emodin was evaluated based on Tice's rule of
five, which helps identify herbicides and insecticides!” The

pharmacokinetic properties (Table 6) show that all ligands
have hydrogen bond donors <2 and hydrogen bond acceptors
between 1 and 8. The molecular weights of these ligands
ranged from 150 to 500 g/mol, and the ClogP values ranged
from O to 5. The number of notable bonds for all ligands is <12.
The same is true for the bioavailability radar of the predicted
physicochemical and pharmacokinetic properties (Figure 4).

Table 2. Effects of the extracts and emodin on the mortality of S. zeamais

Mean percentage mortality + standard error at 24 to 72 h post-treatment

Samples Concentration (mg/mL)
24 h 48 h 72 h
25.0 0.0+£0.0° 0.0+£0.0° 0.0+£0.0°
50.0 0.0 £ 0.0° 0.0 £ 0.0° 0.0 £ 0.0°
HE 100.0 0.0+ 0.0° 12.6 + 0.4° 174 £ 0.5°
200.0 123+ 0.3 323+0.3° 50.3 +0.3°
400.0 95.7 £ 0.2¢ 100.0 + 0.0¢ 100.0 + 0.0¢
25.0 0.0 £ 0.0° 0.0 £ 0.0° 0.0 £0.0°
50.0 0.0+ 0.0° 0.0+£0.0° 0.0+£0.0°
AE 100.0 0.0+£0.0° 0.0+£0.0° 0.0+£0.0°
200.0 0.0+0.0° 0.0+£0.0° 0.0+£0.0°
400.0 222+ 09° 423 +0.2° 58.3+0.3
25.0 0.0+£0.0° 0.0+ 0.0° 0.0+£0.0°
50.0 0.0+£0.0° 0.0+£0.0° 0.0+£0.0°
ME 100.0 0.0+0.0° 0.0+0.0° 13.6 £ 0.4°
200.0 0.0 +0.0° 17.6 + 0.6° 32.6 £ 0.4¢
400.0 55.7 + 0.5° 76.6 £ 0.3 100.0 + 0.0¢
5.0 18.0 + 0.4° 241+ 0.6° 58.3 £ 0.5°
12.5 24.6 + 0.6° 38.6 +0.8° 63.5+0.9°
Emodin 25.0 38.6 £ 0.4° 529+ 0.7° 73.0 £ 0.5°
50.0 70.7 £ 0.6° 85.5 + 0.4 100.0 + 0.0¢
100.0 100.0 + 0.0¢ 100.0 + 0.0¢ 100.0 + 0.0¢
(Cuonr:_r;lte o 0.0 0.0 +0.0° 0.0+ 0.0° 0.0 0.0°

Each value is the mean + standard error of three replicates. Means followed by the same letter within a column are not significantly different (p < 0.05) from each

other using the new Duncan multiple range test. HE: n-hexane extract, AE: Acetone extract, ME: Methanol extract

Table 3. LC, values of the extracts and emodin at 72 h

Extract LC,, (mg/mL) 95% CL® (mg/mL) Pearson chi-square Slope + SE Intercept + SE
HE 177.48 (146.59-217.43) 2.23 512 +1.00 -11.52 £ 2.24
AE 37414 (310.86-513.55) 0.7 6.77 + 2.14 -17.43 £ 5.45
ME 195.08 (160.72-241.84) 518 4.88 + 0.94 -119 + 215
Emodin 5.00 (1.39-8.50) 5.25 1.55 £ 0.40 -1.08 + 0.49

LC: Lethal concentration, CL: Confidence limit, SE: Standard error, HE: n-hexane extract, AE: Acetone extract, ME: Methanol extract, 2Confidence limit
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DISCUSSION

The high yield of ME (11.2%) compared to HE (2.9%) and
AE (3.9%) could be due to the presence of many more polar
compounds in the leaves of C. nigricans. Terpenoids, flavonoids,
anthraquinones, and quinones were detected in all extracts.
However, coumarins, glycosides, alkaloids, and tannins were
not detected in HE compared with AE and ME. These results
are similar to those of previous studies on the plant.” Compound
1 was identified as emodin, a known compound, by MS and
1D and 2D NMR analyses, and its structure was confirmed by
literature data!” The analytical TLCs performed on the three
extracts: HE, AE, and ME) showed that only ME had a spot (Rf
= 0.56) corresponding to emodin. The yield of emodin obtained
from ME was 1g (1.04%).

Insect mortality tests showed that HE, AE, and ME were active
against S. zeamais, the most destructive insect pest of stored
maize. Results are similar to those of previous studies on the
insecticidal activity of C. nigricans extracts on mosquito larvae
(Anopheles gambiaea) and whiteflies (Bemisia tabaci).?*?' Emodin
exhibited very high toxicity against S. zeamais compared to all
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extracts. The lowest concentration (100 mg/mL) necessary to
achieve 100% insect mortality on the first day of exposure using
emodin was recorded. HE (LC_, of 177.48 mg/mL) was more
active than ME (LC_, = 195.08 mg/L) and AE (LC,, = 374.14 mg/
mL). The efficacy of HE and ME against S. zeamais could be due
to the presence of terpenoids and phenolic compounds, which
are highly toxic to insects.?? Previous reports have shown that
emodin inhibits AChE and Glutathione S-transferase activities
in insects, resulting in their death.? Previous studies have
shown that emodin may be useful as a new natural larviciding
agent against mosquitoes.?* Our study revealed for the first time
the insecticidal activity of C. nigricans leaf extract and emodin
against S. zeamais.

The minimum concentration of emodin resulting in complete
inactivation was 4 mg/mL for FC and 3 mg/mL for FE for
an irradiation time of 30 min (Table 4). Therefore, the FE
(Gram+) is more sensitive to ME than FC (Gram-). These
results are similar to those of previous studies showing that
emodin under visible light was more likely to penetrate the
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intracellular environment of Gram-positive bacteria permeable
to bioactive compounds, thus enhancing the local killing effect
on the bacteria. In contrast to Gram-positive bacteria, Gram-
negative bacteria are more resistant to photodynamic effects
because of the different surface structures of the bacterial
cells.®>? The photosensitizing activity of ME may be due to a
combination of several factors: photosensitizer, sunlight, and
oxygen.® This photoreactivity is mainly due to the presence of
photoactivatable molecules (anthraquinones and quinones),
which are natural dyes capable of storing light energy that is
then transferred to stable oxygen to generate singlet oxygen.®
When emodin is exposed to light, visible light photons are
excited and transfer energy to the oxygen molecules as they
return to their ground state, generating reactive oxygen species
with cytotoxic properties that cause irreversible damage to cell
membranes, DNA, and proteins in bacterial cells.?®

The energy score results showed that the lowest values were
obtained with emodin and pirimiphos-methyl, which is an

([J show Molecules Name
0 Cypermethrin Legends
BBB
HIA
o PGP+
. 0 PGP—
9 [ Remarks ___J
Pirimiphos-methyl None

© Emodin

Figure 5. Egan BOILED-egg plot prediction model for intestinal and
brain permeation. The white and yellow regions are the physicochemical
spaces of compounds predicted to exhibit high intestinal absorption and
permeation, respectively

Figure 6. 2D visualization of the best pose of Emodin_6XYU for docking
with MOE

MOE: Molecular Operating Environment

insecticide used as AChEI. Results indicate that all ligands are
non-violent and conform to the rules of Hao et al.,?” and Clarke
et al.® The ADMET evaluation showed that emodin and the
selected insecticides predicted high intestinal absorption but
were not expected to penetrate the brain (Figure 5). All ligands
did not inhibit the human ether-a-go-go gene growth enzyme
(Table 6). The acute oral toxicity of emodin (2.01 mol/kg) was
higher than that of the marketed insecticides pirimiphos-methyl
(310 mol/kg) and cypermethrin (319 mol/kg). The aqueous
solubilities of emodin is -3.91, that of pirimiphos-methyl -3.16,
and 6.24, respectively. MD results revealed that emodin created
a high-affinity pi-pi bond with TRP83 in the DmAChE active site
(distance: 3.63 A) similar to that created by iodobenzyltacrine
with TRP83.8 Additionally, emodin established a pi-pi bond with
the same TYR370 at a distance of 3.84 A (Figure 6). In silico
molecular docking studies provide more detailed information
on the interactions between emodin and DmAChE (6XYU).

Table 4. Inhibitory concentrations of ME and emodin

Irradiation  Methanol concentration (mg/
Microorganisms time mL)
(minute) 1.0 20 3.0 40 50
ME
30 - - - - +
45 - - - + +
Fo 60 — - + + +
120 -+ + + +
180 + 0+ + + +
30 - - - + +
45 - - + + +
FE 60 — + + + +
120 + o+ + + +
180 + 0+ + + +
Emodin
30 - - - + +
45 — - + + +
60 _ + + + +
FC
120 + 0+ + + +
180 + o+ + + +
30 - - + + +
45 — + + + +
60 + + + + +
FE
120 + o+ + + +
180 + 0+ + + +

-: No inhibition, +: Inhibition, ME: Methanol extract, FC: Fecal coliform, FE:
Fecal enterococci
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Table 5. Results of docking score

Ligand names Role of receptor residues Types of interaction bonds Distance (A) Docking score (kcal/mol)

. TRP 83 Pi-pi 3.63
Emodin TYR 370 Pi-pi 384 63836
L TYRT1 H-acceptor 2.78
Pirimiphos methyl TYR 370 Pi-H 446 6.2595
. THR 154 H-donor 340
cypermethrin GLY 155 H-acceptor 330 5267

TRP: Tryptophane, TYR: Tyrosine, THR: Threonine, GLY: Glycine

Table 6. Druglikeness and pharmacokinetic parameters of the ligands

Emodin Pirimiphos-methyl Cypermethrin
Molecular weight g/mol 270.24 305.33 416.30
Number of heavy atoms 20 19 28
Number of aromatic heavy atoms 12 6 12
Fraction Cps3 0.07 0.64 0.27
Number of rotatable bonds 0 7 7
Number of H bond acceptors 5 5 4
Number of H bond donors 3 0 0
TPSA (A?) 94.83 98.61 59.32
Log Po/w (XLogP3) 272 4.20 6.05
LogP 2.52732 6.17798
Refractivity molar 70.78 79.86 108.87
LogS (SILICOS-IT) -391 -316 -6.24
Blood-brain barrier (log BB) -0.948 0.049 0.147
Human intestinal absorption (%) 87.671 94.716 92.464
Human ether-a-go-go-related gene inhibition No No No
Acute oral toxicity (LD, , mol/kg) 2.021 3108 3195
Oral rat chronic toxicity (LOAEL, log mg/kg_bw/day ) 1575 0.683 0.832

TPSA: Topological polar surface area, LD, : Lethal dose 50, LOAEL: Lowest-observed-adverse-effect level

The labeled insecticides pirimiphos-methyl and cypermethrin
give the possibility of using emodin as a promising insecticide.
The results clearly show that emodin is promising in terms of
binding affinity and pharmacokinetic properties. These results
are consistent with in vitro studies on the inhibition of human
AChE, which showed the inhibitory activity of emodin at an IC,
=15.215.21 + 3.52 yM.?

0

CONCLUSION

Extracts of C. nigricans as well as emodin isolated from the
ME of the leaves were toxic to S. zeamais and can be used as
natural insecticides to protect stored products. Additionally,
ME exhibited bactericidal activity due to the presence of
photoactivatable molecules, including emodin, which is a
photoreaction site that can lead to the inactivation of FC and

FE present in polluted waters. Molecular docking confirmed
the binding positions of emodin in the active center of AChEI.
Emodin does not passively cross the BBB but is passively
absorbed from the HIA, making it a promising natural insecticide
for pest control.
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ABSTRACT

Objectives: The current experiment was conducted to investigate the combined effect of levofloxacin (LVX) and metformin treatment on blood
glucose levels, malondialdehyde (MDA),nitrite levels, and anxiety in streptozotocin (STZ)+ nicotine adenine dinucleotide (NAD)-induced diabetic
rats.

Materials and Methods: In this study, Wistar rats have been used. After receiving a single dose of STZ + NAD (45 mg/kg, i.p.+ 50 mg/kg, i.p.), the
rats developed diabetes. Glucose levels in diabetic rats exceeded 200 mg/dL (verified on the third day). Saline was administered to non-diabetic
rats (controls). Thediabetic rats were administered metformin (50 mg/kg, p.0.), LVX (30 mg/kg, i.p.), or metformin + LVX for 14 days. Blood samples
were obtained after the 14™ day of therapy, and the rats were given behavioral parameters to determine locomotor activity and anxiety level. Blood
plasma samples were separately collected for the determination of nitrite and MDA levels.

Results: It was observed that the combined treatment of metformin and LVX significantly increased glucose levels in the blood of diabetic rats
compared with diabetic control (p < 0.05) and diabetic rats treated with metformin alone (p < 0.001) at days 3 and 7. Further, combined treatment of
metformin and LVX significantly reduced time spent at the center of the open field test (p < 0.001), significantly reduced time spent and entry made
in the light chamber of the light-dark test (p < 0.001), significantly increased time spent in the open arm and reduced the time spent in the closed
arm of the Elevated plus maze (p < 0.001) compared with alone metformin-treated diabetic rats. Further, combined treatment with metformin and
LVX significantly increased the nitrite level, (p < 0.001) but reduced the MDA level in plasma compared with metformin alone-treated diabetic rats
(p <0.00M.

Conclusion: The present study suggests that combined treatments with levofloxacin and metformin may modulate glucose levels and anxiety-
related activity.

Keywords: Diabetes, glucose, malondialdehyde, anxiety, levofloxacin

INTRODUCTION

Diabetes is the most common disease worldwide, and there is

to regulate, particularly for diabetic patients.” Type 2 diabetes
(T2D) accounts for almost 85-95% cases of diabetes.® It has

also arise inthe incidence of morbidity and mortality due to this
disorder. Diabetics struggle to regulate their fluctuating blood
glucose levels (BGL),? which can result in fatalities, permanent
strokes, and heart attacks.® Fluoroquinolones (FQ) are crucial
as secure, broad-spectrum antibiotics in the treatment of
diseases that are resistant to other antibiotic classes, but they
may also cause problems with BGL,*which could be challenging

been reported that a hyperglycemic environment; lower
production of interleukins; reduced immunity, and urinary
dysmotility in diabetes are accompanied by the emergence
of various infections.” FQ drugs are commonly used to treat
various illnesses and have pharmacokinetic advantages, good
penetration, and high oral bioavailability. However, FQs are
associated with an increased incidence of tendon rupture,
peripheral neuropathy, and FQ-associated aortic aneurysm and
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aortic dissection.® Although blood sugar abnormalities caused
by FQ are uncommon, they are a serious and potentially fatal
consequence that is more likely to occur in the elderly, those
suffering from diabetes, and kidney failure individuals.® In
addition, FQ may have been associated with hypoglycemia by
increasing pancreatic insulin!® Furthermore, the administration
of levofloxacin (LVX) in diabetic rats revealed hypoglycemic
effects! Previous studies have suggested that high levels
of hypoglycemia in patients with diabetes are associated
with the use of levofloxacin'® FQs possess insulinotropic
activity at clinically relevant concentrations and thus enhance
glucose-induced insulin secretion.® Furthermore, the risk of
a hypoglycemic emergency increases with the combination
of levofloxacin with insulin or sulfonylurea!® A recent survey
revealed hazardous interactions between sulfonylureas and
antimicrobials when used together. In the present study, we
studied the combined effects of levofloxacin and metformin in
rats with diabetes.

MATERIALS AND METHODS

Animal

Male, body weight. 150-200 g, Wistarrats were obtained from a
disease-free animal house at the Lala lazpat Rai University of
Veterinary and Animal Sciences in Hisar and kept in the Central
Animal House at the Maharshi Dayanand University in Haryana
under controlled lighting and environmental conditions, with
unrestricted access to nutritious food and water. The rats were
given time to adjust to the laboratory conditions before the
experiment, which was conducted between 9.00 and 17.00. The
study protocols were approvedby the Institutional Animal Ethics
Committee, Maharshi Dayanand University, Haryana (approval
number: 1767/RE/S/14/CPCSEA: 31.08.2017, dated: 14.12.2018).
Animals were cared for properly according to the requirements
of the Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Ministry of Environment,
Forest and Climate Change, Government of India.

Drugs and treatments

In the current study, streptozotocin (STZ) (Central Drug House,
India); levofloxacin (Cipla Pvt. Ltd., India); metformin (Cipla Pvt.
Ltd., India);nicotine adenine dinucleotide (NAD) (Central Drug
House, India) were used. All treatments were administered in
an unchanged volume (amount) of 5 mL/kg; i.p., STZ solution
was freshly prepared at pH 4.5 in 0.1 M citrate buffer.

Induction of diabetes

Induction of diabetes by a single intraperitoneal dose of STZ
+ NAD (45 + 50 mg/kg. On days 1, 3, 7, and 14, BGL were
monitored using a glucometer. Diabetic rats are characterized
by BGL exceeding 200 mg/dL.é'7

Loco-motor activity

Rats were placed alone in the center of an open field, and their
behavioral activity was monitored using a camera (for video
making) set up at a height of 100 cm. Over a 5-min period, an
observer who was blind to the treatments counted the number

of squares crossed no. and time spent at corners and centers
by rat.®”

Assessment of anxiety-related behavior

Light-dark test (LDT)

Every rat was placed singly in the exact center of the light
chamber, and their behavior was recorded for 5 minutes by
aviewer who was blind to treatments using a camera (for
making video) held at a height of 100 cm. The time spent and
entry in the light and dark chambers were recorded for each
rat.?

Elevated plus maze (EPM)

Every rat was placed individually in a maze with its face on
the open arm, and its behavior activity was captured or
recordedusing a camera (for video recording) held at 100cm of
height for 5 minutes by a viewer who was blind to treatment.
The time taken to enter and exit the open and closed arms were
recorded for each rat.?

Biochemical estimation

Plasma separation from blood

On day 14", a blood samplewas drawn, centrifuged at 2500 rpm
for 10 min, and plasma was separated for biochemical testing.

Nitrite assay

An equal quantity of plasma was added with an equal quantity
of Griess reagent (0.1% N-1-napt naphthyl ethylenediamine
dihydrochloride; 1% sulfanilamide; and 2.5% o-phosphoric
acid), a mixture of solution was incubating at the temp. of the
room for 10 min, and absorbance at 540 nm was determined.??

Thiobarbituric acid reacting substances assay

To measure lipid peroxidation, 0.2 mL of blood plasma was
added to 0.2 mL of sodium dodecyl sulfate; 1.5 mL of acetic
acid; and 1.5 mL of thiobarbituric acid. Using water, the volume
was increased to 4 mL. The mixture was further heatedfor sixty
minutes ina 95 °C water bath before cooling to room temperature.
1 mL of H,0 and 5 mL n-butanol/pyridine mixture were added
after cooling. The resulting solution was forcefully agitated and
centrifuged at 4000 rpm for 10 min. Layers of organic matter
were isolated and utilized to calculate absorbance at 532 nm.®

Experimental protocol

The current study used Wistar rats and the number of
animals=10 in each group. Induction of diabetes via a single
intraperitoneal injection of STZ + NAD (45 mg/kg + 50 mg/
kg). Rats with diabetes levels >200 mg/dL were considered
diabetic. BGL wasmeasured on days 1, 3, 7, and fourteen. The
non-diabetic group was given saline. Metformin (50 mg/kg, p.o.
and LVX (30 mg/kglon the first day, metformin administered
30 min before STZ-NAD administration, followed by every
day for 14 days. After sixty minutes of treatments, blood was
drawn from the tail vein on the 14" day, and the rats were then
subjected to behavioral tests for levels of anxiety using the
OFT, EPM, and LDT tests. Blood plasma was used to determine
malondialdehyde (MDA) and nitrite levels.?
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Animals: Wistar rats were used in the present study.

n= 10 in each group.

1: Rats treated with vehicle (saline)

2: STZ + NAD-treated rats (45 mg/kg, i.p. + 50 mg/kg, (i.p.)
3: MET-treated rats (50 mg/kg, p.0.)

4: LVX-treated rats (30 mg/kg, i.p.)

6: MET + LVX-treated rats (50 mg/kg, p.o. + 30 mg/kg (i.p.)

Statistical analysis

Data were analyzed by “One-Way analysis of variance” (ANOVA)
followed by Tukey's post hoc test, by using Graph-Pad Prism
software (version 9.4.0).

Values are expressed as mean + standard error of meanp < 0.05
was considered statistically significant.

RESULTS

Effects of different treatments on BGLof rats

“One-Way ANOVA" suggested the effects of different treatments
on BGL at (A) day 1 (F, = 8909, p < 0.00D) (B) day 3 (F, . =
2119, p < 0.00D, (C) day 7 (F, , = 17.41, p < 0.001) and (D) day 14
(F,,.=0.7248, p = 0.5797).

4,45

Tukey's post hoc test suggested that administration of STZ +
NAD significantly increased glucose levels compared with non-
diabetes (control) (p < 0.001). Metformin and LVX significantly
decreased the sugar level of diabetic rats on the 7"day (p < 0.01,
p <0.05). Further, combined treatment with metformin and LVX
significantly increased the BGL of diabetic rats on the 3 day
compared with diabetic rats ( p < 0.05), and metformin alone
treated diabetic rats (p < 0.001) (shown in Figure 1).

Effects of different treatments on the performance of rats in
OFT

“One-Way ANOVA" suggested the effects of different treatments
on no. of squarescrossed in the OFT (FMS: 5.433; p = 0.0012);
the time spent in the center of the rats in the OFT(FMS: 3.960;
p = 0.0077), and time spent in the periphery of rats in the OFT
(F, 4s=3.766; p = 0.0100).

Tukey's post hoc test suggested that metformin and levofloxacin
treatment significantly reducedthe no. Of square crossed by
diabetic rats (p < 0.05, p < 0.01). Furthermore, levofloxacin
treatment significantly increasedthe time spentat the center (p
< 0.05) and significantly reduced the time spent at the periphery
of the open field (p < 0.05) as compared to its respective
control group. Further, combined treatment with metformin
and levofloxacin significantly decreased the time spent at the
center compared with metformin alone-treated diabetic rats (p
< 0.001 (shown in Figure 2).

Effects of different treatments on anxiety-related behavior in
rats in the LDT and EPM test

“One-Way ANOVA" suggested the significant effects of different
treatments on time spent in the light chamber (F4,45=21.33;
p <0.0001); time spentin the dark chamber (F, . = 21.94; p <
0.00D), no. of entry in the light chamber (F, .= 27.54; p < 0.001)

and no.of entry in the dark chamber in LDT (F4,45: 22.47; p <
0.00M).

Tukey's post hoc test suggested that diabetic rats spend
significantly less time in the light chamber of LDT than control
rats (p < 0.05). Metformin treatment significantly increased the
time spent in the light chamber (p < 0.001), entries made in the
light chamber (p < 0.01), and dark chamber of LDT (p < 0.05)
as comparedto its respective control. Levofloxacin alone and in
combination with metformin significantly decreased the entry
made in the light or dark chamber of LDT as comparedto T2D
rats(p < 0.001; p < 0.001; p < 0.001; p < 0.001. Further, combined
treatments of metformin and levofloxacin significantly decreased
the time spent in the light chamber and entry into the light and
dark chambers compared with metformin alone treated diabetic
rats (p < 0.001) (shown in Figure 3).

“One-Way ANOVA" suggested a significant effect of different
treatments on the time spent by the rats in the open arm (F,
= 43.94; p < 0.001), closed arm (F4,45= 55.94; p < 0.001), and
entries made inthe open arm (F4,45= 55.94; p = 0.001) and closed
arm of EPM (F, .= 3.443; p = 0.0154).

445
Tukey's post hoc test suggested that T2D rats spend
significantly less time on the open arm and significantly more
time on the closed arm as compared to the control (p < 0.01.
Administration of levofloxacin significantly increased the time
spent in the open arm and reduced the time spent in the closed
arm of EPM compared with diabetic rats (p < 0.001, p < 0.001.
Further, combined treatment with metformin and levofloxacin
significantly increased the time spent in the open arm and
reduced the time spent in the closed arm of EPM compared
with metformin alone treated diabetic rats (p < 0.001) (shown
in Figure 4).

Effects of different treatments on plasma nitrite and
malondialdehyde levels in rats

“One-Way ANOVA”" suggested significant effects of different
treatments on nitrite levels in the plasma (F45,45= 3.801; p =
0.0096) and plasma malondialdehyde levels (F, = 7.198; p <
0.001) of rats.

Tukey's post hoc test suggested that the plasma nitrite level
of T2D rats was significantly lower than that of the control (p
< 0.05). Levofloxacin treatment significantly reduced the MDA
level of T2D rats (p < 0.05). Furthermore, combined treatment
with metformin and levofloxacin significantly increased the
nitrite level (p < 0.001) but reduced the MDA level compared
with metformin alone in diabetic rats (p < 0.001) (shown in
Figure 5).

DISCUSSION

Diabetes mellitus is a metabolic disorder characterized by
persistent increases in BGL due to abnormalities in either
insulin secretion or action or both.2> STZ is commonly used
to induce experimental diabetes in experimental rodents.?® In
the present study, the administration of a single dose of STZ-
induced diabetes in rats. The diabetic rats did not show any
significant alterations in OFT performance compared with the
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control group. However, diabetic rats displayed anxiety-related
behavior parameters in the LDT or light and dark box and EPM
tests, which were evident by reducing the time spent in the light
chambers of LDT and the open arm of EPM. Prior studies have
suggested that diabetic rats exhibit anxiety-related behavior.” In
this current study, diabetes rats showed a significant increase
in MDA level in blood plasma and a significant reduction in
nitrite level in blood plasma compared with the control group.
STZ treatment has been shown to influence glucose, nitric
oxide (NO), and MDA levels.?®° However, several studies
revealed different effects of STZ on nitrite levels; for example,
one study suggested a rise in nitrite levelsin blood plasma after
STZ therapy,and other studies suggested a decrease in nitrite
after STZ treatment. STZ therapy has been demonstrated to
increase MDA levels in diabetic rats.®*

In the present study, metformin treatment reduced the BGL
of diabetic rats. Metformin is mainly used for T2D mellitus
treatment. Metformin reduced BGL without increasing insulin
secretion but by increasing the effects of insulin. Thus,
metformin is referred to as “insulin sensitizer”. Metformin
inhibits hepatic glucose synthesis by reducing the rate of
gluconeogenesis and glycogenolysis. Metformin also increases
peripheral glucose disposal by promoting glucose disposal in
skeletal muscle. It normally does not cause low blood sugar
levels, which makes it a unique anti-diabetic medicine.®® In the
open field test, metformin treatment significantly decreased
the total no. of square crossed and reversed the anxiogenic
effect of STZ in LDT only. Previous studies have suggested
an anxiolytic-like effect of metformin treatment in diabetic
rats.®3 |t was established in a previous study that metformin
treatment displayed a rapid anxiolytic effect without tolerance
due to the upregulation of Gamma-aminobutyric acid (GABA)-
Areceptors.® In the present study, metformin treatment did not
affect the nitrite and MDA levels of diabetic rats. A previous
study suggested that the concentration of NO was significantly

increased following metformin therapy.®” Reactive oxygen
species production is directly related to the increase in lipid
peroxidation, and insulin resistance is mainly associated with
lipid peroxidation. Furthermore, metformin administration has
been shown to decrease lipid peroxidation.®®“°

In this study, the administration of levofloxacin increased the
glucose level at day 1. Furthermore, levofloxacin significantly
reduced the glucose level in diabetic rats for 7 days. It has been
reported that FQs may cause severe low BGL by increasing
insulin secretion.” Depending on the dosage, FQs raise insulin
levels in the blood via an adenosine triphosphate-sensitive K*
blockade pathway.*? Further, the insulin-tropic effect of FQs
developed as a result of the stimulatory effects of beta-cell
nutrition rather than the initial production of insulin.® Srividhya
et al.,* suggested that the administration of either gatifloxacin
or levofloxacin was associated with hyperglycemia rather than
hypoglycemia in elderly patients. Levofloxacin administration in
diabetic rats significantly increased the time spent at the center
and decreased the time spent at the periphery of an open field.
Further, in the LDT, levofloxacin treatment significantly reduced
the entry made by diabetic rats in the light and dark boxes of LDT,
whereas in the EPM test, levofloxacin treatment significantly
increased the time spent in the open arm and significantly
reduced the time spent in the closed arm EPM. Levofloxacin
treatment significantly decreased the entry made by diabetic
rats in the open arm of EPM. Thus, levofloxacin treatment
exerted anxiolysis in the EPM test. Previous studies reported
that the administration of levofloxacin (10-20-40 mg/kg i.p.) did
not induce a depression-like response in the forced swim test
but displayed an anxiety-like response in the EPM test in rats
with no change in locomotor activity.®® It has been reported
that quinolones prevent the binding of GABA and thus increase
central nervous system stimulation.“” Furthermore, quinolones
activate  N-methyl-D-aspartate receptors or adenosine
receptors and exert anxiogenic effects.®®® Levofloxacin
treatment did not affect the plasma nitrite level but significantly
decreased the plasma MDA level of diabetic rats.

In the present study, it was observed or research findings that
the combined treatment of levofloxacin and metformin increased
the glucose level of diabetic rats at 3-day. Furthermore, the
combination of levofloxacin and metformin treatment did not
affect the OFT performance of diabetic rats. Combined treatment
with levofloxacin and metformin significantly decreased
the entry in LDT. Combined treatment with levofloxacin and
metformin significantly increased the time spent in the open
arms and significantly reduced the time spent in the closed
arms of EPM. The combined treatment of levofloxacin and
metformin did not affect the nitrite level but significantly
reduced the MDA level in diabetic rats. We will determine blood
glucose insulin sensitivity and lipid peroxidation to determine
possible pathophysiological alterations.

CONCLUSION

In conclusion, the current study showed that levofloxacin
treatment had antihyperglycemic effects in diabetic rats. Thus,
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levofloxacin might be repurposed for diabetes alleviation.
Furthermore, combined treatment with levofloxacin and
metformin may modulate glucose levels and anxiety-related
behavior parameters. Thus, caution should be exercised while
administering these drugs together.
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ABSTRAC T |

Objectives: The chemotherapeutic drug doxorubicin (DOX) affects not only cancer cells but also healthy cells in an undesirable manner. The purpose
of this study was to investigate the protective roles of rosmarinic acid (RA) and Epigallocatechin gallate (EGCG) alone and in combination against
DOX-induced oxidative stress, cytotoxicity, and genotoxicity in healthy cells. In addition, this study evaluated the expression of the mammalian target
of rapamycin (mTOR) protein in the Chinese hamster ovary cell line (CHO-K1).

Materials and Methods: Cell viability was analyzed using the WST-1 cytotoxicity assay. mTOR expression in the CHO-K1 cell line was determined by
western blotting. DNA damage was analyzed using a comet assay. Reactive oxygen species (ROS) levels were determined microscopically using
the dihydroethidium staining method.

Results: RA demonstrated superior protective effects against DOX-induced cytotoxicity compared to EGCG. Epigallocatechin gallate and RA did not
exert genotoxic effects, but DOX increased genotoxicity in CHO-K1. Neither RA nor EGCG exhibited genotoxic effects; however, DOX significantly
increased genotoxicity in CHO-K1 cells. Both RA and EGCG markedly reduced DOX-induced genotoxicity, as confirmed by the comet assay. In the
DOX-treated group, the expression of mTOR protein was notably suppressed. EGCG further reduced mTOR protein levels when administered alone
or in combination with DOX, whereas RA did not exhibit a similar effect. RA decreased intracellular generation of ROS in CHO-K1 cells. However, at
high concentrations, Epigallocatechin gallate did not protect against oxidative stress and cell damage due to its prooxidant properties.

Conclusion: Epigallocatechin gallate and RA are promising plant-derived active components. Another important point is the evaluation of the safety
of herbal products. It should be considered that herbal products may increase the toxicity of chemotherapeutic agents.

Keywords: DNA damage, comet assay, Western blot, mTOR, WST-1 assay, oxidative stress

INTRODUCTION

Doxorubicin (DOX) is a broad-spectrum anthracycline-based
chemotherapeutic agent widely used as a first-line treatment
for pediatric and adult patients. It is commonly employed for
various cancer types, including breast stomach, and prostate
cancer, as well as soft tissue and bone sarcomas. However, the
cytotoxic and genotoxic effects of DOX are not limited to cancer

cells, as it also damages healthy cells. Consequently, secondary
malignant tumors may arise during or after chemotherapy,
distinguishing them from primary tumors.’

The genotoxicity of DOX, primarily resulting from free radicals
generated during its metabolism, plays a central role in
secondary tumor development. Phytochemicals effectively
protect against free radical-induced oxidative damage. Studies
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have demonstrated the potential of natural substances to
protect against the adverse effects of chemical drugs without
compromising their therapeutic efficacy because of their
inherent antioxidant capacity.? Rosmarinic acid (RA), an ester
derived from caffeic acid and 3,4-dihydroxyphenyllactic acid, is
found in a variety of Lamiaceae family plants.® It demonstrates
diverse biological activities, including antioxidative, anti-
inflammatory, antimutagenic, antiangiogenic, antiapoptotic, and
antifibrotic properties. In particular, it is a natural antioxidant
that can compete with unsaturated fatty acids for binding to
lipid peroxyl groups to terminate the chain reaction of lipid
peroxidation and reduce the rate of lipid peroxidation. The
ability of RA to scavenge radiation-induced reactive oxygen
species (ROS). Additionally, epigallocatechin gallate (EGCG),
another plant-based compound, serves as a phenolic compound
prevalentin a wide array of plants, notably green tea. Its capacity
to inhibit cellular oxidation and protect cells from free radical-
induced damage renders it a subject of research as a potential
cancer chemopreventive agent, exhibiting robust antioxidative,
anti-inflammatory, and anticarcinogenic attributes.®> EGCG and
RA are both phenolic compounds, whereas RA is a stilbenoid,
whereas EGCG is a tannin with a flavan-3-ol structure that
has been esterified with gallic acid. Compared with RA, EGCG
contains more phenolic -OH groups (Figure 1).

mTOR participates in several signaling pathways involved in
the regulation of cell division, apoptosis, and autophagy in the
body. Studies have established a connection between the mTOR
signaling pathway and various disorders, including cancer. ¢
Research suggests that rapamycin can potentially augment the
antitumor effects of DOX by downregulating mTOR signaling.”
For instance, demonstrated that combining mTOR inhibitors
with DOX resulted in an increased therapeutic response in
patients with leiomyosarcoma compared with DOX alone.®
Hence, in this study, the protective effects of RA and EGCG
were investigated alone and in combination against DOX-
induced genotoxicity and oxidative stress in Chinese hamster
ovary cell line (CHO-K1) cells. The effects of these substances
on cell proliferation were evaluated according to the mTOR
expression level.

MATERIALS AND METHODS

Sample preparation

DOX hydrochloride, RA, and (-) -EGCG (Sigma-Aldrich, USA)
were dissolved in phosphate-buffered saline (PBS) (Gibco,
USA) to prepare a master stock solution and stored in -20°C
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Figure 1. A) Chemical structure of RA, B) Chemical structure of EGCG
RA: Rosmarinic acid, EGCG: Epigallocatechin gallate

before use. Then, the working solutions were prepared freshly
at concentrations of 1, 2, and 400 pM in complete Ham's F12
culture medium.

Cell line and culture conditions

CHO-K1 cells were obtained from the Institute of Pharmacology
and Toxicology, Wirzburg, Germany. The samples were cultured
in Ham’'s medium F12 supplemented with 10% (v/v) fetal
bovine serum and 1% (v/v) antibiotics (10000 U/mL penicillin
and 50 mg/mL streptomycin). Cell cultures were cultured in a
humidified incubator at 37 °C with 5% CO,. Twice a week, cells
were passaged through a 0.25% trypsin solution. Reagents for
cell culture were obtained from (Gibco, Carlsbad, CA).

WST-1 cytotoxicity assay

Viability was measured using the WST-1 (Roche, Germany)
colorimetric assay. Cells were seeded (5 x 10° cells in 100 pL
of culture medium) were seeded into 96-well plates and grown
for 24 h. The cells were then exposed to 100 uL/well of newly
prepared medium containing the tested substance for 24, 48, or
72 h. After the end of the incubation period, the medium was
withdrawn, and the cells were washed twice with PBS, then
100 pL of WST-1 were added to each well. The wells were then
incubated for 4 h at 37 °C. After 4 h, absorbance was measured
at 450 nm using a microplate reader (Thermo Multiskan Ascent,
USA) after 4 h. (a-c) / (b-c) x 100 was used to calculate the
percentage of cytotoxicity, where a represents the absorbance
of treated cells, b represents the absorbance of control cells,
and c represents the absorbance of the blank. The half maximal
inhibitory concentration (IC),; was assessed from the dose-
response curves.’

Alkaline comet assay

After seeding in a 6-well plate, the cells were treated for 4 h
the next day with DOX, RA, EGCG, and their combinations. When
the cells were harvested for the comet assay, a cell viability test
was conducted. To achieve this, 15 pL of the staining solution
containing fluorescein diacetate (Serva Electrophoresis GmbH,
Germany) and gel red (Biotium, USA) were combined with
35 pL of the cell suspension. Cell viability was determined
by counting 200 cells using an Eclipse 55i microscope fitted
with a FITC filter (Nikon GmbH, Japan).® Twenty pL of the
cell suspension and 180 pL of pre-warmed low-melting-point
agarose (Carl Roth, Germany) were mixed for the comet assay.
Fourty-five pL of cell agarose was loaded onto cold microscope
slides previously coated with 1.5% high-melting-point agarose.
Pre-cooled glass cuvettes containing the lysis solution (2.5
M NaCl, 100 mM Na,EDTA, and 10 mM Tris adjusted to pH 10)
combined with 10% dimethyl sulfoxide and 1% Triton X-100
(Sigma Aldrich; USA) were filled with the cells on the slides.
The cells were then allowed to undergo lysis at 4 °C in the dark.
Following lysis, the slides were incubated for 20 min at 4 °C in
electrophoresis buffer (5 M NaOH and 0.2 M Na,EDTA, pH 13).
Next, electrophoresis was run at 25 V and 0.3 A for 20 min.
After electrophoresis, the slides were fixed in frigid methanol
for 5 min and neutralized with Tris buffer for 5 min. Following
drying, 20 pL of GelRed solution per slide was used to stain the
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slides, which were examined using a 200-fold magnification
fluorescence microscope (Labophot-2; Nikon GmbH, Germany)
and Komet 6-software (Komet version 6, ANDOR™ Technology).
The percentage of DNA in the tail region for a total of 100 cells
(50 on each slide) was used to express the results.”

Microscopic analysis of ROS production

Dihydroethidium (DHE), (Merck Biosciences GmbH, Germany)
was used to detect the superoxide anion concentration in the
mitochondria of living cells. DHE is blue in the cytosol until it
is oxidized, at which point it intercalates into the cell's DNA,
resulting in a bright fluorescent red. After treatment, fresh
medium containing 10 yM DHE was added to the cells and
incubated for 20 min in the dark at room temperature. Following
the incubation period, the cells were washed twice with PBS.
ImagedJ software was used to measure the gray values of 200
cells in each treatment for quantification.'

Western blot analysis

Western blotting analysis was carried out as described
previously.” Briefly, total protein from CHO-K1 cells was
extracted using radioimmunoprecipitation lysis  buffer
(SantaCruz, Texas, USA) with phenylmethylsulphonylfluoride,
protease inhibitor cocktail, and sodium orthovanadate. Then,
each lane was filled with 20 pg of the whole lysate, which was
electrophoretically separated using a NUPAGE 4-12% Bis-Tris
gel (Invitrogen™, USA) and electroblotted onto a nitrocellulose
transfer membrane. (Advansta, San Jose, USA). The membrane
was blocked for 1 h to reduce non-specific binding using 5%
non-fat dry milk in TBS-T buffer (Tris-buffered saline with
0.1% tween-20). The membrane was placed with appropriate
primary antibodies anti-mTOR (1:1000 dilution; Cell Signaling,
Germany) overnight at 4 °C. After incubating the primary
antibody, the membrane was washed three times with TBS-T
for 10 min each time, incubated for 1 h at room temperature with
the anti-mouse immunoglobulin G secondary antibody (1:2000
dilution, Cell Signaling), and finally rinsed with TBS-T. mTOR
protein expression was detected using a chemiluminescent
substrate (Thermo Scientific, USA), immunoblot images were
taken, and bands were measured using Image Lab Software
(BioRad, Germany). The ratio of each protein’s expression level
to that of B-Actin from the same samples, which served as the
internal control, was used to calculate the expression of each
protein.

Statistical Analysis

Data were expressed as the meanzstandard error of mean
and analyzed using GraphPad Prism 9 software (GraphPad,
Boston, USA). The differences among the means were analyzed
using analysis of variance followed by Dunnett’s analysis. The
treatment and control groups were compared. It was considered
statistically significant when p < 0.05.

RESULTS

WST-1 cell proliferation assay
In cells treated with DOX and EGCG, relative cell proliferation
consistently decreased in a dose- and time-dependent manner.

Table 1 presents the IC_, values of cells treated with DOX and
EGCG at 24, 48, and 72 h. However, treatment with RA at
various concentrations (ranging from 0.0625 mM to 1 mM) for
24, 48, and 72 h did not reduce the viability of CHO-K1 cells.
Consequently, the IC,; value could not be calculated for the
concentrations used in this study.

Furthermore, the possible protective effects of RA and
EGCG, either alone or in combination, against DOX-induced
cytotoxicity in CHO-K1 cells were examined using the WST-1
assay. To evaluate the protective effect, a DOX concentration
of 500 nM, as determined by its IC,, value, was chosen for
the investigation. CHO-K1 cells were subjected to different
dosages of EGCG, RA, and their combination for 24 h. The
results exhibited a statistically significant protective effect of
both EGCG and RA against DOX-induced cytotoxicity. Notably,
a 1 mM RA concentration demonstrated the most pronounced
protective effect against DOX-induced cytotoxicity (Figure 2).

Microscopic analysis of ROS formation

The generation of ROS due to DOX administration was quantified
by analyzing DHE fluorescence, with an illustrative example
provided in Figure 3A. DOX was tested at a concentration
of 1000 nM over different time intervals of 0.5, 1, 2, and 4 h
(Figure 3B). ROS production increased notably in cells treated
with 1000 nM DOX for 0.5 h. This increase was statistically
significant after 2-h treatment compared with the control group.

- ) a ) o ) N
\9@ ““-Ls"‘ wos™ csf’“ gca"“ Le‘“”(,a\""“ ;o\““ 6\\00\‘ @1‘,\-\ Nsm “M““ i

Cell viability (% of control)

L N
\ o M\ oot
*\;,ne *\‘,o“ oo o *\@v 3 0" \‘)0 o

Figure 2 Cells were treated with different concentrations of DOX, RA,
EGCG, and their combinations for 24 h. Viability was quantitated by WST-1
assay. *p < 0.05 vs. control group and ap < 0.05 vs. DOX 500 nM group.

RA: Rosmarinic acid, EGCG: Epigallocatechin gallate, DOX: Doxorubicin

Table 1. IC_-values of CHO-K1 cells after 24, 48 and 72 hours

of incubation with DOX and EGCG. Values are expressed as
mean + SD of triplicate experiments

IC,,
Compounds

24 hours 48 hours 72 hours
DOX (nM) 6968 +1.4 4672+22 13127
EGCG (uM) 305+ 04 277 £15 260.5+33

CHO-K1: Chinese hamster ovary cell line, EGCG: Epigallocatechin gallate,
DOX: Doxorubicin, SD: Standard deviation, IC,: Half maximal inhibitory
concentration
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Figure 4 illustrates the protective effect of RA against DOX-
induced oxidative stress. Across all tested concentrations, RA
alone did not induce a significant increase in ROS generation;
instead, it exhibited a noteworthy decrease in ROS levels
compared with the DOX group. In contrast, EGCG alone or in
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Figure 3. ROS formation in CHO-K1 cells treated with 1000 nM Dox for 0.5
to 2 hours using DHE assay. A) DHE fluorescence was quantified using
image j software, which measured the mean grey value of 200 cells. B)
Results are shown as mean + SEM of three separate tests. *p < 0.05 vs.
control group

RA: Rosmarinic acid, EGCG: Epigallocatechin gallate, DOX: Doxorubicin, CHO-K1:
Chinese hamster ovary cell line, SEM: Standard error of mean

Mean gray values of DHE fluorescence

Figure 4. ROS production and its inhibition by RA in CHO-K1 cells. DHE
fluorescence was quantified using image j software, which measured the
mean grey value of 200 cells Results are shown as mean + SEM of three
independent tests. Kruskal-Wallis test was used for analysis, *p < 0.05 vs.
control and #p < 0.05 vs. DOX 1000 nM

RA: Rosmarinic acid, DOX: Doxorubicin, CHO-K1: Chinese hamster ovary cell
line, SEM: Standard error of mean, DHE: Dihydroethidium

combination with RA did not reduce ROS formation compared
with the DOX-treated group (Figure 5). Notably, the application
of 100 uM EGCG resulted in an increase in ROS levels in CHO-K1
cells.

Alkaline comet assay

According to the cell viability assay results, no significant
reduction in cell viability was observed in any of the evaluated
groups in the comet test compared with the control group
(data not shown). In DOX-treated cells, there was an evident
dependence on dose increase in DNA damage (Figure 6A). This
effect was statistically significant at concentrations of 1000,
2000, and 4000 nM compared with the negative control group.
As illustrated in Figure 6B, RA administration led to a notable
and dose-dependent decrease in cells exhibiting DNA damage.
In contrast, EGCG alone or in combination with RA did not exert
a protective effect against DOX-induced genotoxicity (Figures
6C and D).

mTOR protein expression in CHO-K1 cells

The protein levels of mTOR, which plays a significant role
in oxidative stress, were assessed using western blotting.
mTOR protein expression levels were decreased in the DOX
group compared with the control group (Figure 7A). mTOR
protein expression level was significantly higher in the group
administered RA at a concentration of 1T mM with DOX than in
the group administered DOX alone (Figure 7B). A significant
decrease in mTOR expression was observed in the EGCG-
treated group, alone or in combination with DOX, compared
with the negative control group. However, these differences
were not significant compared with the DOX-treated group
(Figure 70).

80

Mean gray values of DHE fluorescence

Figure 5. Intracellular ROS after treating the cells with RA TmM and
EGCG (50, 100 pM) for 2 h with and without the addition of DOX. DHE
fluorescence was quantified using image j software, which measured the
mean grey value of 200 cells. Results are shown as mean + SEM of three
independent tests. *p < 0.05 vs. control and #p < 0.05 vs. DOX 1000 nM

ROS: Reactive oxygen species, RA: Rosmarinic acid, EGCG: Epigallocatechin
gallate, DOX: Doxorubicin, DHE: Dihydroethidium, SEM: Standard error of mean
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Figure 6. Alkaline comet assay results (tail intensity) obtained in CHO-K1 cells after treatment with different compounds. A) Concentration-dependent
increase in DNA damage after 4 hours of DOX treatment in CHO-K1 cells. *p < 0.05 vs. control group. B) DNA damage induction by DOX treatment with or
without RA inhibition in CHO-K1 cells. *p < 0.05 vs. control and #p < 0.05 vs. DOX 1000nM. C) DNA damage induction by DOX treatment with or without
EGCG in CHO-K1 cells. *p < 0.05 vs. control group. D) DNA damage induction by DOX treatment with or without RA and EGCG combination in CHO-K1 cells.
*p < 0.05 vs. control and #p < 0.05 vs. DOX 1000nM. In the evaluation of comet analysis results, each treatment group had 100 cells evaluated, with the
findings represented as a percentage of DNA in the tail. The data are given as mean + SEM of 3 independent experiments

RA: Rosmarinic acid, EGCG: Epigallocatechin gallate, DOX: Doxorubicin, CHO-K1: Chinese hamster ovary cell line, SEM: Standard error of mean

DISCUSSION

Genotoxicity is one of the mostimportant mechanisms of adverse
effects associated with DOX therapy as an anticancer drug.
Various pharmacologic treatments, including hematopoietic
cytokines, iron-chelating agents, and antioxidants, have been
studied to mitigate the adverse effects of DOX.“™ In light
of these findings, our hypothesis focused on the potential
protective effects of phenolic compounds possessing
antioxidant properties, such as RA and EGCG, against DOX-
induced oxidative stress and DNA damage in healthy cell lines.
To investigate this, a fluorescent dye-based detection method
was employed to detect superoxide in CHO-K1 cells. Our
findings revealed that RA significantly inhibited DOX-induced
ROS formation, whereas EGCG did not exhibit protective
effects in this context. Furthermore, when RA and EGCG
were co-injected, no significant reduction in ROS formation
was observed. Additionally, EGCG did not exert a protective
effect against DOX-induced genotoxicity in the comet assay
in CHO-K1 cells, whereas RA exerted a significant protective
effect. Previous studies have revealed the dual nature of EGCG,
which possesses both antioxidant and pro-oxidant properties.”
Catechins, including EGCG, can undergo autooxidation and
function as pro-oxidants under specific circumstances.” The
reported anticancer activity of EGCG, including its ability

to induce apoptosis in cancer cells, is attributed to these
prooxidant characteristics.® In several studies examining
EGCG's ability to prevent various cell lines from oxidative DNA
damage, researchers found that at low concentrations, EGCG
reduced DNA damage while acting as a pro-oxidant at higher
concentrations. Specifically, it was noted that a concentration
of 200 pyM EGCG increased oxidative DNA damage in human
lymphocyte DNA induced by H,0,.”

In the present study, 0.5 and 1 mM RA exerted protective effects
against DOX-induced genotoxicity in CHO-K1 cells. These
findings are consistent with earlier reports suggesting that
concentrations of 0.28, 0.56, and 112 mM RA did not induce
genotoxic effects and notably decreased DOX-induced DNA
damage in V79 cells over a 3-h period.?°

These findings suggest that protection against DNA damage
induced by DOX is associated with a reduction in ROS levels.
Given that the generation of free radicals constitutes one of the
primary mechanisms underlying DOX's genotoxicity, a decrease
in free radical formation would likely lead to a reduction in DNA
damage.?" In similar studies documented in the literature, it has
been demonstrated that compounds possessing antioxidant
properties can protect against ROS production and the
genotoxic effects induced by DOX. For instance, in one study,
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Figure 7. Western blot analysis A) mTOR protein level after 24 h of DOX treatment in CHO-K1 cells. *p < 0.05 vs. control group. B) DOX treatment with or
without RA in CHO-K1 cells. *p < 0.05 vs. control and #p < 0.05 vs. DOX 500nM. C) DOX treatment with or without EGCG in CHO-K1 cells. *p < 0.05 vs. control
group. Protein levels were normalized to B-actin. Data are given as a mean of (n=3) + SEM

mTOR: Mammalian target of rapamycin, RA: Rosmarinic acid, EGCG: Epigallocatechin gallate, DOX: Doxorubicin, CHO-K1: Chinese hamster ovary cell line, SEM:

Standard error of mean

thymoquinone mitigated DNA damage and oxidative stress
triggered by DOX in human leukocyte cells.??

Moreover, the administration of RA and EGCG, either alone
or in combination, reduced DOX-induced cytotoxicity in non-
cancerous cell lines. The existing literature has demonstrated
the protective effects of polyphenolic compounds against DOX-
induced cytotoxicity in normal cells. For example, in one study,
quercetin significantly mitigated the cytotoxic effect of DOX.?®
Additionally, silymarin, a prominent flavonolignan found in
Silybum marianum L., has been indicated to lessen DOX-induced
cytotoxicity by shielding the cell membrane from damage
caused by free radicals.?* In another study, hydroxytyrosol,
the primary phenolic compound found in olive oil, effectively
prevented the cytotoxicity of DOX generated in cardiomyocytes
by regulating the oxidative response and apoptotic processes
mediated by the Bcl-2/Bax ratio.?

In response to a variety of extracellular stimuli, including
growth hormones, nutrients availability, and stress, mTOR
regulates cell proliferation and metabolism. Deregulation of the
mTOR signaling system is intimately linked to aging, metabolic
disorders, and malignancies.?®?’

EGCG has exhibited inhibition of mTOR and PI3K expression
in numerous cancer cell lines.?® EGCG is an inhibitor of both

the PI3K and mTOR pathways.? Interestingly, mTOR expression
levels decreased with increasing DOX doses compared with
the control group. The observed reduction in mTOR levels was
attributed to oxidative stress and the formation of free radicals
triggered by exposure to DOX.

In the literature, it has been stated that oxidative stress
regulates mTORC1 and that ROS inhibit the mTOR signaling
pathway.®® It has been stated that moderate stress levels
can trigger stress responses by inducing stress-adaptation
genes and partially suppressing mTOR activity, whereas high-
intensity stress may suppress mTOR." There are various
reports that mTOR is inhibited or activated by oxidative stress.
This difference is believed to vary depending on the cell
line or the type of oxidant.®? In this study, mTOR levels were
decreased in the EGCG-administered groups. This observation
may be due to the pro-oxidant properties of EGCG.** When RA
was co-administered with DOX, it increased the level of mTOR
compared with DOX-treated cells. Lou et al.** showed that RA
stimulates liver regeneration via the mTOR pathway. Strong and
persistent mTOR activation caused by RA treatment increased
RA-mediated hepatocyte proliferation. However, the interaction
between the mTOR pathway and RA has not been extensively
characterized.
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Study limitations

Limited number of normal (healthy) cell lines were used in the
study. Furthermore, different pathways should be studied to
elucidate the protective mechanisms of phenolic compounds.
In vitro and in vivo toxicity assays and clinical trials are required
for the use of plant products.

CONCLUSION

In conclusion, this study showed that RA can protect against
DOX-induced toxicity using different methods. However, when
the two phenolic compounds were applied in combination, the
protective effect against DOX-induced DNA damage was not as
much as we expected. Dual behavior was observed for EGCG,
which exhibited both pro-oxidant and antioxidative properties.
Identification of plants that protect against genotoxic agents
and secondary cancers caused by chemotherapy may be used
in the near future to reduce the side effects of chemotherapy.

Ethics
Ethics Committee Approval: Not required.

Informed Consent: Not required.

Authorship Contributions

Concept: S.H., M.H., Design: S.H., M.H., A.Y., Data Collection or
Processing: S.H., E.Y., Analysis or Interpretation: S.H., $.V.K,,
A.A., Literature Search: S.H., E\Y., SV.K, AY., Writing: S.H,,
M.H.

Conflict of Interest: The authors have no conflicts of interest
to declare.

Financial Disclosure: The authors declared that this study
received no financial support.

REFERENCES

1. DongC, Chen L. Second malignancies after breast cancer: The impact of
adjuvant therapy. Mol Clin Oncol. 2014;2:331-336.

2. Venkatesh P, Shantala B, Jagetia GC, Rao KK, Baliga MS. Modulation
of doxorubicin-induced genotoxicity by Aegle marmelos in mouse bone
marrow: a micronucleus study. Integr Cancer Ther. 2007;6:42-53.

3. Nunes S, Madureira AR, Campos D, Sarmento B, Gomes AM, Pintado
M, Reis F. Therapeutic and nutraceutical potential of rosmarinic acid-
cytoprotective properties and pharmacokinetic profile. Crit Rev Food Sci
Nutr. 2017;57:1799-1806.

4. Peters GJ, van der Wilt CL, van Moorsel CJ, Kroep JR, Bergman AM,
Ackland SP. Basis for effective combination cancer chemotherapy with
antimetabolites. Pharmacol Ther. 2000;87:227-253.

5. Thorn CF, Oshiro C, Marsh S, Hernandez-Boussard T, McLeod H, Klein
TE, Altman RB. Doxorubicin pathways: pharmacodynamics and adverse
effects. Pharmacogenet Genomics. 2011;21:440-446.

6. Zou Z, Tao T, Li H, Zhu X. mTOR signaling pathway and mTOR inhibitors
in cancer: progress and challenges. Cell Biosci. 2020;10:31.

7. LiJ, Liu W, Hao H, Wang Q, Xue L. Rapamycin enhanced the antitumor
effects of doxorubicin in myelogenous leukemia K562 cells by
downregulating the mTOR/p70S6K pathway. Oncol Lett. 2019;18:2694-
2703.

20.

21.

22.

23.

24.

25.

Babichev Y, Kabaroff L, Datti A, Uehling D, Isaac M, Al-Awar R, Prakesch
M, Sun RX, Boutros PC, Venier R, Dickson BC, Gladdy RA. PI3K/AKT/
mTOR inhibition in combination with doxorubicin is an effective therapy
for leiomyosarcoma. J Transl Med. 2016;14:67.

Ngamwongsatit P, Banada PP, Panbangred W, Bhunia AK. WST-1-based
cell cytotoxicity assay as a substitute for MTT-based assay for rapid
detection of toxigenic Bacillus species using CHO cell line. J Microbiol
Methods. 2008;73:211-215.

. Bankoglu EE, Schuele C, Stopper H. Cell survival after DNA damage in

the comet assay. Arch Toxicol. 2021;95:3803-3813.

Reimann H, Bankoglu EE, Stopper H, Hintzsche H. In vitro evaluation of
chromosomal damage and DNA strand breaks after treatment with the
poppy seed alkaloid thebaine. Mutat Res Genet Toxicol Environ Mutagen.
2021;870-871:503393.

. Queisser N, Oteiza PI, Stopper H, Oli RG, Schupp N. Aldosterone induces

oxidative stress, oxidative DNA damage and NF-«xB-activation in kidney
tubule cells. Mol Carcinog. 2011;50:123-135.

Yaba A, Demir N. The mechanism of mTOR (mammalian target of
rapamycin) in a mouse model of polycystic ovary syndrome (PCOS). J
Ovarian Res. 2012;5:38.

. LiL, Takemura G, Li Y, Miyata S, Esaki M, Okada H, Kanamori H, Khai NC,

Maruyama R, Ogino A, Minatoguchi S, Fujiwara T, Fujiwara H. Preventive
effect of erythropoietin on cardiac dysfunction in doxorubicin-induced
cardiomyopathy. Circulation. 2006;113:535-543.

Yeh YC, Lai HC, Ting CT, Lee WL, Wang LC, Wang KY, Lai HC, Liu TJ.
Protection by doxycycline against doxorubicin-induced oxidative stress
and apoptosis in mouse testes. Biochem Pharmacol. 2007;74:969-980.

Kanadzu M, Lu Y, Morimoto K. Dual function of (-)-epigallocatechin gallate
(EGCG@) in healthy human lymphocytes. Cancer Lett. 2006;241:250-255.

Valcic S, Burr JA, Timmermann BN, Liebler DC. Antioxidant chemistry
of green tea catechins. New oxidation products of (-)-epigallocatechin
gallate and (-)-epigallocatechin from their reactions with peroxyl
radicals. Chem Res Toxicol. 2000;13:801-810.

Furukawa A, Oikawa S, Murata M, Hiraku Y, Kawanishi S.
(-)-Epigallocatechin gallate causes oxidative damage to isolated and
cellular DNA. Biochem Pharmacol. 2003;66:1769-1778.

Sutherland BA, Rahman RM, Appleton I. Mechanisms of action of green
tea catechins, with a focus on ischemia-induced neurodegeneration. J
Nutr Biochem. 2006;17:291-306.

Furtado RA, de Araujo FR, Resende FA, Cunha WR, Tavares DC. Protective
effect of rosmarinic acid on V79 cells evaluated by the micronucleus and
comet assays. J Appl Toxicol. 2010;30:254-259.

Quiles JL, Huertas JR, Battino M, Mataix J, Ramirez-Tortosa MC. Antioxidant
nutrients and adriamycin toxicity. Toxicology. 2002;180:79-95.

Al-Shdefat RI, Abd-Elaziz MA, Al-Saikhan FI. Genoprotective and
genotoxic effects of thymoquinone on doxorubicin-induced damage in
isolated human leukocytes. Trop J Pharm Res. 2014;13:2015-2020.

Ismail IH, Andrin C, McDonald D, Hendzel MJ. BMI1-mediated histone
ubiquitylation promotes DNA double-strand break repair. J Cell Biol.
2010;191:45-60.

Wellington K, Jarvis B. Silymarin: a review of its clinical properties in the
management of hepatic disorders. BioDrugs. 2001;15:465-489.

Sirangelo |, Liccardo M, lannuzzi C. Hydroxytyrosol prevents doxorubicin-
induced oxidative stress and apoptosis in cardiomyocytes. Antioxidants
(Basel). 2022;11:1087.



HELVACIOGLU et al. Protective Effect of Phenolic Compounds

543

26.

27.

28.

29.

30.

Laplante M, Sabatini DM. mTOR signaling in growth control and disease.
Cell. 2012;149:274-293.

Dazert E, Hall MN. mTOR signaling in disease. Curr Opin Cell Biol.
2011;23:744-755.

Xiao J, Ho CT, Liong EC, Nanji AA, Leung TM, Lau TY, Fung ML, Tipoe
GL. Epigallocatechin gallate attenuates fibrosis, oxidative stress, and
inflammation in non-alcoholic fatty liver disease rat model through
TGF/SMAD, PI3 K/Akt/FoxO1, and NF-kappa B pathways. Eur J Nutr.
2014;53:187-199.

Van Aller GS, Carson JD, Tang W, Peng H, Zhao L, Copeland RA, Tummino
PJ, Luo L. Epigallocatechin gallate (EGCG), a major component of green
tea, is a dual phosphoinositide-3-kinase/mTOR inhibitor. Biochem
Biophys Res Commun. 2011;406:194-199.

Zhao D, Yang J, Yang L. Insights for Oxidative Stress and mTOR signaling
in myocardial ischemia/reperfusion injury under diabetes. Oxid Med Cell
Longev. 2017;2017:6437467.

31

32.

33

34.

Aramburu J, Ortells MC, Tejedor S, Buxadé M, Ldépez-Rodriguez C.
Transcriptional regulation of the stress response by mTOR. Sci Signal.
2014;T:re2.

Oka SI, Hirata T, Suzuki W, Naito D, Chen Y, Chin A, Yaginuma H, Saito T,
Nagarajan N, Zhai P, Bhat S, Schesing K, Shao D, Hirabayashi Y, Yodoi J,
Sciarretta S, Sadoshima J. Thioredoxin-1 maintains mechanistic target
of rapamycin (mTOR) function during oxidative stress in cardiomyocytes.
J Biol Chem. 2017;292:18988-19000.

Azam S, Hadi N, Khan NU, Hadi SM. Prooxidant property of green tea
polyphenols epicatechin and epigallocatechin-3-gallate: implications for
anticancer properties. Toxicol /n Vitro. 2004;18:555-561.

Lou K, Yang M, Duan E, Zhao J, Yu C, Zhang R, Zhang L, Zhang M, Xiao
Z,Hu W, He Z. Rosmarinic acid stimulates liver regeneration through the
mTOR pathway. Phytomedicine. 2016;23:1574-1582.




DO 104274/ ol 2024 609 | ORIGINAL ARTICLE
DOI: 10.4274/tjps.galenos.2024.60980 0 RIG INAL ARTI c LE

Isolation of the Major Compounds and Determination
of Biological Activities in the Underground Parts of
Trachystemon orientalis D.Don

©® Ayse Nur KOZ!, © Tugba SUBAS'™, @ Merve BADEM2, ® Seyda KANBOLAT2, ® Ufuk OZGEN!, @ Sila Ozlem SENER3, ® Adem DEMIR4,
© ihsan GALISS

IKaradeniz Technical University Faculty of Pharmacy, Department of Pharmacognosy, Trabzon, Turkiye

2Karadeniz Technical University Faculty of Pharmacy, Department of Biochemistry, Trabzon, Turkiye

3University of Health Sciences, Faculty of Pharmacy, Department of Pharmacognosy, Ankara, Turkiye

“4Recep Tayyip Erdogan University Faculty of Science, Department of Chemistry, Rize, Turkiye

SNear East University Faculty of Pharmacy, Department of Pharmacognosy, Nicosia, Turkish Republic of Northern Cyprus

ABSTRACT

Objectives: Trachystemon orientalis D.Don, an edible plant, is widely used in folk medicine. This study aimed to investigate the antioxidant and lipase
inhibitory activities of the extracts and isolated compounds from the underground parts of T. orientalis (TOU).

Materials and Methods: Isolation studies were carried out on the subextracts (the chloroform, ethyl acetate and remaining aqueous) prepared
from the methanol extract of TOU using various chromatographic methods, and the structures of the purified compounds were determined by
1D-NMR, 2D-NMR, and mass spectroscopy techniques. To determine antioxidant activity, ferric-reducing antioxidant power (FRAP) and Cu(ll) ion-
reducing antioxidant capacity (CUPRAC) assays were performed. Lipase inhibitory activity was determined using an in vitro spectrophotometric
method.

Results: In the isolation studies, rosmarinic acid (1) was isolated from the ethyl acetate subextract and danshensu (2), globoidnan B (3), and
rabdosiin (4) were isolated from the remaining aqueous subextract. These compounds were isolated from TOU for the first time. The ethyl acetate
subextract had higher activity than the other extracts in the FRAP and CUPRAC assays (794.818 + 8.999, 583.06 + 5.882 uM Trolox equivalents
(TE)/g), respectively] and rosmarinic acid exhibited the highest activity [1260.273 + 4.499, 608.250 + 1.195 uM TE/g, respectively). Lipase enzyme
inhibitory studies showed that the remaining aqueous and ethyl acetate subextracts had significant inhibitory activity [half maximal inhibitory
concentration (IC),, = 38.131 + 0.720, 38.841 + 1.359 pg/mL respectively). All isolated compounds inhibited lipase, and rosmarinic acid was the
most effective (IC, = 49.421 + 1.448 pg/mL).

Conclusion: According to the results of this study, T. orientalis and its isolated compounds may be a promising natural therapeutic agent for the
treatment of obesity via its high antioxidant capacity and lipase inhibitory activity.

Keywords: Antioxidant, isolation, lipase inhibition, obesity, Trachystemon orientalis

INTRODUCTION in 2016, and 650 million were affected by obesity.2 Obesity and
Overweight and obesity are defined as excessive fat hyperlipidemia are associated with oxidative stress and are risk
accumulation caused by an imbalance in lipid metabolism. It factors for many metabolic disorders, such as atherosclerosis,
has been reported that there were two billion overweight adults ~ diabetes, hypertension, and cardiovascular diseases.’*

Inhibition of lipid digestion and absorption in the gastrointestinal
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tract is an important option for the treatment or prevention
of obesity. In this context, inhibition of the pancreatic lipase
enzyme, the primary lipase that breaks down triacylglycerols
into monoglycerides and fatty acids, is targeted.*® Orlistat, the
most widely used drug for treating obesity approved by the
European Medicines Agency and Food and Drug Administration,
inhibits pancreatic lipase.® However, due to side effects such as
steatorrhea, diarrhea, abdominal pain, acute kidney injury, and
increased risk of osteoporosis, the search for more effective
compounds with fewer side-effect profiles continues.>® Natural
products are under investigation for the discovery of safer and
more effective pancreatic lipase inhibitors.”

Trachystemon orientalis D. Don is the only species of
Trachystemon D. Don genus of the Boraginaceae family.® It is a
perennial and herbaceous plant with a black color and tuberous
rhizome, reaching 30-40 cm in height’ The plant, known as
“Hodan, Ispit, Kalirin, Kaldirayak, Tamara and Aci Hodan”
in Turkiye, grows in the Black Sea Region, Caucasus, and
Bulgaria!® The aerial parts of the plant are used as vegetables,
and pickles are made from the petioles and roots.""? In addition
to its use as food, it is also used as a folk medicine in Turkiye.

It is used as a diuretic, antipyretic, sudorific, and antidepressant
and for sore throats.® Its roots are used for anti-inflammatory,
wound healing, and rheumatism, breast cancer, stomach pain,
and swelling*Ithas been shownto contain flavonoids, phenolic
compounds, anthocyanins, tannins, essential oils, mucilage,
saponin, resin, and fatty acids.®"® Studies have shown that
it has antioxidant, allelopathic, herbicidal, antiviral, antifungal,
antimutagenic, antidiabetic, and butyrylcholinesterase inhibitory
activities.%121418-20 |n an jn vitro study, it has been shown that
rhizomes have anticancer effects on endometrial cancer cells.?!

To the best of our knowledge, no study has been conducted on
the isolation of major compounds from the underground parts
(rhizomes and roots) of (TOU). This study aimed to investigate
the antioxidant and lipase inhibitory activities of the extracts
and isolated compounds from the underground parts of T.
orientalis (TOU).

MATERIALS AND METHODS

Chemicals and instrumentation

Ethyl acetate and chloroform were purchased from Sigma-
Aldrich (St. Louis, USA), methanol from Riedel-de Haén (France),
and n-hexane from Isolab (Eschau, Germany). For antioxidant
activity  studies, 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox) and 2,4,6-tripyridyl-s-triazine (TPTZ)
were obtained from Fluka Chemie GmbH (Buchs, Switzerland);
for lipase inhibition studies, p-nitrophenyl butyrate (p-NPB)
and Tris-HCl were obtained from Sigma-Aldrich. For column
chromatography (CC), Sephadex LH-20 (Sigma-Aldrich) and
silica gel 60 [normal phase silica gel (Merck 9385, Merck 7734),
and reverse-phase silica gel (Merck 9303)] were used. For thin
layer chromatography (TLC), silica gel 60 F ., 20 x 20 cm (Merck
5554) was used. TLC points were determined by sputtering 1%
Vanillin/H,SO, using an ultraviolet lamp (Mineralight UVGL-58).

Nuclear magnetic resonance (NMR) spectra were obtained using
a Bruker Ascend™ 400 MHz/54 mm ultra-low height. Mass
spectroscopy (MS) analyses were performed using Thermo
TSQ Quantum Access Max. In addition, a shaker (Heidolph
Unimax 1010) was used for extraction, and a rotary evaporator
(Heidolph Hei-VAP Precision) was used for solvent evaporation.
All absorbance measurements were carried out using a BMG
Labtech Spectrostar Nano spectrophotometer. A Starter 3000
OHARUS pH meter was used for all pH measurements.

Plant material

T. orientalis was collected from Stimer Village (Findikli district,
May 2019, Rize province, Turkiye) and authenticated by Prof. Dr.
Ufuk OZGEN, one of the authors. The voucher specimen (KATO
15486) was deposited at the KATO Herbarium (in the Faculty
of Forestry, Karadeniz Technical University), Trabzon, Tirkiye.

Extraction and isolation

Air-dried plant materials were cleaned and powdered, and then
the powder (250 g) was extracted with methanol (two times,
1.5 L) at room temperature (25 °C). The combined and filtered
extracts were evaporated at 40 °C. The methanolic extract
(TOU-M, 6.3 g) was suspended in a mixture of water: methanol
(9:1). The obtained suspension was partitioned with chloroform,
and after evaporation, a chloroform subextract (TOU-C, 0.6 g)
was acquired. To obtain an ethyl acetate subextract (TOU-E,
0.25 g), a water: methanol mixture (9:1) was partitioned
with ethyl acetate, and the solvent was evaporated. After the
remaining aqueous phase had evaporated to dryness, the
remaining aqueous subextract (TOU-A, 5.5 g) was obtained.

TOU-E (0.2 g) was chromatographed over Sephadex LH-20 CC
with MeOH as the eluent to yield 21 fractions. Fractions 13-17
were combined, and compound 1 (150 mg) was obtained.

TOU-A (5.3 g) was subjected to vacuum liquid chromatography
followed by elution with water: methanol mixture gradiently
(100:0 - 0:100). The 111 fractions (A) were gathered. After
fractions (A) 5-6 (38 mg) were combined, they were applied to
Sephadex LH-20 CC using MeOH to provide 30 fractions and
fractions 22-26 gave compound 2 (13.3 mg). Fractions (A) 10-12
(25.2 mg) were combined and chromatographed over Sephadex
LH-20 CC using MeOH as the eluent to yield 13 fractions, and
fractions 5-8 were combined to yield compound 3 (10 mg).
Fraction (A) 41 gave compound 4 (15 mg).

Each collected fraction was subjected to TLC to determine the
compounds (mobile phase: EtOAc: MeOH: H,O 7:2:1, reagent:
1% Vanillin: H,SO,). The fractions were combined according to
their R, values on a TLC plate and used for further analysis.

Structure identification

The structure of the isolated compounds was identified with
the help of 1D-NMR, 2D-NMR, and MS.

Ferric reducing antioxidant power (FRAP) assay

The basis of the FRAP assay was to determine the ability of
the samples to reduce Fe*® to Fe2.22 Ethanol solutions of five
different concentrations (62.5-1000 puM) of Trolox were used
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for calibration. Samples of TOU-M and subextracts (10 mg/mL)
were prepared. Samples’ solvents were used as blanks. FRAP
reagent (1.5 mL) was added to the sample solutions (50 pL). The
tubes were incubated (at 25 °C, 20 min) after cortexin. Next,
the absorbances of the samples were determined at 595 nm
with the help of a spectrophotometer. The FRAP values of the
samples were compared with those of Trolox (standard) and
expressed as pM Trolox equivalent antioxidant capacity (TEAC)
per g sample.

Cu(lD ion reducing antioxidant capacity (CUPRAC) assay
The principle of the CUPRAC assay is to measure the copper
reduction capacity of the samples.?* Methanol solutions with five
different concentrations (62.5-1000 uM) of Trolox were used
for calibration. Samples of TOU-M and subextracts (10 mg/mL)
were prepared. Samples’ own solvents were used as blanks.
Five hundred pL of each sample solution was taken 1000 pL
of NH,CH,COO" and 1000 pL of CuCl,. 2H,0 was added. Then,
1000 pL of Nc reagent was pipetted into the test solutions, while
1000 pL of reagent solvent (methanol) for the sample blank was
pipetted at 20 sec intervals. After cortexin the tubes, they were
retained in the dark (at 25 °C, 30 min). The absorbance was then
measured at 450 nm using a spectrophotometer. The activity of
the samples was expressed as TEAC (uM) by comparing it with
Trolox (standard).
Lipase inhibition
Lipase inhibition was evaluated using the method* and the
substrate was p-nitrophenyl butyrate (p-NPB). The prepared
extracts and orlistat (standard) were diluted with a buffer
solution(0.1M Tris-HClbuffer, pH 8.0) at different concentrations
(12.5-400 and 6.25-100 pg/mL, respectively). The experimental
microplate wells were prepared as follows: enzyme solution
(ES) (90 pL, 200 units/mL), substrate solution (SS) (5 L, 10
mM), buffer solution (BS) (5 pL); B: ES (90 pL, 200 units/mL),
BS (10 pb); C: ES (90 pL, 200 units/mL), sample solution (5 yL),
SS (5 pL, 10 mM); D: ES (90 pL, 200 units/mL), sample solution
(5 pb), BS (5 pL). Microplates were incubated for 15 min at 37
°C before and after substrate addition. Microplates were read
at 405 nm using a microplate reader. The equation given below
was used to determine the percentage of pancreatic lipase
enzyme inhibition. All samples were run in 3 parallels.
(A-B)-(c-D)

%Pancreatic Lipase Inhibition = —a e x 100

The half maximal inhibitory concentration (IC),, values for
enzymatic inhibition of the samples were determined from the
equation of the graph obtained using the percentage enzyme
inhibition values and the logarithm of the corresponding
concentration.

Statistical analysis

In the activity studies, each sample was studied in triplicate.
The results were obtained from graphs plotted using Microsoft
Excel. Experimental results were presented as means =
standard deviation (SD).

RESULTS

Isolation of major compounds
According to the results of the isolation studies, four known
compounds (two phenolic acids, and two arylnaphtalene
lignans) from TOU were purified. Rosmarinic acid (1) (phenolic
acid) from TOU-E, danshensu (2) (phenolic acid), globoidnan
B (3), and rabdosiin (4) (arylnaphtalene lignans) from TOU-A
were isolated. The structures of the purified compounds are
presented in Figure 1.

H..0.); Proton

Compound 1: ESI-MS (m/e) 361.67 [M+HI, (C,H O,

Nuclear Magnetic Resonance ('H-NMR) (400 MHz, CD,0D): &
7.57 (d, J=15.9 Hz, 1H, H-7), 7.07 (d, J=2.1 Hz, 1H, H-2), 6.97 (dd,
J=8.2 Hz, J=2.1Hz, 1H, H-6), 6.80 (d, J=8.2 Hz, TH, H-5), 6.78 (d,
J=2.0 Hz, 1H, H-2", 6.72 (d, J=8.0 Hz, 1H, H-5"), 6.64 (dd, J=8.1
Hz, J=2.1 Hz, 1H, H-6", 6.29 (d, J=15.9 Hz, 1H, H-8), 5.21 (dd,
J=8.3 Hz, J=4.3 Hz, 1H, H-8"), 312 (dd, J=14.3 Hz, J=4.4 Hz, 1H,
H-7"a), 3.03 (dd, J=14.3 Hz, J=8.3 Hz, TH, H-7'b); Carbon Nuclear
Magnetic Resonance (*C-NMR) (100 MHz, CD,0D): 6 173.7 (C-
9", 168.6 (C-9), 149.8 (C-4), 147.9 (C-3), 146.9 (C-7), 146.3 (C-3),
145.4 (C-4", 129.4 (C-1), 127.8 (C-D, 123.3 (C-6), 121.9 (C-6),
117.7 (C-2", 116.6 (C-5), 116.4 (C-5, 115.4 (C-2), 114.5 (C-8), 74.8
(C-8", 38.0 (C-7). 'H-NMR and "C-NMR data are in agreement
with the previously published data for Rosmarinic acid.?®?¢ NMR
and MS spectra of Rosmarinic acid are presented in Figures
S1-S3.

Compound 2: ESI-MS (m/e) 19991 [M+H], (C,H, 0.); 'H-NMR
(400 MHz, CD,0D): 6 6.63 (d, J=1.5 Hz, TH, H-2), 6.58 (d, J=8.0
Hz, H, H-5), 6.49 (dd, J=8.0 Hz, J=2.0 Hz, 1H, H-6), 414 (dd,
J=7.6 Hz, J=41 Hz, 1H, H-2"), 2.86 (dd, J=14.0 Hz, J=3.8 Hz,
1H, H-3'a), 2.65 (dd, J=13.9 Hz, J=7.9 Hz, 1H, H-3'b); *C NMR
(100 MHz, CD,0D): 6 178.3 (C-11, 146.1 (C-3), 1451 (C-4), 130.7
(C-1, 1221 (C-6), 117.8 (C-2), 116.3 (C-5), 73.5 (C-2, 41.3 (C-
3. 'H-NMR, ®C-NMR, Correlation Spectroscopy, Heteronuclear
Single Quantum Coherence (HSQC), Heteronuclear Multiple
Bond Correlation (HMBC), and MS data are agreement with
the data given in the literature for Danshensu.?’ NMR and MS
spectra of Danshensu are presented in Figures S4-S9.

Compound 3: ESI-MS (m/e) 536.65 [M-H] (C__H_.0.); '"H-NMR

27 22712

(400 MHz, CD,0D): 6 7.49 (s, 1H, H-4), 6.71 (s, TH, H-5), 6.66

HO\"l /EV\T‘ o™ ﬁ
Il ! | I VN
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Figure 1. Chemical structures of the isolated compounds



KOZ et al. Therapeutic Potential of Trachystemon orientalis 547

(d, J=1.5 Hz, 1H, H-2), 6.57-6.48 (m, 3H, H-8, H-5', H-5"), 6.45
(s, H, H-6", 6.39 (d, J=1.8 Hz, 1H, H-2"), 6.31 (dd, J=8.2 Hz,
J=19 Hz, 1H, H-6"), 4.94 (s, 1H, H-8", 4.32 (s, 1H, H-1), 3.74 (s,
TH, H-2), 2.97-2.84 (m, 2H, H-7"); *C-NMR (100 MHz, CD,0D):
5 177.5 (C-10), 177.3 (C-97, 169.2 (C-9), 147.5 (C-6), 144.9 (C-3),
144.9 (C-3"), 144.2 (C-4"), 143.8 (C-7), 143.4 (C-4"), 138.9 (C-4),
138.1 (C-1"), 132.2 (C-8a), 131.2 (C-1, 125.6 (C-4a), 125.3 (C-3),
122.2 (C-6", 1199 (C-6"), 118.0 (C-29, 117.3 (C-8), 117.2 (C-5),
116.5 (C-59, 116.5 (C-5"), 115.9 (C-2"), 77.5 (C-87), 51.0 (C-2),
471 (C-1), 38.2 (C-7. 'H-NMR, *C-NMR, HSQC, and HMBC data
are consistent with the published data for Globoidnan B.28%
NMR and MS spectra of Globoidnan B are presented in Figures
S10-S15.

Compound 4: ESI-MS (m/e) 71716 [M-HI, (C_H, O,); 'H-NMR
(400 MHz, CD,0D): & 7.52 (s, 1H, H-4), 6.71 (s, 1H, H-5), 6.63-
6.59 (m, 3H, H-5", H-2"", H-5"), 6.57 (d, J=8. Hz, 1H, H-5), 6.52
(s, TH, H-2"), 6.50 (s, TH, H-2", 6.45 (d, J=8.0 Hz, 2H, H-6",
H-6"), 6.28 (t, J=8.6 Hz, 2H, H-8, H-6"), 4.98 (t, J=5.8 Hz, 1H,
H-8"), 4.04 (s, 1H, H-1), 3.84 (d, J=2.0 Hz, 1H, H-2), 2.92-2.74 (m,
4H, H-7", H-7"), H-8" (overlapped the solvent peak); *C-NMR
(100 MHz, CD,0D): & 173.7 (C-9™), 173.6 (C-9"), 173.6 (C-10),
1681 (C-9), 149.2 (C-7), 146.3 (C-3"), 146.2 (C-3"), 146.0 (C-4",
145.6 (C-4"), 145.3 (C-3", 145.2 (C-6), 145.0 (C-4"), 141.3 (C-
4), 136.7 (C-11, 131.5 (C-1"), 129.6 (C-1"), 129.4 (C-8a), 124.9 (C-
4a), 122.2 (C-3), 122.2 (C-6"), 121.7 (C-6™), 120.1 (C-6"), 1179
(C-5), 117.6 (C-8), 117.5 (C-5"), 117.4 (C-2"), 117.4 (C-2"), 116.6
(C-2"), 116.4 (C-5"), 115.9 (C-5", 75.8 (C-8"), 75.4 (C-8™), 50.0
(C-2), 46.7 (C-1), 38.0 (C-7"), 38.0 (C-7"). 'H-NMR, ®C-NMR,
HSQC, and HMBC data are consistent with the previous data for
Rabdosiin.?**® NMR and MS spectra of Rabdosiin are presented
in Figures S16-S21.

Table 1. Antioxidant activities of the extracts and isolated
compounds

Samples CUPRAC: FRAP®

TOU-M 442972 + 7.378 677.545 +1.285
TOU-C 65.472 + 4317  52.394 + 5143
TOU-E 583.06 +5.882 794.818 + 8.999
TOU-A 354.083 £ 6191 770.273 + 3.857

Rosmarinic acid 608.250 + 1195 1260.273 + 4.499

Danshensu 221306 + 0.851 919364 + 7.071
Globoidnan B 478.389 + 1.264 813.909 + 2.571
Rabdosiin 483.667 +1.534 1041182 + 8.357

“The CUPRAC value is the copper reducing antioxidant power (uM Trolox
equivalent/gram), the FRAP value indicates the iron reducing antioxidant
power (uM Trolox equivalent/gram).

TOU-M: The methanol extract of the underground parts of Trachystemon
orientalis, TOU-C: The chloroform subextract of the underground parts of T.
orientalis, TOU-E: The ethyl acetate subextract of the underground parts of
T. orientalis, TOU-A: The remaining aqueous subextract of the underground
parts of T. Orientalis, CUPRAC? Cu(ll) ion reducing antioxidant capacity,
FRAP: Ferric reducing antioxidant power

Antioxidant activity

To define the antioxidant activities of the extracts and
isolated compounds of TOU, FRAP, and CUPRAC assays were
performed, and the results are presented in Table 1. It was
determined that the isolated compounds had better antioxidant
activity than the extracts. Rosmarinic acid showed the highest
activity (FRAP: 1260.273 + 4.499, CUPRAC: 608.250 + 1195 pM
TE/g, respectively). TOU-E exhibited higher activity than the
other extracts in both tests (FRAP: 794.818 + 8.999, CUPRAC:
583.06 + 5.882 pM TE/g, respectively).

Lipase inhibition

The IC,, values for lipase inhibitory activities of the extracts and
isolated compounds are presented in Table 2. It was observed
that the extracts and isolated compounds had weaker lipase
inhibitory activities than the standard (orlistat). In addition,
TOU-A and TOU-E exhibited higher activity (IC, = 38131+ 0.720,
38.841 + 1.359 pg/mL, respectively) than the other extracts and
isolated compounds. Rosmarinic acid demonstrated the highest
activity (IC, = 49.421 + 1.448 pg/mL) among the compounds.

DISCUSSION

Obesity is a serious public health problem, which is defined as
the epidemic of the 21%' century by the World Health Organization
and affects both developed and developing countries.>®
Inhibiting the digestion and absorption of nutrients is one of
the most important treatment strategies for preventing obesity.
Therefore, inhibition of pancreatic lipase, which plays a key role
in the digestion of triglycerides, is an interesting therapeutic
approach.® Herbal products are under investigation for the
discovery of effective and safe new pancreatic lipase inhibitor
compounds. Natural products, such as saponins, polyphenols,
flavonoids, and terpenes, obtained from plants have been
reported to be effective.®

Table 2. Lipase inhibitory activities of the extracts and isolated
compounds

Samples IC,, (ug/mL) £ SD®
TOU-M 54.370 + 0.937
TOU-C ND®

TOU-E 38.841 + 1.359
TOU-A 38131+ 0.720

Rosmarinic acid 49.421 + 1.448

Danshensu 65160 + 4.443
Globoidnan B 79.881 + 3.435
Rabdosiin 56.801 + 2.052
Orlistat 17.581 £ 0.714

2Standard deviation, ®ND: Not determined, TOU-M: The methanol extract of
the underground parts of Trachystemon orientalis, TOU-C: The chloroform
subextract of the underground parts of T. orientalis, TOU-E: The ethyl acetate
subextract of the underground parts of T. orientalis, TOU-A: The remaining
aqueous subextract of the underground parts of T. orientalis, IC, : Half maximal
inhibitory concentration, SD: Standard deviation
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In this study, isolation studies were performed on subextracts
prepared from TOU-M. As a result of the isolation studies,
rosmarinic acid was isolated from TOU-E, danshensu,
globoidnan B, and rabdosiin were isolated from TOU-A. These
compounds were purified from the underground parts of the
plant for the first time. According to the literature, no previous
isolation studies on T. orientalis have been reported. Rosmarinic
acid was determined in the roots of the plants using high-
performance liquid chromatography.®

Rosmarinic acid is a polyphenolic compound formed by the
esterification of caffeic acid and danshensu.®* It is commonly
found in plants of the Boraginaceae family.*® In the Boraginaceae
family, globoidnan B, and rabdosiin were isolated from the roots
of Symphytum officinale L. and danshensu from leaves of Cordia
americana (L.) Gottschling & J.S.Mill.3*3 Danshensu, globoidnan
B, and rabdosiin have been found in Boraginaceae plants (the
aerial parts and the roots of S. officinale; the leaves and the
roots of S. ibericum Steven).38%

In this study, the pancreatic lipase inhibitory and antioxidant
activities of the extracts and isolated compounds of TOU were
evaluated. According to the results of the pancreatic lipase
inhibition experiment, the extracts and compounds were less
active than orlistat, and TOU-A showed the highest lipase
inhibitory activity. TOU-E had an IC,, value similar to that of
TOU-A. It was observed that the activity of rosmarinic acid
was similar to that of the extracts. It is thought that the activity
of the extracts is higher due to the synergistic effects of the
isolated phenolic compounds. In an in vitro study evaluating
the pancreatic lipase inhibition of Rosmarinus officinalis L.
extract and its phenolic compounds, including rosmarinic
acid, the IC value of the extract was found to be 13.8 pg/
mL, whereas that of rosmarinic acid was 125.2 pg/mL. It has
been suggested that the effect of the extract may be due to
the synergistic effect of rosmarinic acid and other phenolic
acids.” In another study, it was determined that rosmarinic acid
showed high lipase inhibitory activity (IC,, = 62.8 + 2.7 uM)
and this result supports our findings.“ Only a few studies are
showing that rosmarinic acid plays a role in different obesity-
related mechanisms apart from pancreatic lipase inhibition. A
previous study found that it suppresses adipogenesis, lipolysis,
and inflammation.?' In another study, its effects on adipogenesis
and lipid metabolism were investigated, and it was reported
that it inhibits inflammation and excessive lipid accumulation in
human adipocytes.*

Obesity causes a decrease in antioxidant capacity by increasing
oxidative stress and decreasing the activity of antioxidant
enzymes.! In this study, according to the antioxidant activity
results, TOU-E showed the highest activity among the extracts.
In terms of antioxidant activity, the activities of the isolated
compounds were better than those of the extracts. It was
observed that the activity of rosmarinic acid was the best
among the isolated compounds. The isolated compounds are
believed to be responsible for the activity of the extracts. In
a study, the authors attributed the high antioxidant activity

of the extracts prepared from the aerial parts and roots of T.
orientalis to rosmarinic acid in its content.® It has been shown
that rosmarinic acid has free radical-scavenging properties
and is effective against oxidative reactive oxygen species.”® In
this study, TOU-A had an antioxidant activity similar to that of
TOU-E. Compounds from this subextract may be responsible for
the activity. In a study, it was shown that danshensu has higher
scavenging activity for free hydroxyl radicals, superoxide anion
radicals, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radicals
compared with vitamin C.* It has been reported that the root
extracts of S. officinale rich in compounds such as rosmarinic
acid, globoidnan B, and rabdosiin, as well as extracts prepared
from the aerial parts of S. anatolicum, show high antioxidant
activity owing to their phenolic acids.** It has been determined
that the antioxidant activity (using the DPPH and ABTS assays)
of rabdosiin is higher than that of globoidnan B and rosmarinic
acid.>” Phenolic compounds show radical scavenging, metal
chelation, and hydrogen donor properties.® T. orientalis
exhibits high antioxidant and antilipase activity via its phenolic
compounds, and therefore, it may be a promising therapeutic
agent for the treatment of obesity.

Study limitations

Further in vivo, clinical studies and toxicological analyses are
needed to comprehensively reveal the effect of T. orientalis on
obesity.

CONCLUSION

This study revealed that TOU-E and TOU-A prepared from
TOU and the isolated compounds from these extracts have
high antioxidant and pancreatic lipase inhibitory activities. The
current study is the first to evaluate the effects of T. orientalis
on obesity via lipase inhibition. It is thought that the compounds
(1-4) isolated from the plant for the first time and responsible for
high antioxidant and antilipase activities. From the perspective
of these results, T. orientalis is an important natural source that
can be evaluated for the treatment of obesity.
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Objectives: Variations in the types and quantities of excipients used to prepare liposomes can affect the physicochemical properties of liposome
formulations. This study aimed to provide information about the design and fabrication of 5-fluorouracil (5-FU)-loaded liposome formulations using
different lipid and cholesterol (CHOL) derivatives.

Materials and Methods: Passive loading via a small-volume incubation method was used to prepare liposomes. The particle size, polydispersity
index, zeta potential, and encapsulation efficiency (EE%) of the formulations were determined. The release studies of the formulations were
conducted using a Franz diffusion cell at 37 °C. In this study, a high-pressure liquid chromatography device was used to measure the amount of
5-FU.

Results: The mean particle sizes of all formulations were between 134 and 166 nm, and they had a negative charge on their surface. Increasing the
cholesteryl hemisuccinate content reduced the size of the liposomes. Additionally, all formulations exhibited a low polydispersity index (0.3). The
EE% of all formulations exceeded 30%. The in vitro release of 5-FU from liposome formulations followed the Korsemeyer-Peppas model.
Conclusion: Modifying the lipid and CHOL content in the formulations, as indicated by the experimental results, can change the characteristic
properties of liposomes. The use of soybean phosphatidylcholine and cholesteryl hemisuccinate appears to be a promising combination for the
preparation of hydrophilic drug-loaded liposome formulations.

Keywords: 5-fluorouracil, liposomes, cholesteryl hemisuccinate, small-volume incubation method, drug release data modeling

INTRODUCTION

a significant amount of 5-FU is needed to boost therapeutic

Cancer is a global public health issue and ranks second in
deaths caused by diseases.! Despite the advancement of novel
therapeutic approaches for cancer, chemotherapy continues
to be a primary treatment strategy. Nevertheless, the clinical
use of chemotherapeutic agents faces limitations due to their
toxicity and insufficient specificity. 5-Fluorouracil (5-FU) is a
type of chemotherapy drug that is used to treat various solid
tumors, such as colon, breast, and liver cancers. While 5-FU
is commonly employed in treating cancer, its short half-life
(~10-20 min)? and minimal affinity to tumor cells constrain the
therapeutic potency of the drug.® Because of these limitations,

efficiency, thereby increasing drug toxicity.* Thus, to address
these issues, new technologies, such as nanocarrier drug
delivery systems, have been introduced.

Nanocarriers are highly advantageous in cancer treatment
owing to passive targeting because they exhibit minimal
side effects. The term “nanocarrier” includes nanosized
drug carrier systems such as nanoparticles, nanoemulsions,
nanosuspensions, liposomes, niosomes, dendrimers,
transferosomes, and polymeric micelles.>” Based on the number
of studies conducted and the number of commercial products
available, liposomes are important nanocarrier systems.®?

*Correspondence: tahiremreyalcin@gmail.com, ORCID-ID: orcid.org/0000-0001-5834-2335
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Liposomes are spherical vesicles consisting of a lipid bilayer
structure that can encapsulate various drugs and molecules.®
These drug delivery systems are biocompatible, biodegradable,
and flexible, and their nano-size enables passive targeted drug
delivery for cancer treatment. Some commercial liposomal
products used for cancer treatment are Marqibo® Mepact®,
DepoCyt®, and Doxil®."

Lipid and cholesterol (CHOL) derivatives can significantly
influence the characteristic properties of liposomes. These
components can affect the particle size (PS), zeta potential (ZP),
encapsulation efficiency (EE%), drug release profiles, and other
attributes of formulations. This study aimed to characterize
liposome formulations prepared with different types of lipid
and CHOL, loaded with 5-FU, and to evaluate the impact of
excipients on the characteristic properties of the formulations.

MATERIALS AND METHODS

Materials

5-FU, 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE),
dialysis membrane (MW: 12,000-14,000 Da), and CHOL
were acquired from Sigma-Aldrich (USA). Soybean L-a-
phosphatidylcholine (SPC, 95%) and cholesteryl hemisuccinate
(CHEMS) from Avanti Polar Lipid Inc. (USA). All other reagents
and solvents were of analytical grade.

Methods

Preparation of phosphate buffer solution (PBS) (pH 7.4)

PBS (pH 7.4) was prepared according to the methods described
in the U.S. Pharmacopeia (the second supplement, USP 35-NF
30). The steps for preparing PBS are as follows: Transferred
KH,PO, solution (0.2 M, 250 mL) into a 1 L volumetric flask,
NaOH solution (0.2 M, 195.5 mL) was added, the volume was
diluted to 1 L with purified water, and the mixture was mixed
well.

Preparation of 5-FU-loaded liposomes

Fourier transform infrared analyses from previous studies
have indicated the compatibility of the excipients used in
this research with each other and with the active substance,
5-FU2" Therefore, these excipients were selected as suitable
candidates for the preparation of a 5-FU-loaded liposome
formulation. The passive loading with small volume incubation
(SVD) method was used to prepare liposomes.” In this method,
empty liposomal pellets devoid of active substances are initially
obtained using the thin-film hydration technique. The thin-film
hydration technique, also known as the Bangham method, is the
most common fabrication technology for liposomes. The SVI
method is a passive drug-loading approach that relies on drug
diffusion from a solution, creating a substantial concentration
gradient across the liposomal membrane to facilitate efficient
drug influx into the liposomes.!® In this method, the derivatives
of phospholipid and CHOL are first solubilized in chloroform in
a round bottom flask at the amounts shown in Table 1 and then
shaken. The organic solvent in the mixture was removed using
an evaporator (Rotavapor® R-3, Bichi, Switzerland) at 60 °C,

resulting in the formation of a thin film layer on the flask’s wall.
The obtained films were slowly hydrated with blank PBS under
amagnetic stirrer at 60°C for 1h. The liposomes were subjected
to sonication using an ultrasonic bath sonicator (Bandelin
Sonorex Digitec, Bandelin electronic GmbH & Co, Germany).
Furthermore, to reduce PS and improve homogeneity, all
formulations were gradually extruded through 400- and 200-
nm polycarbonate membranes (10 times each). To obtain empty
liposomal pellets, the liposomal suspensions were centrifuged
at 70,000 rpm for 1 h using a centrifuge (Hitachi CS 150 GXL,
Tokyo, Japan). Subsequently, 5-FU solutions (5 mg 5-FU in 0.5
mL PBS) were added to the empty liposomal pellets and mixed
thoroughly by gentle pipetting up and down several times. The
resuspended formulations were transferred in 2 mL Eppendorf
tubes and incubated at 60 °C for 1 h under magnetic stirring
using a 5 mm x 2 mm magnetic stir bar. The resulting 5-FU-
loaded liposomes were then centrifuged at 70,000 rpm for 1 h
to remove any unencapsulated 5-FU."

Lyophilization procedure

The acquired liposomal pellets were resuspended in purified
water containing trehalose as a cryoprotectant. After freezing
the samples at 80 °C, they were rapidly transferred to a freeze
dryer (Christ Alpha 1-2 LD plus, Germany). The samples
were freeze-dried inside the device at 55 °C for 40 h® The
lyophilized powder was collected and stored at 5 + 3 °C for
further experiments.

Characterization of 5-FU-loaded liposomes
PS, polydispersity index (PDI), and ZP

The PS, PDI, and ZP values of the formulations were measured
using a Zetasizer Nano ZS (Malvern Instruments, UK)%2
Before each measurement, the lyophilized formulations were
redispersed in purified water (n= 3).

EE%

Drug EE% was determined using the direct method.?"?? A certain
amount of lyophilized liposomes were ruptured by adding
chloroform. Then, 10 mL of PBS was added to the mixture to
extract 5-FU into the aqueous phase. The organic phase was
mixed with the aqueous phase. The PBS solution was analyzed
using an Agilent 1220 LC high-pressure liquid chromatography
(HPLC) system (Germany) to determine 5-FU in the samples.
Chromatographic separation was performed using a Waters
Xselect reverse phase C18 column (5 pm, 250 mmx4.6 mm i.d),

Table 1. Content and codes of formulations

Formulation SPC DOPE CHOL CHEMS
code (mg) (mg) (mg) (mg)

F1 140 - 45 15

F2 140 - 15 45

F3 133 7 60 -

F4 112 28 60 -

SPC: Soybean L-a-phosphatidylcholine, DOPE: 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine, CHOL: Cholesterol, CHEMS: Cholesteryl hemisuccinate
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isocratic conditions (90% acetonitrile and 10% purified water)
with T mL/min flow rate and detected at 265 nm.?* The EE% was
then calculated using the following Equation (1):

(Amount of the drug in liposomes)

EE% =
% (Amount of the drug added to liposomes)

x 100 (1)

In vitro release study

To determine the in vitro release rate of 5-FU from the
formulations, Franz diffusion cells were used. Franz diffusion
cells were purchased from Caliskan Cam (Ankara, Turkiye).
Prior to the release experiment, the diffusion membrane was
soaked in PBS: The study was carried out under sink conditions,
in which the release media (PBS) were able to dissolve at least
three times the amount of 5-FU in the samples. A volume of 1
mL of the liposome suspension in PBS was added to the donor
chamber, whereas a volume of 2.5 mL of PBS was added to
the receptor chamber as the release media. The diffusion cell
was then placed in a thermostatic bath maintained at 37 °C. At
predefined intervals, all release media in the receptor chamber
were withdrawn and an equal volume of PBS was added.
Throughout the experiment, a magnetic bar was used to stir the
contents of each cell. The samples were then analyzed using the
HPLC method, as previously described, with all measurements
performed three times.

Drug release data modeling

Drug release data were assessed using kinetic models, which
included zero-order, first-order, Higuchi, Hixson-Crowell, and
Korsmeyer-Peppas, using the DDSolver add-in in Excel. The
model with the highest adjusted coefficient of determination
(R? adjusted) was chosen as the most appropriate model for
describing the release kinetics. In the context of data modeling,
all data were used, except for the Korsmeyer-Peppas model.
The release exponent “n” was determined using the initial 60%
drug release within the Korsmeyer-Peppas model.?

Statistical analysis

The data were expressed as mean values with standard
deviations. Statistical analysis was performed using a One-Way
analysis of variance followed by Tukey's posthoc test, using
the GraphPad Prism 5.0 software (GraphPad Software, Inc.).
Significance was established at p < 0.05.

RESULTS

PS, PDI, and ZP

Liposomes prepared using different lipids (SPC and DOPE)
and CHOL derivatives (CHOL and CHEMS) were evaluated in
terms of PS, PDI, and ZP (Table 2). The mean PSs of the F1
(CHOL 45 mg: CHEMS 15 mg) and F2 (CHOL 15 mg: CHEMS 45
mg) formulations were 138 and 134 nm, respectively. The ZP
values of the F1 and F2 formulations were 27.3 and 32.4 mV,
respectively. Furthermore, no statistically significant difference
was observed in terms of mean PS in formulations containing
DOPE (F3 formulation: 166 nm and F4 formulation: 162 nm) (p
> 0.05).

EE%

The 5-FU encapsulation efficiencies ranged between 30.8%
and 35.8% for the formulations, as shown in Table 2. There
is no significant difference was observed between F3 and F4
formulations containing DOPE according to EE% (p > 0.05).

In vitro release studies

The in vitro drug release profiles of all formulations are
depicted in Figure 1. The way in which 5-FU was released from
formulations was observed to have consisted of two distinct
stages: an initial rapid release of approximately 50% of the drug
within the first 2 h, followed by a gradual and slower release for
all formulations.

Drug release data modeling

Various models were used to determine the kinetics of the
formulations. Based on the values of the R? adjusted, the
model that best describes 5-FU release from liposomes was
the Korsmeyer-Peppas model (highest R? adjusted) for all
formulations (Table 3).

DISCUSSION

Pre-formulation studies conducted in this study and previous
studies in the literature indicate that the lyophilization
process generally increases the PS of liposomes due to the
fusion/aggregation of vesicles.®® To enhance the stability of
liposomes,® all formulations prepared in this study were

Table 2. PS, PDI, ZP, and EE% of liposomal formulations (n= 3)

Z’;‘:“la“m PS (nm) PDI ZP (mV)  EE%

F1 138+2 0130£0.025 -273+12 329:07
F2 1344 0194:0010 -324:21 358:18
F3 1662 01970009 -315:09 30.8:0.6
F4 162+ 4 0247+0.010 -21.0+02 323:18

PS: Particle size, PDI: Dispersity Polydispersity index, ZP: Zeta potential, EE:
Encapsulation efficiency
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Figure 1. In vitro release profile of 5-FU from formulations
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Table 3. Results of model fitting of the formulations

Model Parameter  F1 F2 F3 F4
Zero-order R%adjusted -0.4365 -0.3180 -0.6475 -0.6658
First-order ~R? adjusted 0.9822  0.8055 0.9971 0.9829
Higuchi R? adjusted 0.6867 0.7210 0.5921  0.5968
Hixson- R?adjusted 0.6692 0.6543 05986 05738
Crowell

Korsmeyer- R? adjusted 0.9913  0.9954 1 1
Peppas n 0724 0724 0857  0.824

lyophilized and characterized. The results indicate that an
increase in the amount of CHEMS within the formulation leads
to a slight reduction in PS. Similar results were reported by
Kulig et al.?” An increase in the CHEMS content may have
resulted in an increase in net negative ZP, which could
have led to the production of smaller particles. CHEMS has
a negative charge due to the carboxylic acid structure in its
composition,® which increases the net negative ZP value of
the formulations. An increase in ZP may have prevented the
formulation from aggregation.?’ The narrow PS distribution in
colloidal dispersions indicates their suitability and quality. For
this purpose, the PDI must be less than 0.5.3° All formulations
exhibited low PDI (< 0.3) and the PDI values indicate that all
formulations have a homogeneous PS distribution.

EE% mainly depended on the compound solubility in the
lipids or CHOL materials. The EE% findings are higher than
those of some previously published 5-FU-loaded liposome
formulations,® whereas the results are similar to or lower than
those of other formulations.®? As evident from this comparison,
the EE% value of 5-FU in the formulations varied depending
on the quantity and type of lipids and CHOL present in the
liposome. Higher EE% was achieved using higher CHEMS (F2).
This phenomenon is probably due to the presence of CHEMS
on the surface of the liposomes. CHEMS has a relatively higher
water solubility than CHOL,?" and this property may make it
a suitable candidate for binding highly water-soluble active
substances such as 5-FU.

Because 5-FU is a hydrophilic drug (saturation solubility in
distilled water and pH 7.4 PBS has been reported as 13.56 mg/
mL and 16.76 mg/mL, respectively)®, it can rapidly permeate
the lipid membrane, potentially leading to the initial release of
the drug. The continuous release of the drug could potentially
affect the degradation rate of the liposome’s structure.® The
formulations containing DOPE (F3 and F4) were observed to
have a higher in vitro release percentage at all time points than
the formulations without DOPE (F1 and F2). This phenomenon
may have been caused by the conical shape of DOPE and its
disruption of the bilayer structure upon incorporation into the
formulation.® In the F2 formulation with a higher amount of
CHEMS (45 mg), the 5-FU release occurred more slowly than in
the F1 formulation with a lower amount of CHEMS (15 mg). This

could be attributed to the fact that CHEMS enhances membrane
stability more effectively than CHOL.3¢

The Korsmeyer-Peppas model was the best model for explaining
the release of 5-FU from all formulations. Previous publications
on 5-FU-loaded different nanocarriers have also reported that
the Korsmeyer-Peppas model best describes the release of
5-FU from these carriers.®*® The value of n could be used as an
approximation to describe the mechanism of drug release. If n
is less than 0.5, drug diffusion occurs within the polymer matrix
following Fickian diffusion. If n lies within the range of 0.5 to
1, it indicates a non-Fickian diffusion mechanism, suggesting
a combination of both diffusion and matrix erosion. If n > 1,
the drug-release mechanism follows supercase Il diffusion.®
In the present study, n values were obtained in the range of
0.724-0.857, indicating a non-Fickian diffusion process. This
drug-release mechanism is commonly observed in most drug
delivery systems that incorporate liposomes.*

CONCLUSION

The SVI method was effective in preparing liposomes
containing 5-FU with liposomes having a PS in the nanometer
range, displaying a negative ZP and high drug EE% of >
30%. The experiments revealed that liposome properties,
such as PS, EE%, and drug release, were influenced by the
amounts of DOPE and CHEMS used in the formulations. The
mathematical models used to analyze drug release kinetics
indicated that the n values were within the range of 0.5-1. This
strongly suggests that the drug-release mechanism follows a
non-Fickian diffusion process. Using SPC, DOPE, CHOL, and
CHEMS together in the formulation may be useful for obtaining
the optimal PS, ZP, EE%, in vitro release profile, and stability,
although further studies are needed to evaluate the anticancer
activity.

Acknowledgments

The authors would like to thank the Gazi University Academic

Writing Application and Research Center for proofreading the
article.

Ethics
Ethics Committee Approval: Not required.

Informed Consent: Not required.

Authorship Contributions

Concept: T.E.Y., Design: T.E.Y., Data Collection or Processing:
T.E.Y. CY. Analysis or Interpretation: T.E.Y., C.Y., Literature
Search: T.E.Y, C.Y., Writing: T.E.Y, C.Y.

Conflict of Interest: The authors have no conflicts of interest
to declare.

Financial Disclosure: This study was supported by the Gazi
University, Projects of Scientific Investigation (BAP) Council
(project Number: 02/2019-02).



YALCIN and YETGIN. Influence of Formulation Composition on Liposomes

555

REFERENCES

1.

Gavas S, Quazi S, Karpinski TM. Nanoparticles for cancer therapy:
current progress and challenges. Nanoscale Res Lett. 2021;16:173.

Entezar-Almahdi E, Mohammadi-Samani S, Tayebi L, Farjadian F. Recent
advances in designing 5-Fluorouracil delivery systems: a stepping
stone in the safe treatment of colorectal cancer. Int J Nanomedicine.
2020;15:5445-5458.

Khaledi S, Jafari S, Hamidi S, Molavi O, Davaran S. Preparation and
characterization of PLGA-PEG-PLGA polymeric nanoparticles for
co-delivery of 5-Fluorouracil and Chrysin. J Biomater Sci Polym Ed.
2020;31:1107-1126.

Valencia-Lazcano AA, Hassan D, Pourmadadi M, Shamsabadipour A,
Behzadmehr R, Rahdar A, Medina DI, Diez-Pascual AM. 5-Fluorouracil
nano-delivery systems as a cutting-edge for cancer therapy. Eur J Med
Chem. 2023;246:114995.

Aminu N, Bello |, Umar NM, Tanko N, Aminu A, Audu MM. The influence
of nanoparticulate drug delivery systems in drug therapy. J Drug Deliv
Sci Technol. 2020;60:101961.

Zhang C, Vora LK, Tekko IA, Dowling MB, O'Rourke S, McGinty S, Duffy
C, Gorman SP, McCrudden MT, Donnelly RF. Development of dissolving
microneedles for intradermal delivery of the long-acting antiretroviral
drug bictegravir. Int J Pharm. 2023;642:123108.

Ramadon D, McCrudden MTC, Courtenay AJ, Donnelly RF. Enhancement
strategies for transdermal drug delivery systems: current trends and
applications. Drug Deliv Transl Res. 2022;12:758-791.

Hasanbegloo K, Banihashem S, Faraji Dizaji B, Ghaffari K, Haghiralsadat
F, Jafari M, Mahdavi M, Keshavarz M, Sadeghi S, Fathi-Azar S,
Ghasemian A. Paclitaxel-loaded liposome-incorporated chitosan (core)/
poly(e-caprolactone)/chitosan (shell) nanofibers for the treatment of
breast cancer. Int J Biol Macromol. 2023;230:123380.

Xie Y, Ren Z, Chen H, Zhang X, Guo W, Li Z, Zhang H, Liu J, Zhao VY. A
novel estrogen-targeted PEGylated liposome co-delivery oxaliplatin and
paclitaxel for the treatment of ovarian cancer. Biomed Pharmacother.
2023;160:114304.

. Lombardo D, Kiselev MA. Methods of liposome preparation: formation

and control factors of versatile nanocarriers for biomedical and
nanomedicine application. Pharmaceutics. 2022;14:543.

Fulton MD, Najahi-Missaoui W. Liposomes in cancer therapy: How did we
start and where are we now? Int J Mol Sci. 2023;24:6615.

. Udofot O, Affram K, Israel B, Agyare E. Cytotoxicity of 5-fluorouracil-

loaded pH-sensitive liposomal nanoparticles in colorectal cancer cell
lines. Integr Cancer Sci Ther. 2015;2:245-252.

Khodarahmi M, Abbasi H, Kouchak M, Mahdavinia M, Handali S, Rahbar N.
Nanoencapsulation of aptamer-functionalized 5-Fluorouracil liposomes
using alginate/chitosan complex as a novel targeting strategy for colon-
specific drug delivery. J Drug Deliv Sci Technol. 2022;71:103299.

. Shah H, Madni A, Khan MM, Zaheer |, Ali K, Khan N, Arshad M, Malik

A. pH-responsive liposomes of dioleoyl phosphatidylethanolamine and
cholesteryl hemisuccinate for the enhanced anticancer efficacy of
cisplatin. Pharmaceutics. 2022;14:129.

Xu H, Paxton J, Lim J, Li J, Zeng C, Long J, Cheng H. Development of
high-content gemcitabine PEGylated liposomes and their cytotoxicity on
drug-resistant pancreatic tumor cells. Pharm Res. 2014;31:2583-2592.

Tang M, Svirskis D, Leung E, Kanamala M, Wang H, Wu Z. Can intracellular
drug delivery using hyaluronic acid functionalized pH-sensitive

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

liposomes overcome gemcitabine resistance in pancreatic cancer? J
Control Release. 2019;305:89-100.

Emre Yalgin T, YetgiN C, Yilmaz A. Development of 5-fluorouracil-loaded
nano-sized liposomal formulation by two methods: Strategies to enhance
encapsulation efficiency of hydrophilic drugs. J Res Pharm. 2021;25:371-
378.

Chaudhury A, Das S, Lee RFS, Rahman MA, Agarwal S, Padhy S, Mishra
AK, Subramanian K. Lyophilization of cholesterol-free PEGylated
liposomes and its impact on drug loading by passive equilibration. Int J
Pharm. 2012;430:167-175.

Demirbolat GM, Altintas L, Yilmaz S, Arsoy T, S6zmen M, Degim IT.
Nanodesigning of multifunctional quantum dots and nanoparticles for the
treatment of fibrosarcoma. J Microencapsul. 2022;39:210-225.

Yalcin TE, Tuncel E, Yucel C, Tirnaksiz F. Nanoemulsions containing
megestrol acetate: development, characterization, and stability
evaluation. AAPS PharmSciTech. 2022;23:142.

Bapolisi AM, Nkanga CI, Walker RB, Krause RWM. Simultaneous
liposomal encapsulation of antibiotics and proteins: Co-loading and
characterization of rifampicin and Human Serum Albumin in soy-
liposomes. J Drug Deliv Sci Technol. 2020;58:101751.

Yalcin TE, Ilbasmis-Tamer S, Ibisoglu B, Ozdemir A, Ark M, Takka
S. Gemcitabine hydrochloride-loaded liposomes and nanoparticles:
comparison of encapsulation efficiency, drug release, particle size, and
cytotoxicity. Pharm Dev Technol. 2018;23:76-86.

Amasya G, Badilli U, Aksu B, Tarimci N. Quality by design case study 1:
Design of 5-fluorouracil loaded lipid nanoparticles by the W/O/W double
emulsion - Solvent evaporation method. Eur J Pharm Sci. 2016;84:92-
102.

Wu 1Y, Bala S, Skalko-Basnet N, di Cagno MP. Interpreting non-linear
drug diffusion data: Utilizing the Korsmeyer-Peppas model to study drug
release from liposomes. Eur J Pharm Sci. 2019;138:105026.

Porfire A, Muntean DM, Rus L, Sylvester B, Tomuta |. A quality-by-design
approach for the development of lyophilized liposomes with simvastatin.
Saudi Pharm J. 2017;25:981-992.

Yu JY, Chuesiang P, Shin GH, Park HJ. Post-processing techniques for
the improvement of liposome stability. Pharmaceutics. 2021;13:1023.

Kulig W, Jurkiewicz P, Olzynska A, Rog T, Cwiklik L, Katsaras J,
Treuner-Lange A, Marrink SJ, Hof M. Experimental determination
and computational interpretation of biophysical properties of lipid
bilayers enriched by cholesteryl hemisuccinate. Biochim Biophys Acta.
2015;1848:422-432.

Ding WX, Qi XR, Li P, Maitani Y, Nagai T. Cholesteryl hemisuccinate
as a membrane stabilizer in dipalmitoylphosphatidylcholine liposomes
containing saikosaponin-d. Int J Pharm. 2005;300:38-47.

Sun D, Kang S, LiuC, Lu Q, Cui L, Hu B. Effect of zeta potential and particle
size on the stability of SiO2 nanospheres as a carrier for ultrasound
imaging contrast agents. Int J Electrochem Sci. 2016;11:8520-8529.

Md S, Gan SY, Haw YH, Ho CL, Wong S, Choudhury H. In vitro
neuroprotective  effects of naringenin against
B-amyloid toxicity through the regulation of amyloidogenesis and tau
phosphorylation. Int J Biol Macromol. 2018;118:1211-1219.

nanoemulsion

Glavas-Dodov M, Fredro-Kumbaradzi E, Goracinova K, Simonoska M,
Calis S, Trajkovic-Jolevska S, Hincal AA. The effects of lyophilization on
the stability of liposomes containing 5-FU. Int J Pharm. 2005;291:79-86.




556

YALCIN and YETGIN. Influence of Formulation Composition on Liposomes

32.

33.

34.

35.

36.

Alomrani A, Badran M, Harisa Gl, Alshehry M, Alamoudi AJ, Ali R, El-
Say KM. The use of chitosan-coated flexible liposomes as a remarkable
carrier to enhance the antitumor efficacy of 5-fluorouracil against
colorectal cancer. Saudi Pharm J. 2019;27:603-611.

Mutalik S, Shetty PK, Kumar A, Kalra R, Parekh HS. Enhancement in
deposition and permeation of 5-fluorouracil through human epidermis
assisted by peptide dendrimers. Drug Deliv. 2014;21:44-54.

Chang M, Lu S, Zhang F, Hu W, Li J, Zhang J, Du L. RGD-modified pH-
sensitive liposomes for docetaxel tumor targeting. Colloids Surf B
Biointerfaces. 2015;129:175-182.

Alrbyawi H, Poudel I, Annaji M, AlQahtani FA, Jaradat Y, Algahtani S,
Zafar A, Alshehri S. pH-sensitive liposomes for enhanced cellular uptake
and cytotoxicity of daunorubicin in melanoma (B16-BL6) cell lines.
Pharmaceutics. 2022;14:1128.

Xu H, Zhang L, Li L, Wang H, Huang J, Zhao Y, Wu J. Membrane-
loaded doxorubicin liposomes based on ion-pairing technology with
high drug loading and pH-responsive property. AAPS PharmSciTech.
2017;18:2120-2130.

37.

38.

39.

40.

Seyedahmadi M, Saeidifar M, Javadpour J, Rezaei HR. Preparation
and characterization of 5-fluorouracil loaded cellulose and exosome
nanocarriers: sustained release behavior and cytotoxicity studies.
ChemistrySelect. 2023;8:e202300967.

Bayat F, Pourmadadi M, Eshaghi MM, Yazdian F, Rashedi H. Improving
release profile and anticancer activity of 5-fluorouracil for breast cancer
therapy using a double drug delivery system: chitosan/agarose/y-
alumina nanocomposite@double emulsion. J Clust Sci. 2023;34:2565-
2577.

Martin-Camacho UJ, Rodriguez-Barajas N, Sanchez-Burgos JA, Pérez-
Larios A. Weibull § value for the discernment of drug release mechanism
of PLGA particles. Int J Pharm. 2023;640:123017.

Ayachandran P, Ilango S, Suseela V, Sampath M, Thangam R, Vivek R,
Ranganathan B, Sundar D. Green synthesized silver nanoparticle-loaded
liposome-based nano architectonics for cancer management: in vitro
drug release analysis. Biomedicines. 2023;11(1):217.



Turk J Pharm Sci 2024;21(6):557-565
DOI: 10.4274/tjps.galenos.2024.61667

ORIGINAL ARTICLE

Preparation and Characterization of the Release
Behavior of PVA: Na-Alg Microsphere Containing
Fampridine

© Serenay AKYOL OZDEMIR*, @® Fatos YUKSEL GUVENILIR

istanbul Technical University Faculty of Chemical-Metallurgical Engineering, Department of Chemical Engineering, Istanbul, Ttirkiye

ABSTRACT

Objectives: This study focuses on both the formulation of bio-based microspheres containing fampridine for the treatment of multiple sclerosis and
provides an alternative to the commercially available product (Fampyra 10 mg, Biogen).

Materials and Methods: The encapsulation of fampridine was achieved using polyvinyl alcohol (PVA) and sodium alginate (Na-Alg) polymers.
Glutaraldehyde (GA) and hydrochloric acid (HCI) were used as crosslinking agents. The polymer ratio (PVA: Na-Alg), drug: polymer (d:p) ratio,
cross-linking agent ratio, and cross-linking time were evaluated for fampridine release. Release studies were analyzed using an ultraviolet
spectrophotometer. The microspheres were characterized using scanning electron microscopy, differential scanning calorimetry, and Fourier
transform-infrared transform infrared spectroscopy (FT-IR). The particle sizes of the fampridine-loaded microspheres were determined using a
laser light scattering device.

Results: The study revealed that the optimal conditions for achieving the highest fampridine release involved microspheres formulated with a
polymer ratio of PVA:Na-Alg (w:w) at 1:1, a drug-to-polymer (d:p) ratio of 1:2 (w:w), cross-linking agent concentrations of 2.5% (w:w) GA and 3%
(w:w) HCI, and a cross-linking time of 5 minutes. The particle size analysis showed that all microspheres were within the 300-800 pm range, and
an increase in the d:p ratio correlated with larger particle sizes.

Conclusion: The findings demonstrate that bio-based microspheres containing fampridine can be successfully formulated using PVA and sodium
alginate polymers, providing a promising alternative to the commercially available product..

Keywords: Drug release, fampridine, microsphere, PVA: Na-Alg.

INTRODUCTION

Multiple sclerosis (MS) is a persistent condition characterized
by inflammation and myelin loss, which affects the myelinated
nerve fibers within the central nervous system. The
components employed in the treatment of MS are glatiramer
acetate, dimethyl fumarate, fingolimod, teriflunomide,
natalizumab, alemtuzumab, mitoxantrone, fampridine,
ocrelizumab"® Fampridine’s performance-based assessments

pharmacological drug for improving walking ability in adults
with MS.8 Injectable hydrogels, direct implantation, crosslinked
micelles, and injectable suspensions have been used in drug
delivery systems.’'? Biodegradable polymers and crosslinking
agents may offer advantages.®'®

Due to sodium alginate’s (Na-Alg) biologically degraded, strong
gel-forming characteristics, and cost-effectiveness, Na-Alg has
been extensively used in drug delivery systems.”® All polyvinyl

have demonstrated its ability to enhance walking speed, motor
control, and balance in approximately 40% of patients who
receive treatment.®” In the treatment of MS, even though many
molecules are used in various segments, the extended-release
10 mg fampridine tablet, taken twice daily, is the only approved

alcohol (PVA): Na-Alg hydrogels are pH sensitive, and using
a lower cross-linking agent leads to a higher swelling ratio.”
The commonly used crosslinking agent combination for PVA:
Na-Alg hydrogels is glutaraldehyde (GA) and hydrochloric acid
(HCD.18me
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Na-Alg also improved the encapsulation efficiency (EE) and
particle size effect of microspheres, and the single-step
polymerization process resulted in a narrow particle size
distribution.-2?

The results revealed that the applied extraction model increased
the initial burst effect and reduced the EE.Z

Indeed, in microspheres, particle size is directly associated with
EE and drug release. Studies have reported that as the polymer
ratio, cross-linking ratio, and cross-linking time increase, the
particle size tends to increase.?

In this study, the effects of various processing parameters
on fampridine release from PVA: Na-Alg microspheres were
examined for the treatment of MS.

MATERIALS AND METHODS

Materials

Chemicals

Fampridine (Enaltec, India), PVA (M, = 72,000 g/mole) (Merck,
Germany),Na-Alg(MA=8,OOO-12,OOOg/mole)(Merck,Germany),
GA (Merck, Germany), HCl (Merck, Germany), Na,HPO, (Merck,
Germany), NaH,PO, (Merck, Germany), Methanol (Merck,
Germany), NaOH (Merck, Germany), and Acetic Acid (Merck,
Germany).

Equipments

Peristaltic pump (150 mL/h flow rate) (Lefoo, China),
Ultraviolet (UV)2-100 UV/visible spectrophotometer (Unicam,
Netherlands), Shaking Water Bath (Mettler Toledo, Switzerland),
Magnetic Stirrer (Chiltren, United Kingdom), Incubator
(Memmert, Germany), pH Meter (Mettler Toledo, Switzerland),
Analytical Scales (Mettler Toledo, Switzerland). FT-IR (Mattson,
ABD), scanning electron microscopy (SEM) (JSM 5600,
Japan), differential scanning calorimetry (DSC) (Dupont 2000),
Mastersizer 2000 instrument (Malverm Instruments, UK), Filter
paper whatman number: 42 (Merck, Germany).

Methods

Preparation of the PVA: Na-Alg microspheres

The formulations of the PVA: Na-Alg and empty microspheres
are shown in Tables 1 and 2, respectively. Microspheres were
obtained using the liquid maturation method. Fampridine was
added to the polymer blends and stirred for approximately 12
hours to form a suspension. Then, these suspensions were
passed through a peristaltic pump and dripped as droplets at a
flow rate of 150 mL/h from a height of 3 cm into solutions of 50
mL HCl and GA, respectively. The formation of microspheres
with different PVA: Na-Alg compositions was conducted
at room temperature. The transfer of 20 mL drug-polymer
mixture was completed in 8-10 minutes. After the last drop,

Table 1. Formulation of microspheres

PVA: Na-Alg Cross-linking agent concentration (v:v) Cross-linking time (min.) Drug: Polymer ratio

01 1:1 2.5% GA + 3GA+ 3% HCl 5 1:0.5
02 1:1 2.5% GA + 3% HCI 5 1:1
03 1:1 2.5% GA + 3% HCl 5 1:1.25
04 1:1 2.5% GA + 3% HCl 5 1:1.5
05 1:1 2.5% GA + 3% HCl 5 1:2
P1 2:1 2.5% GA + 3% HCI 5 1:0.5
P2 2:1 2.5% GA + 3% HCl 5 1:1
P3 2:1 2.5% GA + 3% HCl 5 1:1.25
P4 2:1 2.5% GA + 3% HCl 5 1:1.5
P5 2:1 2.5% GA + 3% HCI 5 1:2

K1 31 2.5% GA + 3% HCl 5 1:0.5
K2 31 2.5% GA + 3% HCl 5 1:1

K3 31 2.5% GA + 3% HCl 5 1:1.25
K4 31 2.5% GA + 3% HCI 5 1:1.5
K5 31 2.5% GA + 3% HCl 5 1:2

L1 31 2.5% GA + 3% HCl 25 1:1.25
L2 31 2.5% GA + 3% HCl 30 1:1.25
M1 31 3% GA + 3% HCI 5 1:1.25
M2 31 1.5% GA +1.5% HCl 5 1:1.25

PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate, GA: Glutaraldehyde, HCl: Hydrochloric acid, min.: Minute
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Table 2. Formulation of empty microspheres

PVA: Na-Alg Cross-linking agent concentration (v:v) Cross-linking time (min.)
0 1:1 2.5% GA+ 3% HCl 5
P 2:1 2.5% GA+ 3% HCl 5
K 31 2.5% GA+ 3% HCl 5

PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate, GA: Glutaraldehyde, HCl: Hydrochloric acid, min.: Minute

the microspheres were matured by stirring in the cross-linking
solution (GA + HCD for 2.5, 5, and 30 min. The microspheres
were then washed with distilled water and filtered through a
filter paper.

Release studies of fampridine from PVA: Na-Alg microspheres
25 mg microsphere samples were placed in 250 mL of buffer
solutions within 500 mL bottles and positioned in a shaking
water bath. Release studies were conducted at 37 °C in pH
1.2 HCl solution, pH 6.8, and pH 7.4. The microspheres were
filtered every two hours, and the next buffer solution was
introduced. Four mL samples were collected from the solution,
and absorbance values at 262 nm were determined using
a UV spectrophotometer. Concentrations were calculated
using calibration graph shown in Figure 1 based on standard
fampridine solutions. All release studies were conducted with
6 samples (n= 6) and average fampridine release was used as
a result.

Analytical method

The calibration graph of fampridine is shown in Figure 1. The
standard solutions were prepared from 0.1 to 2.5 mmol/L. All
absorbance values were read thrice, and the mean value was
used.

Analytical method validation

The selectivity, linearity, range, system precision, and
repeatability of the relevant method have been assessed.? All
absorbance values were read thrice, and the mean value was
used.

Selectivity
UV spectra at 262 nm were obtained for all excipients present in
the microsphere content (HCl, GA, PVA, Na-Alg). The possibility
of interference with fampridine at the same wavelength was
evaluated.

Linearity and range

The absorbance values were obtained using standard fampridine
solutions at five different concentrations (0.5 mmol/L, 0.8
mmol/L, 1.0 mmol/L, 2.0 mmol/L, 2.5 mmol/L). The results were
evaluated, and a linearity graph was generated.

System precision

The standard fampridine solution was prepared at a
concentration of 1 mmol/L and was read 6 times using a UV
spectrophotometer, and the standard deviation (SD) was
measured.

0,9
0,8
0,7

06

Absorbance
(=]
F=Y

y =0,2995x-0,0028
R?=0,999

0,5 1 1,5 2 2,5 3

Concentration (mmol/L)

Figure 1. Calibration graph of fampridine

Repeatability

Microspheres labeled O5 were prepared six times (n= 6) on two
different days, and their absorbance values were recorded at
262 nm. The SD was measured.

The water content of microspheres

50 mg microspheres were immersed in 100 mL of distilled
water for a 24-hour equilibration period. Equilibrium water
content was calculated using Equation 1.

Wwf-wd
wa_ X100 [Eq. 1]

The equilibrium water content % =

Wf shows the microsphere weight, which includes water, and
Wd shows the dry microsphere weight.

Encapsulation Efficiency (EE) of microspheres

50 mg of microspheres containing fampridine were pulverized
in an agate mortar and extracted in 50 mL of methanol under
cooling for 4 h. The obtained extract was then filtered, and
diluted to various concentrations, and the drug content was
quantified using UV spectrophotometry. The EE is calculated
using Equation 2.

EE%=%>< 100 [Eq. 2]

D shows the actual amount of drug in the microspheres, and T
shows the theoretical amount of drug in the microspheres.
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RESULTS

Effect of PVA: Na-Alg ratio on fampridine release

03, P3, and K3 were selected with all other parameters kept
constant, solely varying the PVA: Na-Alg ratio. Results are
shown in Figure 2. Entering PVA into the formulation leads to
an increase in hydrogen bonding interactions between PVA and
Na-Alg, and due to the functional group interactions between
Na-Alg and fampridine, it was observed that the amount of
PVA increased, the release of fampridine decreased, and the
diffusion of the solution into the polymeric microsphere more
challenging.?%?"
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Figure 2. Effect of PVA: Na-Alg ratio. A): pH: 7.4, B): pH: 6.8, C): pH: 1.2
PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate

Effect of pH on fampridine release

Fampridine release was conducted at pH 1.2, 6.8, and 7.4 for 14
h. The results showed that all microspheres are pH-sensitive.?®
There was maximum release at pH 7.4 (89% after 18 hours),
decreasing release at pH 6.8 (73% after 18 hours), and the
lowest release occurred at pH 1.2 (67% after 18 hours). This
is attributed to the low ionization percentage of fampridine at
low pH. Additionally, in controlled release systems containing
PVA, the best swelling is observed at high pH, which is
consistent with the swelling results obtained from release
studies.?®®? Because the highest release was observed at pH
7.4, subsequent experiments were conducted using a pH 7.4
buffer solution as the medium.
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Figure 3. Effect of the drug: polymer ratio. A): PVA:Na-Alg (1:1), B): PVA: Na-Alg
(2:1, O:

PVA: Na-Alg (3:1) PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate
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Effect of the drug: polymer ratio on fampridine release

01-K5 was used to evaluate the drug: polymer ratio, and
the results are shown in Figure 3. It was observed that the
drug: polymer ratio decreased and the release of fampridine
increased.

The highest release of fampridine was observed with a drug:
polymer ratio of 1:2. These results can be explained by the
microspheres adopting a more compact structure as the drug
quantity increases, making it more difficult for the solvent to
permeate the microsphere matrix. Increasing the drug quantity
leads to a deceleration in drug release due to increased
interactions between the drug and polymer blends.®

Effect of cross-linking agent concentration on fampridine
release

The microspheres were prepared using three different cross-
linking agent concentrations: 3% GA + 3% HCI, 2.5% GA + 3%
HCL, 1.5% GA + 1.5% HCl, and K3, M1, and M2 were analyzed.
The results are shown in Figure 4. Increasing the concentration
of the cross-linking agent in the microspheres leads to less
diffusion of the solvent into the microspheres and made more
challenging of drug diffusion.®"%

Effect of cross-linking time on fampridine release

2.5,5, and 30 min were assessed with K3, L1 and L2. Results are
shown in Figure 5. It was observed that the highest fampridine
release occurred at a low crosslinking time. But there is not a
significant difference between 2.5 and 5 min. It was observed
that the cross-linking time increased, leading to a reduction
in polymer chain mobility and less solvent diffusion into the
microspheres.*
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Figure 4. Effect of cross-linking agent concentration
PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate

The water content of microspheres

Results are shown in Table 3. It was observed that the highest
swelling occurred at pH 7.4. This is due to the low swelling of
Na-Alg and PVA in acidic environments in the structure of the
microspheres.®

EE and particle size of microspheres

The encapsulation efficiencies are listed in Table 4. Results
showed that the EE increased parallelly with the drug: polymer
ratio. At a constant drug: polymer ratio, an increase in the PVA:
Na-Alg ratio was observed to increase the EE. This result is
attributed to the increased amount of polymer in the structure,
leading to the diffusion of more drugs into the polymer.

The particle sizes of the microspheres were between 300 and
800 um. Increasing amounts of fampridine and PVA led to an
increase in particle size because of the decrease in the cross-
linking density.243334

Analytical method validation

Selectiviy

Because the absorbance values of PVA, GA, and HCI at 262
nm are all zero, it is possible to conclude that the method was
selective for fampridine.

Linearity and range
Results are shown in Figure 6 and Table 5. The results

demonstrate that the proposed method is linear and within the
range (R? = 0.999).

System precision

System precision results are shown in Table 6. The results are
remarkably close to each other, and the SD value is quite low. It
can be concluded that the proposed system provides accurate
and precise results.
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TIME (HOUR)

Figure 5. Effect of cross-linking agent time
PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate

Table 3. Water content of PVA: Na-Alg microspheres

PVA: Na-Alg Purified water pH: 1.2 pH 6.8 pH 7.4

1:1(0) 70.1% £ 5.6 65.1% + 3.2 105.1% + 3.4 109.8% + 7.9
2:2 (P) 75.6% + 6.6 88.1% + 7.6 108.1% + 6.3 108.7% + 4.5
31 () 80.3% + 4.8 90.1% + 5.2 110.7% + 3.8 115.7% + 6.8

PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate
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Repeatability

Repeatability results are shown in Table 7. O5 results are close
to each other, and the SD value is quite low. It can be concluded
that the proposed system provides repeatable results.

Characterization of the microspheres

Fourier transform infrared spectroscopy (FT-IR) results

In Figure 7, the FTIR results for PVA, Na-Alg, and the blank
microsphere (O) are presented. In Figure 8, the FTIR results
for fampridine, the blank microsphere (0), and the fampridine-
loaded O5 microsphere are shown. The broad band observed
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02 y =0,2994x +0,0028
01 1 R2=0,999

0 05 1 1,5 2 2,5 3 35
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Figure 6. Linearity and range graph of fampridine.

Table 4. EE and particle size of microspheres

at 3377 cm™ of PVA is believed to be due to the O-H stretching
vibration band. The band observed around 2921 cm™ is thought
to be the aliphatic C-H stretching band. In the Na-Alg FTIR
spectrum, the broad band around 3428 cm corresponds to the
O-H stretching band, the band at 2928 cm™ corresponds to the
aliphatic C-H band, and the band at 1618 cm™ corresponds to the
(>C =0) group.

m‘»ﬁ\:

snzarrrsBaeIA
®
X
7675

7395

r T T T T T T T
4000 8500 2000 2500 2000 1800 1000 s00
Wavenumbara

Figure 7. FT-IR results PVA (A), Na-Alg (B), and empty microsphere O (C)

PVA: Na-Alg d:p EE% Mean particle size (um)*

01 1:1 1:0.5 735+ 6.6 640.6 + 1.2
02 1:1 1:1 T21+£2.2 5353+ 0.9
03 1:1 1:1.25 64.7+£13 4854 £ 11
04 1:1 1:1.5 60.1+5.6 360.8 + 0.6
05 1:1 1:2 40.4 £ 01 3104 + 0.7
P1 2:1 1:0.5 791+£38 7103+ 1.6
P2 2:1 1:1 745+ 6.1 595.6 + 1.3
P3 2:1 1:1.25 721+ 43 520.2 £ 0.9
P4 2:1 1:1.5 60.6 + 2.4 3903+ 0.6
P5 2:1 1:2 45818 340.7+ 0.7
K1 31 1:0.5 874 +3.2 780.6 + 211
K2 31 1:1 80.8 +39 630.4+18
K3 3 1:1.25 751+ 48 580.4 + 1.4
K4 31 1:1.5 61.3+29 406.8+1.3
K5 31 1:2 55.7 + 31 380.3+15
L1 31 1:1.25 50.4 + 6.2 5323+ 09
L2 3 1:1.25 80.1+36 7142+ 0.6
M1 31 1:1.25 80.8+2.8 695.6 + 0.4
M2 31 1:1.25 54.6 + 4.2 510.8 + 0.2

*+ SD, n= 3. d:p: Drug: polymer, PVA: Polyvinyl alcohol, Na-Alg: Sodium alginate, EE: Encapsulation efficiency, SD: Standard deviation
p poly yviny p y
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It was observed that in the PVA: Na-Alg microspheres, the
stretching band of ()C = O) shifted to 1638 cm™ due to its
incorporation into the blend structure, and the aliphatic C-H
band in the empty microsphere shifted from 2935 cm™ to 2928
cm™ upon incorporation of the drug into the structure.

Table 5. Linearity and range results

Fampridine

Linearity level % concentration (mmol/L) Absorbance
50% 05 0.15
80% 0.8 0.23
100% 1.0 0.32
200% 2.0 0.60
250% 25 0.75
Average 0.41
Standard deviation 0.25

Table 6. System precision results

Sample (1 mmol/L) Absorbance
1 0.32

2 0.30

3 0.28

4 0.31

5 0.29

6 0.32
Average 0.30

SD 0.016
RSD% 5.3
Confidence range (n= 6) 0.30 £ 0.01

Table 7. Repeatability results

1 day 2 day

Sample (05) Absorbance Absorbance
1 0.27 0.26

2 0.28 0.28

3 0.29 0.28

4 0.27 0.27

5 0.28 0.29

6 0.28 0.28
Average 0.28 0.28

SD 0.007 0.01

RSD% 27 37
Confidence range (n= 6) 0.28 + 0.006 0.28 + 0.008

SD: Standard deviation, RSD: Relative standard deviation

DSC results

DSC diagrams of PVA, Na-Alg, and PVA: Na-Alg 1:1 microspheres
(05) are shown in Figure 9. Results showed that the Tg value
of PVA was 87 °C, the PVA: Na-Alg microsphere is 95 °C, and
the Na-Alg is 102 °C. The higher Tg value of the PVA: Na-Alg
microspheres compared to PVA and lower Tg value compared
to Na-Alg indicates the compatibility of these polymers.®

SEM results

SEM analysis was performed with the highest release observed
in the O5 and empty microspheres (O). Results are shown in
Figure 10. It was observed that after loading the drug into the
microspheres, the surface became roughened, and there was a
tendency toward shape distortion.
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Figure 8. Fampridine (A), empty microsphere O (B), and microsphere 05
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Figure 9. DSC results. PVA (A) O5 microspheres, (B) PVA: Na-Alg (C)

DSC: Differential scanning calorimetry, PVA: Polyvinyl alcohol, Na-Alg: Sodium
alginate
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Figure 10. SEM results of O and O5 microspheres

SEM: Scanning electron microscopy

CONCLUSION

It was observed that as the amount of PVA increased in PVA:
Na-Alg microspheres, the release decreased and determined
that drug release in the microspheres generally increased as
the d:p ratio decreased. The optimal d:p (w:w) ratio for PVA:
Na-Alg microspheres was found to be 1:2. It was observed that
an increase in the concentration of the cross-linking agent and
the cross-linking time resulted in a decrease in the release rate.
It was determined that drug release from the microspheres was
affected by the pH of the environment. As the pH value increased,
the release of fampridine from PVA: Na-Alg microspheres also
increased, with the best release rate observed at pH 7.4. As a
result of the studies, it was determined that fampridine release
was highest (89%) in microspheres (0O5) prepared with a PVA:
Na-Alg (w: w) ratio of 1:1, and d:p ratio of 1:2 (w:w), in a cross-
linking solution with a concentration of 2.5% GA + 3.0% HCI
(v:v), and with a cross-linking time of 5 minutes.

DISCUSSION

The results of this study underscore the effectiveness of using
bio-based microspheres for the controlled release of fampridine.

The optimal formulation, achieved with a PVA:Na-Alg ratio of
1:1, a drug-to-polymer ratio of 1:2, and specific cross-linking
conditions, demonstrated the highest release rate of fampridine.
These findings are consistent with previous research indicating
that the balance between polymer types, cross-linking agents,
and ratios significantly influences drug release kinetics. The
use of PVA and sodium alginate as biocompatible polymers is
particularly advantageous as they allow for a controlled and
sustained release, which is crucial for the management of
conditions like multiple sclerosis, where consistent therapeutic
levels of the drug are desired. The observed increase in particle
size with a higher d:p ratio suggests that the drug is more
effectively encapsulated in larger microspheres, which may
provide enhanced stability and release control. While the results
are promising, further studies are needed to explore the long-
term stability of these microspheres, their in vivo behavior, and
their comparability to existing treatments, such as Fampyra 10
mg, in clinical settings.
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ABSTRACT

Introduction: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), from the family Coronaviridae, is the seventh known coronavirus
to infect humans and cause acute respiratory syndrome. Although vaccination efforts have been conducted against this virus, which emerged in
Wuhan, China, in December 2019 and has spread rapidly around the world, the lack of an Food and Drug Administration-approved antiviral agent has
made drug repurposing an important approach for emergency response during the COVID-19 pandemic. The aim of this study was to investigate the
potential of H1-antihistamines as antiviral agents against SARS-CoV-2 RNA-dependent RNA polymerase enzyme.

Materials and Methods: Using molecular docking techniques, we explored the interactions between Hi-antihistamines and RNA-dependent RNA
polymerase (RdRp), a key enzyme involved in viral replication. The three-dimensional structure of 37 H1-antihistamine molecules was drawn and
their energies were minimized using Spartan 0.4. Subsequently, we conducted a docking study with Autodock Vina to assess the binding affinity of
these molecules to the target site. The docking scores and conformations were then visualized using Discovery Studio.

Results: The results examined showed that the docking scores of the Hil-antihistamines were between 5.0 and 8.3 kcal/mol. These findings
suggested that among all the analyzed drugs, bilastine, fexofenadine, montelukast, zafirlukast, mizolastine, and rupatadine might bind with the best
binding energy (K -7.0 kcal/mol) and inhibit RdRp, potentially halting the replication of the virus.

Conclusion: This study highlights the potential of H1-antihistamines in combating COVID-19 and underscores the value of computational approaches
in rapid drug discovery and repurposing efforts. Finally, experimental studies are required to measure the potency of H1-antihistamines before their
clinical use against COVID-19 as RdRp inhibitors.

Keywords: SARS-CoV-2, RNA-dependent RNA polymerase, molecular docking, H1-antihistamines, drug repurposing

INTRODUCTION persistent RNA virus infections represents a significant public
Infectious diseases caused by various microorganisms,  health concern.? The global population continues to combat
including viruses, bacteria, fungi, and parasites, continue to be many infectious diseases caused by these pathogens, some
one of the most significant public health issues! Among the most ~ of which have become epidemics or pandemics.’> The World
serious infection categories, RNA virus infections significantly Health Organization declared the Coronavirus Disease of 2019
contribute to the global index of mortality and morbidity ~ (COVID-19), caused by Severe Acute Respiratory Syndrome
associated with viral infections. Chronic disease caused by ~ Coronavirus 2 (SARS-CoV-2), a global public health emergency
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on March 11, 2020, due to its extensive impact. By early May
2024, more than 7 million deaths and over 775 million infected
cases had been reported.* The first known case of SARS-
CoV-2 was identified in Wuhan, China. The virus is an RNA
virus from the Coronaviridaefamily that rapidly led to a global
pandemic because of its high transmissibility.>” The Beta,
Gamma, Delta, and Omicron variants arising from SARS-CoV-2
viral mutations have also caused significant damage to the
world economy. Repurposed drugs and vaccines developed to
combat the pandemic have played a crucial role in mitigating
the pandemic’s impact and restoring socioeconomic stability.®

Reuse can be achieved through high-efficiency in vitro analyses,
in vivo animal investigations, and computer-aided drug
discovery. Studies on the reuse of many known drugs, including
antivirals, antimalarials, H1-antihistamines, antipsychotics, and
anticancer agents, are available in the literature.®" Although
known safety profiles of approved drugs have allowed rapid
progress in clinical trials, limited success has been achieved
in identifying clinically effective small-molecule drugs for
COVID-19 treatment.416

H1-antihistamines are a class of drugs commonly used to
treat allergic reactions, such as hay fever, hives, and itching.”
They work by blocking the action of histamine, a substance
in the body that causes allergic symptoms. H1-antihistamines
can be divided into two main types; first-generation and
second-generation. First-generation Hl-antihistamines, such
as diphenhydramine and chlorpheniramine, tend to cause
more drowsiness and are often used for short-term relief
of symptoms. Second-generation H1l-antihistamines, such
as loratadine and cetirizine, require less sedation and are
preferred for long-term use.”® Traditionally recognized for their
role in mitigating allergic responses by antagonizing histamine

Sigma 1 receptor

Azelastine
Diphenhydramine

Azelastine

receptors, Hl-antihistamines have recently attracted attention
for their broader pharmacological effects, including potential
antiviral properties. This paradigm shift is underpinned by
advancements in computational modeling and virtual screening
methodologies, which enable us to elucidate the intricate
molecular interactions between Hi-antihistamines and viral
targets.

In a study conducted in 2021, H1-antihistamine agents such as
hydroxyzine, azelastine, and diphenhydramine were reported to
have in vitro antiviral activity against SARS-CoV-2. Moreover, it
was reported that hydroxyzine exhibits antiviral activity through
the mechanism of angiotensin-converting enzyme 2 inhibition,
whereas azelastine and diphenhydramine exert their effects
by binding to the sigma-1 receptor.? In another study reported
by Ghahremanpour et al." it was found that azelastine has the
potential to inhibit the main protease, which is a structural
protein of SARS-CoV-2. Additionally, it has been reported in
the literature that fexofenadine, another H1-antihistamine, has
the potential to inhibit the SARS-CoV-2 helicase enzyme.° The
interactions of H1-antihistamines with antiviral targets reported
in the literature are summarized in Figure 1.

Although the body systems affected, transmission routes, and
symptoms are different, there are many studies investigating
similarities between the non-structural (NS3) proteins of SARS-
CoV-2 and hepatitis-C virus (HCV). These studies indicate that
these proteins share structural similarities as well as functional
properties. Specifically, NS3 proteins include proteases and
helicases that are critical in the replication process of both
viruses. These similarities could guide the development of
potentially effective antiviral agents against the NS3 proteins
of SARS-CoV-2 and HCV. In a groundbreaking study published
in 2014, Mingorance et al!” revealed compelling evidence of

Helicase

!

Antihistamines

Figure 1. Antiviral effects of the known antihistamines against vital enzymes of SARS-CoV-2

SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2, RdRp: RNA-dependent RNA polymerase
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the selective inhibition of HCV infection by hydroxyzine and
benztropine. This study, led by esteemed experts in virology,
revealed the remarkable antiviral properties of these two
compounds, shedding light on their potential as potent agents
against HCV. Through meticulous experimentation and rigorous
analysis, the researchers elucidated the mechanism by which
hydroxyzine and benztropine exert their inhibitory effects on
HCV infection. By selectively targeting key NS3 proteins or
host cell factors crucial for viral replication, these compounds
demonstrated a remarkable ability to disrupt the viral lifecycle,
thereby impeding viral propagation and spread. The findings of
this study not only underscore the significance of hydroxyzine
and benztropine as possible candidates for antiviral therapy
against HCV but also pave the way for further exploration of
their therapeutic potential in combating other viral infections.”
Similarly, a notable study by Zongyi et al.?® revealed that
chlorcyclizine exerts its antiviral effect against HCV by targeting
the viral envelope glycoprotein. This finding underscores the
potential of chlorcyclizine as a promising antiviral agent against
HCV infection.?

In the dynamic landscape of drug discovery, the integration of
computational techniques has revolutionized pharmaceutical
intervention exploration.?’ /n silico studies, which encompass
a spectrum of computational methods, have emerged as
invaluable tools for accelerating the identification and evaluation
of potential drug candidates. In the approach to repurposing
known drugs, the primary objective of computational and
experimental techniques has been to identify existing drugs
that may be effective against SARS-CoV-2.

In RNA viruses like SARS-CoV-2, the RNA-dependent RNA
polymerase (RdRp) enzyme creates the machinery required for
RNA synthesis and the organized replication and transcription
of genomic RNA.?2 After the virus attacks a host cell, viral
genomic RNA is used directly as a template, and the host cell’s
protein synthesis machinery is utilized to translate RdRp. RdRp
is an enzyme crucial for RNA virus replication.? It catalyzes the
synthesis of RNA from an RNA template, a process essential
for the reproduction of RNA viruses like influenza, hepatitis C,
and coronaviruses (including SARS-CoV-2). RdRp is a prime
target for antiviral drugs aimed at inhibiting viral replication. In
the context of the COVID-19 pandemic, drugs like redeliver have
gained attention for their ability to inhibit RdRp and potentially

reduce the severity of the disease.?® The structure of the SARS-
CoV-2 RdRp complex comprises a core catalytic unit consisting
of a non-structural protein 12 (nsp12) core, an nsp7-nsp8
(nsp8-1) heterodimer, and an additional nsp8 subunit (nsp8-2)
(Figure 2). The nsp12-nsp7-nsp8 complex is the minimal core
component of viral RNA replication.? The 30-kb SARS-CoV-2
genome contains 14 open reading frames (ORF) that encode at
least 27 proteins.?” The ORF 1 ab region at the 5" end consists
of a polyprotein that is hydrolyzed to 16 non-structural proteins
nspl-16 to form a replicase/transcriptase complex (RTC). The
main RTC is RdRp nsp-12.2 Nsp-12 has 8 motifs (A to G); Motif C
(F753-N767) contains the catalytic motif SDD (Ser759, Asp760,
and Asp761), which is required for metal-ion binding,? and this
site is going to be our main target in this study.

This study lays the groundwork for exploring the rapidly growing
field of in silico research aimed at uncovering the antiviral
potential of H1-antihistamines. By utilizing molecular modeling
techniques, we seek to understand the mechanisms behind
the potential antiviral effects of SARS-CoV-2 RdRp enzyme
inhibition. Moreover, these investigations provide insights into
the therapeutic potential of H1-antihistamines against various
viral infections, opening new possibilities for drug repurposing
and therapeutic development. Although montelukast and
zafirlukast are not typically classified as HI-antihistamines,
they belong to a class of medications known as leukotriene
receptor antagonists. These drugs work by blocking the action
of leukotrienes, which are inflammatory substances produced
by the body in response to allergens or other triggers. Although
they are often used to manage asthma and allergic rhinitis, they
do not directly target histamine receptors, as traditional H1-
antihistamines do. However, they can help relieve symptoms
associated with allergic reactions, such as inflammation and
bronchoconstriction.? Since the potential of zafirlukast to
inhibit the SARS-CoV-2 helicase enzyme has been reported
in the literature,* an in silico investigation of montelukast and
zafirlukast was also conducted.

MATERIALS AND METHODS

System preparation

Protein preparation

The recently reported high-resolution X-ray structure of
RdRp (2.90 A) (PDB ID 6MT1: https://www.rcsb.org/3d-view/

nspl2

1 65 83 1 83 198 1 76 198
nsp7 -] nsp8.1 nsp8.2
NTD 9 RdRp .
130 50 118 249 369 581 620 679 815 932

Figure 2. Domain organization of SARS-CoV-2 and its (RdRp). Interdomain boundaries are labeled with residue numbers. Here we can see nsp12?

SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2, RdRp: RNA-dependent RNA polymerase, NTD: N-Terminal Domain
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ngl/6m71)? was used in this study. After obtaining the protein
crystal structure, all water molecules and ions were initially
deleted. The protein was then saved in .pdb format and
subsequently converted to .pdbqt format using Autodocktools
1.5.73" Later, the regions of Ser759, Asp760, and Asp761 were
determined as the locations of the grid box (114.52, 114.11,122.91)
using Discovery Studio 2021 and Autodocktools 1.5.7.

Preparation of the ligands

All ligands were drawn using Spartan 4.0, and each
molecule’s energy was also minimized using Spartan 4.0.3
The conformations with the lowest energy were saved in .pdb
format and then converted to.pdbgt format using Autodocktools
1.5.7. Brompheniramine, levocetirizine, montelukast, and
chlorpheniramine were selected as their pharmacologically
active (R) stereoisomers. Cetirizine, dexchlorpheniramine, and
triprolidine were selected as their pharmacologically active (S)
stereoisomers.

Molecular docking

The determination of the grid box region (114.52, 114.11,122.91)
and dimensions (30,30,30 A) to include the Ser759, Asp760,
and Asp761 regions was performed using AutodockTools
1.5.7. and Discovery Studio 2021. Then, molecular docking
was performed using Autodock Vina.®* Each docking process
was repeated at least 3 times to ensure the accuracy of the
results. Later, each molecule docking score and confirmation
were visualized using Discovery Studio 2021. Each molecule’s
binding energy is presented in Supplementary Figure 1.

RESULTS

In this study, the in silico binding potentials of 37 drugs, including
Food and Drug Administration-approved Hl-antihistamines
as well as montelukast and zafirlukast, against SARS-CoV-2
RdRp were examined (see Supplementary Figure 1). Table 1-7
present comprehensive visual representations of the three-
dimensional (3D) and two-dimensional (2D) interactions of
the best potential SARS-CoV-2 RdRp inhibitors, bilastine,
fexofenadine, montelukast, zafirlukast, mizolastine, rupatadine,
and terfenadine, respectively.

The docking results indicate that bilastine effectively binds
to RdRp, primarily through hydrogen bonds and electrostatic
interactions (Table 1). The strong binding energy and specific
interactions suggest that bilastine inhibits the function of
RdRp, potentially blocking viral replication. Bilastine showed
significant binding affinity against the SARS-CoV-2 RdRp
enzyme at 7.6 kcal/mol. The carboxylic acid group within
bilastine forms crucial hydrogen bonds with specific residues
of RdRp, highlighting the intricate nature of their molecular
interactions. One notable interaction occurred between the
carboxylic acid group and Asp761, wherein a hydrogen bond
was established with a bond length of 2.26 A. Additionally,
another hydrogen bond was detected between this group and
Ser814, further emphasizing the nuanced connectivity between
bilastine and RdRp, characterized by a bond length of 2.43 A.
Moreover, the ethoxy group present in bilastine significantly

contributed to its interaction with RdRp. This group forms
hydrogen bonds with Asp623 and Cys622, highlighting
the multifaceted nature of bilastine’'s engagement with the
receptor. The hydrogen bond lengths between the ethoxy group
and Asp623 and Cys622 were measured at 2.25 A and 2.27
A, respectively. Beyond hydrogen bonding, electrostatic and
cationic interactions also play substantial roles in shaping
the binding profile of bilastine with RdRp. The benzimidazole
moiety within bilastine demonstrates such interactions with
key residues of RdRp, namely Arg553 and Lys621.

These interactions occurred at distances of 4.27 A and 4.32 A
with Arg553 and at distances of 4.94 A and 4.78 A with Lys621,
highlighting the diverse array of molecular forces involved in
bilastine-RdRp binding. The interactions with critical residues
such as Asp761, Ser814, and Arg553 underscore the potential
of bilastine as a therapeutic candidate and warrant further
investigation.

Our docking study identified fexofenadine (Table 2) as a
potential inhibitor of SARS-CoV-2 RdRp. The docking results
revealed a binding energy of -8.0 kcal/mol, indicating strong
binding affinity. In the context of molecular interactions, the
carboxylic acid group of fexofenadine plays a crucial role by
forming significant hydrogen bonds with specific residues
of RdRp. Notably, hydrogen bonds were formed between
Trp617 and Trp800 with bond lengths of 2.91 A and 276 A,
respectively. Moreover, a particularly strong hydrogen bond
was formed with Glu811, with a bond length of 2.02 A. Beyond
hydrogen bonding, fexofenadine exhibits hydrophobic and pi
interactions, further enriching its binding profile with RdRp.
The phenyl group of fexofenadine engages in hydrophobic and
pi interactions with Tyr455 and Arg553, with distances of 5.57
A and 4.38 A, respectively. Additionally, multiple interactions
with Lys621 were observed, including electrostatic/pi-cation
interactions at distances of 4.62 A and 5.46 A. Furthermore,
a hydrophobic/pi-alkyl interaction was noted with Arg624, at
a distance of 3.09 A. In summary, a comprehensive analysis
of hydrogen bonding, hydrophobic interactions, pi interactions,
and additional interactions revealed the intricate molecular
landscape governing the interaction between fexofenadine and
RdRp, offering valuable insights into its potential therapeutic
efficacy against viral infections.

Montelukast, with a binding energy of -7.2 kcal/mol,
demonstrated a multifaceted binding profile characterized by
hydrogen bonding, hydrophobic interactions, and electrostatic
contacts (Table 3). Specifically, the hydrogen bonds formed
between montelukast and key residues Lys798, Trp800, and
Asp760 underscore the importance of specific molecular
recognition patterns in stabilizing the Montelukast-RdRp
complex. Moreover, hydrophobic interactions with Tyr455
and electrostatic interactions with Lys621 provided additional
stability to the complex, highlighting the diverse array of
interactions contributing to the ligand-receptor binding. Three
hydrogen bonds are predicted to form between montelukast’s
carboxylic acid group and residues Lys798, Trp800, and Asp760
of RdRp. These hydrogen bonds significantly contribute to the
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Table 1. Interactions of bilastine with the active site of RdRp

2, o

Functional group Residue Bond Distance (A)
Carboxylic acid Asp761 H-bond (A-B) 2.26
Carboxylic acid Ser814 H-bond (D-B) 2.43
Ethoxy Asp623 H-bond (D-S) 2.25
Ethoxy Cys622 H-bond (D-S) 2.27
Benzimidazole Arg553 Electrostatic/pi-cation 4.27
Benzimidazole Arg553 Electrostatic/pi-cation 432
Benzimidazole Lys621 Electrostatic/pi-cation 494
Benzimidazole Lys621 Electrostatic/pi-cation 4.78
Benzimidazole Argb24 Hydrophobic/pi-alkyl 5.34
Ethoxy Asp760 Carbon hydrogen bond 3.49
Ethoxy Cys622 Hydrophobic/alkyl-alky! 3.82

For amino acid, A: H-bond acceptor, D: H-bond donor, B: Backbone interaction, S: Sidechain interaction. Light green: Carbon hydrogen bond, Green: H-bond,
Orange: Electrostatic interactions, Pink: Hydrophobic interactions, RdRp: RNA-dependent RNA polymerase

Table 2. Interactions of fexofenadine with the active site of RdRp

2
@

e ©

C‘r
Functional group Residue Bond Distance (A)
Carboxylic acid Trp617 H-bond (D-S) 291
Carboxylic acid Trp800 H-bond (D-B) 2.76
Carboxylic acid Glugh H-bond (A-B) 2.02
‘Phenyl Tyr455 Hydrophobic/Pi-Pi T-form 5.57
‘Phenyl Arg553 Electrostatic/pi-cation 438
‘Phenyl Lys621 Electrostatic/pi-cation 4.62
‘Phenyl Argb24 Hydrophobic/pi-alkyl 3.09
“Phenyl Lys621 Electrostatic/pi-cation 5.46
Butyl Asp760 Carbon hydrogen bond 3.59

For amino acid, A: H-bond acceptor, D: H-bond donor, B: Backbone interaction, S: Sidechain interaction. Light green: Carbon hydrogen bond, Green: H-bond, Orange:
Electrostatic interactions, Pink: Hydrophobic interactions, RdRp: RNA-dependent RNA polymerase
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Table 3. Interactions of Montelukast with the active site of RdRp

- (. ¢ . W

/ A%}i S
ol "
Functional group Residue Bond Distance (A)
2-Hydroxypropan-2-yl Asp760 H-bond (A-S) 2.73
Carboxylic acid-COOH Lys798 H-bond (A-S) 2.20
Carboxylic acid-COOH Trp800 H-bond (D-B) 210
T-Methylquinoline Tyr455 Hydrophobic/pi-alkyl 419
T-Methylquinoline Tyr455 Hydrophobic/Pi-Pi T-form 5.85
T-Methylquinoline Arg553 Hydrophobic/alkyl-alky! 4.39
T-Methylquinoline Arg553 Electrostatic/pi-cation 4.42
T-Methylquinoline Lys621 Electrostatic/pi-cation 413
T-Methylquinoline Lys621 Hydrophobic/pi-alkyl 4.50
4-(2-Hydroxypropan-2-ylphenyl Asp760 Electrostatic/pi-anion 3.25

For amino acid, A: H-bond acceptor, D: H-bond donor, B: Backbone interaction, S: Sidechain interaction. Light green: Carbon hydrogen bond, Green: H-bond, Orange:
Electrostatic interactions, Pink: Hydrophobic interactions, RdRp: RNA-dependent RNA polymerase

Table 4. Interactions of zafirlukast with the active site of RdRp

e @
PN N S
\ b ) . ¥ h - " 0
A Y
HBonds ’ b N — AA7S£1 ° )
. v/l 7>, - e
; %o
Acceptor I
Functional group Residue Bond Distance (A)
Carbamate-NHCOO- Cys622 H-bond (D-S) 2.61
Carbamate-NHCOO- Asp623 H-bond (D-S) 2.24
Carbamate-NHCOO- Asp760 H-bond (A-B) 2.29
Amide-CONH- Asp761 H-bond (A-B) 2.06
Amide-CONH- Cys813 H-bond (D-S) 291
Amide-CONH- Ser814 H-bond (D-S) 1.83
Benzene sulfonyl Asp618 Electrostatic/pi-anion 4.65
Benzene sulfonyl Trp800 Pi-sulfur 4.84

For amino acid, A: H-bond acceptor, D: H-bond donor, B: Backbone interaction, S: Sidechain interaction. Light green: Carbon hydrogen bond, Green: H-bond, Orange:
Electrostatic interactions, Pink: Hydrophobic interactions, RdRp: RNA-dependent RNA polymerase
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H-Bonds )
Danor

Acceptor [

Table 5. Interactions of mizolastine with the active site of RdRp

PRO
A:620

Functional group Residue Bond Distance (A)
1,3-Diazinan-2-yl Trp617 H-bond (D-S) 3.79
1,3-Diazinan-2-yl Ala762 H-bond (D-S) 6.58
Carbonyl Ser814 H-bond (D-S) 214
Carbonyl GIn815 H-bond (D-S) 5.74
N-methy!l Trp617 Carbon hydrogen bond 3.60
N-methyl Asp760 Carbon hydrogen bond 3.26
Fluorophenyl Arg553 Electrostatic/pi-cation 4.74
Fluoropheny!l Lys621 Hydrophobic/pi-alky! 5.04
Fluoropheny!l Asp623 Halogen bond 315
Benzimidazole Pro620 Hydrophobic/pi-alky! 4.90
Benzimidazole Tyr619 Hydrophobic/Pi-Pi T-form 4.82
Benzimidazole Tyr619 Hydrophobic/Pi-Pi T-form 4.86

For amino acid, A: H-bond acceptor, D: H-bond donor, B: Backbone interaction, S: Sidechain interaction. Light green: Carbon hydrogen bond, Green: H-bond, Orange:
Electrostatic interactions, Pink: Hydrophobic interactions, RdRp: RNA-dependent RNA polymerase

Table 6. Interactions of rupatadine with the active site of RdRp

H-Bonds
Danor

Acceptor Il

ASP.
A:761

Functional group Residue Bond Distance (A)
5-MethylPyridine Lys621 Carbon hydrogen bond 2.89
5-MethylPyridine Lys621 Hydrophobic/alkyl-alky! 417
(5-MethylPyridin-3-yDmethyl Tyr619 Carbon hydrogen bond 3.51
8-methyl-BenzocycloheptaPyridine AspT761 Electrostatic/Pi-anion 3.30
8-methyl-BenzocycloheptaPyridine AspT61 Electrostatic/Pi-anion 3.95
8-methyl-BenzocycloheptaPyridine Trp800 Hydrophobic/pi-alky! 433

Light green: Carbon hydrogen bond, Green: H-bond, Orange: Electrostatic interactions, Pink: Hydrophobic interactions, RdRp: RNA-dependent RNA polymerase
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Table 7. Interactions of terfenadine with the active site of RdRp

£ ASP
A:761
H-Bonds
Dnnor.
AsP
A:618
Acceptor Bl
Functional group Residue Bond Distance (A)
Alcohol AspT760 H-bond (D-B) 217
‘Phenyl Aspb618 Electrostatic/Pi-anion 4.62
Butyl Asp760 Carbon hydrogen bond 3.54
“Phenyl Asp761 Electrostatic/Pi-anion 3.59

For amino acid, A: H-bond acceptor, D: H-bond donor, B: Backbone interaction, S: Sidechain interaction. Light green: Carbon hydrogen bond, Green: H-bond, Orange:
Electrostatic interactions, Pink: Hydrophobic interactions, RdRp: RNA-dependent RNA polymerase

stability of the ligand-receptor complex. The 7-methylquinoline
moiety of montelukast participates in many hydrophobic
interactions with the Tyr455, Arg553, and Lys621 residues of
RdRp, which helps retain the ligand in the binding pocket.

On the other hand, zafirlukast exhibited a higher binding energy
of -8.3 kcal/mol, indicating a stronger binding affinity. The
binding profile of zafirlukast was characterized by an extensive
network of hydrogen bonds involving residues Cys622,
Asp623, Asp760, Asp761, Cys813, and Cys814, predominantly
mediated by carbamate and amide functional groups (Table
4). This intricate hydrogen bonding network underscores the
specific molecular recognition events driving the formation of
the zafirlukast-RdRp complex. Zafirlukast utilizes its carbamate
group to form hydrogen bonds with both Cys622 and Asp623,
potentially anchoring it within the binding pocket. Additionally,
hydrogen bonds are formed between the ligand's nitrogens and
key residues Asp760 and Asp761, potentially contributing to
directional positioning. Furthermore, the participation of Cys813
and Cys814 through hydrogen bonds with the ligand’s amide
carbonyl group suggests a role in stabilizing the complex. The
presence of a pi-anion interaction between the ligand's benzene
sulfonyl group and Asp618 suggests an attractive force that
could contribute to the overall binding affinity. Moreover, a pi-
sulfur interaction between the same sulfonyl group and Trp800
highlights potential aromatic stacking, which further enhances
the stability of the complex. The docking analysis suggests
that zafirlukast binds favorably to the RdRp receptor through
a combination of extensive hydrogen bonding and electrostatic
interactions. These findings warrant further in vitro and in vivo
studies to assess the biological significance of this interaction.

Mizolastine binds to RdRp with a binding energy of -7.6 kcal/
mol, indicating a relatively strong interaction (Table 5). This

interaction involves various types of non-covalent forces,
including hydrogen bonds, halogen bonds, and hydrophobic
interactions. Hydrogen bond interactions occurred between the
1,3-diazinan-2-yl group and Trp617 and Ala762 residues within
distances of 3.79 A and 6.58 A, respectively. Additionally, the
closest interaction with a bond distance of 214 A was observed
between the carbonyl and Ser814 residues. The pi-cation
interaction between fluorophenyl and Arg553 was detected
at a distance of 4.74 A. While the fluoro atom was detected
at a distance that could form a halogen bond with the Asp623
residue, many hydrophobic interactions were observed with the
Tyr619, Pro620, and Lys621 residues.

Rupatadine interacts with RdRp with a binding energy of
-7.2 kcal/mol, indicating a relatively strong binding affinity.
Significant carbon-hydrogen bonds and hydrophobic and
electrostatic interactions were detected between rupatadine
with key residues such as Lys619, Lys621, Asp761, and Trp800
(Table 6). Hydrogen bond interactions occurred between the
5-methyl pyridine ring of Rupatadine and the Lys621 residue
of RdRp. Rupatadine’s 8-methyl-benzocyclohepta pyridine ring
exhibited pi-anion interactions with Asp761 on RdRp. Two types
of hydrophobic interactions are also observed. One occurs
between the (5-methylpyridin-3-yDmethyl group of rupatadine
and the Tyr619 residue of RdRp. Another hydrophobic interaction
involves the 8-methyl-benzocyclohepta pyridine ring of RdRp
and the Trp800 residue of RdRp.

Terfenadine interacts with RdRp with a binding energy of -7.1
kcal/mol, indicating moderate strong interaction. This interaction
involves various non-covalent forces, including hydrogen
bonds, electrostatic interactions, and carbon-hydrogen bonds
(Table 7). An alcohol group on terfenadine forms a hydrogen
bond with the Asp760 residue of RdRp at a distance of 217
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A. While the phenyl ring of terfenadine interacts with Asp618
of RdRp through electrostatic/pi-anion interactions, another
electrostatic interaction occurs between another phenyl ring of
terfenadine and Asp761 of RdRp.

The findings revealed that all seven candidate drugs exhibited
superior binding energies to RdARp compared with molnupiravir,
its hydrolyzed form N-hydroxycytidine (NHC), and its mono-
phosphorylated (NHC-MP) derivative. This translates into a
potentially stronger affinity between the drugs and the enzyme,
which could be crucial for disrupting viral replication. These
findings not only deepen our understanding of ligand-receptor
interactions but also offer valuable guidance for rational drug
design and optimization strategies for developing effective
RdRp-targeting antiviral therapeutics.

DISCUSSION

The compounds with the best binding energies and poses were
bilastine, fexofenadine, montelukast, zafirlukast, mizolastine,
rupatadine, and terfenadine, respectively, at 7.6, 8.0, 7.2, 8.3,
7.6, 7.6, and 7.1 kcal/mol. All of these results are better than
those of a previous study reported in 2021, which reported the
binding energies of molnupiravir, its hydrolyzed form (NHC),
and its NHC derivative (NHC-MP) at 5.7, 6.0, and -6.3 kcal/mol,
respectively.3 Higher target specificity and unique interactions
of our compounds contributed to stronger binding. Extensive
validation and comparison with computational data further
support our findings, suggesting that these compounds offer
potential therapeutic benefits.

The binding energies of azelastine, buclizine, cyproheptadine,
ebastine, and loratadine were determined to be in the range
of 6.9 to 6.6 kcal/mol and had better binding scores compared
to molnupiravir. Cetirizine, desloratadine, hydroxyzine,
levocetirizine, ketotifen, meclizine, and olopatadine exhibited
similar binding scores to molnupiravir. Moreover, it was found
remarkable that the seven selected H1-antihistamines exhibited
strong non-covalent interactions with the amino acids Asp760
and Arg553, similar to molnupiravir and its derivatives (Figure
3). The findings revealed that all seven candidate drugs exhibited
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Figure 3. Molnupiravir and its derivatives in SARS-CoV-2 RdRp active site

ASP.

A:623

superior binding energies to RdRp compared with molnupiravir,
its hydrolyzed form (NHC), and its NHC-MP. This translates
into a potentially stronger affinity between the drugs and the
enzyme, which could be crucial for disrupting viral replication.
These findings not only deepen our understanding of ligand-
receptor interactions but also offer valuable guidance for
rational drug design and optimization strategies for developing
effective RdRp-targeting antiviral therapeutics.

Antazoline, brompheniramine, carbinoxamine, chlorcyclizine,
chlorpheniramine, clemastine, cyclizine, dexchlorpheniramine,
dimenhydrinate, diphenhydramine, emedastine, promethazine,
trimeprazine, tripelennamine, and triprolidine all exhibited
binding energies higher than 5.7 kcal/mol. As a result, their
findings were considered less significant than those of the other
compounds discussed in this study. Therefore, we excluded
their conformational data from this analysis.

CONCLUSION

In conclusion, the docking study conducted in this research
illuminates the intricate molecular interactions between
montelukast, zafirlukast, fexofenadine, bilastine, mizolastine,
rupatadine, and terfenadine and the SARS-CoV-2 RdRp
enzyme, shedding light on their potential as therapeutic agents
against viral infections. Montelukast exhibited a binding profile
characterized by hydrogen bonding, hydrophobic interactions,
and electrostatic contacts with key residues of RdRp,
highlighting specific molecular recognition patterns crucial
for stabilizing the Montelukast-RdRp complex. Conversely,
zafirlukast exhibited stronger binding affinity, engaging in
an extensive network of hydrogen bonds involving multiple
residues of RdRp, primarily mediated by carbamate and amide
functional groups.

Additionally, electrostatic interactions further contributed to
the stability and specificity of the zafirlukast-RdRp complex.
Moreover, the inclusion of fexofenadine, bilastine, mizolastine,
rupatadine, and terfenadine in the present study offers insights
into their potential interactions with RdRp, potentially expanding
the repertoire of therapeutic options against RNA viruses.
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SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2, RdRp: RNA-dependent RNA polymerase
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These findings provide valuable insights into the molecular
mechanisms underlying the interactions between these ligands
and RdRp, offering a foundation for further exploration of their
antiviral potential and the development of novel therapeutic
strategies targeting RNA viruses.
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ABSTRAC T |

Objectives: Constipation caused by opioid-induced constipation (OIC) is prevalent among critically poisoned patients and can result in complications
that prolong hospitalization and, in rare cases, cause bowel perforatio This research aimed to evaluate the safety and efficacy of lactulose and
naloxone in the treatment of OIC in the intensive care unit for poisoning.

Materials and Methods: This was a randomized, double-blind, clinical trial of patients with opioid poisoning who experienced constipation for 14
months. Patients were divided into two groups: one receiving lactulose (30 cc daily) and the other receiving naloxone (8 mg three times a day). The
parameters of age, gender, type of opioid used, Acute Physiology and Chronic Health Evaluation Il score, Glasgow Coma Scale score, defecation
time, and number of laboratory variables were recorded. All data were collected and analyzed using SPSS software.

Results: Of the participants in the lactulose group, 85.37% were male and 14.63% were female. In the naloxone group, 94.9% of patients were
male and 5.1% were female. The average age of the lactulose group was 44 + 16.2 and in the naloxone group was 48.13 + 19.1 years. The average
defecation time was 30.8 + 23.1 hours in the naloxone group and 25 + 11.5 hours in the lactulose group. Six patients (15%) in the naloxone group
experienced treatment failure. Symptoms of withdrawal syndrome were experienced by 15 patients (39.5%) patients in the naloxone group.
Conclusion: The evidence suggests that lactulose is a superior treatment choice because it does not carry the risk of withdrawal syndrome or
treatment ineffectiveness.

Keywords: Constipation, defecation time, lactulose, naloxone, opioid

INTRODUCTION

Various factors can lead to constipation, including underlying
medical conditions, lifestyle choices, and medications!?

OBD is opioid-induced constipation (OIC), which can last for the
duration of the treatment.>” The prevalence of OIC is estimated
to be between 40% and 95%, with varying degrees of distress

Chronic constipation can lead to serious complications, such as
hemorrhage, bowel obstruction, and even death. Additionally,
it can cause upper gut problems like gastroesophageal reflux
disease.** Opioid therapy for pain often leads to opioid bowel
dysfunction (OBD) because of its impact on the gastrointestinal
(GD tract via mu-opioid receptors. The most prevalent type of

and duration of unpleasant symptoms among patients.?®

The primary treatment methods for constipation are oral
laxatives and stool softeners. However, in individuals taking
chronic opioids, these drugs may directly cause persistent
constipation, making laxatives alone insufficient. In addition,
OIC does not usually result in tolerance. In 2008, the Food
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and Drug Administration approved methylnaltrexone, an opioid
receptor antagonist, for treating OIC.>'2 The most commonly
used approach for treating OIC involves the use of both a
stimulant and stool softener. Gl stimulants like Senna or
bisacodyl work by increasing muscle contractions triggered
by an enteric reflex. Stool softeners operate by one of three
mechanisms. Surfactants, such as docusate, are emulsifiers
that help mix fat and water in feces. Lubricants like mineral oil,
slow down the absorption of water from stool in the colon, thus
making them softer. Osmotics like lactulose attract water into
the colon, thereby hydrating the stools.?”

To prevent oxycodone-induced constipation, a combination
of oxycodone and naloxone is consumed orally. When taken
orally, naloxone has very low bioavailability (less than 2%)
because it is extensively metabolized in the liver. As a result,
oral naloxone binds only to peripheral opioid receptors in the
Gl tract at pharmacologically relevant concentrations. This
binding inhibits oxycodone’s ability to affect Gl function, thereby
reducing the risk of OIC.41®

Numerous studies have demonstrated that naloxone is a secure
and efficient treatment for OIC in the ICU!*™ The purpose of
this study was to compare the effectiveness of lactulose and
naloxone in the treatment of OIC.

MATERIALS AND METHODS

In this clinical trial, a randomized, double-blind approach was
used to study patients who experienced constipation (3 days
without defecation) due to opioid use. The study was conducted
inthe poisoning intensive care unit of Loghman Hakim Hospitalin
Tehran between November 2022 and December 2023. Patients
were divided into two groups using simple randomization, with
one group receiving lactulose and the other receiving naloxone.

The lactulose group received a daily dose of 30 cc, whereas the
naloxone group received 8 mg (20 cc) three times a day. The
time to first defecation after treatment initiation was recorded
for both groups, with patients monitored for 72 hours. Failure

to defecate during this period was considered treatment failure.

Patients were excluded from the study if they concurrently
consumed substances that caused constipation, did not
provide consent to participate, or had underlying conditions
such as intestinal obstruction, rheumatological or neurological
disorders, shock, or iron deficiency anemia. The parameters of
age, gender, type of opioid used, Acute Physiology and Chronic
Health Evaluation Il score (APACHE 1), Glasgow Coma Scale
(GCS) score, drug dose, frequency of drug use, defecation time,
and number of laboratory variables were recorded.

This study was approved by the institutional ethics board of
Shahid Beheshti University of Medical Sciences (approval
number: IR.SBMU.RETECH.REC.1400.1024, date: 02.06.2022).
This article was also registered in the Iranian Registry of
Clinical Trials with number: IRCT20210720051946N4.

Statistical analysis

The data were analyzed using IBM SPSS 23 software. The
dispersion and descriptive indices of the variables were
investigated. The chi-square test was used to compare
qualitative variables. The independent t-test and Mann-Whitney
U test were also used to compare groups. Kolmogorov-Smirnov
test was used to assess the normality of data distribution. A
significance level of p < 0.05 was considered.

RESULTS

The study comprised a total of 80 individuals, with 39 receiving
naloxone and 41 receiving lactulose. In the lactulose group,
there were 35 (85.37%) males and 6 (14.63%) females, whereas
in the naloxone group, there were 37 (94.9%) males and 2 (5.1%)
females. The average age of the lactulose group was 44 + 16.2
and in the naloxone group was 48.13 + 191 years. There were
no significant differences between the two groups in age and
gender distribution. Table 1 displays the mean values of body
temperature, systolic and diastolic blood pressure, heart rate,
APACHE Il score, GCS score, and weight of patients in the two
groups.

Table 1. Vital and fundamental details regarding patients who underwent intervention

Variable Naloxone group, mean + SD Lactulose group, mean + SD p value
Gender male 37 (94.9%) 35 (85.37%) 0.157
Age (year) 4813 £ 191 44 £16.2 0.301
Temperature (°C) 369 +0.34 3737+ 0.4 0.001*
Systolic blood pressure (mmHg) 119.8 + 211 122.8 £ 161 0.486
Diastolic blood pressure (mmHg) T44 £12.2 788 £12.9 0.124
Heart rate (pulses/min.) 89 +17.7 88.5+ 254 0.925
Breathing rate (breaths/min.) 169 + 3.7 16.7 £ 19 0.785
Body weight (kg) 879 +30.3 84.2 £17.3 0.649
APACHE Il score 161+ 6.6 1481 £ 53 0132
GCS score 9.7 + 41 78+33 0.026*

*p € 0.05, SD: Standard deviation, APACHE: Acute Physiology and Chronic Health Evaluation, GCS: Glasgow Coma Scale
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None of the patients had a history of abdominal or pelvic
surgery within the last month. In the lactulose group, 26
individuals required intubation, whereas in the naloxone group,
only 3 individuals required intubation. Fifteen (39.5%) patients
who received naloxone experienced symptoms of withdrawal
syndrome, and the treatment had to be discontinued after 7
doses in one patient because their vital signs became unstable.
The most consumed opioids in both the lactulose and naloxone
groups were methadone (53.7% vs. 23.1%) and opium (19.5% vs.
231%) (Figure 1.

The results of the Mann-Whitney U test showed that there is
no significant difference between the two groups in defecation
time (p= 0.769). However, the mode of data was 16 in the
naloxone group and 26 in the lactulose group. The average
defecation time was 30.8 + 231 hours in the naloxone group
and 25 + 11.5 hours in the lactulose group. Of the total number
of cases, 6 (15%) patients in the naloxone group experienced
treatment failure, whereas no treatment failure was observed
in the lactulose group.

The effect size was determined using Cohen's d-test. The
calculated effect size d was 0.32 (medium effect size), which
falls within the small range. This suggests that the difference
between the means of naloxone and lactulose is small. Based on
a t-test power calculator, a power (the likelihood of accurately
rejecting the null hypothesis) of 0.268 was obtained (df = 70,
non-centrality parameter: 1.357, critical t: 1.994).

DISCUSSION

Although opioids can effectively manage moderate-to-severe
pain, up to 18.9% of patients discontinue opioid therapy due to the
side effects associated with the drugs. OIC, which is a common
side effect of pain therapy, often results in the discontinuation of
opioid therapy due to its significant negative impact on quality of
life.2% In this study, we compared the effectiveness of lactulose
and naloxone in the treatment of constipation caused by opioid
poisoning. There was no significant difference in the average

defecation time between the two groups. Of the patients who
received naloxone, 15 individuals (39.5%) exhibited signs of
withdrawal syndrome. Six patients (15%) in the naloxone group
experienced treatment failure, whereas there were no cases of
treatment failure in the lactulose group.

Lactulose is a disaccharide that cannot be digested and has
been utilized in the medical field. Depending on the prescribed
amount, oral lactulose can function as a prebiotic, osmotic
laxative, or detoxifying agent.?’ There is limited information
regarding the use of laxatives for treating OIC, and there is
hardly any evidence from studies that involve placebos or
comparisons.?? One instance involves the examination of Senna
and lactulose’s impact on cancer patients who are undergoing
opioid treatment, but the findings indicated that there was no
notable contrast between the two.?* Freedman et al.** compared
the effects of lactulose and polyethylene glycol to determine
their effects. They discovered that the use of polyethylene
glycol/electrolyte solution resulted in the loosest stool
consistency, resembling diarrhea. Additionally, polyethylene
glycol/electrolyte solution is probably the most economical
option. Both experimental groups showed no significant
differences in reducing the formation of hard stool.?

Previous studies have investigated the dosage of oral naloxone
for the treatment of OIC.2>?" Gibson and Pass™® conducted a
study on patients aged 18 to 89 years admitted to the medical
intensive care unit and found that enteral naloxone was safe for
the treatment of OIC. They reported that the median duration of
bowel movements was 24.4 h. The median number of naloxone
doses administered before achieving bowel movement was 38

There were no comparative or placebo-controlled studies.
A systematic review and meta-analysis conducted in 2020
showed that only 6 blinded and randomized controlled trials
have investigated naloxone for the treatment of OIC.2¢ The
combination of oxycodone and naloxone was the subject of four
studies*®2%% A study was conducted on sustained-release
naloxone.®

Total

Methadon & other
Methadone & tramadol
Methadone & opium
Other

Opium

Tramadol

Methadone

80

Total m naloxone group m lactolose group

40 50 60 70 80 90
Freguency

Figure 1. Type of opioids in the lactulose and naloxone groups
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Meissner examined 202 individuals suffering from long-term
pain who received sustained oral oxycodone for treatment.
They were randomly divided into groups and administered 10,
20, or 40 mg/day of naloxone or placebo. The study found that
bowel function improved as the naloxone dosage increased. In
particular, participants who received 20 and 40 mg of naloxone
showed significant improvement in bowel function compared
with those who received placebo. However, there was a
tendency toward a higher incidence of diarrhea with higher
naloxone doses.*

Unfortunately, no previous studies have compared the effects
of naloxone and lactulose on improving OIC. Moreover, naloxone
was not compared with other laxatives. Nevertheless, several
recommendations suggest that laxatives should be given
to patients with cancer and non-cancer pain as a means of
preventing or treating OIC.3-%

A significant difference was observed between the patient'’s
body temperature and GCS scores in the two groups.
Unfortunately, before starting any treatment, vital signs were
recorded, and patients were randomly selected, and then we
noticed this difference in the data analysis stage. We do not
have any justification for this.

CONCLUSION

In conclusion, although there was no significant variation in
the average defecation time between naloxone and lactulose,
lactulose appears to be a better option due to its lack of risk of
withdrawal syndrome and treatment failure.
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