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ORIGINAL ARTICLE

Potential Hepatoprotective Effects of Irbesartan, an
Accessible Angiotensin || Receptor Blocker, Against
Cisplatin-Induced Liver Injury in a Rat Model

©® Onur ERTUNG™, ® Yalgin ERZURUMLU2, @ Mehtap SAVRANS3, ® Deniz GATAKLI3, ® Eltaf DOGAN KIRAN4, ® Sakir PEKGOZ'

1Stleyman Demirel University Faculty of Medicine, Department of Pathology, Isparta, Turkiye
2Siileyman Demirel University Faculty of Pharmacy, Department of Biochemistry, Isparta, Turkiye
3Sileyman Demirel University Faculty of Medicine, Department of Pharmacology, Isparta, Turkiye
4Suleyman Demirel University Faculty of Medicine, Department of Biochemistry, Isparta, Turkiye

ABSTRACT

Objectives: Drug-induced liver injury is a common adverse reaction that frequently occurs with chemotherapeutic agents, such as cisplatin (CIS).
This study seeks to enhance our understanding of drug actions and their associated adverse effects by examining the toxicity of CIS on rat liver
tissue. We aimed to investigate the potential hepatoprotective effects of irbesartan (IRB), an easily accessible angiotensin Il receptor blocker, in
mitigating CIS-induced hepatotoxicity.

Materials and Methods: Wistar albino rats were divided into four groups. These groups included a control group [saline, per oral (p.0.)] for seven
days, and 1 mL saline intraperitoneal [(i.p.) on the fourth day]; a CIS group (1 mL saline for seven days and 7.5 mg/kg CIS i.p. on the fourth day); a CIS
+ IRB group (IRB: 50 mg/kg p.o. for seven days and 7.5 mg/kg CIS i.p. on the fourth day), and an IRB group (50 mg/kg IRB p.o. for seven days). The
effect of IRB on interleukin-1 beta (IL-1B) and caspase 3 levels was evaluated by immunohistochemical analysis, and its effects on mMRNA expression
levels of CCAAT/enhancer-binding protein homologous protein (CHOP) and immunoglobulin-heavy-chain-binding protein (BiP) were tested by
quantitative real-time polymerase chain reaction.

Results: IRB administration mitigated CIS-induced liver toxicity by inhibiting endoplasmic reticulum (ER) stress. Specifically, this drug reduced the
mRNA expression of ER stress markers, including CHOP and BiP. In addition, IRB treatment decreased oxidative stress, inflammatory responses,
and apoptotic markers.

Conclusion: These findings suggest that IRB is a promising therapeutic option for preventing CIS-induced liver injury, potentially by modulating ER
stress-related pathways.

Keywords: Cisplatin, ER-stress, irbesartan, liver toxicity.

INTRODUCTION

Cisplatin (CIS) (cis-diamminedichloroplatinum) is one of the
most commonly preferred chemotherapeutic agents for treating
malignancies. Several adverse effects can be observed with CIS
treatment, such as nephrotoxicity, gastrointestinal disorders,
neurotoxicity, ototoxicity, hepatotoxicity, and cardiotoxicity.?
CIS-induced hepatotoxicity is the most frequently encountered
adverse effect that reduces therapeutic efficacy and limits the

usage of this drug in cancer therapy.® Studies have shown
that CIS-induced toxicity might result from mitochondrial
dysfunction, excessive reactive oxygen species (ROS)
production, increased tumor necrosis factor-alpha (TNF-o)
levels, and induction of endoplasmic reticulum (ER) stress.
Although there are predictable links between ER stress and
anticancer drug-induced liver injury, the underlying mechanism
remains unclear.*

*Correspondence: onurertunc@hotmail.com, Phone: +90 542 220 66 21, ORCID-ID: orcid.org/0000-0002-4159-1711
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ER is a multifunctional organelle found in eukaryotic cells and
consists of sac-like structures and branched tubules. It regulates
numerous pivotal functions, including protein biosynthesis,
folding, trafficking, calcium storage, and lipogenesis.®” Altering
physiological conditions affect ER homeostasis for various
reasons, such as genetic mutations, heat shock, oxidative stress,
and multiple pathophysiologies. Furthermore, increased protein
synthesis requirement, glucose deprivation, or imbalance in ER
calcium stock levels can cause impaired functionality of the ER,
termed ER stress.®

Unfolded protein response (UPR) signaling is responsible for
re-establishing cellular homeostasis against ER stress, and it
is regulated by three ER-membrane-localized transmembrane
proteins: inositol-requiring kinase 1 alpha (IRE1a), protein kinase
R-like endoplasmic reticulum kinase (PERK), and activating
transcription factor 6 (ATF6). It coordinates the ER protein
folding capacity, proteostasis, and programmed cell death
under prolonged UPR activation. Additionally, UPR has been
associated with drug resistance in numerous pathologies.”

Protein aggregation in the ER lumen or insufficient ER
capacity causes the release of glucose-regulated protein 78,
also regarded as immunoglobulin-heavy-chain-binding protein
(BiP), from the UPR sensors to which it is attached. BiP is a
member of the heat shock protein family and is a key player
that manages ER stress responses.® Thus, BiP levels in the ER
pool play a critical role in managing ER stress. Furthermore,
progesterone receptor regulates the expression level of
various cell death-associated inducers, such as CCAAT/
enhancer-binding protein homologous protein (CHOP), also
known as GADD153!" CHOP is a pro-apoptotic transcription
factor induced by ER stress and mediates apoptosis.'? Because
of the critical roles of BiP and CHOP proteins, changes in their
levels are frequently evaluated in investigating ER stress at the
cellular level.

Metabolic dysregulation induced by excessive numbers of
lipids, glucose, cytokines, neurotransmitters, or exposure to
chemotherapeutic agents leads to ER stress. This disruption
in normal cellular function can contribute to the exacerbation
of inflammatory responses and other associated pathologies.”
Recent studies suggest that ER stress management is a
potential target for new therapeutic approaches to be developed
against cancer or tissue injuries.”®

Irbesartan (IRB) is an angiotensin Il receptor blocker that is
commonly used for treating hypertension. It acts on the renin-
angiotensin system (RAS) and exerts protective effects on
diverse organs in the body, such as the heart, kidney, and liver. In
addition, IRB has anti-inflammatory, antioxidant, and antifibrotic
effects® Emerging research has demonstrated that various
pharmaceutical agents used in cancer treatment can induce a
robust ER stress response. This novel insight may offer new
avenues for developing more effective therapeutic strategies.'®
In addition, the efficacy of drug or chemoresistance occurrence
can be alleviated by modulation of ER stress. This approach can
be an important factor that could alter the treatment of adverse
responses.® However, the relationship between ER stress and

the action of anticancer drugs remains unclear. In this study, we
shed light on the potential protective mechanisms underlying
IRB against CIS-induced hepatotoxicity. To achieve this, we
evaluated the impact of IRB on ER stress, oxidative stress
parameters, and anti-inflammatory cytokine expression. The
present findings may offer valuable insights into the therapeutic
potential of IRB in managing drug-induced liver injury.

MATERIALS AND METHODS

Animals

Adult male Wistar albino rats (n= 32) with an average weight of
250-300 g were obtained from the Animal Research Laboratory.
They were group-housed (eight rats per cage) under a 12/12
hours light/dark cycle at room temperature (24 + 1 °C) with a
relative humidity of 50 + 10% and access to food and water
ad libitum. Animals were acclimatized for at least seven days
before experimentation (Figure 1). All experimental procedures
were permitted by the National Institutes of Health and the
Committee on Animal Research according to the ethical rules
(approval number: 09/03, date: 23.09.2021).

All rats were randomly separated into four groups as follows:

1) The control group was given mL saline [per oral (p.0.)]
for seven days. On the fourth day, 1 mL of saline was given
lintraperitoneal (i.p.)].

2) The CIS group was administered 1 mL saline p.o. for seven
days, and 7.5 mg/kg i.p. CIS (CIS, Kogak Farma, Turkiye) was
administered on the fourth day.”

3) The CIS + IRB group was administered 50 mg/kg IRB
(Sandoz, Switzerland) p.o. for 7 days, and 7.5 mg/kg CIS ip.
was administered on the fourth day.?®

4) The IRB group was administered 50 mg/kg IRB p.o. for seven
days, and 1 mL saline i.p. was administered on the fourth day.

The sacrifice of animals was performed 6 hours after the last
drug administration under ketamine (80-100 mg/kg) (Alfamin,
Alfasan International Besloten Vennootschap) and 8-10 mg/kg
xylazine bio 2% solution (Bioveta, Czech Republic) anesthesia.
Liver tissue were then removed. One part of the tissues
converged for total antioxidant status (TAS), total oxidant
status (TOS), and immunoblotting assay. The remaining tissue
was fixed in 10% buffered formaldehyde for histopathological
examination and immunohistochemical (IHC) analysis.

Histopathological analysis

The liver was removed, fixed in 10% buffered formalin during
necropsy, and taken for routine pathology processing after
macroscopic sampling using an automatic tissue processor
(Leica ASP300S, Wetzlar, Germany) and embedded in a
paraffin block. 5 p thick sections were taken from blocks using
a microtome (Leica RM2155, Leica Microsystems, Wetzlar,
Germany). Then, hematoxylin-eosin staining was used to stain
the sections and monitored by a light microscope.

IHC analysis
Two sections were taken from all groups of the liver samples
and placed in poly-L-lysine coated slides. Then, IHC staining
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of slices with anti-caspase-3 [sc-7272, 1:100, Santa Cruz
(Texas, USA) and anti-interleukin-1 beta (IL-18) [sc-52012,
1:100 dilution, Santa Cruz (Texas, USA)] was performed
using the streptavidin-biotin technique consistent with
the manufacturer’s protocol. The incubation of sections
with primary antibodies for 60 min was performed, and
then immunohistochemistry using biotinylated secondary
antibody and streptavidin-alkaline phosphate conjugate was
performed. The secondary antibodies of the EXPOSE mouse
and rabbit specific horseradish peroxidase/diaminobenzidine
(HRP/DAB) Detection IHC kit (ab80436) (Abcam, Cambridge,
UK) were used. DAB was used as the chromogen. Antigen
dilution solution was used as a negative control. Blinding was
performed in the examination of samples. Semiquantitative
analysis was performed to quantify the intensity of the IHC
markers using a grading score ranging from (0) to (3) as
follows: (0) = negative, (1) = weak focal staining, and < 10%,
(2) = diffuse weak staining and > 10%, and (3) = intense diffuse
staining and > 10%.%' Independent ten different areas of each
section were analyzed under 40X objective magnification by an
experienced pathologist. The Database Manual Cell Sens Life
Science Imaging Software System (Olympus Co., Tokyo, Japan)
was used for morphometric analysis and microphotography.

Quantitative real-time polymerase chain reaction

Total RNA was extracted from rat tissues using a column-
type minipress kit (Bio-Rad, Hercules, CA, USA) following
the manufacturer’s protocol. Complementary DNA was then
synthesized with a cDNA Synthesis kit (Bio-Rad Laboratories,
Hercules, CA). cDNA was amplified using the iTag Universal
SYBR Green Supermix in a CFX96 instrument (Bio-Rad
Laboratories, Hercules, CA). In the polymerase chain reaction
(PCR) processes, pre-denaturation at 95 °C for 10 min, followed
by 40 cycles at 95 °C for 10 seconds, and at 60 °C for 30 seconds
were followed. Melting curve analysis was performed to confirm
the specificity of the PCR amplicons. Specific primers were
designed to amplify BiP (Forward 5'-TGT GAC TGT ACC AGC
TTA CTT C-3', Reverse 5'-TCT TCT CTC CCT CTC TCT TAT CC-
3", CHOP (Forward 5'-GGA GGC TAC ACT CTA CAA AGA AC-3,,
Reverse 5'-CCT TCT AAC GCT TCC CAA AGA-3), and GAPDH
(forward 5'-CAA GGT CAT CCC AGA GCT GAA-3', Reverse
5'-CAT GTA GGC CAT GAG GTC CAC-3). The housekeeping
gene GAPDH was used to normalize relative gene expression.
Relative mRNA expression levels were analyzed using the Livak
method.??

Detection of oxidative stress markers

Biochemical analyses included measurements of TAS, TOS,
and Open Systems Interconnection (OSD) levels. For oxidant-
antioxidant analysis, liver tissue samples were homogenized.
The spectrophotometric measurement of the TAS and TOS
was performed using commercial kits consistent with the
manufacturer’s instructions (Rel Assay Diagnostics, Gaziantep,
Tarkiye), and the TOS/TAS ratio was noticed as OSI value.?>?

Liver function parameter measurement
Serum samples were obtained from the blood of rats by
centrifugation at 3000 rpm for 10 min. The levels of aspartate

transaminase (AST) and alanine aminotransferase (ALT)
in serum were determined using the spectrophotometric
technique on an autoanalyzer (Beckman Coulter, USA) with the
instrument’s kit.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 5
software (San Diego, California, USA). Results were expressed
as mean + standard deviation (SD). One-way analysis of
variance (ANOVA) followed by Bonferroni multiple comparison
test was used to compare the groups. p < 0.05 were considered
significant.

RESULTS

Histopathological finding

In hematoxylin-eosin staining, ten fields at 40X magnification
were evaluated in the same way IHC expressions were
assessed. The liver is typically organized into hexagonal lobules
containing the central vein at the center and the portal vein,
hepatic artery, and bile duct at the corners. Hepatic sinusoids
connect the central vein to the portal vein (as depicted in Figure
2E). Following four days of CIS treatment, rats exhibited liver
congestion, increased Kupffer cells, and reactive changes such
as nucleolar prominence, as observed in liver sections (Figures
2A, 2B). However, in the group treated with both CIS and IRB,
congestion in the hepatic sinus was reduced, as demonstrated
by the H&E slides (Figure 2C). Interestingly, in the IRB-treated
group, there was an increase in cytoplasmic eosinophilia
(Figure 2D).

IHC findings

IHC evaluation showed that CIS administration caused a
significant increase in caspase 3 and IL-1f expressions in the
liver tissues of rats (p < 0.001). IRB treatment reversed the CIS-
induced increment in caspase -3 and IL-1 expressions (p <
0.01, p € 0.001, respectively) (Figures 3, 4).

Quantitative reverse transcriptase polymerase chain reaction
results

Elevated mRNA expression levels of CHOP and BiP were
detected in the CIS group compared with the control (p < 0.05,
p < 0.001; respectively). The combined treatment of CIS and
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IRB significantly decreased the expression levels of CHOP and
BiP compared with the CIS group (p < 0.01). Only IRB treatment
significantly reduced CHOP and BiP levels compared with the
CIS group (p € 0.001, p < 0.01, respectively) (Figure 5).

Figure 2. Histopathological findings in the liver tissue. Normal parenchymal
hepatocytes in control mouse (A), CIS-treated group; sinusoidal spacing
(shown in 3D line), sinusoidal Kupffer cells (blue star), reactive cellular
alterations and nucleolar prominence (yellow arrows), and occasional
apoptosis (black arrows) (B), CIS + IRB group; congestion, and sinusoidal
spaces, increased eosinophilic cytoplasm (yellow mark), and sinusoidal
Kupffer cells (blue star) and sporadic apoptotic hepatocytes (black
arrow) (C), IRB group; eosinophilic cytoplasm (D), hepatic lobule schema
(B) (all H&E slides were captured by the microscope Nikon Ni-U at 200x
magnification)

HS: Hepatic sinus, CV: Central vein, PT: Portal triad, CIS: Cisplatin, IRB: Irbesartan

TL-1pB Scores

Control  CIS CIStIRB IRB

Figure 3. A) IHC evaluation of IL-1B levels. Negative expression in the control
group (A), marked increase in expression in the CIS group (B), decreased
expression in the CIS + IRB group (C), and lack of expression in the IRB group
(D). B) Statistical analysis of IL-1f levels. In the CIS group IL-1f scores were
significantly higher than those in the control group (p < 0.001). In the CIS +
IRB group, IL-18 scores significantly decreased compared with those in the
CIS group (p < 0.001). In the IRB group, IL-1p scores were significantly lower
than those in the CIS group (p < 0.001). Comparison between groups was
assessed by One-Way ANOVA test followed by post-hoc Bonferroni multiple
comparison test.

IHC: Immunohistochemical, IL-1B: Interleukin-1 beta, CIS: Cisplatin, IRB:
Irbesartan, ANOVA: Analysis of variance

Biochemical results

Oxidative stress parameters

A significant decrement in TAS levels was determined in the
CIS group compared with the controlgroup (p < 0.01, Figure 6).
In the CIS + IRB and IRB groups, TAS levels increased compared
with the CIS group (p < 0.001 for both). OSI levels were elevated
in the CIS group compared with the control group (p < 0.01. In
the CIS + IRB group, OSI level was attenuated compared with
the CIS group (p < 0.01) (Figure 6).

Liver function parameters

The ALT and AST levels of the CIS group were significantly
higher than the control (p < 0.001, p < 0.01, respectively). In the
CIS + IRB group, ALT and AST levels were attenuated compared
with the CIS group (p < 0.001, p € 0.01, respectively). In contrast,
ALT levels were attenuated in the IRB group compared with the
CIS + IRB group (p < 0.05) (Figure 7).

a _ b

Cas-3 Scores

Control CIS  CIS+IRB IRB

Figure 4. a) IHC evaluation of caspase-3 levels. Negative expression in
the control group (A), marked increase in expression in the CIS group (B),
decreased expression in the CIS + IRB group (C), and lack of expression
in the IRB group (D). b) Statistical analysis of caspase-3 levels. In the CIS
group, caspase-3 scores were significantly higher than those in the control
group (p < 0.001). In the CIS + IRB group, caspase-3 scores significantly
decreased compared with those in the CIS group (p < 0.01). Comparison
between groups was assessed by One-Way ANOVA followed by post-hoc
Bonferroni multiple comparison test

IHC: Immunohistochemical, IL-1B: Interleukin-1 beta, CIS: Cisplatin, IRB:
Irbesartan, ANOVA: Analysis of variance

Relative CHOP mRNA Expression
Relative BiP mRNA Expression

Control CIS ’ Control CIs

Figure 5. Evaluation of the relative mRNA expression levels of CHOP and
BiP. mRNA expression levels of CHOP and BiP were analyzed by gRT-PCR.
Relative mRNA expression values were calculated using 24T and GAPDH
was used as a housekeeping marker. Data represent the mean of four
independent biological replicates in triplicates, and error bars represent SD.
Comparison between groups was assessed by One-Way ANOVA followed
by post-hoc Bonferroni multiple comparison test. Values are represented
as means + SD.

(n=3), *p < 0.05, **p < 0.01, ***p < 0.001, * represents comparison with control
group, *p < 0.05, ##p € 0.01, ###p < 0.001, # represents comparison with CIS
group, CIS: Cisplatin, IRB: Irbesartan, CHOP: CCAAT/enhancer-binding protein
homologous protein, BiP: Immunoglobulin-heavy-chain-binding protein, qRT-
PCR: Quantitative reverse transcriptase polymerase chain reaction, SD: Standard
deviation, ANOVA: Analysis of variance
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DISCUSSION

IRB is a commonly used angiotensin-converting enzyme-
[l blocker and is effective in treating hypertension-related
cardiovascular diseases.? The RAS plays a pivotal role in the
physiological system, especially in blood pressure regulation
and its components, including angiotensin I, which is highly
expressed in various tissues, such as the kidney, adipose, and
liver.26-2 Moreover, inhibition of RAS by angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor antagonists
has been presented as a therapeutic approach for liver fibrosis.?
It has been shown that the effects of these drugs are not limited
to angiotensin blockage; they also have ameliorative activity on
oxidative stress, glutathione depletion, and lipid peroxidation.3°-32
In vivo and in vitro studies performed on cardiomyocytes
have shown that angiotensin Il induces ER stress.® A study
conducted on human pancreatic islet cells demonstrated a
protective effect of Losartan, another ACE inhibitor, against
glucose-induced ER stress responses.® Although detailed
examinations of the anti-inflammatory and antioxidant effects
of IRB have been conducted in various studies, the ER stress-
related outcomes of IRB still need to be clearly understood.?®
Kabel et al!'® demonstrated that IRB exhibited hepatoprotective
effects by inhibiting apoptosis in hepatic tissues!® Thus, we
investigated the underlying mechanism of IRB in CIS-induced
hepatotoxicity by evaluating ER stress-related responses.

ost

Control €IS CISHIRB  IRB Control €IS CISHIRB  IRB Control  CIS  CIS‘IRB  IRB

Figure 6. Oxidative stress parameters of the liver tissue. Values are
presented as means + SD.

Comparison between groups and results of oxidative stress markers were
assessed by One-Way ANOVA test followed by post-hoc Bonferroni multiple
comparison test

*p € 0.05, **p < 0.01, ***p € 0.001,* represents comparison with control group,
#p €0.05, ##p < 0.01, ###p € 0.001, # represents comparison with CIS group, CIS:
Cisplatin, IRB: Irbesartan, SD: Standard deviation, ANOVA: Analysis of variance,
TAS: Total antioxidant status, TOS: Total oxidant status, OSI: Open Systems
Interconnection

ost
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Figure 7. Evaluation of liver function parameters. Values are presented as
means + SD. Comparison between groups and results of oxidative stress
markers were assessed by One-Way ANOVA test followed by post-hoc
Bonferroni multiple comparison test

*p € 0.05, **p < 0.01, ***p < 0.001, * represents comparison with control group,
#p € 0.05, #p < 0.01, ###p € 0.001, # represents comparison with CIS group, CIS:
Cisplatin, IRB: Irbesartan, SD: Standard deviation, ANOVA: Analysis of variance,
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase

CIS is a chemotherapeutic drug that shows efficiency against
various cancer types such as testicular, gastric, ovarian, lung,
and breast.* However, almost 30% of patients may face the
adverse effects of CIS, which limits drug usage in therapy.
There are numerous side effects of CIS, but hepatotoxicity
is still the most common. To date, the proven mechanisms of
CIS-induced hepatotoxicity are mitochondrial dysfunction,
oxidative stress, inflammatory apoptosis, and disrupted Ca*?
homeostasis.®

Recent studies have shown that possible ER stress-mediated
mechanisms may have a critical role in hepatotoxicity
progression.*® ER membrane-localized sensor proteins (IREla,
PERK, and ATF6) fine-tune the ER stress responses for the cells
to adapt to changing physiological conditions." In particular,
releasing BiP protein from ER stress sensors activates UPR
signaling. When the cells cannot overcome prolonged ER stress,
the expression levels of CHOP, which is a downstream effector
of the PERK branch of UPR, increase, and programed cell death
is triggered through CHOP-controlled apoptotic proteins.®” Thus,
cell survival or programmed cell death decisions are made
under ER stress. Herein, we evaluated the mRNA expression
levels of CHOP, a pro-apoptotic factor, and found that its high
expression levels lead cells to mediate programed cell death. In
addition, we tested the mRNA expression levels of BiP, which is
an ER chaperone and is frequently used as a marker to monitor
ER stress.®

In studies that investigated the protective effects of IRB against
CIS-induced hepatotoxicity, our findings indicated that IRB
administration significantly restores CIS-induced tissue damage
by decreasing ER stress induction (Figure 6). We determined that
IRB significantly reduced the CIS-induced mRNA expression
levels of BiP and CHOP. These results suggest that IRB plays a
protective role in CIS-induced hepatotoxicity by reducing CIS-
mediated elevation of BiP and CHOP levels.

The CHOP protein is also associated with one of the mechanisms
that leads to ROS production linked to ER stress.® For this
reason, to better understand the protective role of IRB against
CIS-induced tissue damage, we evaluated the TAS, TOS, and
OSl levels. As expected, CIS treatment caused a decrease in the
TAS level and an increase in the OSI level (Figure 7).

The feedback between inflammatory cell responses and
the ER stress response might trigger apoptosis in several
pathological conditions.“® ER stress may lead to activation
of nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB) phosphorylation and increment in the
proinflammatory and apoptotic cytokine synthesis and release
from the cell, contributing to the inflammatory and apoptotic
cycle progression.” As known, IL-13 and Cas-3 are common
inflammatory and apoptotic mediators, respectively. In addition,
they cross-talk with each other through the NF-kB pathway.*?
Previous studies have indicated that IRB could prevent
inflammation by inhibiting the NF-xB pathway.?®

Our findings suggested that CIS administration strongly
increased CHOP and BiP mRNA expressions, resulting in
increased IL-1 and Cas-3 levels; in contrast, IRB administration
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significantly decreased IL-1 and Cas-3 levels, as seen in the
results of immunohistochemistry. In addition, the present
histopathologic findings overlapped with the literature.?
Consistent with immunostaining results, our histological
findings support the protective role of IRB against CIS-induced
liver tissue damage. In the CIS group, sinusoidal dilatation and
apoptotic bodies increased compared with the normal group.
In addition, we detected a significant increase in eosinophilic
cytoplasm in the IRB + CIS and IRB groups, which might result
from cellular hypertrophy or peroxisomal and smooth ER or
mitochondrial enhanced activity in the liver cells. Collectively,
these results suggest that IRB effectively reverses CIS-induced
hepatocellular tissue damage by decreasing ER stress and
inflammatory responses triggered by CIS administration.

Moreover, we measured the impact of IRB on hepatic tissue-
related biochemical parameters. ALT and AST are serological
markers of pathologies in liver tissue. Biochemical detection
of ALT is particularly susceptible to detecting liver injury.*
In addition, AST is found in the mitochondria of hepatocytes,
and when injury of hepatocytes occurs, it is released into the
blood.”® Our results showed that CIS administration elevated
ALT and AST levels (Figure 7). These results suggest that
IRB significantly reverses CIS-induced liver injury and
inflammation in hepatocellular tissue. In addition, consistent
with the literature, our findings indicate that IRB might protect
the hepatocellular tissue against CIS-induced tissue damage by
regulating ER stress and oxidative stress status.

Main points
¢ |RB reverses CIS-induced oxidative stress.

¢ |IRB modulates CIS-induced liver dysfunction by reorganizing
the main liver enzymes.

¢ |RB reduces CIS-induced ER stress.

Study limitations

The present study tested the effects of IRB on mRNA levels
of CHOP and BiP. Therefore, further detailed analyses are
required for a better understanding of the effect of IRB on ER
stress modulation and its protective roles against CIS-induced
liver injury.

CONCLUSION

Herein, we investigated the possible effects of IRB on CIS-
induced hepatotoxicity. Our findings suggest that IRB may play
protective roles against CIS-induced liver toxicity. However,
further studies are needed to elucidate the mode of action of
IRB in liver toxicity.
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ABSTRACT

Objectives: The effects of a composite nanofiber wound dressing material consisting of a polyvinylidene alcohol and polyvinylidene pyrrolidone
polymer mixture with a hemostatic agent doped with Ankaferd Blood Stopper (ABS) on the healing of experimentally induced dermal wounds in
rats were examined.

Materials and Methods: Rats were divided into 4 groups (n= 6). Histological material was examined on tissues taken from the wound site, whereas
total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI) analyses were performed on blood samples taken from the
cardia. The material that was produced had hydrophilic properties, and both the ABS-doped and-undoped forms of the material positively affected
wound healing.

Results: In the histopathological examinations, macroscopic evaluations revealed a statistically significant difference between the groups in terms
of wound diameter, reepithelialization, and inflammation formation (p= 0.019). In parallel with wound healing and histological outcomes, TAS values
increased in the ABS-doped groups, and TOS and OSI values decreased in the wound dressing groups (p < 0.05).

Conclusion: It was concluded that the ABS-dopped dressing did not have a negative effect on wound healing, it accelerated healing, and it could
be used effectively and safely to treat skin injuries. However, further studies are needed to evaluate the clinical and histopathological benefits and
potential adverse effects of wound dressings produced using ABS-doped polymers on wound healing.

Keywords: Ankaferd, nanofiber, wound, rat, oxidative stress index

INTRODUCTION

A skin wound is an injury that compromises the integrity of
the epidermis as a physical barrier, thus disrupting its normal
anatomical composition and physiology.! Today, millions of
people are injured due to various causes, and many hemostatic
agents are used to stop bleeding, with different levels of action
and duration of stopping bleeding. The Ankaferd Blood Stopper
(ABS), which is used after surgery and is effective in many
cases such as bleeding gums, is an antibacterial hemostatic
agent without additives consisting of various ratios of dried
roots and leaves of Thymus vulgaris L., Glycyrrhiza glabra L.,
Vitis vinifera L., Alpinia officinarum Hance, and Urtica diocia L.,
which are plants that are used in traditional Turkish medicine.?*

In the intermediate recovery step, hemostasis is a natural
process consisting of the inflammation, proliferation, and
maturation stages.>® In this process, the general characteristics
of the injured tissue should be well known, and tissue-specific
treatment methods should be applied. The aim of these methods
is to create an ideal environment for epithelial formation
in the injured area by stimulating the inflammatory cells,
platelets, and extracellular matrix involved in wound healing.?
Wound dressings are among the treatment methods that can
create an ideal environment for proliferation by mimicking the
extracellular matrix, protect the wound against microorganisms
and infections, and contribute to the healing process.

*Correspondence: equnes@erbakan.edu.tr, Phone: +90 506 491 34 80, ORCID-ID: orcid.org/0000-0001-7422-9375
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Today, with the discovery of new-generation biopolymers
and the development of novel production techniques, modern
wound dressings are being produced as an alternative to
conventional wound dressings.” Polyvinyl alcohol (PVA) and
polyvinylidene pyrrolidone (PVP), which are non-toxic, bio-
based, renewable, and sustainable polymers, are used in
biomedical, pharmaceutical, and regenerative medicine.® They
can be converted into biocompatible and biodegradable, water-
retaining, water-soluble, and nanofiber forms.’ As natural
synthetic polymers, PVA and PVP are easy to process because
they have controllable physical properties and mechanical
strength, and so, they are widely used for wound dressings.°'?
Electrospinning, which is a nanofiber production technique, is
a preferred method aimed at producing nanodiameter fibers by
the electric field effect of polymer-based gels, and it is preferred
because fibers that are one hundred times smaller (with an
average radius of 10 nm-500 nm) can be produced compared
to those produced by the classical method.®™ It is stated that
the products used in treatments with experimental practices
reduce oxidative stress (TOS/TAS = OSI) by increasing the total
antioxidant status (TAS)!'" 0S| analysis is used to determine
oxidative stress levels as an easy, precise, automated, and
inexpensive method.

Although various polymers and methods are used in nanofiber
production, thereis no study inthe literature in which ABS-doped
PVA and PVP polymers were produced by the electrowinning
method. The aim of this study was to investigate the healing
process and biochemical effects of a medical textile product
containing an ABS-added polymer that can stop bleeding and
heal wounds quickly in a rat model with experimentally induced
wounds. Scanning electron microscopy (SEM) and Fourier
transform infrared spectrophotometry (FTIR) analyses were
carried out to characterize ABS dopped and non-dopped ABS
polymers in the production of the material.

MATERIALS AND METHODS

The study was initiated by obtaining the approval of the ethics
committee of Selguk University, Experimental Medicine
Research and Application Center (decision date: 25.01.2019
and decision number: 2019-2). All chemical materials used in
the study were supplied by Sigma and Merck.

Preparation of the nanofibers

In this study, nanofibers were prepared to form a homogeneous
wound dressing surface and provide a longer-lasting effect
by the slow release of the drug additive. In addition, a control
group was formed to examine the effects of the nanofiber
surface with and without the drug additive and show the effects
of the drug. The electrowinning process was performed for
nanofiber wound dressing production.>8" Sterile gauze was
used for fiber collection, and two different solutions were used
as polymer solutions.? First, 10% by mass PVA (Mw: 72.000) in
pure water was obtained by stirring at 70 °C for 1 h. Then, 10%
PVP (MW: 58.000) in ethanol was prepared using a magnetic
stirrer at room temperature for 30 min. These two polymer
solutions were mixed at room temperature at a ratio of 3/4 PVA

and 1/4 PVP to obtain a carrier polymer solution. 10 mL of the
carrier polymer solution was used to make nanofiber without
any additive. Taking 10 mL of the same polymeric solution, 1
mL of Ankaferd was added and nanofibers were produced. The
unhopped fiber was collected on sterile gauze with a rotary
collector at a speed of 400 rpm under the influence of an
electric field of 1.7 kV/cm at a flow rate of 1 mL/h. The ABS-
doped fiber was collected with a rotary collector at a speed of
400 rpm under an electric field of 1.9 kV/cm at a flow rate of
0.6 mL/h.

Experiments on material characterization
The experiments in this context were conducted at Necmettin

Erbakan University, Science and Technology Research and
Application Center (BITAM).

SEM micrographs of polymers

SEM was used to examine the morphology of the produced
materials. The surface morphologies of the polymers were
examined at magnifications of 1.000 and 5.000.

FTIR analysis
FTIR analyses were performed to determine the interaction
between the drug mixture and the polymer structure.

Animal materials and treatments

Twelve-week-old female Wistar albino rats with an average
weight of approximately 295 g were used in this study. Female
rats were preferred because the skin of females is thinner than
that of males, and the lack of estrogen in males would negatively
affect cutaneous wound healing.???> The rats were housed
without any water or feed restriction at room temperature in a
24 hours light-dark cycle.?® The study was planned to include
24 rats, with four groups (n= 6 each) (Table 1).

After the groups were formed, the rats were administered 70 mg/
kg ketamine and 10 mg/kg xylazine through the intraperitoneal
(i.p.) route.?*® In each rat whose back area was shaved, a
wound with a diameter of 15 mm was created using a biopsy
needle. Group | was not treated. Group Il received a single dose
of local ABS in spray form. ABS-dopped wound dressing was
used for group Ill, non-dopped ABS wound dressing was used
for group IV (Figure 1), and the study was completed on day 14.2

Histological evaluation

The skin tissue samples were embedded in paraffin after
routine tissue processing steps, and the samples were fixated
in 10% formaldehyde for histological analyses.?” Sections of
paraffin blocks with thicknesses of 6 um each were stained

Table 1. Groups

Groups (n= 6)

Group | Control

Group Il ABS local application

Group Il ABS-doped wound dressing

Group IV ABS non-doped wound dressing

ABS: Ankaferd blood stopper
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with hematoxylin-eosin to determine their general histological
structures.?® The sections were examined at 40x magnification
under a light microscope equipped with a digital camera (Nikon
Eclipse, E-400 equipped with Nikon DS Camera Control Unit
DS-L1 with DS Camera Head DS-5M), and digital images of the
relevant areas were taken.?-?

Scoring evaluation scale

Wound scoring was performed as O (no inflammation), 1 (mild
inflammation), 2 (moderate inflammation), and 3 (severe
inflammation). Wound diameter was recorded in millimeters.?52¢
The scoring process was performed according to the evaluation
scale shown in Table 2.

Biochemical analysis

On the last day of the study, 1.5 mL of blood was intracardially
taken from each rat. After the blood samples were centrifuged
for 3000 cycles at +4 °C for 10 min, the serum parts were
separated. TAS and TOS measurements of sera were performed
using commercial kits (Rel Assay Diagnostics). Using a
spectrophotometer (Biochrom Libra S22), the absorbances of
the samples were measured at 660 nm, and OS| was determined
according to the standard reference.®3

Statistical analysis

The Statistical Package for the Social Sciences (SPSS, version
21.0, IBM Corporation, Armonk, NY) software was used for
all statistical analyses. One-way analysis of variance and the
least significant difference method were used for pair-wise

CEeae
I. Group
' b
— Il. Group

S

» & cﬁ;p}a
N

IV. Group

Figure 1. Stages of wound formation and treatment in rats
ABS: Ankaferd blood stopper

comparisons (p < 0.05). Statistical analysis was performed on
the 14" day in the scoring of wound diameters.

RESULTS

Materials and characterization

SEM micrographs of polymers

Using the SEM images, the average fiber diameters were
calculated with the help of the “Fiji Imaged for Windows V
1.8.0" program from National Institutes of Health images, and
the plots shown in Figure 3 were obtained. The fiber diameters
ranged from 400 nm to 2 um. The average diameter of the
unadulterated fibers was 1.066 um, and the average diameter
of the doped fibers was 0.974 um. The determined average
diameter values were sufficient to provide permeability.*>
While a mesh structure was detected at the points where
the fibers overlapped on the surfaces of the doped fibers, no
droplet or clump-like formation was observed on the surfaces
(Figure 2).

FTIR analysis

In the FTIR spectra of the PVA-PVP polymer mixture, an O-H
stretching vibration peak was observed at approximately 3290
cm™. The spectrum band corresponded to a C-H stress that
occurred at a peak of asymmetrical stretching vibration of
approximately 2862 c¢cm™%3" PVA and PVP had C=0 groups
showing a vibration band at about 1716 cm™. The C-N stretching
vibration peak of the amine structure was observed at 1242
cm™. The spectrum bands for the C-O groups, which are

Figure 2. SEM micrographs of polymers, A) ABS non-doped (1000 x), B)
ABS non-doped (5000 x), C) ABS-doped (1000 x), D) ABS-doped (5000)

SEM: Scanning electron microscopy, ABS: Ankaferd blood stopper

Table 2. Scoring evaluation scale

Ulcer (unit)

Reepithelization (unit)

Inflammation (unit)

0: None 0: None

0: None

1: At 1/3 of the wound site

1: At 1/3 of the wound site

1: Lightweight

2: At 2/3 of the wound site

2: At 2/3 of the wound site

2: Medium

3: The entire wound site

3: The entire wound site

3: Severe
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acetyl groups, appeared at 1100 cm™. The plane for the C-H
bend was outside the rings and formed an absorption band of
approximately 720 cm™3¢ In the case of the ABS-dopped fibers,
a soft formation of around 1645 cm™ was observed instead of
the peak loss at 1716 cm™. Here, the oxygen band in the C=0
group was transformed into a C=C stretching vibration by a free
reaction. It was concluded that an oxidation reaction occurred
by the binding of oxygen atoms in the ABS additive (Figure 4).

Body weights

It was determined that there was no statistically significant
difference between the mean body weights of the rats in the
groups (p= 0.643). The statistics of the test were found to be
F,,=0.497 (p > 0.05) (Table 3).

0 0
0 600 800 1000 1200 1400 1600 1800 2000 2200 400 600 800 1000 1200 1400 1600 1500 2000 2200 2400 2600 2800

Diameter (nm) Diameter (nm)

Figure 3. A) ABS non-doped and B) ABS-doped wound dressing fiber
diameters (nm). Average values of ABS-doped (A) and ABS-undoped (B)
fibers made with “Fiji ImageJ Program” depending on the density of the
polymer

ABS: Ankaferd blood stopper

Wound scores

There was no loss of animals in the groups. In the evaluations
of the median scores on the last day of the study, the average
wound diameter was found to be reduced by half compared
with the first day of the study in the rats in group |, whereas the
recovery in group Il was more limited. In group lll, where the
best healing process was observed, almost all wounds were
closed, and there was even hair growth in the injured area. It
was determined that the recovery rate in group IV was faster
than that in groups | and Il (Table 4). In the Tukey and Duncan
tests, the test statistics were found to be p= 0.019, degree of
freedom= 23, and F=4.144. When the wound diameters were
compared, it was seen that the 1 and 4™ groups were nearly
similar. It was observed that the wound diameter in the second
group did not decrease. It was determined that the wound
diameter in the 3™ group decreased statistically significantly
(wound diameter: group Il > I > V > Ill; p < 0.05).

Table 3. Average body weights of the rats

Average body weight (gr) + SD

Groups (n= 6)

First day Day three Last day
Group | 283 + 4.60 288 + 4.58 270 + 4.30
Group Il 297 + 3.34 295 + 112 295 + 4.39
Group Il 286 + 2.24 287 + 5.31 267 +1.66
Group IV 292 +2.38 292 + 339 287 + 6.42

SD: Standard deviation

Table 4. Values obtained from wound scores on different days of the study

Group (n= 6) Day Ulcer (mm)* Reepithelization (mm)* Inflammation (unit)* Wound diameter (mm)
Day O 3 0 0 15x 15
Day 3 3 0 0 14 x 14
Group |
Day 7 2 2 0 10 x 10
Day 14 2 2 0 Tx7
Day O 3 0 0 15x 15
Day 3 3 0 0 12x12
Group |l
Day 7 2 1 0 Mx1
Day 14 2 1 0 10 x 10
Day O 3 0 0 15x 15
Day 3 2 1 0 10x10
Group Il
Day 7 1 2 0 6x6
Day 14 0 3 0 Tx1
Day O 3 0 0 15x 15
Day 3 2 1 0 10x10
Group IV
Day 7 2 2 0 Tx7
Day 14 1 2 0 6x6

*Scoring was performed according to the “Scoring Evaluation Scale” specified in Table 2
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There was no significant difference among the groups in the
macroscopic wound measurements performed on day 3 (Figure
5, p > 0.09). In the evaluation made on the seventh day, brown-
colored scab formation was observed in all groups. The wound
healing rate was the highest in group Ill, and the healing rate in
group IV was higher than those in groups | and Il (p < 0.05). In
the histopathological evaluations, reepithelization was found to
occur at a high rate in groups lll and IV, at a moderate rate in
group |, and at a minimum rate in group Il (p < 0.05). On the 14"
day, the wounds were completely closed in all rats in group I,
whereas the wounds of the rats in group IV were substantially
closed. The wounds were partially closed in group |, and
healing was more limited in group Il (Figure 5). In summary,
reepithelization occurred at the maximum level in group Ill, at a
high level in group IV, at a moderate level in group |, and at the
minimum level in group Il (reepithelization rate: group Il > IV >
[ >11; p <0.05).

In groups Ill and IV, the borders of the epidermis, dermis, and
hypodermis showed normal morphological features, and the
densities of connective tissue and collagen in the dermis layer
were sufficient, whereas the density of collagen in the other
groups was insufficient. Wound healing was characterized by a
decrease in the number of neutrophils and new vascularization
(Figure 6). The ABS-dopped wound dressing accelerated
healing, whereas the non-dopped ABS wound dressing had a
limited effect on wound healing (Figure 2). In addition, it was
determined that the wound healing rate in the group that was
administered local ABS to the injured area was slower than that
in the control group.

Biochemical analysis

The level of oxidation (TOS) was the highest in the control group.
ABS was found to reduce oxidation (Table 5). The application
of wound dressing with the ABS additive caused a significant
decrease in TOS values (Table 5). In parallel with these results,
the level of antioxidants (TAS) increased in groups IV and Il, but
the highest increase was observed in group Il (p < 0.05) (the
OSI ranking: group HI > IV > 11 > D.

% Transmittance

—— ABS
—— Fiber
—— Fiber+ABS

4000 3000 2000 1000

Wave Number (cm™)

Figure 4. FTIR analysis chart
FTIR: Fourier transform infrared spectrophotometry

DISCUSSION

Injuries caused by traumas, surgical operations, and burns
can lead to serious health problems, ranging from disability to
death. Wound dressing is a practical process that allows the
wound to heal in a short time under hygienic conditions.® If
bleeding occurs in the injured area, wound dressings containing
hemostatic additive agents may be preferred.® In this study, the
effects of wound dressings containing nanofibers with doping
with ABS, which is a hemostatic agent, on wound healing were
evaluated in macroscopic, histopathological, and biochemical
terms.

Hydrophilicity is a sought-after feature for wound dressing
materials.35%40-42 PVA and PVP are biocompatible polymers with
biodegradability and non-toxic properties®. The addition of silver

1. Group Il. Group l. Group

IV Group

Figure 5. Change in wound diameters in the groups determined on the first
(A) and last (B) days of the study

Figure 6. On the last day of the study, skin section samples belonging to
different groups

(H-E staining, scale 100 pm x 40)
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Table 5. Comparison of serum TAS, TOS, and OSI values between the groups

Groups/ . . . . . -
Parameters TAS (mmol Trolox Equiv/L) *Avg. + SD  TOS (umol H,0, Equiv/L) *Avg. £ SD  OSI (Arbitrary Unit) *Avg. + SD p
Group | 1.01 + 0.052 13.21 + 1.80° 1.31+ 0.07a
Group Il 150 £ 0.15° 13.00 + 2.00° 0.87 + 0.14b

0.000
Group Il 2.75 £ 0.01° 1110 + 2.18¢ 0.40 + 0.13c
Group IV 1.65 £ 0.20° 12.50 + 1.25° 0.76 + 0.13b

*There are significant differences between different letters (a to ¢) in the same column (p < 0.05), Avg.: Average, SD: Standard deviation, TAS: Total antioxidant

status, TOS: Total oxidant status, OSI: Oxidative stress index

nanoparticles to PVA and PVP had a notable effect on wound
healing in New Zealand white rabbits. It was determined that
the wound dressing used in this study was sufficient to provide
the permeability of fiber diameters. Moreover, no droplet or
lump-like formation was observed on the surface. Because of
these properties, it is thought that the substance produced in
this study would be suitable for use and may be a preferred
method in case of injuries.

During the recovery process, wound diameter was examined
for reepithelialization and inflammation formation. In the
measurements made on the last day of the study, the mean
wound diameter in the ABS-dopped wound dressing group was
much smaller than that in the control group, whereas the mean
wound diameter in the local ABS-treated group was higher than
that in the control group. This situation was interpreted as the
ABS-dopped wound dressing being effective in healing, and the
local ABS application slowed down healing.

There are many studies inthe relevant literature investigating the
effects of ABS on wound healing. It was reported that ABS is an
agent that accelerates recovery and is effective in accelerating
the wound healing process in periodontal treatment.*® Similarly,
ABS is effective in trauma-related soft tissue defects that
cannot be repaired by primary closure.** ABS was observed to
accelerate the healing process in bone defects created in the
rat tibia.*® It was shown that ABS applied to wounds on the back
skin of rats accelerated healing.* According to a similar study,
ABS speeds up wound healing in rats during the early period.#’
ABS has also been reported to be effective in healing full-
thickness skin wounds in rats.* It was seen to provide healing
even in second-degree burns.# In a similar study, ABS had a
positive effect on wound healing in rats.?” It was also stated
that ABS has a positive effect on wound healing in diabetic
rats.®® In contrast with the aforementioned results, ABS was
not found to be effective in preventing postoperative intra-
abdominal adhesions, and its use could be harmful because it
caused abdominal organ damage.” In the same study, it was
stated that ABS did not prevent adhesions but increased them
on a macroscopic level.

Our findings supported previous results, and the ABS-dopped
dressings in this study were effective in reducing the wound
size from 15x15 mm to 1x1 mm, thus contributing to healing.
Although our results were similar to those of other studies in
the literature in which the positive effects of ABS on wound
healing have been stated,?*?" they differed from some others

showing that ABS is not effective alone, and it even slows
healing. It was thought that the amount of ABS used in each
study, the diameter of the wound that is created, and the age
and sex of the animals may be different. The cycle occurring in
females may have affected the results of our study by affecting
the wound healing process and every other process in the body.

Reepithelialization is a stage of healing that occurs during
the proliferation phase and is regulated by growth factors.
Measuring the level of re-epitheliazation is a frequently used
method for the histopathological evaluation of the healing
process.*** |t was stated that the level of epithelialization in
the tibia tissue of the rat group in which ABS was used in the
treatment was higher than that in the control group.* ABS
is effective in full-thickness wound healing by accelerating
proliferation in the epithelial tissues of rats.* In a similar
study, ABS, which was used for treating rat palatal mucosal
injuries, increased the level of reepithelialization.®® Another
similar study revealed that ABS contributed to epithelialization
in a full-thickness skin wound model in rats.?® According to
our results, the rate of re-epitheliazation was the highest in
the ABS-dopped dressing group (lID), and it was limited in the
local ABS group (1) (Figure 5, Table 4). It was considered that
brown scab formation, which was observed more prominently
in the ABS-dopped dressing group than in the other groups,
occurred because of reepithelialization and was caused by the
formation of an encapsulated protein network on the wound
area. Consistent with our results, scab formation was observed
in the wound area in similar studies using ABS .52

Inflammation is a reaction developed by the body in cases of
tissue damage, exposure to certain chemicals, and infectious
diseases. This situation, in which the substances taking part
in the immune system are directed to the damaged tissue, is
an important parameter used in evaluating wound healing.?
While inflammation is not observed in the normal healing
process, its severity may increase in necrotic conditions.® In
wound treatment, interventions that prevent inflammation are
preferred. The use of ABS prevented inflammation and necrosis
in experimentally created bone defects in the tibia of rats.* It
has been reported that ABS does not cause inflammation in
experimentally induced full-thickness skin wound healing in
rats.> According to another study, ABS prevented inflammation
by inhibiting collagen destruction during the recovery
period.®% ABS reduced inflammation in a wound model
created in rats.?” Likewise, it was reported that the use of ABS
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in rats with colonic anastomosis-induced collagen formation
and increased anastomosis.®® In a study that was conducted
to prevent postoperative intra-abdominal adhesions using
ABS, an increase in inflammatory reactions to fibrosis was
observed in the groups using ABS.”’ In the evaluation made
with the available data, it was determined that inflammation did
not occur in any animal in our study, and this situation was
compatible with most other studies in the literature.

OSl is a measure of oxidative stress. Oxidative stress occurs
because of the overproduction of reactive oxygen species
or when antioxidant protection is insufficient.® It has been
reported that increased OSI values in many conditions, such
as diabetes, wounds, burns, and aging, can be reduced using
the antioxidant properties of various herbal extracts.S™¢" Qur
results showed that ABS, which is an herbal product, is effective
against oxidative stress that occurs during the wound healing
process, in line with the literature. The use of only dressing
and ABS alone corresponded to a reduction in the increased
stress by 1.5 times (p < 0.05). It was determined that the ABS-
dopped dressing increased the TAS levels by approximately
twice, while reducing the OSI values by 1/3 compared with the
control (Table 5).

CONCLUSION

The results showed that ABS alone did not contribute to wound
healing, and the ABS-dopped wound dressing provided rapid
and uneventful healing in the injured area. It was determined
that local ABS application did not shorten the wound healing
duration, and the ABS-dopped nanofiber dressing provided
healing in the injured area in a much shorter time than the
control group. Because it does not cause inflammation, ABS is
a hemostatic agent with antiseptic and antimicrobial properties.
Our results indicate that ABS-dopped dressings can be used
safely, do not have any negative effects on wound healing, and
can be an effective and safe product for use by shortening the
healing process in skin wounds.
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ABSTRACT

Objective: This study aimed to investigate whether Mitragyna inermis (Willd.) Otto Kuntze organic and aqueous extracts are able to control seizures
induced by pentylenetetrazol (PTZ) in mice based on flavonoid fingerprints and alkaloidal contents.

Materials and Methods: Ethanolic extract and decoction-derived fractions from roots, leaves, and stems were subjected to chromatographic
fingerprinting using AICL, and screening for their antiseizure effects using PTZ-induced acute seizure model. From the fractions that showed potent
bioactivities, plausible antiseizure alkaloids were isolated using thin layer chromatography, and their structures were elucidated using 'H NMR, 2D
NMR, BC NMR, and FAB-HR (+ve or -ve).

Results: All fractions, with the exception of the dichloromethane and hexane fractions, revealed remarkable flavonoid fingerprints. An acute PTZ-
induced seizure test revealed that ethanolic extract of stem bark [500 mg/kg body weight (bw)], ethyl acetate extract of stem bark (500 mg/kg bw),
and aqueous extract of leaves (300 mg/kg bw) significantly delayed the occurrence of hind limb tonic extension (HLTE); however, a non-significant
delay was observed in the onset of first myoclonic jerk compared with control animals. Isolation yielded four main alkaloids: that are, pteropodine
(1), isopteropodine (2), mitraphylline (3) and corynoxeine (4). Corynoxeine is a new compound derived from M. inermis.

Conclusion: This study suggests that flavonoid fingerprints are tracers of M. inermis anticonvulsant ingredients. The stem bark ethanolic and ethy!
acetate extracts and leaf aqueous extracts contain anticonvulsant bioactive principles that delay notifying the HLTE occurring in male naval medical
research institute mice. Furthermore, alkaloidal contents also remain plausible bioactive anticonvulsant principles. All observations support the
traditional use of M. inermis to manage epilepsy. However, further studies are needed to understand the effects of alkaloid fractions, flavonoids, and
the isolated compounds as promising antiseizure agents derived from M. inermis in experimental animals.

Keywords: Mitragyna inermis, antiseptics, flavonoids, alkaloids, corynoxeine

INTRODUCTION

Epilepsy is neurological and seems to be systemic disorder
(Yuen et al!). Epilepsy presents as partial or generalized
seizures along with psychiatric comorbidities (Banerjee
et al.?). Furthermore, people suffering epilepsy are more
represented in the middle and low-income countries due to the
enormous treatment gaps. Social stigma, discrimination and

misunderstanding are some prejudices to live with epilepsy
(Moshé et al.?). In the recent development of various antiseizure
drugs (AEDs), some prevents seizures by acting through
multiple ways such as acting on sodium channels (valproic acid,
phenytoin, carbamazepine), calcium channels (ethosuximide),
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptors (parampanel), y-aminobutyric acid (GABA) receptors
(diazepam), or modulate the release of GABA (gabapentin,
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pregabalin or valproic acid) (Macdonald®, Kobayashi et al.®.
Unfortunately, some of them still exhibit adverse effects like
hypersensitivity reactions, mood changes, hepatotoxicity and
are also ineffective against drug-resistant seizures (Copmans
et al.%, Devinsky et al.”). Whereas, the primary goal of AED
therapy is complete freedom from seizures without adverse
side effects (Shorvon et al.8). So, the needs to develop new
AEDs become imperative (Moshé et al®). Pentylenetetrazol
(PTZ) causes seizures on its administration by preventing
inhibitory effects of GABA type A (GABA,) receptor (Huang
et al?). Thus, this GABA receptor antagonist is widely used
as a model for AED research. Natural sources like plants are
suitable for development of various new drug candidates
(Cragg et al®).

Mitragyna inermis (Willd) Otto Kuntze (Rubiaceae) is a bushy
tree or shrub (Arbonnier™). In Burkina Faso, its leaves, roots
and stem barks are used in mental illness and epilepsy
treatment (Arbonnier”, Nacoulma'?). Different modes of
preparation such as maceration, infusion, decoction and
leaching with various accessible solvents such as water,
hydroalcoholic and acetonic solutions are used to obtain
traditional medicines (Ouédraogo et al.™).

Moreover,  previous  studies were  demonstrated
anticonvulsant properties of leaf methanolic extract (300-
1200 mg/kg) and stem bark ethanolic and aqueous extracts
(62.5-500 mg/kg) (Timothy et al'4, Atinga™). Those studies
were reported on a moderate dose of convulsant agent (PTZ
60 mg/kg) and the anticonvulsant extract constituents were
not specifically reported from this plant (Atinga et al®.
Therefore, these authors reported flavonoids, tannins, alkaloids,
anthraquinone, glycosides, and terpenoids in these extracts.
However, tube tests reported on these potent extracts are
preliminary phytochemical screenings and can be confirmed or
refuted by thin layer chromatography screenings (Ouédraogo
et al®). Also, extensive phytochemical report revealed that M.
inermis contains polyphenols, triterpenoids, indole and oxindole
alkaloids (Shellard and Sarpong'', Toklo et al®, Ouédraogo
et al’”). It has been reported that flavonoids and alkaloids or
medicinal plant containing flavonoids and alkaloids interact with
GABA, receptors leading to anticonvulsant activities (Copmans
etal.b, Jager and Saaby?, Zhu et al.?)). Besides, several AEDs like
diazepam, carbamazepine, lorazepam, midazolam, brivaracetam,
piracetam, aniracetam, oxiracetam, pramiracetam, nefiracetam,
nebracetam, fasoracetam and levetiracetam licensed or in
clinical development have the common function like alkaloids
(Shorvon et al.®). Nevertheless, the knowledge of the potential
contribution of flavonoids and alkaloids patterns of M. inermis
different part extracts on its therapeutic properties is unknown.
In drug research based on traditional recipes, it is important
to assay or highlight ubiquitous tracers of biological activity
due to synergistic effects (Yuan et al.??). Indeed, flavonoids
are generally followed in the standardization of raw materials
from traditional medicine and chromatographic fingerprinting
can be used in the quality control of medicinal plant materials
(Ouédraogo et al™).

This study aimed to investigate whether M. inermis organic and
aqueous extracts are able to control seizures induced by PTZ
in mice based on flavonoid fingerprints and alkaloidal contents.

MATERIALS AND METHODS
Phytochemical study

Plant materials and extract preparation

Based on a previous study, M. inermis parts (leaf, stem bark and
root) samples were collected from Banfora, Dindérésso, and
Boromo during September and November (Ouédraogo et al.?%).
A voucher specimen (UNB 939) is deposited in the Herbarium
of University Nazi Boni. The collected samples were subjected
to total phenolic compounds assays and antioxidant properties
evaluation, which are sensitive to ecological factors (Ouédraogo
et al.?®). At the end of these analyses, three samples were
categorized by plant part. Based on their phenolic contents and
remarkable antioxidant potential, three samples by plant part
were used to form composite samples per part, i.e. 40 + 40 +
40 =120 g of stem bark, 40 + 40 + 40 = 120 g of root bark, and
30 + 30 + 30 = 90 g of leaves. The composite samples were
used for different extractions, maintaining the ratio of plant
matter. Different preparations have been made in relation to the
traditional way of preparation and those reported from previous
studies (Timothy et al!'%; Ouédraogo et al.”).

Acetonic extraction

Ninety g of leaves, 120 g of root bark, and 120 g of stem bark
were subjected to 10 fold 70% acetone (v/w) for 1 hour 30 min
at 1500 rpm at 37 °C. Then, filtration and centrifugation at 3800
rpm/35 min/4 °C were carried out. The supernatant solvent
were evaporated at 45 °C with rotary evaporator and stored at
4 °C until their use (Checkouri et al.?%). This extraction yielded
32.74%, 13.76%, 22.87% from leaf, stem and root, respectively.

Aqueous decoction and fractionation

Five hundred g of each part of M. inermis was used for
extraction. Thus, the extraction was performed with 10 fold
distilled water (v/w) 100 °C/30 min (Ranilla et al.?®). Filtrate
pH was reduced to 3-4 and then subjected to fractionation
successively with increasing polarity [hexane, dichloromethane
(DCM), ethyl acetate to butanol]. The residual water and butanol
were evaporated by freeze-drying and the other solvents at
45 °C using a rotary evaporator. This fractionation yielded
13.6%, 5.97%, and 4% for the leaf decoction, ethyl acetate, and
butanol fractions, respectively. Also, 2% for the ethyl acetate
fraction of stem bark and 3.10% for the ethyl acetate fraction
of roots. Extracts and fractions were stored at 4 °C until use
(Silva et al.?).

Ethanol extraction

Stem bark powder (120 g) was macerated for 24 hours with
1200 mL of ethanol (99%). Therefore, the raw material was
macerated twice (the second with the recovered solvent). The
solvent was then evaporated at 45 °C with a rotary evaporator
(2% yield) and stored at 4 °C (Timothy et al!).
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Flavonoid fingerprinting, bioassay-quided fractionation, and
alkaloids isolation

Extracts and fractions of each plant part were dissolved in
methanol and applied on F254 silica plate. Then, elution was
carried out over 8 cm with ethyl acetate: acetic acid: methanol:
water (10:1.6:0.6:1.5) and the plates were viewed at ultraviolet
(UV) 365 nm and after spraying with aluminum chloride
(Ouédraogo et al). This first phytochemical screening is part
of the confirmation of the presence of different subgroups of
flavonoids reported as potential bioactive of traditional drugs.
In addition, this screening allows the grouping of fractions
according to the tracers that are flavonoids in a preliminary
standardization guide. All extracts were subjected to anti-PTZ-
induced seizures assays.

Furthermore, 20 g of the aqueous decoction of the leaves and
10 g of the ethanolic extract of the stem barks that exhibited
potent antiseizure effects in PTZ-induced seizures were used
for alkaloid treatments. Therefore, the extracts were treated
with 10% acetic acid for 12 hours. At the end of the time,
filtration was performed and the pH of the filtrate was adjusted
to 10, followed by extraction with DCM three times. The DCM
fraction was then concentrated in rotavapor and dissolved in
5% sulfuric acid, followed by extraction with hexane to remove
non-alkaloids. The residual aqueous phase pH was increased to
10 using ammonia, followed by a new extraction with DCM. The
last DCM fraction was concentrated in rotavapor, dissolved in
methanol, and dried under the hood. Finally, DCM was used to
recover the yellow-colored-soluble compounds. This process
yielded 2.4% alkaloid fraction from the leaves and 7.8% alkaloid
fraction from the stem bark. Similar spots were observed on
both fractions after application on a precoated F254 silica plate
and elution with DCM: acetone (9:1). Then, preparative thin
layer chromatography (TLC) with the same system yielded four
compounds: 1 (10 mg) and 2 (10 mg) from the leaves and 3 (6
mg) and 4 (5 mg) from the stem bark.

General methods

TLCs were performed on preheated Kieselgel 60 F254 (Merck)
plates. Plates were developed using DCM-acetone and then UV
254 and 365 nm. The isolated compounds were subjected to
'H NMR, 2D NMR, HMBC, HSQC, COSY and NOESY, *C NMR,
and FAB-MS (+ve or -ve) analyses. Bruker Avance Neo NMR
spectrometers operating at 400 and 600 MHz were used to run
1D and 2D NMR spectra, giving coupling constants (J) in Hz and
chemical shifts (&) in ppm relative to the residual CD,0D signal
with TopSpin.

Structure elucidation of pteropodine (1), isopteropodine (2),
mitraphylline (3), and corynoxeine (4)

Elucidation was carried out by comparing 'H NMR, 2D NMR,
3C NMR, and FAB-HR (+ve or -ve) data with the reported data.

Pteropodine (1)

Amorphous white powder: FAB-HR (+ve): m/z= 3691826 [M +
HI*; [M (C,H,,0,N,) + Hl= 369.1826."H NMR (400 MHz, CD,0D):

6 =8.53 (brs, NH), 2.34 (dd, J= 6.0, 2.4 Hz, H-3), 3.21(dd, J=8.2,
7.0 Hz, H-5a) 2.40 (t, J= 4.3 Hz, H-5b), 2.29 (dd, J= 3.2, 8.2 Hz,

H-6a) 2.00 (ddd, J=12.9, 7.9, 1.5 Hz, H-6b), 7.05 (td, J= 7.6, 1.1
Hz, H-9), 6.86 (d, J= 7.9 Hz, H-10), 719 (id, J= 7.7, 1.3 Hz, H-11),
7.27 (dd, J=7.5, 1.2 Hz, H-12), 1.55 (d, J= 7.6 Hz, H-14a) 1.33 (dd,
J= 3.7, 7.2 Hz, H-14b), 2.37 (dd, J= 3.3, 2.5 Hz, H-15), 7.50 (s,
H-17); 4.47 (dq, J=12.4, 6.1 Hz, H-19), 1.59 (d, J= 4.6 Hz , H-20),
2.32(d, J= 2.3 Hz, H-21a), 3.31 (H-21b), 3.57 (s, 3H, OCH,), 1.39
(d, J= 6.1 Hz, CH,). *C NMR (600 MHz, CD,0D): & = 183.36 (C-2),
75.31 (C-3), 55.91 (C-5), 34.98 (C-6), 57.76 (C-7), 134.60 (C-8),
123.79 (C-9), 110.57 (C-10), 12919 (C-11), 12418 (C-12), 142.78
(C-13), 30.84 (C-14), 32.31 (C-15), 110.57 (C-16), 156.83 (C-17),
73.72 (C-19), 39.29 (C-20), 54.27 (C-21), 51.67 (OCH,), 169.66
(C=0), 18.95 (CH,).

Infrared spectroscopy (IR) [potassium bromide (KBr)l: V_ =
3320.57, 2943.98, 2832.23, 668.42 cm™. UV/UV-visible (MeOH)
A= 1.347 (218 nm) and 1.652 (247 nm).

Isopteropodine (2)

Amorphous white powder: FAB-HR (+ve): m/z= 3691821 [M +
HI% M (C,H,,0,N,) + H]= 3691821.H NMR (400 MHz, CD,0D):
6 = 854 (brs, NH), 2.42 (dd, J= 4.2, 2.8 Hz, H-3), 3.25 (td, J=
8.7, 2.7 Hz, H-5), 2.29 (ddd, J=12.4, 9.6, 2.5 Hz, H-6b) 1.96 (dt,
J=13.0, 8.5 Hz, H-6b), 7.01 (td, J= 7.6, 1.1 Hz, H-9), 6.88 (d, J=7.7
Hz, H-10), 718 (td, J= 7.7, 1.3 Hz, H-11), 7.27 (d, J= 6.7 Hz, H-12),
1.47 (dt, J= 131, 3.8 Hz, H-14a) 0.79 (q, J=12.2 Hz, H-14b), 2.44
(dd, J= 8.2, 3.7 Hz, H-15), 7.42 (s, H-17), 4.32 (dq, J= 10.4, 6.2
Hz, H-19), 1.59 (ddd, J= 8.8, 7.7, 4.4, 3.6 Hz, H-20), 2.39 (dd, 3.6,
8.5 Hz, H-21), 3.36 (dd, J=121, 2.1 Hz, H-21b), 3.58 (s, 3H, OCH)),
1.40 (d, J= 6.24 Hz, CH,). *C NMR (600 MHz, CD,0D): 6 = 18317
(C-2), 72.77 (C-3), 55.10 (C-5), 35.36 (C-6), 58.51 (C-7), 135.09
(C-8), 123.43 (C-9), 110.83 (C-10), 128.98 (C-11), 125.47 (C-12),
142.35 (C-13), 31.41 (C-14), 31.92 (C-15), 110.97 (C-16), 156.50
(C-1N), 73.64 (C-19), 39.36 (C-20), 54.50 (C-21), 51.56 (OCH)),
169.40 (C=0), 18.78 (CH,).

IR (KBr): V= 3320.43, 294411, 2832.23 cm". UV/UV-Visible
(MeOH) A= 0.790 (214 nm), 0.815 (244 nm).

Mitraphylline (3)

Amorphous white powder: FAB-HR (+ve): m/z= 3691809 [M +
HI; M (C,H,,0,N,) + Hl= 3691809."H NMR (400 MHz, CD,0D):
6 =8.50 (brs, NH), 2.45 (d, J= 2.5 Hz, H-3), 3.25 (d, J= 2.5 Hz,
H-5a), 2.55 (d, J= 1.6 Hz, H-5b), 2.06 (ddd, J= 131, 81, 1.4 Hz,
H-6a), 2.34 (dd, J = 4.6, 1.7 Hz, H-6b), 7.06 (td, J= 7.6, 1.0 Hz,
H-9), 6.88 (d, J= 7.7 Hz, H-10), 7.21 (td, J= 7.7, 1.2 Hz, H-11), 7.29
(d, J= 7.6 Hz, H-12), 2.25 (dt, J= 31, 3.0 Hz, H-14a), 0.99 (q, J=
11.6 Hz, H-14b), 2.09 (d, J= 1.4 Hz, H-15), 7.44 (s, H-17), 4.42 (dd,
J= 6.5, 3.5 Hz, H-19), 1.92 (dd, J= 4.6, 2.3 Hz, H-20), 311 (d, J=
7.3 Hz, H-21),1.90 (s; H-21), 3.55 (s, 3H, OCH,), 111 (d, J= 6.6 Hz,
CH,). ”C NMR (600 MHz, CD,0D): 6 =180.29 (C-2) , 75.56 (C-3),
54.97 (C-5), 35.48 (C-6), 57.07 (C-7), 134.71 (C-8), 123.73 (C-9),
110.56 (C-10),129.23 (C-11), 124.14 (C-12), 14317 (C-13), 30.72 (C-
14), 31.56 (C-15), 108.17 (C-16), 155.63 (C-17), 75.43 (C-19), 42.91
(C-20), 54.92 (C-21), 51.39 (OCH)), 168.91 (C=0), 15.08 (CH,).

IR (KBr): V__=3323.82, 2943. 70, 2832.08, 1448.24, 1113.69 cm"
. UV/UV-Visible (MeOH) A= 0.199 (230 nm), 0.303 (216 nm),
0.160 (243 nm), 0.104 (260 nm), 0.097 (267 nm).
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Corynoxeine (4)

Amorphous white powder: FAB-HR (+ve): m/z= 3831955 [M +
HI; M (C,,H,,0,N.) + H]= 383.1955."H NMR (400 MHz, CD,0D):
6 =8.55 (NH), 2.39 (d, J= 2.0 Hz, H-3), 2.45 (d, J= 91 Hz, H-5a),
3.28 (H-5b), 2.30 (m, H-6a), 2.00 (d, J= 11.9 Hz, H-6b), 7.02 (td,
J=1.6,11 Hz, H-9), 6.87 (d, J= 7.7 Hz, H-10), 718 (td, J= 7.7, 1.3
Hz, H-11), 7.43 (d, J= 8.8 Hz, H-12), 1.88 (H-14), 2.50 (d, J= 3.3
Hz, H-15), 7.25 (s, H-17), 5.49 (m, H-18), 4.90 (d, J= 2.1 Hz, H-19),
2.84 (d, J= 1.0 Hz, H-20), 317 (dt, J=11.0, 3.6 Hz, H-21a) 1.95
(m, H-21b), 3.55 (s, OCH,), 3.72 (s, OCH,). *C NMR (600 MHz,
CD,0D): 6 =180.26 (C-2), 73.88 (C-3), 55.02 (C-5), 36.06 (C-6),
58.12 -C-7), 135.0 (C-8), 123.45 (C-9), 110.72 (C-10), 128.86 (C-
11, 125.94 (C-12), 142.3 (C-13), 24.17 (C-14), 73.37 (C-15), 112.56
(C-16), 161.48 (C-17), 140.87 (C-18), 115.97 (C-19), 43.6 (C-20),
60.05 (C-21), 51.29 (OCH,), 61.85 (OCH,), 170.31 (C=0).

IR (KBr): V__=3320.28, 2943.33, 2832.29, 144815, 1114.24 cm".
UV/UV-visible (MeOH) A= 0.987 (220 nm) and 1.058 (230 nm).

Compounds 1, 2, and 3 appeared as white amorphous powder
with the respective molecular weights 368.1826, 368.1821 and
368.1809. All matched to the same calculated formula C,H,,0,N,,.
In addition, the common fragment ions appeared at m/z= 339.3
[M-307, 325.2 [M-44], 291.2, 227.3, 164.1 [M-205]*. Herein, they
reveal similarity to pentacyclic oxindole alkaloids. On TLC with
solvent system DCM: Acetone (9:1), these compounds showed
different frontal reference high (1 > 2 > 3). All compounds (1,
2, 3) in '"H NMR revealed presence of one methoxy group. That
means, these compounds are the stereoisomers of pentacyclic
oxindole alkaloids. Therefore, configuration assignment based
on the chemical shift described by Beckett et al.?” showed
that compound 1 and compound 2 are on B configuration with
C19, C20 but a configuration with C15. Also, compound 1 (6d-
CH,= 1.39) and compound 2 (8d-CH,= 1.40) revealed cis D/E
ring junction with three-proton doublet for the methyl (Beckett
et al?)). Compound 3 three-proton doublet appeared at 1.11
ppm as D/E ring trans junction (Beckett et al.?"). Correlation
was observed between H-17 doublet and the proton H-15 via
a long range in compounds 1, 2 and 3. However, according
to asymmetric centers and their NMR spectra assignment by
theoretical calculations of shielding constants of Paradowska
et al.,?® compound 1 (8C3 = 75.31) and compound 3 (6C3 =
75.56) appeared as 7R alkaloids, but compound 2 (6C3 = 72.77)
seemed like 7S alkaloid. Also, compound 1 (6C20 = 39.29)
and compound 2 (8C3 = 39.36) revealed to be 20S alkaloid
but 20R alkaloid for compound 3 (6C3 = 42.91) (Paradowska
et al.?®). For that, compound 1 (7R, 20R) allo-type isomer is
identified to pteropodine (uncarine C), compound 2 (7S, 20R)
also allo-type isomer is identified to isopteropodine (uncarine
E) and compound 3 (7R, 20R) normal type isomer matched
to mitraphylline (Paradowska et al.?8, Toure et al.®, Garcia
Giménez®, Salim and Ahmad®). Full '"H and ™C NMR signals
assignment was made using HMBC, HSQC, COSY and NOESY
correlation data. These compounds were previously reported
from M. inermis.

Compound 4 appeared in molecular weight and formula 382.1955
and C,,H,,ON, respectively. Peaks at m/z= 339.2, 325.2 and

2226
164.0 revealed the presence of olifinic and oxindole fragments.

'H NMR revealed the presence of two methoxy groups at §H=
3.72, 6C= 61.85 and &H= 3.55, 8C= 51.29. Paradowska et al.?®
theoretical calculations of shielding constants were used for
oxindole alkaloids asymmetric centers and NMR spectrum
assignment. So, compound 4 (6C3 = 73.88; 6C20 = 43.6) is (7R,
20R) alkaloid. The chemical shifts §C18 = 140.87, 6H18 = 5.49 and
6C19 = 115.97, 6H19 = 4.90 are characteristic of the methylene
group. It appeared to be a tetracyclic oxindol alkaloid. However,
'H NMR, 2D NMR, ®C NMR and FAB-HR compound 4 matched
to those of rhyncophylline 18, 19 didehydro like corynoxeine
reported from M. speciosa (Paradowska et al.?%, Flores-Bocanegra
et al.®). Thus, in this study, we isolated new specific tetracyclic
oxindole named corynoxeine from M. inermis.

Acute PTZ-induced seizure model in mice

All the procedures were performed according to the institutional
animal care committee of the International Center for Chemical
and Biological Sciences (ICCBS). The animal study protocol was
submitted to the ICCBS/Karachi University Ethical Committee
(date: 20.02.2019, approval number: 2019-006). Seventy-
six male naval medical research institute (NMRI) mice with
weights between 20 and 24 g were chosen for the experiment.
Mice were sourced from ICCBS animal research facility. An
experiment was conducted in the light of the daylight/darkness
cycle at 25 + 2 °C with appropriate moisture. Animals were
brought into the experimental room 1 hour before the start
of the experiment for the acclimatization and separated into
control and test groups. 110 mg/kg body weight (bw) PTZ as
convulsive dose was selected based on an acute crisis model.
Mice were grouped together in batches of 7 mice for each
dose and control. After acclimatization, the controls were
treated with distilled water 10 mL/kg bw by intraperitoneal
(i.p.). After 30 min, PTZ was injected into the animals, and the
main stage of seizure development were observed. The extract
ability to attenuate seizure threshold is indicated by absence
of seizures at least 5 seconds (Atinga™). For the tests with the
extracts and fractions of M. inermis, the 7 mice for each dose
were subdivided into two sub-groups of 3 mice for the first
test and 4 mice for the additional test. During the first phase,
if no major capacity was observed to mitigate the effects of
PTZ at a given dose, the additional test was not carried out.
The following doses prepared in distilled water were considered
based on data in the literature (Timothy et al4, Atinga'™):

eAqueous decoctate of leaves: 500, 300, and 150 mg/kg bw;

eAdditional fractions acetone + ethyl acetate + butanol of leaves:
500 and 250 mg/kg;

*Stem bark ethanolic extract: 500 and 250 mg/kg bw;

eAdditional stem bark ethyl acetate + acetone fractions: 500
and 250 mg/kg bw;

eStem bark ethyl acetate fraction: 500 and 250 mg/kg bw;
*Stem bark acetone fraction: 500 and 250 mg/kg bw;

eAdditional root bark ethyl acetate + acetone fractions: 500 and
300 mg/kg bw

eFor the test groups, a suitable dose of the extract was injected
intraperitoneally into the animals. After 30 min, a convulsive
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dose of PTZ was administered, and the delay in the onset of
first myoclonic jerk (FMJ) and hind limb tonic extension (HLTE)
was observed and recorded for each animal. The flowchart of
the entire study is presented in Figure 1.

Statistical analysis

Statistical analysis were performed by One-Way ANOVA
followed by Dunnett's multiple comparison using Graph Pad
Prism-8 Statistical Software Package at significance level set
as p < 0.05.

RESULTS AND DISCUSSION

AED are more or less effective against generalized, myoclonic
and absent tonic-colonial seizures (Macdonald?). Indeed, around
30% of patients do not respond to the currently available AEDs
(Moshé et al?). In traditional medicine, M. inermis is used to
manage epilepsy. Unfortunately, there was no data on the
required levels of herbal materials for therapeutic value.
Chromatographic fingerprinting is used in the quality control
of medicinal plant materials (Ouédraogo et al™®). This report
focused first on flavonoid fingerprints as tracers of bioactive
contain in various fractions of M. inermis. As a result, DCM
and hexane fraction didn't show the remarkable flavonoid
fingerprints (Figures 2-4). In the different parts, decoction,
acetone, ethyl acetate and butanol fractions revealed various
flavonoid fingerprints. Using flavonoid fingerprints, as fraction
standardization, aqueous decoctate of leaves appeared atypical
however, leaves ethyl acetate, butanol and acetone fractions
appeared typical. Also, stem bark ethyl acetate and acetone
fractions appeared typical, as well as root barks ethyl acetate

Stem bark, roots and leaf samples ‘

‘ Extraction and fractionation: Decoction, acetonic extraction and ethanolic extraction

‘ Flavonoid fingerprints and gathering of fractions with same fingerprints

‘ Antiseizure trials on NMRI male mice

| Stem bark ethanolic extract Leaves aqueous decoction

| Alkaloid treatment (DCM, hexane, acetic acid, ammonium)

Alkaloid fraction Alkaloid fraction
(DCM) (DCM)

‘ Selection of the most antiseizure fractions ‘

| Preparative TLC with system DCM:Acetone (9:1)

Alkaloids 3&4

Figure 1. Flowchart of the entire study

| Akaloids1&2 |

NMRI: Naval medical research institute, DCM: Dichloromethane, TLC: Thin layer
chromatography

and acetone fractions. Thus, for the same part, fractions
may be combined for their similar flavonoid fingerprints. We
noticed variability in flavonoids groups contain (Figures 2-4).
Other studies reported the presence of flavonoids in M. inermis
parts but still on content analyses (Nacoulma', Timothy et al.,
Atinga'®, Ouédraogo et al.®).

Secondly, we conducted an investigation of M. inermis roots,
leaves, and stem bark standardized fraction effects on acute
PTZ-induced seizures in NMRI mice. All findings were presented
in Table 1 and Figure 5. The preliminary study revealed that
leaf decoction, stem bark ethyl acetate extract and ethanolic
extract delayed the onset of PTZ-induced convulsions. In
contrast, root fractions did not show antiseizure effects in
the PTZ-induced seizure test in mice (Table 1). The using of

A B

Figure 2. TLC of only leaves extract and fractions that contain flavonoids,
A) UV light, B) AICI3 spraying + UV light. Four additional yellow spots after
spraying revealing flavonoids contain. But, EtOAc and Ac appeared as the
same compound group contains

TLC: Thin layer chromatography, UV: Ultraviolet, Aq: Aqueous, But: Butanol,
EtOAc: Ethyl acetate, Ac: Acetone fractions

..
Figure 3. TLC of stem bark, A) UV light, B) AICI3 spraying + UV light. 1)
Hexane fraction, 2) DCM fraction, 3) EtOAc fraction, 4) AC. Three additional
yellow spots after spraying revealing flavonoid contains. Most present in 3
and 4 that looked the same

TLC: Thin layer chromatography, UV: Ultraviolet, DCM: Dichloromethane, EtOAc:
Ethyl acetate, Ac: Acetone fractions
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M. inermis root in the management of epilepsy has not been
reported in any ethnobotanical survey. This lack of antiseizure
properties might justify its non-utility in traditional medicine.
Herbal medicinal product must be manufactured from the
indicated part of the plant and must be free of other parts
of the same or other plants (Ouédraogo et al'®). The acetone
stem bark fraction failed to demonstrated any effect, but the
ethyl acetate stem bark fraction was found to be responsible

A B

Figure 4. TLC of roots, A) UV light, B) AIC, spraying + UV light. 1) Hexane
fraction, 2) DCM fraction, 3) EtOAc fraction, 4) Ac. Three additional yellow
spots after spraying revealing flavonoid content. Most present in 3 and 4
that appeared the same

TLC: Thin layer chromatography, UV: Ultraviolet, DCM: Dichloromethane, EtOAc:
Ethyl acetate, Ac: Acetone fractions

of the combined antiseizure effects (Table 1). With the aim to
confirm the abilities of M. inermis-derived fractions to reduce
the seizures, more assays were carried out (Figure 5). PTZ
110 mg/kg bw showed FMJ at 49 + 0.67 sec and HLT at 65.33
+ 4.22 sec in control group. So, ethyl acetate extract at 500
mg/kg bw, decoction at 300 mg/kg bw and ethanol extract at
500 mg/kg bw revealed the noticeable delay of HLTE occurs
(more than 10 min). Moreover, no significant antiseizure effect
was observed between stem bark ethanolic extract (500 mg/kg
bw) and leaf decoction (300 mg/kg bw) (p > 0.05). In contrast,
all the fractions failed to significantly delay the onset of first
myoclonic seizures. These results suggested that M. inermis
delay the seizures, specifically delayed HLTE occurred, but
failed to show the abilities to delay first myoclonic seizures.
The lack of abilities to delay the onset of FMJs suggests that M.
inermis might require more time to exhibit antiseizures effects
after the administration of the extract. However, the results
observed in this study with the stem bark ethanolic extract
are in agreement with the reported on temporary absence of
seizures at 500 and 250 mg/kg bw (Timothy et al). Also, we
reported that M. inermis leaves methanolic extract prevented
seizures at the doses more than 600 mg/kg (Atinga'™). But this
latter study employed high doses of extracts. In traditional drug
preparation methanol is subjected to usage limits (Ouédraogo
et al®). The high dose of PTZ used in this study to induced
seizure may justify variability of anticonvulsant properties and
lack of remarkable latency to FMJ occurred compared to the
reported study (Timothy et al'%, Atinga™). It has been reported
that flavonoids or medicinal plant extracts containing flavonoids
interact with GABA, receptors leading to anticonvulsant

Table 1. Screening of different parts extract and fraction of M. inermis for PTZ-induced seizures in mice

Parts Extracts/fractions Doses (mg/kg) Delay in HLTE
500 ++
Decoction 300 4+
Leaves 150 +
500 ++
Ethyl acetate + Butanol + Acetone
250 +
500 A+
Ethanol
250 +++
500 +++
Ethyl acetate + Acetone
250 ++
Stem bark
500 +4+
Ethyl acetate
250 +
500 -
Acetone
250 -
500 -
Roots Ethyl acetate + Acetone
300 -

Noticeable delay of HLTE was recorded by comparison with the group treated with distilled water as a control, n= 3. ++++: More than 10 min, +++: 5 to 10 min, ++: 2
to 5 min, +: less than 2 min, -: No activity, PTZ: Pentylenetetrazol, HLTE: Hind limb tonic extension
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activities (Copmans et al.°, Jiger and Saaby?’, Zhu et al.?)).
Indeed, the variability could arise from the difference of
flavonoid fingerprints observed with leaves and stem bark
leading to the variation of the HLTE delay. Moreover, it may be
suggested that these active extracts might act as agonist of
GABA, receptor, similar to the effects other AEDs that prevent
seizures in PTZ-induced seizure test (Kobayashi et al.5, Shorvon
et al.8). So those derived fractions could be powerful sources
of anticonvulsants. In addition, multiple studies reported lower
toxicity of M. inermis different part-derived extracts in mice and
rates (Timothy et al'4, Monjanel-Mouterde et al.**, Ouedraogo
et al.®). Our latest research on these mixed fractions revealed
that they are less hazardous to mouse fibroblast and human
hepatocyte cell lines (Ouédraogo et al'®). Flavonoids could
therefore be tracers to guarantee the quality and therapeutic
value of M. inermis parts preparation in traditional use and the
research of anticonvulsant phytomedicines.

A thorough phytochemical analysis was carried out on the
most anticonvulsant extracts and stem bark ethanolic extract
and leaf decostate. The fractionation revealed that the alkaloid
fraction represented 2.4% of leaf decoction and 7.8% of stem
bark ethanolic extract. Traore et al.* reported that alkaloid-rich
fraction showed low toxicity on monocyte proliferation through
inhibition of mammary cell protein production but no mutagenic
or genotoxic activities. Subsequently, in order to know these
fraction alkaloid ingredients, TLC on the derived alkaloid
fractions offered the main oxindole alkaloids viz pteropodine,
isopteropodine and mitraphylline. In addition, we isolated
the new tetracyclic oxindol alkaloid, corynoxeine (Figure 6).
Moreover, pteropodine and isopteropodine were reported for
their lack of adverse effects on cell culture and DNA (Lee et
al¥, Aponte et al.®®, Ahmad and Salim®). Also, isopteropodine
showed a neuroprotective effect without toxicity until 10° uM
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Figure 5. Anti-PTZ-induced seizures of some of the most active fractions.
Onsets of FMJ and HLTE are expressed as mean + SD, n= 7. The dose O
mg/kg bw is the control (group treated with distilled water). No significant
difference was observed between the FMJ onset of the control and treated
groups. Compared with the control group, stem bark ethyl acetate and
ethanol extract and leave decoction delayed noticeably HLTE (p < 0.05).
Statistical analyses were performed by One-Way ANOVA with Dunnett’s
multiple comparison tests

Statistical significance levels: *p < 0.05, ns: Non-significant, Dec: Decoction,
EtOH: Ethanol, EtOAc: Ethyl acetate, PTZ: Pentylenetetrazol, FMJ: First
myoclonic jerk, HLTE: Hind limb tonic extension, SD: Standard deviation
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Mitraphylline (3) Corynoxeine (4)

Figure 6. Structures of pteropodine (1), isopteropodine (2), mitraphylline
(3), and corynoxeine

(Ahmad and Salim®*?). However, M. inermis alkaloid content
was already reported (Shellard and Sarpong, Toure et
al“9). Alkaloid extract and compounds of other Mitragyna
species as well as M. speciosa are reported to exhibit benefit
pharmacological effects on the brain, but require moderate
doses (Nelsen et al.“). Indeed, alkaloid such as mitragynine
interact with neurons by blocking calcium channel (Suhaimi et
al.2). Therefore, neuronal Ca®* channel-blocking effect abolish
seizures (Kobayashi et al.). Mitragynine is also reported in
M. inermis leaf and stem bark (Shellard and Sarpong'®, Toure
et al.®9). However, indole alkaloids such as ibogaine similarly
to pteropodine, isopteropodine and mitraphylline isolated
in this study is reported to exhibit anticonvulsant activity
by blocking n-methyl-D-aspartate (NMDA) receptors. Also,
tetracyclic oxindole alkaloids such as rhynchophylline and
isorhynchophylline present in M. inermis leave and stem bark
have been reported with anticonvulsant activities by inhibiting
NMDA (Zhu et al.?). Thus, the abilities of decoction and ethanolic
extracts to exhibit acute antiseizure effects in PTZ-induced
seizure test might be attributed to the alkaloid fractions with
the plausible synergistic action of pteropodine, isopteropodine,
corynoxeine and mitraphylline or due to flavonoid contains.
Some AEDs such as phenytoin, carbamazepine and diazepam
exhibit alkaloid functions (Kobayashi et al.). However, the
pro-seizure effect reported with the ingestion of M. speciosa
alkaloids calls for having moderate look and use of M. inermis
alkaloids for treating seizures.

CONCLUSION

This study suggests that flavonoid fingerprints are tracers of
M. inermis anticonvulsant ingredients. Stem bark ethanolic
and ethyl acetate extracts and leaf aqueous extracts contain
anticonvulsant bioactive principles that delay HLTE in male
NMRI mice. Furthermore, alkaloid contents also remain
plausible bioactive anticonvulsant principles. All observations
support the traditional use of M. inermis to manage epilepsy.



OUEDRAOGO et al. Antiseizure Activity of Mitragyna inermis

m

However, further studies might help understand the effects
of alkaloid fractions, flavonoids, and the isolated compounds
as promising antiseizure agents derived from M. inermis in
experimental animals.

Acknowledgments

One of the authors would like to sincerely acknowledge The
World Academy of Sciences-ICCBS/Karachi/Pakistan for
providing research funding and analysis facilities through
Sandwich Postgraduate Fellowship FR number 3240316605 to
Relwendé Justin Ouédraogo.

Ethics

Ethics Committee Approval: The animal study protocol was
submitted to the ICCBS/Karachi University Ethical Committee
(date: 20.02.2019, approval number: 2019-006).

Informed Consent: Not necessary.

Authorship Contributions

Concept: R.J.0,, L.O.,, S.U.S,, F.S,, Design: R.J.O, L.O, S.U.S,,
F.S., G.A.O., Data Collection or Processing: R.J.O., L.O.,, S.U.S.,
F.S., M.J., F.K, M.N.U.H., Analysis or Interpretation: R.J.O., L.O.,
S.US., F.S., MJ., FK,, Literature Search: R.J.0., L.O, S.US,
F.S., M.J., F.K., Writing: R.J.O.

Conflict of Interest: No conflict of interest was declared by the
authors.

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

REFERENCES

1. Yuen AWC, Keezer MR, Sander JW. Epilepsy is a neurological and a
systemic disorder. Epilepsy Behav. 2018;78:57-61.

2. Banerjee PN, Filippi D, Allen Hauser W. The descriptive epidemiology of
epilepsy-a review. Epilepsy Res. 2009;85:31-45.

3. Moshé SL, Perucca E, Ryvlin P, Tomson T. Epilepsy: new advances.
Lancet. 2015;385:884-898.

4. Macdonald RL. Antiepileptic drug actions. Epilepsia. 1989;30 Suppl 1:519-
28.

5. Kobayashi K, Endoh F, Ohmori |, Akiyama T. Action of antiepileptic drugs
on neurons. Brain Dev. 2020;42:2-5.

6. Copmans D, Orellana-Paucar AM, Steurs G, Zhang Y, Ny A, Foubert K,
Exarchou V, Siekierska A, Kim Y, De Borggraeve W, Dehaen W, Pieters L,
de Witte PAM. Methylated flavonoids as anti-seizure agents: Naringenin
4'7-dimethyl ether attenuates epileptic seizures in zebrafish and mouse
models. Neurochem Int. 2018;112:124-133.

7. Devinsky O, Vezzani A, O'Brien TJ, Jette N, Scheffer IE, de Curtis M,
Perucca P. Epilepsy. Nat Rev Dis Primers. 2018;4:18024.

8. Shorvon S, Perucca E, Engel J. The treatment of epilepsy. Third Edition,
Blackwell Publishing Ltd. 2009:1075.

9. Huang RQ, Bell-Horner CL, Dibas MI, Covey DF, Drewe JA, Dillon
GH. Pentylenetetrazole-induced inhibition of recombinant gamma-
aminobutyric acid type A [GABA(A)] receptors: mechanism and site of
action. J Pharmacol Exp Ther. 2001;298:986-995.

10. Cragg GM, Newman DJ, Snader KM. Natural products in drug discovery
and development. J Nat Prod. 1997 ;60:52-60.

20.

21.

22.

23.

24.

25.

26.

. Nacoulma OG.

Arbonnier M. Arbres, arbustes et lianes des zones séches d'Afrique de
['Ouest. 2002;2-87.

Plantes médicinales et pratiques médicinales
traditionnelles: cas du plateau central. Ph.D. Thesis, Universite de

Ouagadougou. 1996;1-328.

Ouédraogo S, Yoda J, Traore TK, Nitiema M, Sombie BC, Diawara HZ,
Yameogo JBG, Djande A, Belemnaba L, Kini FB, Ouédraogo S, Semde
R. Production de matiéres premieres et fabrication des médicaments a
base de plantes médicinales. Int J Biol Chem Sci. 2021;15:750-772.

. Timothy SY, Wazis CH, Helga Bl, Maina A, Bomai HI. Anticonvulsant

screening of the aqueous and ethanol extracts of Mitragyna inermis bark
in pentylenetetrazole and strychnine induced seizures in albino rats. Int
J Pharma Ther. 2014;5:358-363.

Atinga V. Evaluation of Mitragyna inermis (Wild) leaf extract as an
anticonvulsant agent in pentylenetetrazole induced seizures in mice.
Adv Biomed Pharm. 2015;2:205-210.

Shellard EJ, Sarpong K. The alkaloids of the leaves of Mitragyna inermis
(Willd.) O. Kuntze. J Pharm Pharmacol. 1969;21:Suppl:113S+.

Shellard EJ, Sarpong K. The alkaloidal pattern in the leaves, stem-bark
and root-bark of Mitragyna species from Ghana. J Pharm Pharmacol.
1970:Suppl:34S+.

Toklo PM, Eléonore YL, Amoussatou S, Fidele MA, Géorcelin GA, Mathias
AA, Sylvie HA, Joachim DG. Phytochemistry and pharmacological
review of Mitragyna inermis (Willd.) Kuntze (Rubiaceae). J Pharmacogn
Phytochem. 2020;9:22-30.

Ouédraogo RJ, Aleem U, Ouattara L, Nadeem-Ul-Haque M, Ouédraogo
GA, Jahan H, Shaheen F. Inhibition of advanced glycation end-products
by Tamarindus indica and Mitragyna inermis extracts and effects on
human hepatocyte and fibroblast viability. Molecules. 2023;28:393.

Jager AK, Saaby L. Flavonoids and the CNS. Molecules. 2011;16:1471-
1485.

Zhu HL, Wan JB, Wang YT, Li BC, Xiang C, He J, Li P. Medicinal compounds
with antiepileptic/anticonvulsant activities. Epilepsia. 2014;55:3-16.

Yuan H, Ma Q, Cui H, Liu G, Zhao X, Li W, Piao G. How Can synergism of
traditional medicines benefit from network pharmacology? Molecules.
2017;22:1135.

Ouédraogo RJ, Ouattara L, Kabre P, Sanou Y, Somda MB, Ouoba P, Anicet
G, Draogo Q. Season and ecotype effects on soluble phenolic compounds
content and antioxidant potential of Tamarindus indica and Mitragyna
inermis. J Pharm Pharmacol. 2022;10:143-156.

Checkouri E, Reignier F, Robert-Da Silva C, Meilhac O. Evaluation of
polyphenol content and antioxidant capacity of aqueous extracts from
eight medicinal plants from reunion island: protection against oxidative
stress in red blood cells and preadipocytes. Antioxidants (Basel).
2020;9:959.

Ranilla LG, Kwon YI, Apostolidis E, Shetty K. Phenolic compounds,
antioxidant activity and in vitro inhibitory potential against key enzymes
relevant for hyperglycemia and hypertension of commonly used
medicinal plants, herbs and spices in Latin America. Bioresour Technol.
2010;101:4676-4689.

Silva LMP, Alves JSF, da Silva Siqueira EM, de Souza Neto MA,
Abreu LS, Tavares JF, Porto DL, de Santis Ferreira L, Demarque DP,
Lopes NP, Aragdo CFS, Zucolotto SM. Isolation and identification of
the five novel flavonoids from genipa americana leaves. Molecules.
2018;23:2521.




112

OUEDRAOGO et al. Antiseizure Activity of Mitragyna inermis

217.

28.

29.

30.

31.

32.

33

34.

Beckett AH, Shellard EJ, Phillipson JD, Lee CM. Alkaloids from Mitragyna
speciosa (Korth). J Pharm Pharmacol. 1965;17:753-755.

Paradowska K, Wolniak M, Pisklak M, Glinski JA, Davey MH, Wawer I.
(13)C, (15N CPMAS NMR and GIAO DFT calculations of stereoisomeric
oxindole alkaloids from Cat's Claw (Uncaria tomentosa). Solid State Nucl
Magn Reson. 2008;34:202-209.

Toure H, Babadjamian A, Balansard G, Faure R, Houghton PJ. Complete
'H and "*C NMR chemical shift assignments for some pentacyclic oxindole
alkaloids. Spectrosc Lett. 1992;25:293-300.

Garcia Giménez D, Garcia Prado E, Sédenz Rodriguez T, Fernandez Arche
A, De la Puerta R. Cytotoxic effect of the pentacyclic oxindole alkaloid
mitraphylline isolated from Uncaria tomentosa bark on human Ewing's
sarcoma and breast cancer cell lines. Planta Med. 2010;76:133-136.

Salim F, Ahmad R. Isopteropodic acid from Malaysian Uncaria longiflora
var. pteropoda. World Appl Sci J. 2010;10:1333-1337.

Flores-Bocanegra L, Raja HA, Graf TN, Augustinovi¢c M, Wallace
ED, Hematian S, Kellogg JJ, Todd DA, Cech NB, Oberlies NH. The
Chemistry of Kratom [Mitragyna speciosal: updated characterization
data and methods to elucidate indole and oxindole alkaloids. J Nat Prod.
2020;83:2165-2177.

Ouédraogo RJ, Somda MB, Ouattara L, Kagambega W, Ouoba P,
Ouédraogo GA. Evaluation of the antioxidant and a-amylase inhibitory
activities of Mitragyna inermis (Willd) O. Kuntze and Tamarindus indica
Linn. J Exp Biol Agric Sci. 2020,8:676-682.

Monjanel-Mouterde S, Traoré F, Gasquet M, Dodero F, Delmas F, Ikoli
JF, Lorec AM, Chamlian V, Portugal H, Balansard G, Pisano P. Lack
of toxicity of hydroethanolic extract from Mitragyna inermis (Willd.) O.
Kuntze by gavage in the rat. J Ethnopharmacol. 2006;103:319-326.

35.

36.

37.

38.

39.

40.

41.

42.

Ouedraogo Y, Guissou IP, Nacoulma OG. Biological and toxicological
study of aqueous root extract from Mitragyna inermis (Willd Oktze)
Rubiaceae. Int J Pharmacol. 2007;3:80-85.

Traore F, Gasquet M, Laget M, Guiraud H, Di Giorgio C, Azas N, Doumbo
0, Timon-David P. Toxicity and genotoxicity of antimalarial alkaloid rich
extracts derived from Mitragyna inermis O. Kuntze and Nauclea latifolia.
Phytother Res. 2000;14:608-611.

Lee JS, Yang MY, Yeo H, Kim J, Lee HS, Ahn JS. Uncarinic acids:
phospholipase Cgammal inhibitors from hooks of Uncaria rhynchophylla.
Bioorg Med Chem Lett. 1999;9:1429-1432.

Aponte JC, Vaisberg AJ, Rojas R, Sauvain M, Lewis WH, Lamas G,
Sarasara C, Gilman RH, Hammond GB. A multipronged approach to the
study of peruvian ethnomedicinal plants: a legacy of the ICBG-Peru
Project. J Nat Prod. 2009;72:524-526.

Ahmad R, Salim F. Oxindole alkaloids of Uncaria (Rubiaceae, subfamily
Cinchonoideae): a review on its structure, properties, and bioactivities.
Stud Nat Prod Chem. 2015;45:485-525.

Toure H, Balansard G, Pauli AM, Scotto AM. Pharmacological
investigation of alkaloids from leaves of Mitragyna inermis (Rubiaceae). J
Ethnopharmacol. 1996;54:59-62.

Nelsen JL, Lapoint J, Hodgman MJ, Aldous KM. Seizure and coma
following Kratom (Mitragynina speciosa Korth) exposure. J Med Toxicol.
2010;6:424-426.

Suhaimi FW, Yusoff NH, Hassan R, Mansor SM, Navaratnam V, Muller
CP, Hassan Z. Neurobiology of Kratom and its main alkaloid mitragynine.
Brain Res Bull. 2016;126:29-40.



DOk 104274 el 2023460 | ORIGINAL ARTICLE
DOI: 10.4274/tjps.galenos.2023.46095 0 RIG INAL ARTI c LE

Electrochemical Properties of Fused Pyrimidine-
Triazole Heterocyclic Molecules as Novel Drug
Candidates

© Fatma KURUL', @ Hiiseyin ISTANBULLU2, ® Hiiseyin Oguzhan KAYA3, @ Arif Engin GETIN4, @ Seda Nur TOPKAYA3

Dokuz Eylal University, izmir International Biomedicine and Genome Institute, izmir, Tarkiye

2izmir Katip Celebi University Faculty of Pharmacy, Department of Pharmaceutical Chemistry, izmir, Tiirkiye
3izmir Katip Gelebi University Faculty of Pharmacy, Department of Analytical Chemistry izmir, Turkiye
4jzmir Biomedicine and Genome Center, izmir, Turkiye

ABSTRAC T |

Objectives: Triazolopyrimidinones are compounds used in medicinal chemistry. In this study, three novel triazolopyrimidinone derivatives were
synthesized as drug candidates: (5-(chloromethyD-2-(4-methoxyphenyD-[1,2,4ltriazolo[1,5-alpyrimidin-7(3H)-one) (S1-TP), 2-(4-methoxyphenyl-
5-(piperidinomethyD-[1,2,4ltriazolo[1,5-alpyrimidin-7(3H)-one)  (S2-TP), and 2-(4-methoxyphenyD)-5-(morpholinomethyl)-[1,2,4ltriazolo[1,5-al
pyrimidin-7(3H)-one) (S3-TP). Their electrochemical properties were investigated for the first time using voltammetric techniques on carbon
graphite electrodes. Moreover, stability tests for each drug candidate were performed on different days. After revealing the electrochemical
properties of the drug candidates, their effect on double-stranded (ds) DNA was examined by measuring the oxidation currents of the guanine of
dsDNA before and after the interaction.

Materials and Methods: An electrochemical setup that included a pencil graphite electrode as the working electrode, an Ag/AgCl reference
electrode, and a platinum wire as the auxiliary electrode was used in this study. Experiments for optimum pH, scan rate, and concentration of drug
candidates were conducted. The interaction between Ss-TP and dsDNA was evaluated using differential pulse voltammetry. The stability of each
drug candidate was tested on various days.

Results: A comprehensive characterization of the S1-TP, S2-TP, and S3-TP compounds was performed for the first time. This study showed that
the electrochemical oxidation of S1-TP and S2-TP was irreversible and diffusion-controlled. In addition, the transfer of electrons in S3-TP was
controlled by adsorption. The interaction between Ss-TP and dsDNA resulted in notable changes in the peak potentialof dsDNA. The dsDNA peak
potential shifted negatively after interaction with S1-TP, S2-TP, and S3-TP. Under optimum conditions, the detection limits for S1-TP, S2-TP, and
S3-TP were 1.5 pg/mL, 1.0 pg/mL, and 2.0 pg/mL, respectively.

Conclusion: From our experimental data, we concluded that these molecules can be used as drug molecules because of their remarkable effects
on DNA.

Keywords: Drug candidate, drug, DNA, drug-DNA interaction, triazolopyrimidinone, heterocyclic compounds

INTRODUCTION In addition, triazolopyrimidinones and triazolopyrimidines
Triazolopyrimidinones, a class of fuzed pyrimidinone-triazole with purine bioisosteric analogs have been reported to have
heterocyclic ring systems, are considered to be privileged anticancer activity through various mechanisms.? Fandzloch et
scaffolds in medicinal chemistry. A wide range of bioactivities al reported that triazolopyrimidine ruthenium (Il) complexes
of triazolopyrimidinone-bearing compounds has been reported show anticancer activity on various cancer cell lines, and these
as FABPs, ferrochelatase, and per-arnt-sim kinase inhibitors? ~ complexes bind to the minor groove of DNA or intercalate it.
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In another study, triazolopyrimidine copper (II) complexes
and their DNA intercalating capacity were analyzed using
absorption and fluorescence spectra.® The results suggested
that the complexes were intercalated into DNA strands and
damaged through metallonuclease activity. Harrison et al.
discovered a selective and highly soluble triazolopyrimidine
derivative molecule as an NLRP3 inflammasome inhibitor using
an in silico pharmacophore model, which could be used as an
inhibitor for the treatment of inflammatory diseases.

Drugs and drug candidates can interact with DNA in several
ways, and the interaction between them can be determined
using various instrumental methods such as circular dichroism
(CD), nuclear magnetic resonance (NMR), fourier transform
infrared spectroscopy (FTIR), viscosity measurements, infrared
spectroscopy (IR), mass spectrometry (MS), molecular docking,
and electrochemical methods.”" Morawska et al!" developed a
voltammetric method to observe the electrochemical behavior
of tenofovir and its interaction mechanism with ds/ssDNA and
compared their method with spectrophotometric analyses,
where the electrochemical method showed better analytical
performance compared with spectrophotometry in terms of
limit of detection (LOD) and linear range. In another study, the
interaction mechanism of mitoxantrones and DNA molecules
was studied using FTIR, ultraviolet-visible spectroscopy (VIS),
and CD. According to spectroscopic results, mitoxantrone
possibly binds to DNA from guanine (N7), thymine (02),
and cytosine (02) locations.® Electrochemical methods are
preferred because of their rapidness, high selectivity, low
instrumentation cost, simple operation, and portability. They
could reveal the chemical properties and potential toxic effects
of drug candidates and determine the metabolic processes.”

The main interaction modes between the drug molecules and
DNA can be simply classified as covalent and non-covalent
binding. Among them, covalent binding with DNA is irreversible,
inhibits the functions of DNA, and leads to cell death. In contrast,
non-covalent binding is reversible, and they are subclassified as
electrostatic, groove, and intercalative bindings. Electrostatic
binding results from the interactions of positively charged
ligands with the negatively charged DNA phosphate backbone
structure. Groove binding is also sub-categorized as minor and
major groove binding in which small ligands bind to the minor
or major groove of DNA by van der Waals or hydrogen bonds.
Small ligands can bind to DNA via unique binding sites, and
this mode is called intercalation. In this mode, intercalators
containing planar heterocycle groups could slide and stack
between base pairs of DNA and stabilize the duplex without
breaking the base pair or forming covalent bonds.

Our study is the first to analyze the electrochemical properties of
novel triazolopyrimidine derivatives as purine analog chemical
structures. First, we investigated the electrochemical properties
of novel drug candidates, and then their interaction with dsDNA
was analyzed using voltametric methods as differential pulse
voltammetry (DPV) and cyclic voltammetry (CV). Experimental
parameters, e.g., pH, concentration of drug candidates, and
scan rate, were examined to reveal the analytical properties
of these novel drug candidates. Stability tests were performed

under optimal storage conditions and within different days to
observe the shelf life of the drug candidates.

MATERIALS AND METHODS

Materials

Salmon sperm DNA used in this experiment (Sigma Aldrich,
purity = 98%) was dissolved in deionized water to prepare
stock  solutions.  3-Amino-5-(methylthio)-4H-1,2,4-triazole
(Merck, purity 2 97%) and chloroform (Alfa Aesar-Acros
Organics, purity = 99%) were used as received without further
purification. The buffers were prepared using analytical grade
chemicals from various companies such as Carlo Erba, Alfa
Thermo Fisher Scientific, and Isolab. In the experiments, we
used 0.5 M acetate (ACB, pH: 3.8, 4.8, 5.6) and 0.05 M phosphate
(PBS, pH: 7.4) buffers containing 0.02 M NaCl and 0.05 M Tris-
EDTA (TE, pH: 8.0) buffer.

Instrumentation

Analytical thin layer chromatography (TLC) was performed
using Merck silica gel F-254 plates. Melting points were
employed with Stuart SMP 30 (Staffordshire, ST15 OSA). NMR
spectra were reported with a Varian AS 400 Mercury plus NMR
(Varian Inc.) spectrometer at 400 MHz for 'H and 100 MHz for
3C using DMSO-dé as the solvent. The coupling constants
(J) are presented in Hertz (Hz) without an internal standard.
Splitting patterns were designated as follows: s (singlet);
d (doublet); t (triplet); p (pentet); and m (multiplet). HR-MS
was performed on Agilent 6200 Series TOF and 6500 Series
Q-TOF LC/MS System with ESI (+) ionization. Microwave
irradiation (MW) synthesis of the compounds was conducted
on a Milestone MicroSYNTH (Milestone S.r.l.) microwave
apparatus. A PalmSens4 handheld analyzer with PSTrace 5.8
software was used in electrochemical studies. Pencil graphite
electrodes were employed as the working electrodes. To
complete the three-electrode system, a platinum wire and an
Ag/AgCl electrode were employed as auxiliary and reference
electrodes, respectively.

Experimental

General synthesis of the drug candidates
The synthesis steps are shown in Figure 1.

Synthesis of the substituted triazole
5-(4-Metoxyphenyl)-3-amino-1,2,4-triazole was synthesized
according to reference® In the first step, aminoguanidine
bicarbonate and 4-metoxybenzoyl chloride reacted. Later, the
amide derivative was cyclized to yield 5-(4-metoxyphenyl)3-
aminotriazole.

Synthesis of S-TP

5-(4-MetoxyphenyD-3-amino-1,2,4-triazole (10 mmol) and ethy!
4-chloroacetoacetate (20 mmol) were mixed in 18 mL acetic
acid (MW, 20 min, 180 °C). The formed solid was filtered,
rinsed with acetic acid, and dried. These steps yielded S-TP
(5-(chloromethyl)-2-(4-methoxyphenyD-[1,2,4]triazolo[1,5-a/
pyrimidin-7(3H)-one, which was used in the next steps without
purification.
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Figure 1. General synthesis scheme of the pyrimidinone-triazole derivatives: S-TP, S -TP, and S,-TP

The characterization results are presented in the Supplementary Information (Supplementary Figures 1-6, Data Sheets 1-3)

Synthesis of S,-TP and S,-TP

Inthe last step of the synthesis, the nucleophilic substitution of the
obtained S-TP with piperidine and morpholine yielded S,-TP and
S,-TP.S,-TP (1 mmol) and amine derivatives, namely, piperidine/
morpholine (2 mmol), were stirred in 16 mL dimethylformamide
(DMF) in the presence of 1.5 mmol caesium carbonate (Cs,CO,)
using MW irradiation (150 W, 15-30 min, 95 °C). The excess
Cs,CO, was filtered, and the filtrate was concentrated under
reduced pressure. This mixture was further purified by column
chromatography over silica gel 60 (70-230 mesh American
Standard Test Sieve Series, Merck) with chloroform: methanol
(10:2), and the compounds were recrystallized from methanol or
acetone. The crude yield was 40-45%.

S,-TP: 2-(4-MethoxyphenyD-5-(piperidinomethyD-[1,2,4]
triazolo[1,5-alpyrimidin-7(3H)-one

S,-TP: 2-(4-MethoxyphenyD-5-(morpholinomethyD-[1,2,4]
triazolol1,5-alpyrimidin-7(3H)-one

Electrochemical investigation of drug candidates

+ 1.4 V potential for 30 s was applied to activate and clean the
PGEs. 1000 pg/mL was prepared with TE buffer and diluted
with ACB. 1000 pg/mL) were prepared in DMF and diluted with
appropriate buffers. These solutions were then added to the
electrochemical measuring cell. Activated PGEs were dipped
in these solutions, and DPV measurements were performed.

Interaction

Solutions containing 50 pg/mL of dsDNA and 10 pg/mL of drug
candidates were mixed in ACB (pH: 3.8 for S-TP/DNA, S,-TF/
DNA; and pH: 5.6 for S3-TP/DNA). The solutions were then
placed in a thermal shaker at 600 rpm and 45 °C for 30 min.
Then, 100 pL of this interaction solution was added to the tubes.
The PGEs were immersed in the interaction solutions for 30
min. Then, DPV measurements were performed.

Measurement

DPV and CV measurements were performed from + 0.4 and +
1.4 V at a scan rate of 100 mV/s with 0.5 s interval time. The
experimental steps are illustrated in Figure 2.

RESULTS AND DISCUSSION

Synthesis of the compounds
Three novel drug candidates were synthesized follows:

5-(Chloromethyl)-2-(4-methoxypheny)-[1,2,4]triazolo[1,5-a]
pyrimidin-7(3H)-one (S1-TP)

Yellow solid; yield, 52 %; m.p., 113 °C; 'H-NMR (DMSO- d, 400
MHz) 6 8.02 (d, J= 8.7 Hz, 2H), 7.07 (d, J= 8.8 Hz, 2H), 616 (s,
1H), 4.66 (s, 2H), 3.81 (s, 3H) ppm; *C-NMR (DMSO- d, 100 MHz)
6 161.6, 156.1, 151.8, 128.7, 114.8, 100.4, 55.8ppm; CBHnClN 0,
HRMS m/z: 290.0552 (Calcd for 290.05705)

2-(4-Methoxyphenyl)-5-(piperidinomethyl)-[1,2,4]
triazolo[1,5-alpyrimidin-7(3H)-one (S2-TP)

Yellow solid; yield, 30 %; m.p., 128 °C; 'H-NMR (DMSO-d,, 400
MHz) 6 8.01 (d, J= 8.7 Hz, 2H), 6.99 (d, J= 8.8 Hz, 2H), 5.63
(s, TH), 3.79 (s, 3H), 3.30 (s, 2H), 3.23 (s, 2H), 2.34-2.42 (m,
2H), 1.50 (p, J= 5.5 Hz, 4H), 1.34-1.43 (m, 2H) ppm; *C-NMR
(DMSO-d,, 100 MHz) 6 162.39, 160.28, 159.72, 158.74, 128112,
125.96, 114.21, 94.35, 65.34, 55.59, 54.70, 26.19, 24.47 ppm;
CH,,N.O, HRMS m/z: 33916979 (Calcd for 339.16952).

18 21 572
2-(4-Methoxyphenyl)-5-(morpholinomethyl()-[1,2,4]
triazolo[1,5-alpyrimidin-7(3H)-one (S3-TP)

Yellow solid; yield, 35 %; m.p., 103 °C; 'H-NMR (DMSO-d, 400
MHz) 6 8.02 (d, J= 8.9 Hz, 2H), 6.99 (d, J= 8.9 Hz, 2H), 566(5

F TP s2 TP 53 TP dsDNA
+14V,30s. [i} lg[ Li
ACTIVATION INTERACTION
—dsDNA
| --dsDNass, T A ‘ l
= -dsDNA+S,-TP /™ 5
% asonassyte /Y R
5 inN| ~—
g o~ 1 .
g j
AN / i
POTENTIAL (V)
RESULT MEASUREMENT

Figure 2. Experimental steps: activation of PGE with ACB, interaction of
dsDNA with S-TP, S,-TP, and S,-TP, and DPV measurements

DPV: Differential pulse voltammetry, dsDNA: Double-stranded DNA
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1H), 3.79 (s, 3H), 353-3.65 (m, 4H), 3.28 (s, 2H), 2.37-2.47 (m,
4H) ppm; “C-NMR (DMS0-d, 100 MHz) § 161.27, 160.51, 160.34,
159.55, 158.65, 12816, 125.82, 114.23, 94.76, 66.76, 64.72,
55.59, 5391 ppm; C,H,N.O, HRMS m/z: 34114814 (Calcd for
34114879).

The designed compounds were synthesized in three steps
(Figure 1. The structures of the final compounds were
determined by spectral analyses the spectroscopic data
confirmed the proposed structures. In the 'H NMR spectra,
the hydrogen atom of the heterocyclic ring was observed
as a singlet signal between 6 5.63-6.16 ppm. The methylene
protons, attached to the heterocyclic ring at 5 positions, were
observed as singlets with two proton integrals between § 4.66-
3.28 ppm. The proton signals of the benzene ring and cyclic
amines were identified in the expected chemical shifts with
expected divisions. The observed carbon signals in the *C NMR
of the compounds were in accordance with those of the target
compounds. The amide carbon signal was observed between &
161-162 ppm in °C NMR spectrums.

The purity of the compounds was determined using HRMS
spectra. The HRMS data were in accordance with the molecular
formula and a found value within 0.003 m/z unit of the calculated
value of a parent-derived ion. S,-TP and S,-TP were introduced
earlier in the literature,” while the full spectral characterization
of these compounds was introduced in this article.

Electrochemical properties of the drug candidates

In this section, the electrochemical behaviors of the drug
candidates were analyzed using DPV. Because pH is important
for the metabolism of drug molecules, the effect of pH on the

A B -S4-TP -S,-TP -S3-TP
25 WS, TP 25 1 2 ¥
< S,-TP =20
:t% 20 s g
E 15 WS, TP £
H.:J w
r 10 E 10
2 =}
O 5 o 5
0+
38 48 56 74 06 07 08 09 10 11 12 13
pH POTENTIAL(V)

Figure 3. (A) Effect of pH on peak currents. Bar graphs: drug candidates at
different pH values, 3.8 to 7.4, (B) DPV voltammogram of SW—TP, SZ—TP, and
S,-TP prepared in ACB (pH: 3.8 for S-TP and S-TP, and pH: 5.6 for S,-TP

oxidation signals of drug candidates was examined, and the
obtained results are shown in Figure 3.

For the pH study in DPV, drug candidates were prepared using
buffers with pH ranging from 3.8 to 7.4. As shown in Figure 3A,
S,-TP and S,-TP produced stable responses, and the highest
currents were obtained at pH 3.8. S,-TP showed the highest
electrochemical signal at pH 5.6. Thus, pH 5.6 was chosen as
the dilution buffer for S,-TP (Figure 3A).

At pH 3.8, the oxidation peak potentials of S-TP were detected
at 1.03 V and 1.15 V. Because it is more stable and higher, the
signal obtained at 1.03 V was chosen as the main oxidation
signal for further studies. At pH 3.8, S,-TP produced two
oxidation signals at 0.79 V and 1.11 V. At pH 5.6, the oxidation
peak potentials of S,-TP were observed at 0.76 V and 1.04 V
(Figure 3B). All oxidation signals shifted to lower potentials with
pH. These shifts in the peak potentials of drugs demonstrate
that protons participate in the oxidation process of drugs.?

As shown in Figure 3B, all the drug candidates have oxidation
capacity. The triazolopyrimidinone structure could form
triazolopyrimidine by H atom shifting and tautomerization.
Several factors could contribute to the stability between the
two tautomers, e.g., substitution, aromaticity, hydrogen bonding,
and solvation. The redox mechanism of these novel agents on
graphite electrode surfaces could involve the oxidation of the
phenol groups of the compounds. Heteroatoms in the substituted
amines might also contribute to the oxidation potency of the
compounds, e.g., they could change the oxidation potency.
Considering the phenolic tautomerization of the heteroaromatic
ring and the amine substitution, the title compound could
possess oxidative properties.

In the second part of our study, DPV measurements were
performed at different concentrations of drug candidates at 100
mV/s to determine the analytical concentration ranges for the
drug candidates (Figure 4).

The formulas for calculating the LOD and limit of quantification
(LOQ) depend on the specific method used, but generally, the
LOD is calculated as 3 times the standard deviation of the
response (ss) divided by the slope of the calibration curve (m),
while the LOQ is calculated as 10 times the standard deviation
of the response divided by the slope of the calibration curve’.

LOD =3 s/m

DPV: Differential pulse voltammetry LOQ =10 s/m
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Figure 4. Calibration graphs for (A) S,-TP, (B) S-TP, and (C) S,-TP obtained from drug concentration vs. current peak data
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LOD and LOQ were determined from Figure 4. For S-TP and
S,-TP, LOD and LOQ were calculated from the concentrations 5,
10, 15, and 20 pg/mL. For S,-TP, LOD and LOQ were calculated
from the concentrations 2.5, 5, 10, and 20 pyg/mL. LOD and LOQ
for S-TP are 15 pg/mL and 5.0 pg/mL, respectively (Figure
4A). The LOD and LOQ for S-TP are 1.0 pg/mL and 3.4 pg/mL,
respectively (Figure 4B). The LOD and LOQ for S,-TP are 2.0
pg/mL and 6.8 ug/mL, respectively (Figure 4C). The correlation
coefficients were 0.9990, 0.9988, and 0.9930 for S-TP, S,-TP,
and S,-TP, respectively.

The effects of scan rate (V) on peak current (Ip) were studied
using a CV between 25 and 150 mV/s, as shown in Figure 5.
As shown in Figure 5A, the anodic peak current (Ip) has a
linear relationship with the scan rate (v):

S-TP: Ip, (uA) = 0.374v +17.666 (R?= 0.9990) (Equation 1)
S,-TP: Ip, (uA) = 0.1316v + 6.2628 (R*= 0.9880) (Equation 2)
S,-TP: (uA) = 0.2254v + 2.2687 (R?= 0.9980) (Equation 3)

As shown in Figure 5B, the peak current (Ip)) also has a linear
relationship with the root of the scan rate (v2):

S,-TP: Ip, (uA) = 203.97v"? - 7.7443 (R?=0.9928) (Equation 4)
S,-TP: Ip, (UA) = 72771V - 2.9923 (R?=0.9977) (Equation 5)
S,-TP: Ip, (pA) = 122.95v"? - 13.05 (R?=0.9920) (Equation 6)

In Figure 5C, log(lp,) and log(v) linear relationship is presented
within the scan rate range between 25 and 150 mV/s:

S,-TP: log Ip, = 0.5716 log v + 2.3213 (R?=0.9937) (Equation 7)
S,-TP: log Ip, = 0.5996 log v + 1.899 (R?= 0.9987) (Equation 8)
S,-TP: log Ip, = 0.8568 log v + 2.2551 (R*= 0.9978) (Equation 9)
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According to the literature, these slope values are close to
the theoretical value, e.g.,, 0.5, indicating diffusion-controlled
processes, whereas for the theoretical value 1, the process
is adsorption-controlled.?’ The slopes of Equations 7 and 8
were determined to be 0.5716 and 0.5996, respectively, which
indicates that electrochemical oxidation of S,-TP and S,-TP are
diffusion-controlled processes. According to Equation 9, the
slope is 0.8568, which proves that the electrode process was
adsorption controlled for S,-TP.

Interaction

The intrinsic electroactivity of adenine and guanine bases is
generally used as an indicator of drug-DNA interactions. In
the next step of our study, we studied the interaction of drug
candidates with dsDNA. 100 pg/mL were prepared with TE
buffer (pH: 8.0).

The stock drug solutions were prepared with DMF and diluted
with ACB (pH: 3.8 for S,-TP and S_-TP, and pH: 5.6 for S,-TP).
The final concentrations of dsDNA and Ss-TP were 50 pg/
mL and 10 pg/mL, respectively. All solutions were placed in a
thermal shaker, where stirring was applied at 600 rpm and 45
°C for 30 min. Then, 100 uL of the solution was transferred into
tubes, and the electrodes were immersed in these tubes for 30
min. Oxidation signals were measured with DPV in the range
between O and 1.4 V at a scan rate of 50 mV/s in the absence
and presence of drug candidate molecules. Analytical signals
associated with the guanine bases of DNA were obtained at
~1.0 V vs. Ag/AgCL.

In Figure 6A, two distinct oxidation signals associated with
dsDNA in ACB (pH: 3.8) were obtained at + 0.92 V and + 117
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Figure 5. Effect of (A) scan rate and (B) scan rate root on peak current, and (C) scan rate on the log of peak current
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Figure 6. Differential pulse voltammograms of the guanine oxidation currents of dsDNA after interaction with (A) S]—TP, B) SZ—TP, and (C) SE—TPA The
experimental steps were as follows: PGE pretreatment: 1.4 V for 30 s, interaction: 100 pg/mL of dsDNA and 20 pg/mL of drug candidates, stirring: 600 rpm
at 45 °C for 30 min, adsorption: 30 min, and DPV measurement within a range between O and + 1.4 V at 50 mV/s in ACB
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V. After interaction with S-TP, the peak potential of dsDNA
shifted to + 0.89 V and + 116 V, respectively. On the other
hand, after interaction with S,-TP, one of the peak potentials of
dsDNA shifted negatively from + 0.92 V to + 0.89 V. Oxidation
signals of dsDNA in ACB (pH: 5.6) were obtained at + 0.92 V
and + 118 V. In the presence of S,-TP, the peak potentials of
dsDNA slightly shifted toward smaller values, e.g., + 0.90 V
and + 116 V (Figure 6C). dsDNA oxidation potentials shifted
negatively after interacting with S-TP, S,-TP, and S,-TP.
Here, positive or negative shifts in peak potential can reveal
the interaction mechanism between the drug candidate and
dsDNA. Positive peak potential shifts are associated with
intercalative binding, whereas negative peak potential shifts are
associated with electrostatic binding.?? Bilge et al.® reported
the interaction mechanism between ibrutinib (IBR) and dsDNA
using electrochemical and molecular docking techniques.
Voltametric studies have indicated that the peak potential of IBR
shifts toward less positive potentials because of electrostatic
interaction.?® In our study, the shift in the peak potential toward
negative could be attributed to the irreversible electrode
process.? The reason for this shift could be explained by the
electrostatic binding between Ss-TP and dsDNA.

In Figure 6A, the peak currents of dsDNA were found as 3.95
WA and 4.79 pA with the relative standard deviation (RSD)
5.45%, 3.76% which decreased to 1.30 pA and 3.11 pA after the
interaction with RSD 3.12%, 4.87% (n=5). In Figure 6B, the peak
currents of dsDNA were found as 4.94 pA and 4.86 pA with
RSD 1.68% and 4.54%, respectively, which increased, e.g., 6.92
HA with RSD 3.95% and 7.62% and 8.08 pA with RSD 1.49%
and 5.23%, due to the binding of S,-TP to dsDNA, changing the
dsDNA structure. Figure 6C demonstrates that S,-TP caused
a significant change in the oxidation currents of dsDNA. Here,
the peak currents of dsDNA are as 5.42 pA with RSD 2.97%
and 5.58 pA with RSD 7. 66%, while after interaction, we
determined three peaks at 3.07 pA with RSD 5.22%, 1.66 pA
with RSD 9.13%, and 5.03 pA with RSD 4.68%.

Stability

Stability is one of the most important factors related to the
efficacy of drug candidates. To evaluate the stability of the drug
candidates, we performed DPV (Figure 7). Stock solutions of
drug candidates were freshly prepared and stored in the dark at
room temperature (25 "C). Stock solutions of drug candidates
measured within 0, 5, 7, 14, and 30 days. Here, S-TP and S,-TP
exhibited good stability for 30 days of storage without significant
percentage changes in current values, e.g., we observed a slight
reduction in the percentage of current for S-TP between days
0 and 30. At the end of day 30, the percentage of the current
values for S-TP was determined to be 91%. A noticeable change
in the percentage current of S,-TP was observed on day 30, i.e,
48%. In contrast, minute changes in the current values of S,-TP
were observed between days 7 and 30, e.g., the current value
of S,-TP decreased to 86% at day 30. These results proved that
the stock solutions of drugs were stable for 30 days, except
S,-TP, which could be very advantageous for long-term use by
retaining their pharmaceutical properties.
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Figure 7. Change in current for S-TP, S,-TP, and S,-TP examined at
25 °C on different days, e.g., 0, 5, 7, 14, and 30. The percentage current
values of drug candidates were 91%, 48%, and 86% by the end of 30 days,
respectively

CONCLUSION

In conclusion, in this article, we for the first time studied the
full characterization of S-TP, S,-TP, and S,-TP compounds.
Importantly, S-TP is reported for the first time in the literature,
whereas S,-TP and S,-TP compounds were reported in the
literature only for their screening activity against FABPs
(Patent no; WO 2010/056630 A1). We have introduced the
synthetic pathway and full spectral characterization data of
these compounds to the literature. Our study focused on the
electrochemical behaviors of Ss-TP and their interactions with
dsDNA using DPV and CV. We showed that the interaction of
Ss-TP-dsDNA resulted in significant changes in the dsDNA
peak potential. The dsDNA peak potential shifted negatively
after interaction with S-TP, S,-TP, and S,-TP. The shift of the
dsDNA peak potential reveals the interaction of Ss-TP with DNA
supporting the binding in between. Moreover, the shift in the
peak potential of dsDNA toward more positive values indicates
that the DNA-drug interaction mechanism is intercalation,
whereas the shift toward more negative values indicates that
the DNA-drug interaction mechanism is an electrostatic mode.
Our study also showed that the electrochemical oxidation
processes of S-TP and S,-TP were irreversible and controlled
by diffusion. In addition, the electron transfer process was
an adsorption-controlled process for S,-TP. We believe our
study can provide critical information for understanding the
DNA-drug interaction, which could be very advantageous for
analyzing new drug compounds and their potential effects on
target biomolecules.
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Developed and Validated for the Estimation of
Bupropion and Dextromethorphan in a Fixed Dose
Combination of the Tablet
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ABSTRACT |

Objectives: The aim of this study was to develop a simple, accurate, and precise method for the estimation of bupropion and dextromethorphan in a
fixed-dose combination of tablets and robust high-performance liquid chromatography for assay analysis of such a fixed combination.

Materials and Methods: Chromatographic analysis was performed and separations were achieved on a Denali C18 150 x 4.6 mm, 5 micron using a
mobile phase composition of ortho-phosphoric acid and acetonitrile in the ratio of 600:400 (v/v), flow rate of 1.0 mL/min, injection volume is 10 pL
and run time of 6 min in isocratic elution. Ultraviolet (UV) detection was performed at a wavelength of 221 nm. The temperature was maintained
at 30 °C. Well-resolved peaks were observed with a high number of theoretical plates, lower tailing factor, and reproducible relative retention time.
The method was validated, and all validation parameters were found to be within the acceptance limits.

Results: A simple, accurate, and precise method has been developed for estimating bupropion and dextromethorphan in a fixed dose combination of
tablets. The optimized method included the following parameters: column temperature of 30 °C, 40% acetonitrile as the mobile phase, and flow rate
of 1.0 mL/min. Retention times were 2.25 min and 3.12 min for bupropion and dextromethorphan, respectively. The method was found to be linear
in the range of 17.5-105 pg/mL [for R? < 0.999) and 7.5-45 pg/mL (for R? > 0.999] for bupropion and dextromethorphan, respectively. Both active
pharmaceutical ingredients dissolved more than 90% within 5 min.

Conclusion: The current study describes a new, simple, reliable, and economical elution reversed-phase high performance liquid chromatography
method for estimating bupropion and dextromethorphan in a fixed combination tablet dosage form. The forced degradation studies were conducted
using several degradation conditions such as acidic, alkali, oxidation, thermal, UV, and neutral conditions; the proposed method was effectively
employed from the resolution of sample peaks. To the best of our knowledge, no such detailed and stability-indicating method has been reported
for a fixed tablet dosage form.

Keywords: Bupropion, dextromethorphan, stress degradation, RP-HPLC method development and validation

INTRODUCTION The mechanism of action of bupropion for treating MDD is
AUVELITY is a combination of dextromethorphan hydrobromide, also unclear; however, it may be related to noradrenergic
an uncompetitive n-methyl-D-aspartate (NMDA) receptor and/or dopaminergic mechanisms. Bupropion increases
antagonist and sigma-1 receptor agonist, and bupropion  the plasma levels of dextromethorphan by competitively
hydrochloride, an aminoketone and CYP450 2D6 inhibitor! inhibiting cytochrome P450 2D6, which catalyzes a major

biotransformation pathway for dextromethorphan. Bupropion
is a relatively weak inhibitor of the neuronal reuptake of
norepinephrine and dopamine and does not inhibit monoamine
oxidase or the reuptake of serotonin.

Dextromethorphan is an uncompetitive antagonist of the NMDA
receptor (an ionotropic glutamate receptor) and a sigma-1
receptor agonist. The mechanism of action of dextromethorphan
for treating major depressive disorder (MDD) is unclear.
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Bupropion hydrochloride

Bupropion hydrochloride is an antidepressant of the
aminoketone class. It is chemically unrelated to tricyclic,
tetracyclic, selective serotonin reuptake inhibitors, or other
known antidepressant agents. Its structure closely resembles
that of diethylpropion; it is related to phenylethylamines and
acts as a nicotinic acetylcholine receptor antagonist.?®

Dextromethorphan hydrobromide

Dextromethorphan hydrobromide is an oral non-narcotic
antitussive drug widely used in practical medicine. It was
very well absorbed by the digestive system and did not
bind to plasma proteins. A combination of pseudophedrine
hydrochloride, chlorpheniramine maleate, and acetaminophen
is used in pharmaceutical preparations to reduce symptoms
usually associated with the common cold.™

Individual high-performance liquid chromatography (HPLC)
methods reported for each drug were inappropriate for
simultaneous determination because of interferences due
to corresponding chromatographic peaks. However, these
procedures require the use of more than one column, mobile
phase, or flow rate, which can be time-consuming and
uneconomical. Recently, a method has been reported for the
simultaneous estimation of bupropion and dextromethorphan.
However, the chromatogram revealed that the bupropion peak
was eluted in the void volume where the interference was
observed with the blank peak, and the placebo chromatogram
was not recorded to identify the interference at bupropion and
dextromethorphan. The reported method showed degradation
of more than 10% for bupropion and dextromethorphan in acid,
base, and peroxide, but degradation chromatograms were not
shown." The main aim of this method is to determine and validate
bupropion and dextromethorphan in a fixed combination of
tablet dosage forms based on the International Conference on
Harmonization (ICH) guidelines.”” This method was developed
for use as a reproducible procedure for the quantitative analysis
of drug samples. The designed method can be considered
advisable for developing a precise, accurate, and simple
reversed-phase high performance liquid chromatography (RP-
HPLC) method.

The chemical name for bupropion is (+)-1-(3chlorophenyD-2-
[(11-dimethylethy) amino]-1-propranone hydrochloride. The
molecular formula is C;H ,CINO*HCl and the molecular weight
is 276.2 g/mol. The chemical structure of bupropion is shown

in Figure 1.

The chemical name for dextromethorphan is (9S,135,14S)-3-
methoxy-17-methylmorphinan hydrobromide. The molecular

Q H

e

Figure 1. Chemical structure of bupropion

formula is CH,,BrNO and the molecular weight is 352.3 g/
mol. The chemical structure of dextromethorphan is shown in

Figure 2.

MATERIALS AND METHODS

Chemicals, reagents, and instruments

Bupropion, dextromethorphan, ortho-phosphoric acid (H,PO,),
acetonitrile, and Milli-Q water. Denali C18 150 x 4.6 mm,
5-micron column, HPLC instrument equipped with ultraviolet-
visible spectrophotometer and photo diode array (PDA)
detector.

Chromatographic conditions

Flow rate: 1.0 mL, injection volume: 10 pL, detector: 221 nm,
column temperature: 30 °C, column: Denali C18 150 x 4.6 mm, 5
m, and run time: 6 min.

Mobile phase and solution preparation

Preparation of the buffer

One milliliter of ortho-phosphoric acid solution was diluted to
1000 mL with Milli-Q water.

Preparation of the mobile phase
Mix 600 mL of buffer and 400 mL of acetonitrile and sonicate
to degas.

Preparation of the diluent
Mix 500 mL of water and 500 mL of acetonitrile and sonicate
to degas.

Standard preparation

As much as 35 mg of bupropion and 15 mg of dextromethorphan
were accurately weighed and transferred according to working
standards into a 50 mL clean, dry volumetric flask; 10 mL of
diluent was added and sonicated for 10 min, and the final volume
was made up to the mark with diluent (700 ug/mL bupropion
and 300 pg/mL of dextromethorphan).

From the above stock solution, T mL was taken into a 10 mL
volumetric flask and made up to the mark with diluent (70 pg/
mL bupropion and 30 pg/mL of dextromethorphan).

Sample preparation

An equivalent weight of 70 mg of bupropion fixed dose
combination tablet powder was accurately weighed and
transferred into a 100 mL volumetric flask; 75 mL of diluent
was added and sonicated for 25 min. The volume was made up
to the mark with diluent and filtered using a Milli-Q filter (700

— T

Figure 2. Chemical structure of dextromethorphan
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pg/mL bupropion and 300 pg/mL of dextromethorphan). Then, 1
mL of filtered sample stock solution was transferred to a 10 mL
volumetric flask and made up to the mark with diluent (70 pg/
mL bupropion and 30 pg/mL of dextromethorphan).

Degradation studies

Oxidation

From a stock solution of 700 pg/mL bupropion and 300 pg/mL
dextromethorphan, 1 mL was pipetted and 1 mL of 20% hydrogen
peroxide (H,O,) was added separately. The resultant solution
was maintained for 60 min at 30 °C. For the HPLC study, the
resultant solution was diluted to obtain 70 pg/mL of bupropion
and 30 pg/mL of dextromethorphan, then 10 yL injection volume
was injected into the system, and the chromatogram was
recorded to assess the stability of the sample.

Acid degradation studies

From a stock solution of 700 pg/mL bupropion and 300 pg/
mL dextromethorphan, 1 mL was pipetted and 1 mL of 2 N
hydrochloric acid was added separately. The resultant solution
was refluxed for 30 min at 60 °C. The acid was then neutralized
with an equivalent volume of sodium hydroxide solution. For
the HPLC study, the resultant solution was diluted to obtain
70 pg/mL of bupropion and 30 pg/mL of dextromethorphan,
then 10 pL injection volume was injected into the system, and
the chromatogram was recorded to assess the stability of the
sample.

Alkali degradation studies

From a stock solution of 700 pg/mL bupropion and 300 ug/mL
dextromethorphan, 1 mL was pipetted and 1 mL of 2 N sodium
hydroxide solution was added separately. The resultant solution
was refluxed for 30 min at 60 °C. Next, the base was neutralized
with an equivalent volume of hydrochloric acid solution. For
the HPLC study, the resultant solution was diluted to obtain
70 pg/mL of bupropion and 30 pg/mL of dextromethorphan,
then 10 pL injection volume was injected into the system, and
the chromatogram was recorded to assess the stability of the
sample.

Thermal degradation studies

The solution was exposed to heat at 105 °C for 6 h, and then T mL
of the stock exposed solution of 700 pg/mL bupropion and 300
pg/mL dextromethorphan was pipetted. For the HPLC study, the
resultant solution was diluted to obtain 70 ug/mL of bupropion
and 30 pg/mL of dextromethorphan, then 10 pL injection volume
was injected into the system, and the chromatogram was
recorded to assess the stability of the sample.

Photostability studies

The solution was exposed to UV light at 1.2 million lux hours
and 200 watt hour/m? for four days, and then 1 mL of stock
exposed solution of 700 pg/mL bupropion and 300 pg/mL
dextromethorphan was pipetted. For the HPLC study, the
resultant solution was diluted to obtain 70 pg/mL of bupropion
and 30 pg/mL of dextromethorphan, then 10 yL injection volume
was injected into the system, and the chromatogram was
recorded to assess the stability of the sample.

Neutral degradation studies

From the stock solution of 700 ug/mL bupropion and 300 pg/
mL dextromethorphan, 1 mL of the solution was pipetted and 1
mL of water was added separately. The solution was refluxed
for 6 h at 60 °C. For the HPLC study, the resultant solution
was diluted to obtain 70 ug/mL of bupropion and 30 ug/mL of
dextromethorphan, then 10 pL injection volume was injected
into the system, and the chromatogram was recorded to assess
the stability of the sample.

RESULTS

A simple, accurate, and precise method has been developed
for estimating bupropion and dextromethorphan in a fixed
dose combination of tablets. The optimized method included
the following parameters: column temperature of 30 °C, 40%
acetonitrile as the mobile phase, and flow rate of 1.0 mL/min.
Retention times were 2.25 min and 3.12 min for bupropion and
dextromethorphan, respectively.

DISCUSSION

With the progress of the ICH guidelines, the determination of
a stability-indicating method has developed to be clearer and
obligatory. The guidelines are necessary for handling forced
degradation studies under different conditions, such as acid,
base, photolytic, oxidation, heat, and neutral. Hence, the
necessity of separation of several components through the study
of stability samples is evident. HPLC has gained a reputation
in stability studies due to its specificity, sensitivity, and high-
resolution capacity. The work planned in this research was
conducted to study the chromatographic actions of the samples
of stress degradation of bupropion and dextromethorphan in
the tablet dosage formulation. To the best of our knowledge, and
motivated us to develop an RP-HPLC-PDA stability indicating
test in which the degradation products were resolved from the
integral drugs.

Method development

Initially, the analytical method was developed using ortho-
phosphoric acid solution and acetonitrile in a ratio of 1:1, but
the resultant chromatogram observed closed eluted peaks. The
resultant chromatogram is shown in Figure 3.

Finally, the method was optimized with critical quality attributes
such as standard preparation, sampling preparation, column,

o o
'
ion=2:30%—

Figure 3. Standard chromatogram of bupropion and dextromethorphan
AU: Absorbance units
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detector, resolution of peaks, and instrument. The optimized
standard solution containing 70 pug/mL of bupropion and 30 pg/
mL of dextromethorphan was used to validate the parameters.
The resulting chromatograms are shown in Figures 4 and 5.

Method validation

The method was validated as per the ICH guidelines. The
different validation parameters were performed as follows:
linearity, precision, accuracy, specificity, limit of detection
(LOD), limit of quantitation (LOQ), robustness, degradation
studies, and stability-indicating capability.

System suitability test

System suitability was evaluated using freshly prepared
standard solutions. Five replicate injections of standard
solution were injected into the HPLC system, and the obtained
areas, retention time, tailing factor, theoretical plates, and
relative standard deviation % (RSD) were calculated. System
suitability results are tabulated in Tables 1 and 2. % RSD values
were within the limit of not more than 2%.

Specificity

Specificity tests were performed on freshly prepared blanks
and placebos of bupropion and dextromethorphan tablets. The
resultant chromatograms indicated that no interference was
observed from blank and placebo at retention time of bupropion
and dextromethorphan in the optimized method conditions. The
resulting chromatograms are depicted in Figures 6 and 7.

Linearity

The linearity parameter was evaluated using standard drug
solutions by preparing six different concentrations. Linearity
levels were 25%, 50%, 75%, 100%, 125%, and 150%. All six
linearity solutions were injected into the HPLC system, and
the correlation coefficient values against drug concentrations
versus peak areas were calculated. The results are presented
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Figure 4. Standard chromatogram of bupropion and dextromethorphan
AU: Absorbance units
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Figure 5. Sample chromatogram of bupropion and dextromethorphan
AU: Absorbance units
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in Table 3, and related graphs are depicted in Figures 8 and 9.
The correlation coefficient values were within the limit of 0.999.

Precision

Precision was performed by preparing six replicate sample
preparations from a homogeneous sample. Six replicate
solutions were obtained as per the test procedure mentioned
in the Materials and Methods section. % of RSD results were
calculated for the areas and % assay. The obtained results are
tabulated in Table 4. Precision results were found satisfactory,
and the % RSD values were below 2%.

Intermediate precision

Intermediate precision was performed by preparing six
replicate sample preparations from a homogeneous sample
using different analysts, columns, and laboratories. Six replicate
solutions were obtained as per the test procedure mentioned
in the Materials and Methods section. % of RSD results were
calculated for the areas and % assay. The obtained results are
tabulated in Table 5. Intermediate precision results were found
satisfactory, and the % RSD values were below 2%.

Table 1. System suitability results for bupropion

Injections R"etentiqn Area USP plate  USP tailing
time (min) count factor

1 2.265 939582 3409 1.63

2 2.284 941657 3650 1.50

3 2.287 944326 3791 1.47

4 2.290 946091 3827 1.46

5 2.291 948170 3946 1.47

Mean 2.283 943965  3724.6 1.506

SD 0.0106 34231 205.6 0.0709

% RSD 0.5 0.4 55 47

USP: United States Pharmacopeia, SD: Standard deviation, RSD: Relative
standard deviation

Table 2. System suitability results for dextromethorphan

Injections R"etentio.n Area USP plate USP tailing
time (min) count factor

1 3138 763039 6037 114

2 3142 765036 6148 116

3 3150 763327 6085 116

4 3165 767346 6141 115

5 317 755921 6194 115

Mean 3153 762934 6121 1152

SD 0.0143 42788  60.848 0.0084

% RSD 0.5 0.6 1.0 0.7

USP: United States Pharmacopeia, SD: Standard deviation, RSD: Relative
standard deviation
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Figure 6. Blank chromatogram of bupropion and dextromethorphan
AU: Absorbance units
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Figure 7. Placebo chromatogram of bupropion and dextromethorphan
AU: Absorbance units

Table 3. Linearity concentration

. . Bupropion Dextromethorphan

Linearity - -

level Concentration Peak Concentration Peak
(pg/mL) area (pg/mL) area

25% 17.5 233642 75 189050

50% 35.0 477356  15.0 386094

75% 52.5 715373 225 573548

100% 70.0 946633  30.0 787591

125% 87.5 nr8mz2 375 965859

150% 105.0 1413042 45.0 1145652

Correlation ) 999 0.999

coefficient

Accuracy

The accuracy of the method was determined at three
concentration levels by performing recovery studies. The
recovery studies were carried out by different concentrations
of both drugs added to the placebo from 50%, 100%, and 150%.
Recovery and percentage RSD were calculated. The obtained
results are tabulated in Tables 6 and 7, and related graphs
are depicted in Figures 10 and 11. % of recovery results were
between 97 % and 103 %.

Robustness

The robustness of the method was evaluated by changing the
flow rate, organic, and temperature. A system suitability test
was conducted to check the variations, and the results were
found to be satisfactory. The results are reported in Table 8.

1600000 -
1400000 -
1200000 -
1000000 -
800000 -
600000 -
400000 -
200000 -

0 T T T T T )
0 20 40 60 80 100 120

Bupropion

y =13454x + 47293
R?=0,9997

Response

Concentration

Figure 8. Linearity graph for bupropion
AU: Absorbance units
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Figure 9. Linearity graph for dextromethorphan
AU: Absorbance units

Table 4. Precision results

S. no. Bupropion Dextromethorphan

Area % Assay Area % Assay
1 946549  100.08 763992 9996
2 946327  100.06 769671 100.70
3 947135 100.14 766504  100.29
4 942561 99.66 769536  100.68
5 950484  100.50 763402  99.88
6 949639  100.41 767899 100.47
Mean 947116 100.14 766834  100.33
SD 2807.2 0.30 2699.9 0.35
% RSD 0.3 0.3 0.4 0.4

SD: Standard deviation, RSD: Relative standard deviation, S. no.: Sample
number

LOD and LOQ

LOD is the lowest concentration of analyte in a sample that can
be identified but not quantified. LOQ is defined as the lowest
concentration of analyte in a sample that can be estimated with
tolerable precision, accuracy, and reliability by a specified method
under affirmed experimental conditions. The LODs were found to be
0.15 pg/mL and 0.06 pg/mL for bupropion and dextromethorphan,
respectively. The LOQs were found to be 2.91 pg/mL and 0.18 ug/
mL for bupropion and dextromethorphan, respectively.
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Degradation studies

Degradation studies involving acid, base, peroxide, thermal, UV,
and neutral conditions were evaluated. Furthermore, all stress
degradation results are tabulated in Tables 9 and 10, and the
resultant chromatograms are shown in Figures 12 to 17.

Statistical analysis

The accuracy of the method was determined at three
concentration levels by performing recovery studies. The
recovery studies were carried out by different concentrations

Table 5. Intermediate precision results

of both drugs added to the placebo from 50%, 100%, and
150%. The related graphs are depicted in Figures 10 and 11. %
of recovery results were between 97% and 103%. The LODs
were found to be 0.15 ug/mL and 0.06 ug/mL for bupropion and
dextromethorphan, respectively. The LOQs were found to be
2.91 ug/mL and 0.18 pg/mL for bupropion and dextromethorphan,
respectively.

Table 6. Accuracy results for bupropion

Bupropion Dextromethorphan S.no. Recovery level % Assay Average SD % RSD
8. no- Area % Assay Area % Assay 1 50%-1 100.2
1 945886  100.01 761882 99.68 2 50%-2 100.4 99.9 0.7462 0.7
2 939324  99.32 766487  100.29 3 50%-3 99.1
3 939052  99.29 759040 9931 4 100%-1 99.7
4 945600 9998 763144 99.85 5 100%-2 99.6 100.2 o.8907 09
5 939091 99.29 759107 99.32 6 100%-3 101.2
6 946842  100.11 762823 9981 7 150%-1 100.6
Mean 942633  99.67 762081 99.71 8 150%-2 100.6 100.8 0.3504 03
SD 3832.0 0.41 2800.9 0.37 9 150%-3 101.2
% RSD 04 0.4 0.4 0.4 SD: Standard deviation, RSD: Relative standard deviation, S. no.: Sample number

SD: Standard deviation, RSD: Relative standard deviation, S. no.: Sample

number
Table 7. Accuracy results for dextromethorphan
S.no. Recovery level % Assay Average SD % RSD
101,5 i
1010 Bupropion 1 50%-1 10099
£100,5
>100,0 2 50%-2 98.00 99.7 15357 15
8 995
@ 990 3 50%-3 100.09
X 985
98,0 0 -
o7'5 4 100%-1 99.88
N a9 ) N 9 ) N % >
AR A A C O AN C A C AN C ARt 5 100%-2 100.36 99.9 0.4321 04
s s @Q\ \QQ\ @Q\ '@Q\ '@Q\ '@Q\ b
Recovery Level 6 100%-3 99.50
7 150%-1 100.55
Figure 10. %recovery graph for bupropion
8 150%-2 101.28 100.8 0.4211 04
9 150%-3 100.55
102,00 -
101,00 - Dextromethorphan SD: Standard deviation, RSD: Relative standard deviation, S. no.: Sample
' b
E 100’00 | number
>
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Figure 11. %recovery graph for dextromethorphan
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Table 8. Robustness results

Resolution between

S.no. Condition Bupropion Dextromethorphan both peaks
% RSD % RSD

1 Optimized condition 0.4 0.5 5.4

2 Low flow rate (0.9 mL/min) 0.6 0.8 6.

3 High flow rate (1.1 mL/min) 0.3 0.7 5.9

4 Low column temperature (25 °C) 0.7 1.0 7.2

5 High column temperature (35 °C) 0.7 0.6 5.7

6 Low organicvolume (+4 mL) 0.8 0.8 75

7 High organicvolume (-4 mL) 0.4 0.7 5.2

S. no.: Sample number, RSD: Relative standard deviation

Stress % Amount % Amount Pea.k purity - :; [

condition remaining  degraded ::;:Ly tF;1urreI?r(101d o

Acid 94.40 5.60 0.635 0.745 g

Base 95.29 4.71 0555 0.732 - 3 1

Oxidation 95.50 450 0.944 1.090 B

Thermal 97.60 2.40 0.725 0917 Figure 13. Base degradation chromatogram

uv 98.67 133 0538 0726 AUz Absorbance units

Neutral 99.60 0.40 0.552 0.753

UV: Ultraviolet

Table 10. Degradation results for dextromethorphan

Peak purity
Stress % Amount % Amount —
condition  remainin degraded i urity
g g Purity angle threshold
Acid 94.38 5.62 1.270 1.525
Figure 14. Oxidation degradation chromatogram
Base 95.87 413 1.201 1.523 AU: Absorbance units
Oxidation  95.65 435 1.730 2167
Thermal  97.58 242 1915 2.304
uv 98.52 1.48 1175 1.459 $
Neutral 99.01 0.99 1187 1.498 o
UV: Ultraviolet ::; H
e . A J \}RZJ LWWMa USSR
oy Figure 15: Thermal degradation chromatogram
006 AU: Absorbance units

T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Minutes.

Figure 12. Acid degradation chromatogram
AU: Absorbance units
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Figure 16: UV degradation chromatogram
AU: Absorbance units

6.00 7.00 8.00 2.00 10.00

Figure 17: Water degradation chromatogram
AU: Absorbance units

CONCLUSION

The current study describes a new, simple, reliable, and
economical elution RP-HPLC method for estimating bupropion
and dextromethorphan in a fixed combination tablet dosage
form. The forced degradation studies were conducted using
several degradation conditions such as acidic, alkali, oxidation,
thermal, UV, and neutral conditions; the proposed method was
effectively employed from the resolution of sample peaks. To the
best of our knowledge, no such detailed and stability-indicating
method has been reported for a fixed tablet dosage form. The
developed method was completed using a PDA as a tool for
peak integrity and purity confirmation. Therefore, the proposed
method can be used for the quantification of bupropion and
dextromethorphan in a fixed tablet dosage form. Finally, this
method was carefully validated; as a result, it can be suggested
for routine analysis testing in a quality control laboratory.
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ABSTRACT

Objective: Graptophyllum pictum (L.) Griff is a medicinal shrub belonging to the Acanthaceae family and is traditionally used to treat various
diseases. Therefore, this study aimed to evaluate the pharmaceutical properties and phytochemical profiles of the methanolic extract of G. pictum.
Materials and Methods: G. pictum leaves was extracted using methanol. Antioxidant, cytotoxic on Michigan Cancer Foundation-7 (MCF-7) and
HepG2, antidiabetic, and antibacterial properties were evaluated in vitro. Chemical profile of the extract was identified through qualitative (for
phytochemicals), quantitative (for phenolic and flavonoid content), and gas chromatography-mass spectrometry (GC-MS) analysis.

Results: The results showed that the extract had potent antioxidant activity against 2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) and
2,2-diphenyl-1-picrylhydrazy! radicals with IC_, values of 49.00 + 3.20 ug/mL and 70.18 + 3.27 pg/mL, respectively. It also exhibited cytotoxic
effects on human breast (MCF-7) and liver (HepG2) carcinoma cells with growth inhibition percentages of 74.29 + 1.53% and 64.90 + 1.94%,
respectively. The antidiabetic assay showed that the extract had inhibitory effects on a-glucosidase activity with IC, value 194.59 + 15.59 g/
mL, indicating its potential to be developed as an antidiabetic agent. Furthermore, it had antibacterial properties against four test strains, and the
highest activity was found against Bacillus subtilis American Type Culture Collection 19659, with minimum inhibitory concentration and minimum
bactericidal concentration values of 625 pg/mL and 1250 pg/mL, respectively. Phytochemical tests indicated the presence of alkaloids, flavonoid
and terpenoids in the extract, with total phenolic content and total flavonoid content of 4117 + 2.38 mg gallic acid equivalents/g and 26.52 + 0.61
mg quercetin equivalent/g, respectively. GC-MS analysis revealed that it contained several active compounds, including eicosane, 2,4-Di-tert-
butylphenol, hentriacontane, tetracosane, octacosane, sulfurous acid, 2-methylhexacosane, docosane, heneicosane, 1-propene-1,2,3-tricarboxylic
acid, tributyl ester, and pentacosane.

Conclusion: The extract derived from G. pictum leaves was a potential source of therapeutic compounds, particularly for antioxidant, antidiabetic,
anticancer, and antibacterial agents.

Keywords: Antioxidant, cytotoxic, flavonoids, phytochemical, phenols, a-glucosidase inhibitor

INTRODUCTION

Several plants have gained recognition for their potential as
primary sources of medicine in drug discovery. These natural
sources of herbal medicine offer an alternative to synthetic
and modern drugs because of their lower potential to have side
effects. An estimated 70.000 species have been studied for
their therapeutic functions, and more than 50% of commercially

available drugs are derived from medicinal plants, which act as
analgesics, anticancer agents, antidiabetics, and antioxidants.?
Indonesia is a tropical country with the second largest potential
for medicinal plants, following Brazil, with a minimum of 30.000
species spread across various regions.?

G. pictum Griff, locally known as daun ungu, daun wungu, and
handeuleum, is an herbal shrub of the Acanthaceae family.

*Correspondence: jepriyanto@apps.ipb.ac.id, Phone: +62-251-8622833, ORCID-ID: orcid.org/0000-0003-2227-5040

Received: 14.02.2023, Accepted: 18.05.2023

@@@@ Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of Turkish Pharmacists’ Association.
B N _ND

This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

133


https://orcid.org/0000-0003-2227-5040
https://orcid.org/0000-0003-2500-1264
https://orcid.org/0000-0002-0430-1906
https://orcid.org/0000-0001-8460-6285

134 PRIYANTO et al. Pharmaceutical Properties of Graphtophylum Pictum Leaves

The plant is native to New Guinea and has spread widely to
various countries, including the United States, Mexico, Ghana,
Bolivia, India, and Indonesia.*® Furthermore, it has brownish-
purple leaves due to its high anthocyanin, chlorophyll, and
carotenoid content.® G. pictum leaf has long been used as a
traditional drug to treat various diseases, including hemorrhoid,
analgesic, antipyretic, menstrual problems, and wound healing.”
Several studies have investigated the therapeutic values of G.
pictum leaf, which have been shown to possess in vitro anti-
inflammatory, antibacterial, and antioxidant.2%° /n vivo studies
also revealed that it can decrease blood glucose levels, as well
as act as an antihemorrhoid, antioxidant, and anti-inflammatory
agents.®"? These biological activities have been linked to its
phytochemical content, namely phenols, flavonoids, tannins,
alkaloids, saponins, terpenoids, and steroids.®

Although several studies have reported the biological properties
and metabolite profiles of G. pictum, the use of different
geographical plant origins, extraction techniques, and solvents
can lead to varying chemical profiles and bioactivities.™ The
majority of reports on this species used plants growing in
Thailand, India, as well as East and Central Java-Indonesia,
but there is no information on the pharmaceutical values of
those cultivated in Cirebon, West Java-Indonesia.’*'° Therefore,
this study aims to evaluate the chemical profile, as well as the
antibacterial, antioxidant, antidiabetic, and cytotoxic properties
of G. pictum leaf methanolic extract obtained from Cirebon,
Indonesia.

MATERIALS AND METHODS

Plant materials and extraction

Fresh leaves of G. pictum were harvested from Cirebon, West
Java, Indonesia, at the coordinates 6°36'15.7"S 108°21'23.0"E.
The obtained leaves were then air-dried and crushed into
powder for further procedures. Subsequently, 100 g of the
powder was extracted in 1000 mL methanol (1:10, w/v) and
shaken continuously in a rotary shaker (100 rpm) at room
temperature for 24 h. The mixture was filtered using filter
paper (Whatman no. 1), and the filtrate was collected, followed
by evaporation at 40 °C using a rotary evaporator.®

Antioxidant assay

The free radical scavenging activity of the extract was measured
using 2,2 diphenylpicrylhydrazyl (DPPH) and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay."® A total of
100 pL of 250 pyM DPPH radical solution was added to 100 pL
extract solutions, ranging from 2500 to 20 pyg/mL. The reaction
was allowed to proceed for 30 min at room temperature, and
the absorbance was measured at 515 nm using a Thermo
Scientific Varioskan Flash (Thermo Fischer), followed by the
calculation of the percentage inhibition (%). For the ABTS
assay, radicals were produced by reacting 7 mM ABTS solution
with 2.45 mM potassium persulfate (1:1) and incubating for 12-
14 h at room temperature in dark conditions. Furthermore, 170
pL of the radicals was mixed with 30 pL extract and incubated
for 30 min, with the determination of absorbance at 734 nm.
The inhibition of both assays was calculated using the formula:

% = [(A-A)/A]]l x 100%. A, represents the absorbance of the
DPPH/ABTS blank (without samples), and A, = the absorbance
of the samples. The concentration of the sample required to
scavenge 50% free radicals (IC_; value) was calculated from
the plotted graph of radical scavenging activity against each
extract concentration. In this study, ascorbic acid and quercetin
were used as positive controls.

Cytotoxicity assay

This study used human breast adenocarcinoma Michigan
Cancer Foundation-7 (MCF-7) and liver carcinoma HepG2 cell
lines [American Type Culture Collection (ATCC); Rockville,
MD, USA] which were obtained from the Laboratory of
Biochemical and Natural Product Isolation, Research Centre for
Pharmaceutical Ingredients and Traditional Medicine, KST BJ.
Habibie, BRIN, Serpong, Banten, Indonesia. Cells were cultured
in Dulbecco’s Modified Eagle Medium high glucose medium
(Sigma), which was supplemented with 10% fetal bovine
serum and 1% antibiotics (penicillin/streptomycin) (Sigma) in
a humidified atmosphere containing 5% CO, and 95% air at 37
°C. The cytotoxic assay was then performed by seeding MCF-7
and HepG2 cells on a 96-well microplate at a concentration of 1
x 10 cells per well, followed by incubation for 24 h to maximize
attachment. Subsequently, the media were replaced with fresh
samples containing 100 pg/mL of extract (diluted on DMSO) and
incubated for 48 h. A total of 10 pL of 3- (4,5-dimethylthiazol-
2-yD-2,5-diphenyl-2H-tetrazolium bromide) stock solution (0.5
mg/mL) was added and incubated for 3 h at 37 °C, leading to the
dissolution of the crystals in 99% DMSO. After the complete
dissolution of formazan blue, cell proliferation was measured
at 570 nm using a Thermo Scientific Varioskan Flash (Thermo
Fischer). The inhibition percentage was then calculated using
the formula: [1- (Abs.g, . -Abs.; o, wonre)] * 100%. DMSO at a
final concentration of 0.05% and 100 pg/mL cisplatin (Sigma)
were used as negative and positive controls, respectively.”

Antidiabetics assay

Antidiabetic activity was measured based on the method
proposed by a previous study'® The extract was diluted in
99% DMSO to prepare various concentrations, ranging from
12.5 to 200 pg/mL, while quercetin was used as the positive
control, ranging from 35 to 70 pg/mL. A total of 495 pL of 100
mM phosphate buffer with pH 7 and 250 pL substrate (20
mM, p-nitrophenyl-a-glucopyranoside) were added, and the
mixture was incubated at 37°C for 5 min. Subsequently, 250
uL a-glucosidase (0.065 U/mL) was added to the mixture
and incubated at 37 °C for 15 min. The reaction was stopped
by supplementing 1 mL of 200 mM Na,CO, in the sample. The
release of p-nitrophenol from the a-linkage of glucopyranoside
was then determined at 400 nm. The percentage of enzyme
inhibition (%) was calculated using the following formula:
[(Abs.comml—Abs.sample)/Abs.wmrm] x 100%. The concentration of
the sample required to inhibit 50% of a-glucosidase reaction
(IC,) was calculated from the plotted graph of the inhibition
value of each extract concentration.
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Antibacterial activity

A standard disk diffusion assay was performed based on
a method proposed in a previous study!® The process was
performed using four targeted bacterial ATCC strains, including
Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC
15442, Bacillus subtilis ATCC 19659, and Staphylococcus aureus
ATCC 6538 (IPB University Faculty of Mathematics and Natural
Sciences, Department of Biology, Collection of Laboratory of
Microbiology). Furthermore, a suspension of bacterial inoculum
with a concentration of 1.5% (v/v) was applied to Mueller Hinton
Agar (MHA) (Himedia) plate medium and allowed to solidify. A
total of 20 pL of extract diluted in 99% DMSO was added to sterile
filter paper disks with a diameter of approximately 6 mm and
placed on the surface of the inoculated agar plate. Antibacterial
activity was then evaluated by measuring the diameter of
inhibition zones surrounding the disks after incubation for 24 h
at 37 °C. Tetracycline (200 pg/mL) and 1% DMSO were used as
positive and negative controls, respectively.

Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

The MIC of the G. pictum leaf extracts was determined using
sterile 96-well plates.” The 96 wells of each row was filled
with 100 pL of sterilized Mueller Hinton Broth. Furthermore,
wells 1-8 of each row were then filled with 100 pL of a mixture
of culture medium and plant extract, which were serially
diluted to create a concentration sequence from 5000 to 35
pg/mL. Bacterial cultures were prepared in 0.85% NaCl and
adjusted to McFarland standard 0.5 (equivalent to 1x10® colony-
forming units/mL), after which 100 pL was added to each
well. Tetracycline hydrochloride and 1% DMSO were used as
positive and negative controls, respectively. The deep wells
were incubated for 24 h at 37 °C, and the turbidity obtained was
observed. MIC was determined as the concentration at which
no visible cell growth was observed. To evaluate MBC, a portion
of liquid (100 pL) from each well with no growth was taken and
spread on MHA plate agar, followed by incubation at 37°C for 24
h. The lowest concentration that caused the absence of visible
bacterial colonization after sub-culturing was taken as MBC.

Qualitative phytochemical analysis

Phytochemical analysis was performed to determine the
presence or absence of some classes of compounds, including
flavonoids, alkaloids, saponins, tannins, and terpenoids.?°
Furthermore, G. pictum extracts were mixed with an appropriate
chemical reagent for each analysis. The mixtures obtained
were then vortexed and qualitatively observed for the presence
of the targeted compound class.

Determination of total phenolic and flavonoid content

The analysis of the total phenolic content (TPC) was carried
out using the Folin Ciocalteu reagent based on the method
used in a previous study.? A total of 0.5 mL of the extract
(1 mg/mL) was mixed with 0.25 mL Folin Ciocalteu reagent
and 3.5 mL distilled water. The solution was then kept at 28 °C
for 5-8 min before adding 0.75 mL of 20% sodium carbonate

solution. Subsequently, the absorbance was measured at 765
nm after incubation for 2 h at 28 °C. Gallic acid was used as
the standard for the calibration curve in this study. The total
flavonoid content (TFC) was measured using a colorimetric
assay (Priyanto et al.,”® 2022), and the results were expressed
as mg gallic acid equivalents per gram of extract (mg GAE/g
extract). A total of 500 pL extract (1 mg/mL) and 0.15 mL of
5% sodium nitrite were added to 2.45 mL of distilled water.
After 3 min, 0.15 mL of 10% aluminum chloride was added, and
the mixture was incubated for 8 min, followed by the addition
of 2 mL of 1 M sodium hydroxide. The absorbance was then
determined at 510 nm, and quercetin was used as a standard for
the calibration curve. The TFC of the extract was expressed as
mg quercetin equivalents per gram of extract (mg QE/g extract).

Gas chromatography-mass spectrometry (GC-MS) analysis
GC-MS analysis was performed using an Agilent 19091S-433:
93.92873 GC-MS. A total of 1 pL extract solution dissolved in
n-hexane was injected into HP-5MS 5% phenyl methy! silox at
0 °C-325 °C (325 °C) measuring 30 m x 250 um x 0.25 ym. The
initial temperature of the oven was set at 40 °C and increased
gradually over 30 min to 300 °C. Furthermore, helium was used
as carrier gas at a flow rate of T mL/min. MSD Chem-Station
Data Analysis software was then used to analyze the mass
spectra and chromatograms of the GC-MS results.

Statistical analysis

The data obtained from antioxidant, cytotoxicity, antidiabetic,
and antibacterial assays are presented as means + standard
deviation from triplicates. One-way analysis of variance was
used to compare the mean values with 95% and 99% confidence
levels. Further analysis was performed using the Tukey test,
and p values < 0.05 were considered statistically significant.

RESULTS

Antioxidant activity

G. pictum leaf extract showed antioxidant activity with IC
values of 49.00 + 3.20 pg/mL and 70.18 + 3.27 pg/mL against
ABTS and DPPH, respectively. Furthermore, the extract was
significantly (p < 0.05) less active than ascorbic acid as a
positive control, which had IC and IC of 10.99 + 2.66

50ABTS 50DPPH

pg/mL and 3.82 + 0.59 pg/mL, respectively, as shown in Table 1.

Cytotoxic property

A total of 100 pg/mL of G. pictum-derived extract inhibited MCF-
7 and HepG2 cell growth with inhibition percentages of 74.29
+ 1.53% and 64.90 + 1.94%, respectively. At this concentration,
there was a significant decrease in cellular density, indicating
that the treatment affected cancer cell growth. Apoptotic cells
of MCF-7 and HepG2 appeared during inverted microscope
observation after 48 h of treatment with the extract, as shown
in Figure 1. As a positive control, cisplastin (100 ug/mL) was
also tested, and it exhibited cytotoxic properties on MCF-7 and
HepPG2 cells with growth inhibition percentages of 86.28 +
0.22% and 64.90 + 1.94%, respectively.
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Antidiabetic activity

G. pictum leaf extract exhibited antidiabetic activity, as indicated
by the inhibition of a-glucosidase activity with an IC,; value
of 194.59 + 15.59 ug/mL, as shown in Table 2. The IC,, of the
extract was higher than that of the positive control quercetin at
3.35 + 0.01 pg/mL.

Antibacterial activity

The methanolic extract of G. pictum exhibited various
antibacterial activities against E. coli ATCC 8739, P. aeruginosa
strain ATCC 15442, S. aureus ATCC 6538, and B. subtilis strain
ATCC 19659, as indicated by the different inhibition zone
diameters, as shown in Table 3. Among the four target bacteria,

A B C D
F G H

Figure 1. Cytotoxicity of G. pictum leaf extract on MCF-7 (A-D) and HepG2
cells (E-H); MCF-7 cell line on (A) DMEM medium; treatment with (B) 1%
DMSO; (C) Cisplatin 100 pg/mL; (D) Extract 100 pg/mL; (E) HepG2 cell line
on DMEM medium; treatment with (F) 1% DMSO; (G) Cisplatin 100 pg/mL;
(H) Extract 100 pg/mL. The cell morphology and density were observed
under an inverted microscope with magnification 100x. Bars represent 30
um, and black arrows indicate apoptotic cells.

MCF-7: Michigan Cancer Foundation-7, DMEM: Dulbecco's Modified Eagle
Medium

Table 1. Antioxidant activity of the extract derived from G.

pictum leaves against DPPH and ABTS

Antioxidant activity

Sample (IC,, + SD in pg/mL)

DPPH ABTS
G. pictum leaf extract 7018 + 3.27° 49.00+3.20°
Ascorbic acid 3.82 + 0.59° 10.99+2.66°

Values with the same superscript letter in the same column are not significantly
different based on one-way ANOVA analysis followed by multiple Duncan test
range (p < 0.05), DPPH: 2,2 diphenylpicrylhydrazyl, ABTS: 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid), SD: Standard deviation, IC: Inhibitory
concentration

Table 2. Antidiabetic activity of the G. pictum leaf extract

Antidiabetic activity

Samples
(IC.; Average ug/mL + SD)

50'

194.59 + 15.59°

G. pictum leaf extract

Quercetin 335+ 0.01°

Values with the same superscript letter in the same column are not significantly
different based on one-way ANOVA analysis followed by multiple Duncan test
range (p < 0.05), SD: Standard deviation, IC: Inhibitory concentration

the extract was most active on the B. subtilis ATCC 19659.
The inhibition zone was also determined using tetracycline
and DMSO as the positive and negative controls, respectively
(Figure 2). The extract also had the lowest MIC of 625 pg/mL
and an MBC of 1250 pg/mL against the B. subtilis strain ATCC
19659, as shown in Table 4.

Phytochemical profile

Alkaloids, flavonoids, and terpenoids were found in the G. pictum
leaf-derived extract, but tannins and saponins were absent. The
extract’'s TPC and TFC were 4117 + 2.38 mg GAE/g and 26.52 +
0.61 mg QE/g, respectively.

Chemical profile of the G. pictum leaf extract

GC-MS analysis revealed that the compounds identified in G.
pictum leaf extract included eicosane, 2,4-Di-tert-butylphenol,
hentriacontane, tetracosane, octacosane, sulfurous acid,
2-methylhexacosane, docosane, heneicosane, 1-propene-1,2,3-
tricarboxylic acid, tributyl ester, and pentacosane, as shown in
Table 5.

E. coli
ATCC 8739

B. subtilis
ATCC 19659

S. aureus
ATCC 6538

P. aeruginosa
ATCC 15442

Extract

Tetracycline

DMSO

Figure 2. Antibacterial activity of G. pictum leaf extract (25 mg/mL) against
the bacteria tested; 1% DMSO and tetracycline (200 pg/mL) were used as
negative and positive controls, respectively. Bars represent 6 mm

Table 3. Antibacterial activity of G. pictum leaf extract by the

disk diffusion method

Inhibition zone (mm + SD)

E. coli P. aeruginosa S. aureus B. subtilis
Samples ATCC : : ATCC
8739 ATCC 15442  ATCC 6538 o o
G.pictum g5 14 73048 103+0.2° 13304
leaf extract
Tetracycline 223+09° 227+09°  13:0.8 22323
DMSO 0+0° 0+0° 0+0° 0+0°

Extract and tetracycline were applied at concentrations of 25 and 200 ug/
mL, respectively. Values with the same superscript letter in the same column
are not significantly different based on one-way ANOVA analysis followed by
multiple Duncan test range (p < 0.05), SD: Standard deviation, IC: Inhibitory
concentration, ATCC: American Type Culture Collection
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Table 4. MIC and MBC of G. pictum leaf extract
MIC/MBC values (ug/mL)

Samples

P E. coli ATCC 8739 P. aeruginosa ATCC 15442 S. aureus ATCC 6538 B. subtilis ATCC 19659
G. pictum leaf extract 2500/ > 2500 2500/ > 2500 1250/2500 625/1250
Tetracycline 7.81/7.81 7.81/7.81 3.90/7.81 3.90/7.81

MIC: Minimum inhibitory concentration, MBC: Minimum bactericidal concentration, ATCC: American Type Culture Collection

Table 5. Chemical profile of exract from G. pictum leaves

Number  Proposed compound Molecular Chemical class R"etenthn Similarity Bioactivity References
formula time (min) (%)
. Antifungal; antioxidant 2223
1 Eicosane C,oH, alkane 18.50M 2 and wound healing
2 4-Di-tert- Antifungal, gnt|OX|dant,
2 butviohenol C,H,,0 phenol 18.9044 95 and cytotoxic on HeLa and 242526
yip MCF-7 cells; antibacterial
3 Hentriacontane C,H,, alkane 19.0557 52 Anti-inflammatory a
Cytotoxic on AGS, MDA-
4 Tetracosane C,H,, alkane 20.631 60 MB-231, HT-29 and NIH 28,29
3T3 cells; antioxidant
short chain Cytotoxic on B16F10-Nex2
5 Octacosane C,H 20.9587 86 cells; antioxidant and 3,23
28T hydrocarbon .
wound healing
6 Sulfurous acid C,,H,0.,S mineral acid 21.299 49 Unknown
7 2-Methylhexacosane C,H,, fatty acid 22.4459 53 Unknown
8 Docosane C,H, alkane 22.597 58 Antimicrobial 3
9 Heneicosane C,H,, alkane 25.1681 90 Antimicrobial 2
10 1-Propene-1,2,3- C.H.0 tricarboxylic acid ~ 26.2646 68 Unknown
tricarboxylic acid 187730
12 Pentacosane C,H,, alkane 26.9956 90 Volatile attractant 3
(50-100 pg/mL), moderate (101-150 pg/mL), and weak (> 150
ug/mL).3" The methanolic extract of G. pictum leaf was shown
DISCUSSION to have strong effects against DPPH and ABTS free radicals.

This study evaluated the pharmaceutical properties of G.
pictum leaf extract, including its in vitro antioxidant, cytotoxic,
antidiabetic, and antibacterial activities. The antioxidant
activity of the sample was tested against DPPH and ABTS free
radicals. Furthermore, free radicals cause oxidative stress,
which facilitates pathological manifestations.3* Antioxidants
have been reported to inhibit these compounds and prevent
the occurrence of diseases through scavenging activities or
induction of defense mechanisms.® Two radicals were used
in this study to determine the antioxidant activity of G. pictum
leaf extract. The DPPH assay was used to assess the electron
transfer reaction, whereas ABTS was used to evaluate the
hydrogen transfer reaction.® The results showed that G. pictum
leaf extract had stronger effects against ABTS than DPPH,
as indicated by the IC, value. Based on previous studies, the
smaller the value obtained, the higher the effect. Furthermore,
the antioxidant activity of natural extracts can be categorized on
the basis of their IC, value, namely solid (< 50 ug/mL), strong

Scavenging capabilities are essential to avoid the damaging
activities of these compounds in different illnesses.

Several studies have shown that antioxidant compounds play a
vital role in cancer prevention and treatment.®* In the current
study, 100 pg/mL of G. pictum leaf extract inhibited the growth
of MCF-7 and HepG2 cells, with inhibition percentages of 74.29
+ 1.53% and 64.90 + 1.94%, respectively. Cell viability was also
reduced after the extract was applied for 48 h. The treatment
also caused apoptosis and morphological changes in the form
of membrane disruption in the cells, as shown in Figure 1.
This finding indicated that the extract can induce an apoptotic
pathway in MCF-7 and HepG2 cells. A previous study also
revealed that it exhibited cytotoxic properties against human
colon cancer cell WiDr with an IC, value of 195.61 ug/mL in the
n-hexane fraction, but was not toxic to Verro cells.*04

The oa-glucosidase inhibitory effect of the extract was
evaluated to determine its potency as an antidiabetic agent.
The a-glucosidase enzyme was responsible for the hydrolysis
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of oligosaccharides and disaccharides to glucose.*? Therefore,
blood glucose levels can be controlled by inhibiting its activity.
In this study, the methanolic extract of G. pictum displayed an
inhibitory effect towards a-glucosidase, with an IC, value
of 194.59 + 15.59 pg/mL. These findings are consistent with
previous studies, which showed that the n-hexane and ethyl
acetate extracts derived from the plant showed inhibitory
activity.®

The methanolic extract of G. pictum leaf showed antibacterial
effects against four test bacteria, namely E. coli ATCC 8739,
P. aeruginosa ATCC 15442, B. subtilis ATCC 19659, and S.
aureus ATCC 6538. The results also showed that it was more
active in the Gram-positive strains, namely S. aureus and B.
subtilis, compared with the Gram-negative bacteria because
of differences in cell membrane structure. Gram-negative
bacteria are known to have three layers in their external
cell structure, including the outer membrane, peptidoglycan
layer, and inner membrane, whereas the outer membrane
was absent in Gram-positive strains.** This absence caused
increased sensitivity to antibacterial agents. These results
agree with previous studies that showed that the extract had
toxic effects on Aggregatibacter actinomycetemcomittans, S.
aureus, P. aeruginosa, and Streptococcus mutans 3454647

This study also investigated the phytochemical constituents
of the methanolic extract of G. pictum leaf, and the results
showed that it contained alkaloids, flavonoid and terpenoids.
Furthermore, these compounds are responsible for
several biological activities in natural products such as
plants.®®4° This indicated that they played an essential role
in the pharmaceutical properties of the extract, including its
antioxidant, cytotoxic, antidiabetic, and antibacterial activities.
TPC of the G. pictum extract was higher than TFC, namely 41.17
+ 2.38 mg GAE/g and 26.52 + 0.61 mg QE/g. TFC obtained
using methanol as a solvent was higher than that obtained
using aqueous, butanol, ethyl acetate, and hexane with values
of 2.02,9.02, 22.45, and 28.21 mg QE/g, respectively. For TPC,
higher values were recorded in the ethyl acetate (102.57 mg
GAE/g) and butanolic (45.33 mg GAE/g) extracts compared
with the methanolic extract with a value of 26.52 + 0.61 mg
QE/g.? Based on these results, the solvent used for extraction
influenced the TPC and TFC.

The pharmaceutical properties, such as antioxidant, cytotoxic,
antidiabetic, and antibacterial activities, of G. pictum leaf
extract were promoted by the presence of biologically active
compounds. GC-MS analysis showed that the extract contained
12 compounds with pharmaceutical activity, as shown in
Table 5. Furthermore, it consisted of eicosane, 2,4-Di-
tert-butylphenol, tetracosane, and octacosane, which were
reported to have antioxidant activity and cytotoxic properties
on some carcinoma cells.?2?42° 2 4-Di-tert-butylphenol has
also been shown to have toxic effects on microorganisms.?42
The other constituent compounds included docosane and
heneicosane, which had similar effects against microbes "
A previous study isolated pentacosane, a volatile attractant,
from G. pictum leaf extract.® Only three compounds, namely

sulfurous acid, 2-methylhexacosane, and 1-propene-1,2,3-
tricarboxylic acid, have not been reported to have biological
activity, but their presence can correlate with pharmaceutical
properties.

CONCLUSION

This study showed the pharmaceutical properties of
extract obtained from the leaves of G. pictum, including
antioxidant, cytotoxic, antidiabetic, and antibacterial activities.
Furthermore, the extract contained phytochemicals, such
as alkaloids, flavonoid and terpenoids, which are believed
to be responsible for its bioactivities. The total phenolic and
flavonoid compounds in the sample were also determined.
GC-MS analysis showed that it contained eicosane,
2,4-Di-tert-butylphenol, hentriacontane, tetracosane,
octacosane, sulfurous acid, 2-methylhexacosane, docosane,
heneicosane, 1-propene-1,2,3-tricarboxylic acid, tributyl
ester, and pentacosane. These compounds contribute to the
pharmaceutical activity of the extract. Based on these results,
extracts from the leaves of G. pictum grown in Cirebon,
West Java, Indonesia, are a potential source of therapeutic
compounds that can be further studied.
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ABSTRAC T |

Objectives: The present study focused on the formulation of mucoadhesive bilayer composite films for the treatment of periodontitis and evaluation
of their physicochemical properties.

Materials and Methods: The solvent casting technique was used to prepare films. The primary layer (D) was prepared with flaxseed and hydroxypropyl
methylcellulose composite to sustain the release of doxycycline hyclate. The second layer (S) comprised sodium alginate and polyviny!l alcohol
composite for faster release of clove oil. Both layers were combined to generate the bilayer film (B). All formulations were characterized further
to obtain an optimized formulation.

Results: Attenuated total reflection-Fourier transform infrared radiation results showed intactness of drug and clove oil in the presence of excipients.
The pH of the films was compatible with the periodontal cavity and the thickness was suitable for inserting into the cavity. The immediate release
layer showed faster disintegration and swelling. The content of clove oil was above 80%. The rate of swelling of the primary layer was slow and
drug content complied with the United States Pharmacopoeia. Scanning electron microscope analysis revealed intact, non-porous and smooth
films. Films exhibited better mechanical strength and bioadhesiveness. Clove oil was released from the immediate release layer within 10 min, and
doxycycline hyclate release was retarded to a minimum of up to 8 h in the primary layer as well as the bilayer. Formulation also had a significant
effect on both Escherichia coli and Staphylococcus aureus.

Conclusion: In the current study, bilayers were successfully prepared and characterized. The optimized formulation can be effectively used for the
treatment of periodontitis.

Keywords: Periodontitis, flax seed mucilage, HPMC, sodium alginate, polyvinyl alcohol, doxycycline hyclate, clove oil

INTRODUCTION

Periodontal diseases have gained considerable attention as

The space between the tooth and gingiva is referred to as the
periodontal pocket, and disease of the periodontal pocket is

they are a widely spread chronic disease around the world.
Around 20 to 50% population around the globe is suffering
from periodontal diseases and tooth loss! It is mainly caused
by bacterial attack on tissues that support and surround teeth.

known as periodontitis. Periodontitis is a complex inflammation
caused by periodontal microorganisms that destroy periodontal
tissue.  Predominantly  gram-negative,  microaerophilic,
anaerobic bacteria colonize as biofilms in the subgingival
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area, altering connective tissue and bone metabolism, leading
to periodontal damage. The severity of disease also depends
on the host's immune response to bacterial challenges and
environmental factors (smoking, chewing tobacco).?

Mechanical methods are available to control periodontal
infection, but procedures to clean periodontal pockets are
tedious due to limited accessibility in the area. Investigations
were conducted to slow progression or improve periodontal
status by systemic administration of antibiotics. A class of
tetracycline antibiotics has been studied for the treatment of
periodontitis.® Doxycycline hyclate from this class exerts anti-
inflammatory and antibacterial effects. The United States Food
and Drug Administration (USFDA) authorized doxycycline
hyclate 20 mg capsule as an addition to root planning and scaling
for periodontitis treatment. It presents an anti-inflammatory
effect as an anti-collagenase agent and suppresses the activity
of matrix metalloproteinases that are responsible for the
destruction of periodontal tissues.* In addition, it stimulates the
formation of bone tissue by instigating the inhibition of bone
resorption and osteoblasts. Local administration of antibiotics
reduces pocket depth, and a better effect was achieved by the
use of doxycycline hyclate.® Owing to its antimicrobial and non-
antimicrobial properties, doxycycline hyclate was selected as
the first model drug in a bilayer film. Clove oil was permitted
by USFDA in dentistry as a natural analgesic and antiseptic.
Eugenol suppresses the expression of cyclooxygenase |l
enzyme and cytokines, thus showing an anti-inflammatory
effect.” It is also reported to exhibit antibacterial potential in
both negative and gram-positive bacteria.® The antimicrobial
activity of eugenol on some bacteria was due to the induction
of cell lysis via the leakage of lipids and proteins in the cell
membrane.’

Flax seed was reported to contain protein and a mixture of
various carbohydrates, mainly rhamnose, galactose, glucose,
and arabinose. Acidic polysaccharide galacturonic acid, pectin-
like polymers, rhamnogalacturonan, and arabinoxylans were
also reported. It is also composed of 3 to 9% of water-soluble
heteropolysaccharides of total seed content, which is of low
molecular weight and possesses a Newtonian flow pattern
even at high concentrations. It exhibits shear thinning flow
above 1% concentration. Flax seed mucilage has numerous
applications in food and pharmaceuticals. It possesses
excellent rheological characteristics and water holding
capacity.® Hence, found application as a thickening agent,
emulsifying agent, drug release retardant and mucoadhesive
agent, etc." hydroxypropyl methylcellulose (HPMC) has also
been explored as a mucoadhesive and sustained release
polymer. HPMC is a hydrophilic polymer that fits to a group of
hydroxyethyl ethers. It is soluble in both organic and aqueous
solvents and forms transparent, flexible films in aqueous
solution. Low toxicity biodegradability and biocompatibility are
key properties of HPMCs, and its application in pharmaceutical
and biomedical fieldsis explored. Several researchers have
combined HPMC with other polymers and lipids to form
composites with enhanced characteristics. Sustained release
and mucoadhesive properties of HPMC have also been

reported by scientists!? Polysaccharide of alginic acid: sodium
alginate is made up of a-l-guluronic (G) and p-d-mannuronic
(M) acid units. It is an integral element of the cell wall of brown
algae and a few bacteria. It is widely available, inexpensive,
and biodegradable in nature. It can form transparent, water-
insoluble, thermoirreversible gels by crosslinking with
di- and trivalent ions and hence has wide application in
pharmaceuticals. Sodium alginate has been extensively
explored as a film former and drug carrier, but it is always used
in combination with another polymer to form a film.® Polyvinyl
alcohol (PVA) is a synthetic polymer produced by complete or
partial hydrolysis of polyvinyl acetate. It is a biodegradable,
biocompatible, tasteless, odorless, and translucent granular
powder soluble in water. It has been studied for several
pharmaceutical applications. It can be blended with natural
materials to enhance mechanical strength. It undergoes rapid
swelling and dissolution in water. It exhibits excellent film-
forming ability and has been studied by researchers for various
targeted applications.®

Taking note of the above data, the current research work aimed
to prepare composite films to treat periodontitis. The composite
was prepared in two layers. The first layer was aimed at the
sustained release of doxycycline hyclate and comprised
flaxseed and HPMC. The second layer was made to release
clove oil immediately and comprised sodium alginate and PVA
composite. Films were evaluated and explored as carriers of
doxycycline hyclate and clove oil.

MATERIALS AND METHODS

Materials

Flaxseeds were purchased from a domestic market in Pune,
Maharashtra, India. Doxycycline hyclate was purchased from
Swapnaroop Drug Agency, Aurangabad, India. Clove oil was
purchased from Aaria Bio-Lifesciences Research, India. HPMC
was purchased from Loba Chemie, India. Sodium alginate was
purchased from Thermosil Fine Chemical Industries, Pune,
India. PVA was acquired from Research-Lab Fine Chemical
Industries, India. All other reagents used were of analytical
grade.

Extraction of flaxseed mucilage

Flaxseeds were purchased from a local store and cleaned.
Flaxseeds (30 g) drenched in 900 mL of distilled water at a
ratio of 1:30. To obtain a mucilage solution, soaked flaxseed
was stirred at 1000 rpm at 80 °C to 100 °C for at least 3 h using
a hot plate magnetic stirrer. The supernatant solution was then
kept for normalizing to ambient conditions (27 °C). The mixture
was placed into centrifuge test tubes and rotated at 3900 rpm
for 15 min to separate the mucilage solution from flaxseed.
Flaxseed was subsequently filtered with cheesecloth to obtain
reaming mucilage attached to the flaxseed coat. Ethanol was
added to the filtered extract to precipitate the mucilage. The
precipitated mucilage was isolated and dehydrated for 5 h in a
hot air oven at 50 °C. The yield of the dried mass was quantified,
phytochemical screening was performed, and the mass was
stored in a desiccator.®
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Preparation of the double-layer film

Preparation of the primary flaxseed mucilage drug-loaded film
layer (D)

The primary layer was prepared by solubilizing 0.1 g flaxseed
mucilage polymer and 0.1 g HPMC in 15 mL distilled water for
1 hour at 60-70 °C with continual stirring. Doxycycline hyclate
was solubilized in 5 mL of purified water and slowly mixed
into the polymeric composition while constantly stirring.
Glycerin was added as a plasticizer, and the polymeric
composition was cast in a petri-plate. The petri plate was
then placed in a hot air oven (Biotechniques, India) for 24 h
at 40 °C (Figure 1. Film was enveloped in aluminum foil and
kept in a desiccator.”

Preparation of the secondary clove oil-loaded film (S)

A second polymeric layer was formulated by solubilizing sodium
alginate and PVA in 10 mL of purified water with uninterrupted
stirring. Glycerin was incorporated as a plasticizer in the
polymeric composition. Clove oil was dissolved in 3 mL of
ethanol using 0.2% w/v tween 80. The resulting solution was
loaded dropwise in a polymeric composition of sodium alginate
and PVA and sonicated to eliminate entrapped air. The solution
was finally spread evenly in a petri dish and dehydrated in an
oven for 24 h at 40 °C. The film was enveloped in aluminum foil
and kept in a desiccator (Figure 2)®

Preparation of the bilayer film (B)

The primary layer was dried thoroughly and 0.5% w/v of a
freshly prepared calcium chloride solution was sprinkled over it.
A polymeric mixture of sodium alginate and PVA-containing clove
oil was cast over the primary layer. The bilayer film was further
dried in a hot air oven and peeled off (Figure 3). The film was
enveloped in aluminum foil and kept in desiccator (Table 1, 2).°

Evaluation of the films

Surface pH determination

Agar plates expressed in phosphate buffer (pH 6.8) were
allowed to hydrate for 2 h on agar plates. A pH meter (Mettler
Toledo, India) was positioned in contact with the hydrated patch,

Glycerine
. (0.1 mL)

0.1g of flaxssed
mucilage + HPMC

: : Doxycline dissolved
dissolved in 15 mL in 5 mL of distilled
distilled water at 60-

e

water

Slowly added
mto the
polymeric
solution

ey Final solution
Petr1 dish and were cast in a

kept for 24 h at

o glass petri plate
40°C after 1 h

Store in
descicator till
further use

Peel out the
.

Figure 1. Schematic representation of the preparation of the primary layer
HPMC: Hydroxypropy! methylcellulose

and the pH of the surface was checked. The average of three
measurements was recorded.?

Attenuated total reflectance-Fourier
radiation (ATR-FTIR)

ATR accessory, Tensor 37 FTIR equipment (Bruker, Germany)
spectra of pure drug, physical mixture of drug and excipient,
and optimum formulation were recorded. By averaging 10 scans
at a resolution of 4 cm”, single spectra in the wavelength range
of 4000 to 400 cm” were obtained.?!

transform infrared

Thickness and weight

Three films selected with a surface area of 9 x 9 mm? were
used for the measurement of thickness at 10 different points.
The thickness of the films was estimated using a digital vernier
caliper (Mitutoyo, Japan). The average weight was calculated by
weighing 9 x 9 mm? films on an analytical balance (Shimadzu,
Japan). Both these readings were recorded in triplicate, and the
mean was estimated.?

Drug content

Primary film equivalent to a surface area of 1 cm? was
miscibilized in 10 mL phosphate buffer (pH 6.8) and transferred

Glycerine
>
\

Clove oil + 3 mL of
- ethanol+ 0.2 percent w/v

tween 80 (Solution B)

Sodium alginate + PVA
dissolved in 10 mL

distilled water at 40 °C
(Solution A)

Solution A and

Solution B

Final solution Stored in
casted on petri descicator till

plate further use

Sonicated
for 5 min.

Figure 2. Schematic representation of the preparation of the secondary
layer

PVA: Polyvinyl alcohol
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[} &
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Figure 3. Schematic representation of the preparation of the bilayer film
HPMC: Hydroxypropy!l methylcellulose, PVA: Polyvinyl alcohol
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Table 1. Formulations of secondary layer oil-loaded films S1-S8

Formulation Sodium alginate (mg) PVA (mg) Glycerin (mL) Clove oil (mg) Distilled water (mL)
S1 400 300 0.1 10 10
S2 200 400 0.1 10 10
S3 200 200 0.1 10 10
S4 200 300 0.1 10 10
S5 400 400 0.1 10 10
S6 400 200 0.1 10 10
S7 300 400 0.1 10 10
S8 300 200 0.1 10 10

PVA: Polyvinyl alcohol

Table 2. Formulation of the bilayer film (B)

Formulation Flaxseed HPMC Sodium PVA Doxycycline  Clove oil Glycerin Distilled water
mucilage (mg) (mg) alginate (mg)  (mg) hyclate (mg)  (mg) (mL) (mL)

Primary layer (D) 100 100 - - 40 - 0. 20

Secondary layer (S) - - 200 200 - 50 01 10

PVA: Polyvinyl alcohol, HPMC: Hydroxypropyl methylcellulose

to a 100 mL volumetric flask; the final volume was made with
pH 6.8 phosphate buffer. A 1 mL aliquot was removed from
the solution and diluted to 10 mL with phosphate buffer pH
6.8. The absorbance of the resulting solution was measured
at 271.3 nm using a ultraviolet (UV)-visible spectrophotometer
(Shimadzu-1800). A similar method was followed for the second
film loaded with clove oil by recording the absorbance at 283
nm. For the bilayer film, absorbance was recorded at 271.3 and
283 nm for doxycycline hyclate and clove oil, respectively.?

Disintegration time

The film was cut into 9.0 x 9.0 mm? and placed in a petri
plate containing 5 mL purified water, and the time needed to
completely disintegrate the secondary film was recorded. The
average of three determinations of results was noted.

Surface morphology

The surface morphology of the film was spotted by optical
microscopy (Metzer, India) and scanning electron microscopy
(SEM) (JEOL JSM- 6360A scanning microscope, Tokyo, Japan).
Optical microscopy was used to observe the transactional view of
the bilayer film with 100x power lenses. For SEM, the specimen
sample was mounted on metal stubs with a double-sided adhesive
band, and gold was sputtered on the specimen to confirm
sufficient electrical conductivity. Images were taken using an
Everhart-Thornley detector with 10 kV excitation energy.?®

Folding endurance

Films were cut into 1.0 x 1.0 cm? and continually creased at the
same point until disruptions. The number of counts film that
could be creased without breaking was noted.

Tensile strength and elongation at failure percentage (EF%)
A texture analyzer (CT-3 Brookfield, USA) was used to

investigate the tensile strength of the film. A sample of 4 cm?
was taken and secured between two clamps of probe texture
analyzer-dual grip assembly. The bottom clamp was detained
immobile, and the film was stretched apart by the top clamp at a
speed of 2.0 mm/s to a distance of 6 mm with a trigger load of
0.05 N. The force required to break the film was recorded. Data
assemblage and calculations were performed using Texture
Pro CT V1.3 Build 14 software. The tensile strength at break
rate was calculated using the formula:

Tensile strength (N/cm?) = Breaking force (N)/cross-sectional
area of sample (cm?)

Elongation at break %, a measure of the percentage of a film
that has ruptured, was determined using the following equation:

Increase film lengath at break (AL)

X 100
Inital film lengath (L)

Elongation at break % =

In vitro bioadhesion force

The bioadhesion force was estimated using a texture analyzer
(CT-3/100, Brookfield, USA) equipped with a 100 g load cell.
Bioadhesive force was recorded in porcine buccal mucosa.
The mucosal membrane was cut and the underlying connective
tissue was separated. It was thoroughly cleaned with pH 6.8
phosphate buffer and secured between two circular disks
positioned at the bottom perspex support. The mucosal
membrane was exposed to the probe via a top spherical disk
with a void of 12.7 mm diameter. Discs were placed in jacketed
glass containers composed of pH 6.8 phosphate buffer and
maintained at 37 £ 1 °C. The membrane was equilibrated at this
temperature for 30 min. The buccal film was firmly secured
using thread on the bottom side of the probe. The circular
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cavity and probe were brought into line to safeguard the film
originating in intimate contact with the mucosal membrane.
Prior to the study, buccal film was hydrated with pH 6.8
phosphate buffer. A load of 90 g was applied, and the probe
was lowered at a speed of 0.5 mm/s to contact tissue for
120 s. It was removed at a speed of 2 mm/s.?¢ Data assemblage
and calculations were performed using Texture Pro CT V1.3
Build 14 software. Ahesiveness and adhesive force were used
to evaluate the strength of bioadhesion of the film. Bioadhesion
force (N) was calculated using the following formula:

Bioadhesion force (N) = Bioadhesive strength (g)/1000

Swelling studies

Films were weighed individually, and the initial weight was
noted (W1). Films were placed separately in a petri dish
enclosing pH 6.8 phosphate buffer. Samples were isolated from
petri plates hourly, and extra buffer was wiped carefully using
filter paper. Hydrated films were weighed (W2). The swelling
index was determined by the following formula:

w2-w1i
w1

Swelling index (%) = (

)x100

In vitro drug release

Film was kept in a dialysis bag filled with 1 mL of pH 6.8 phosphate
buffer and held in 50 mL phosphate buffer 6.8 maintained at
37 °C with shaking in a thermostatic horizontal shaker at 75 rpm.
Aliquots of 1T mL were removed at time intervals of every 2 min
interval for 10 min to analyze clove oiland 0.5h,1h,2h,3h, 4 h,
5h,6h,7h, 8hto quantify doxycycline hyclate. Sink conditions
were maintained by replacing an identical quantity of the pre-
warmed buffer solution. Samples were investigated using a UV
spectrophotometer at 271.1 and 283 nm for doxycycline hyclate
and clove oil, respectively. Drug release experimentation was
completed in triplicate, and the mean was reported. The release
of doxycycline hyclate was fitted in different kinetic models
such as first order, zero order, Higuchi and Korsmeyer-Peppas
and R? value was determined.

In vitro antimicrobial activity of the periodontal film

The drug-loaded film was studied for its antimicrobial activity
against Escherichia coli (ATCC25922) and Staphylococcus aureus
(ATCC25323) using the Kirby-Bauer diffusion technique.
Concisely, sterile Mueller-Hinton Agar (MHA) was poured into
plates up to a depth of 4 mm under sterile conditions using
a laminar air flow unit. After solidification, plates were dried
for 30 min in incubation to remove excess moisture from the
surface. The inoculum of S. aureus and E. coli was selected and
inoculated on surface MHA agar separately with a wire loop and
spread with the help of a sterile spreader. After stabilization
of culture, wells of each 6 mm diameter were pressed with a
sterile cork borer and removed from the petri dish. Disc-shaped
polymeric films B and D equivalent to 4 mg/0.5 mL were placed
into wells and incubated at 35-37 °C for 24 hous. After 24 h, the
zone of inhibition was measured using a zone reader.?”

RESULTS

Periodontitis results in pain and inflammation surrounding
teeth because of infection to gingival tissue, resulting in a
need to counteract pain and eradicate infection. Owing to its
antimicrobial properties, doxycycline hyclate was selected as
the model drug. The combination of eugenol with antibiotics
was reported to derive a synergistic effect.?® Eugenol is
reported to be present in clove oil; hence, in the current
study, clove oil was used along with doxycycline hyclate.
Mucilage from flax seeds was isolated by a simple process and
characterized. The yield and ash value of mucilage were found
to be 6.3% and 4.2%, respectively. The isolated sample showed
the presence of carbohydrates and protein. These results were
in agreement with the evaluation of flaxseed mucilage carried
out by Kaewmanee et al.?’ The first layer of bilayer film was
tried to develop by flax seed mucilage alone, but due to the high
viscosity of mucilage, the obtained film was sticky and difficult
to peel off from the petri dish. Hence, the first layer of film
was prepared by combining flax seed mucilage and HPMC. A
film composed of a higher concentration of HPMC was stiffer,
less flexible, non-uniform, and might require a longer time to
prepare; hence, a low concentration of HPMC was selected.
Earlier studies also suggested that films prepared with a lower
concentration of polymer were visually more homogeneous
and thinner, and drug distribution in the film was uniform.
Sodium alginate forms a clear transparent, flexible film, but the
brittleness of sodium alginate restricts its use as an excellent
film former; hence, it was combined with PVA, which is highly
elastic and biocompatible. Some researchers reported that
blends of this polymer were found to enhance the mechanical
strength of the film and that the resulting product is highly
hydrophilic. The formulation of mucoadhesive bilayer films
containing doxycycline hyclate and clove oil was carried out
(Figure 4a), and further films were evaluated. All films were
transparent, free from creases, flexible, and had a characteristic
clove oil odor. In the film casting technique, drying was carried
out at a gentle rate; hence, aggregation and creases on the
film surface were not noticed. Doxycycline hyclate is freely
soluble in water and polymers also form clear solutions; hence,
the obtained films were transparent. Flax seed mucilage and
sodium alginate had a slightly yellowish to off-white color;
hence, the final films also exhibited the same color (Figure 4b).
Incorporation of glycerin as a plasticizer in films resulted in
flexible films, whereas films produced without glycerin were
brittle. Morphology of the film was not affected by the addition
of glycerin.

Surface pH

Extreme pH can cause local irritation and discomfort in the
periodontal cavity. The film pH was 6.4, which was well suited
with the oral cavity. Indicating films were inert and compatible
with the oral cavity.

ATR-FTIR

This test was performed to determine compatibility between
excipient and drug. The spectra of doxycycline hyclate showed
characteristic peaks at 1665.65, 1328.27 cm™ conforming
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to the C=0 group; peaks between 3537.02 and 3812.43 cm’
represented C-H, N-H, and O-H stretching; and a peak at 1456.39
cm” showed presence of C-H and N-H in-plane bend vibrations.
1217.98 cm™ peak indicated C-N stretching. These results were
found to be in agreement with research carried out by other
researchers.® In addition to this United States Pharmacopeia
(USP) monograph suggesting bands for doxycycline hyclate
tablets at 935, and 659 cm”, drug sample showed bands at
990.61 and 659.62 cm™. Physical mixture of flaxseed, HPMC, and
doxycycline hyclate shows characteristic peaks of doxycycline
hyclate, indicating intactness of the drug in the presence of
excipients. The primary layer (D) also resembles peaks of
doxycycline hyclate with slight shifting of peaks. Slight shifting
of the peaks might be attributed to physical interactions due
to the formation of the composite. The spectra of clove oil
showed peaks at 3000.25 cm™ and 3634.58 cm™ owing to O-H
stretching, 1657.35 cm™ representative of the C-H stretching
vibration of benzene, eugenol methyl C-H deformation vibration
denoted at 1365.87 cm™, 1758.24 cm™ peak resembled the C=0
carboxylic acid stretching vibration, and phenolic hydroxyl
C-O stretching vibration appeared at 1278 cm™. The C-O-C
aromatic ether vibration was denoted at 1033.21 cm™. The
spectra indicated the presence of eugenol and ether groups,
and the benzene ring and phenolic hydroxyl peaks confirmed
the presence of eugenol. Spectra were found in agreement
with spectra reported in other research work.?" Second layer
S3 film also showed the presence of similar groups, and an
additional peak of PVA at 2932.57 cm™ was observed. S3 film
spectra closely resemble the spectra of clove oil, indicating the
intactness of clove oil in the film. Various spectra are shown in
Figure 5.

Thickness and weight

The thickness and weight of the film were determined to confirm
the uniformity of the film and to ensure the even distribution of
the polymeric solution throughout the petridish. Film thickness
is animportant physical parameter that potentially influences the
feeling of comfort in the periodontal cavity, barrier properties,

a) b)
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Figure 4. a) Plain flaxseed mucilage-based doxycycline hyclate loaded film
(D), b) Bilayer film (B) Composed of doxycycline hyclate in the primary
layer and clove oil in the secondary layer

dose accuracy, disintegration, and dissolution. The average film
thickness and weight of the primary layer (D) were 0.21 + 0.06
mm and 0.143 + 0.07 g, respectively. For the second layer (S),
the thickness and weight were found to be between 0.21 and
0.28 mm and 0.123-0.189 g, respectively (Table 3). PVA shows
a highly ordered crystalline structure and was responsible for
producing soft, thin films with high flexibility. The thickness
and weight of bilayer film (B) were 0.34 + 0.062 mm and
0.143 + 0.07 g, respectively. The thickness of the bilayer film
was suitable to insert into a periodontal cavity having a width
smaller than 0.5-3 mm.

Drug content

The drug content of the primary layer was 98% and doxycycline
hyclate found in the bilayer film was 97%. For the doxycycline
hyclate tablet, USP had a specified limit of 90 to 120%. Clove
oil content in the film was found to be in the range of 80%-92%
(Table 3). The film containing the lowest amount of polymer
showed the maximum amount of clove oil entrapment as the
polymeric solution was less viscous. Oil has been miscibilized
easily in the polymer and homogeneously mixed throughout
the blend. Surprisingly, a higher concentration of polymeric
solution showed less clove oil; these results might be attributed
to the uneven distribution of the drug in the viscous polymeric
solution. Nevertheless, all films showed more than 80% clove
oil entrapment.

Disintegration time

Official guidelines are deficient in determining the disintegration
time of films. Pharmacopoeia describes standard disintegration
tests for conventional dosage forms, but for films when this
method was tried, the film adhered to the wall of the tube, and
small pieces float inside the tube, which made visual detection
difficult. Due to these practical difficulties, erroneous results
might be obtained. Generally, for films, the disintegration test is
done by two methods: the slide frame method and the petri dish

Wil asy
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Figure 5. ATR-FTIR spectra of (A) doxycycline hyclate, (B) physical
mixture of doxycycline hyclate, HPMC, and flaxseed, (C) formulation of
primary layer (D1), (D) clove oil, and (E) formulation of S3 layer

ATR: Attenuated total reflection, FTIR: Fourier transform infrared radiation,
HPMC: Hydroxypropyl methylcellulose
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method, out of which the petri dish method was adopted for
the current study. The disintegration time for the primary layer
was 8 h, indicating slower penetration of the solvent due to the
high viscosity of the polymers. This was a promising property
to maintain film at the site of administration for prolonged
drug release. It was proposed that secondary films should
disintegrate faster than the primary layer and release clove oil
to counteract inflammation and pain. The disintegration time
for the secondary layer (S) was recorded and found to be in
the range of 8.46 + 0.74-11.86 + 0.08 minutes. Water molecules
rapidly penetrated the films, causing dispersion of the film into
small pieces that ultimately released clove oil at a faster rate
than doxycycline hyclate. Rapid penetration of water into the
secondary film might be the result of the lyophobic nature of
sodium alginate and PVA. From these results, the optimized
ratio of sodium alginate and PVA was selected as 200:200, and
further tests were carried out on the optimized bilayer film.

Surface methodology studies

Because this property could not be identified directly, optical
microscopy was used to confirm the creation of two distinct
layers in the bilayer films. The bilayer films had two different

)
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Figure 6. Optical microscopy of bilayer film a, b and ¢ showing a transverse
sectional view of the bilayer film under 100x magnification power

layers, as illustrated in Figure 6. SEM analysis (Figure 7)
revealed a distinct structure of the film with a smooth matrix
and good integrity without any pores or cracks.

Folding endurance

It is an index to investigate the mechanical properties and
flexibility of a film. The optimal value of folding endurance
eases the manufacturing and administration of films. A
direct relation exists between the folding endurance and
mechanical properties of the film. The folding endurance of
the primary layer (D) and bilayer was (B) 218 + 16 and 304
+ 18 times, respectively. Bilayer films exhibit higher folding
endurance, indicating more flexibility and mechanical strength.

Figure 7. Scanning electron microscopic images showing the surface
morphology of bilayer film a) primary layer containing doxycycline hyclate,
b) secondary layer containing eugenol, c) bilayer film B

Table 3. Properties of single-layer oil-loaded films: Clove oil content (%), folding endurance, film thickness (mm), % clove oil release

after 10 min, weight uniformity (g), disintegration time (min.)

Formulation Clove oil Folding Film thickness % Clove oil release Weight uniformity ~ Disintegration
code content (%) endurance (mm) after 10 min. (g) time (min.)
St 80+ 125 196 + 0.18 0.22 £ 0.06 60 +1.29 0123 +0.03 1013 £ 0.98
S2 85+ 1.36 201+ 012 0.25 £ 0.06 3943 +1.36 0.145 + 0.01 8.46 + 0.74
S3 92 +1.54 213+ 015 0.28 + 0.06 68.028 + 1.02 0.167 + 0.06 7.89 + 0.45
S4 81+ 2.61 210 £ 0N 0.21+ 0.06 4732 + 2.24 0.189 + 0.04 11.84 £ 1.26
S5 83 +1.52 205+ 0.13 0.24 +0.06 4492 +1.21 0.132 £ 0.09 895+ 0.39
S6 80 + 2.21 209+ 0.10 0.27 + 0.07 538 +1.29 0.165 + 0.07 9.36 + 0.06
S7 82 +1.24 200 + 0.14 0.23 + 0.04 4239 £1.27 0.149 + 0.02 11.86 + 0.08
S8 87 +1.87 204+ 0.16 0.26 + 0.08 38.45+1.32 0.187 + 0.05 1012 £ 0.47

All the readings were taken in triplicate, (n= 3, mean + SD), SD: Standard deviation, min: Minute




148 KANDEKAR et al. Bilayer Composite Promising Approach for Periodontal

Approximately similar values were reported for HPMC films
along with Eudragit RL 100 and Carbopol-934.% The secondary
layer (S) showed folding endurance in the range of 190 + 0.15 to
213 £ 0.13 times, which was found to be higher than the 145 and
152 reported in earlier research.® All films had a good value of
folding endurance, showing that the films are flexible with good
mechanical strength.

Tensile strength and EF%

The maximum resistance of the film to break under an applied
load is the tensile strength, which is an index to confirm the
mechanical strength of the film. For the primary layer (D) and
bilayer (B), the tensile strength was 4.11 + 0.04 and 4.16 + 0.02
N/cm?, respectively. The largest shift in the film length before
breakage is called elongation at break. Maximum deformation a
film can experience before breaking, which symbolizes the film's
ductility and resistance to distortion. It is defined as the maximum
distortion a film could undergo before it fails or breaks. EF for
the primary layer (D) and bilayer (B) were 514 + 1.6 and 6.12
1.5% respectively. The amount of drug in the film also affects
the mechanical properties of the film; in the current study, the
dose of drug is less; hence, the mechanical properties of the
optimized film were found to be good. Bilayer film has excellent
mechanical properties than primary layer. Figure 8 shows that
time required for bilayer film for tensile strength was more as
compared to primary layer of film. These results were found to
be in agreement with research carried out Ghavami-Lahiji et al.>*

In vitro bioadhesion bio adhesion force

In our earlier studies, we reported flax seed as a mucoadhesive
polymer.® Other researchers have also reported that flaxseed
mucilage has mucoadhesive potential. HPMC has been widely
explored as a mucoadhesive agent. Mucoadhesive drug delivery
methods for periodontal disease would have significant
advantages such as simplicity of entry into the periodontal
pocket and good retention within it. For primary (D) and bilayer
films (B), the bioadhesive force was found to be 4.24 + 0.04
N and 4.58 + 0.06 N, respectively. This value was found to be
slightly better than studies carried out for HPMC/PEG 400/CP.%

Figure 8. Graph of CT3 texture analyzer of tensile strength: a) bilayer
periodontal film formulation and b) single primary layer film

Swelling index

For natural polymers that exhibit swelling-controlled release,
swelling is a crucial component of drug release. Swelling
studies play a substantial role in bioadhesive properties
because swelling of polymers contributes to polymer chain
disentanglement and relaxation, which initiates the diffusion of
polymeric chains into the mucus membrane for the process of
bioadhesion. A swelling study for the primary layer and bilayer
film was carried out and varied from 6.65 to 139 and 6 to
16.5%, respectively. When flaxseed polymer comes in contact
with aqueous medium, polymer chains undergo relaxation
and interpenetration, causing swelling. Further expansion of
the polymeric matrix may initiate the generation of slippery
mucilage, consequently leading to the early release of the drug
that has been trapped therein. Figure 9 illustrates the swelling
index of films. The swelling index of the bilayer film increased
steadily until 25 min and reached equilibrium. At the end of
30 min, the swelling index started declining at a very slow
rate. These results might be attributed to the slow erosion
of polymers. The swelling index of the primary layer ranged
between 6.5% and 13.9%, increased until 30 min and retained
equilibrium until 35 min after which it started eroding at a very
slow rate. The rate of hydration of the bilayer film was found to
be higher than that of the primary layer, as in addition to flaxseed
and HPMC, it was also composed of highly swellable sodium
alginate. Both B and D films had a good swelling index up to 3
h, after which the swelling index declined slightly, possibly due
to polymeric erosion of both layers. The surface area and rate
of solvent diffusion in films might be major contributing factors
for initiating swelling of films. These results can be correlated
with the mucoadhesion study where the bilayer film showed
slightly higher mucoadhesion compared with the primary layer.
Increased swelling resulted in relaxation of the polymeric chain
and exposure of the polymer at the bioadhesive site. A faster
swelling bilayer initiated the rapid formation of adhesive bonds.

In vitro drug release

Release of clove oil from the immediate release layer was
evaluated for 10 min. Release of clove oil was found in range of
38.45 to 60% and found to be dependent on the concentration

Swelling Index (%)
=
=

Time (h)

Figure 9. Swelling ratio of B and D films
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of polymers. The highest concentration of sodium alginate and
PVA (400:400) released only 44% of clove oil. Formulation
containing an equal amount of sodium alginate and PVA at
the lowest concentration (200:200) released 68% clove oil. In
vitro drug release from different batches is depicted in Figure
10. Hence, formulation S3 containing a lower number of both
polymers was selected as an optimized formulation to prepare
the bilayer. Both sodium alginate and PVA are hydrophilic. They
undergo swelling at a rapid rate in contact with phosphate
buffer 6.8 and release clove oil. The current study also expects
a faster release of clove oil to counteract pain and inflammation.

Approximately 33.82% of the drug escaped from film primary
layer D at initial 3 h followed by a cumulative 93.71% drug
release of up to 8 h. For the bilayer film (B), 29.81% of the drug
was released at the initial 3 h and 91.58% at the end of 8 h
from the sustained release layer (Figure 11). Immediate release
layer showed 69.25% release of clove oil within 10 min from
the bilayer film (B). Clove oil is insoluble in aqueous medium.
It acted as an additional hurdle for diffusion of media in the
B film and additionally contributed to the sustained release of
doxycycline hyclate. The obtained results were in agreement
with earlier studies on bilayer films, where components of
another layer (clove oil) had an impact on the release of actives
from the primary layer.” Flaxseed mucilage and HPMC have
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Figure 10. Cumulative drug release profile of the immediate release film
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Figure 11. Cumulative drug release profile of the B and D films

been reported as sustained release polymers. Both forms a
very viscous gel upon contact with the dissolution media, and
the doxycycline hyclate molecules dissolve in the media and
then gradually diffuse out. This process of dissolution and
diffusion was time-consuming; hence, a sustained release
effect was achieved. The release of doxycycline hyclate at a
slower rate was desired to provide a continuous antibacterial
shield. Drug release was fitted in different kinetic models such
as first order, zero order, Korsmeyer-Peppas, and Higuchi. R?
value for different kinetic models were 0.9821, 0.9924, 0.872,
and 0.8406, respectively. The release mechanism of the drug
was in a concentration-dependent manner and it followed
first-order kinetics. The obtained results were found to be in
agreement with research carried out for metronidazole-loaded
films for periodontal treatment.>”

In vitro antimicrobial activity of the periodontal film

The in vitro antimicrobial activity of the periodontal film was
tested using the Kirby-Bauer disk diffusion method. This
procedure is routinely adopted for the susceptibility testing of
microbial isolates because it gives reliable results comparable
to those of the standard epsilometer test and is useful to test
the clinical efficacy of antibiotics. This test was based on the
fact that for a given antibiotic, the zone of inhibition is related
to minimum inhibitory concentration. To conduct the test,
MHA was used. MHA is a non-differential and non-selective
medium. It is composed of acid hydrolysate and beef extract,
which acts as a nutrient source. Starch is incorporated to trap
any toxic metabolites produced by microbes. Starch hydrolysis
generates dextrose, which acts as an energy source. The rate
of diffusion of antibiotics is enhanced in the presence of starch.
Agar acts as a solidifying agent. E. coli (ATCC25922) and S.
aureus (ATCC25323) bacteria were used to measure the zone of
inhibition on both films to determine their antibacterial activity
(ATCC25323) (Figure 12).

Figure 12. Antimicrobial activity of films: a. effect of primary layer film
containing doxycycline hyclate (1) and clove oil (2) on Escherichia coli, b.
effect of primary layer film containing doxycycline hyclate and clove oil on
the zone of Staphylococcus aureus, c. effect
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The zone of inhibition was calculated from four samples, and
it was found that the primary layer (D) exhibited a zone of
inhibition of 16.4 + 1.25 mm for the E. coli and 11.5 + 2.21 mm
for the S. aureus. In contrast, clove oil-loaded films (S) showed
zones of inhibition of 16.6 + 1.84 mm and 12.1 + 2.16 mm on E.
coli and S. aureus species. The zone of inhibition for bilayer
film (B) was found to be 22.5 + 1.28 and 20.8 + 2.47 mm for E.
coli and S. aureus, respectively. The effect of the formulation
on gram-negative bacteria was greater than that on positive
bacteria. The bilayer film indicated a slightly higher zone of
inhibition compared with the primary layer film of doxycycline
hyclate. The antimicrobial effect contributed to the combined
activity of clove oil and doxycycline hyclate. Periodontitis is
mainly caused by Aggregatibacter, Actinomycetemcomitans,
and Porphyromonas gingivalis infection and is a gram-negative
bacterium. Antibacterial studies revealed that the bilayer
film had a more profound effect on gram-negative bacteria,
indicating the effectiveness of the bilayer film in controlling
periodontal infection.

DISCUSSION

The diamentions, pH and mechanical strength of bilayer film
was suitable to insert in periodontal pocket. All the films
exhibited good drug entrapment. Disintegration time for
immediate release layer was sufficient to exert preliminary
therapeutic effect and treatment goal will be effectively
achieved by sustained release layer. Primary layer and bilayer
films showed good mucoadhesive strength and swelling owing
to polymer properties. Antimicrobial studies were suggestive
of microbicidal activity of films on gram-positive and gram-
negative bacteria which could be beneficial to counteract
periodontal infection.

CONCLUSION

Mucoadhesive bilayer films were developed for the twin delivery
of clove oil and doxycycline hyclate as immediate and sustained
release layers, respectively, for the treatment of periodontitis.
Clove oil layer was developed to control pain and inflammation,
and sustained antimicrobial effect was contributed by the
doxycycline hyclate layer. The primary layer was composed of
flax seed and HPMC and was found to be effective in retarding
doxycycline hyclate release. The formulation containing an
equal amount of sodium alginate and PVA showed better
disintegration, and hence, it was selected as an optimized batch
for the immediate release of clove oil. Bilayer films prepared
by casting primary and secondary layers showed promising
effects as antibacterial agents. Hence, it can be concluded that
the bilayer formulation was effective in treating periodontal
conditions.
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ABSTRAC T |

Objectives: Drug-related problems (DRPs) result in serious problems among hospitalized patients, high rates of morbidity and mortality, and
increased healthcare costs. This study aimed to identify DRPs by clinical pharmacist-led medication review in hospitalized probable patients with
coronavirus disease-2019 (COVID-19) during the first wave of the COVID-19 pandemic.

Materials and Methods: This retrospective cross-sectional study was conducted at the COVID-19 inpatient services of a tertiary university hospital
in Turkiye for 3 months (between March 2020 and June 2020) and included hospitalized confirmed or probable COVID-19 patients. The World Health
Organization and Turkish Ministry of Health Guidelines case definitions were used to define confirmed and probable COVID-19 patients. Six clinical
pharmacy residents provided medication review services during their education and training. DRPs were classified based on the Pharmaceutical
Care Network Europe V9.00. The physician’'s acceptance rate of clinical pharmacists’ recommendations was assessed.

Results: Among 202 hospitalized patients with probable or confirmed COVID-19, 132 (65.3%) had at least one drug-related problem. Two hundred
and sixty-four DRPs were identified. Drug selection (85.6%) and dose selection (9.2%) were the most common causes of these problems. Among
the 80 clinical pharmacist interventions, 48.8% were accepted by the physicians.

Conclusion: Clinical pharmacists identified a significant number of DRPs during the COVID-19 pandemic, particularly those related to drug
interactions and drug safety, such as adverse drug reactions. This study highlights the importance of detecting and responding to DRPs in the
COVID-19 pandemic.

Keywords: COVID-19, medication review, clinical pharmacist, drug-related problem, PCNE

INTRODUCTION

The first case infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was reported in Wuhan (China) in
December 2019 and spread worldwide, causing a coronavirus
disease-2019 (COVID-19) pandemic.' Since the pandemic began,
346 million COVID-19 cases have been reported globally, with a

total of 5.5 million deaths.? Although many vaccination options
are available, and many countries have vaccinated a significant
number of their people, the COVID-19 pandemic continues to be
a major public health problem.?

Several clinical trials have continued to evaluate the efficacy
and safety of specific drugs in COVID-19 patients.* Repurposed
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drugs for COVID-19 are given to treat patients at home, leading
to adverse drug events or drug-drug interactions.® During the
COVID-19 pandemic, clinical pharmacists continue to provide
services such as medication review, medication reconciliation,
patient education and counseling, and therapeutic drug
monitoring in hospitalized patients with COVID-19.57

Pharmaceutical Care Network Europe (PCNE) defines the
medication review as “a structured evaluation of a patient’s
medicines with the aim of optimizing medicines use and
improving health outcomes”.® Pharmacists play an essential
role in medication review, detecting, and resolving drug-related
problems (DRPs) on the level of patients and/or healthcare
professionals.” DRPs are associated with medication errors,
adverse drug events, and adverse drug reactions (ADRs)!o"
Age, sex, presence of comorbidities, the number of drugs, and
length of hospital stay are related factors for DRP.° Medication
review services have also been provided for COVID-19 patients
by clinical pharmacists!

Postgraduate education programs in clinical pharmacy (M.Sc.
and Ph.D.) has been maintained in Turkiye since 1991. A clinical
pharmacist specialist education and training program was
initiated by the Republic of Turkiye Ministry of Health in 2018.
However, clinical pharmacy services are not yet included as
essential requirements at hospitals in Turkiye.

To the best of our knowledge, this is one of the first studies
determining DRPs in patients admitted to COVID-19 inpatient
services during the first wave of the COVID-19 pandemic
in Turkiye. This study aimed to identify DRPs by clinical
pharmacist-led medication review in patients admitted to
COVID-19 inpatient services during the first wave of the
COVID-19 pandemic and evaluate the physicians’ acceptance
rate of the pharmacist’s recommendation.

MATERIALS AND METHODS

This retrospective cross-sectional study was conducted in
COVID-19 inpatient services, including infectious diseases,
pulmonary medicine, and internal medicine wards of a tertiary
university hospital in istanbul, Turkiye, for three months
(between March 2020 and June 2020). All patients (> 18
years old) hospitalized for confirmed or probable COVID-19,
who stayed at the hospital for more than 24 hours, used at
least one drug during their hospitalization, and received the
clinical pharmacist-led medication review service during
their hospitalization were included. Patients transferred to the
intensive care unit during the first 24 hours of hospitalization
were excluded from the study. Our study was conducted in
4 clinics; the total number of beds was 60 and 8 doctors, 2
doctors in each clinic, worked. Three clinical pharmacists
worked in the clinics alternately, while 3 clinical pharmacists
supported the study remotely. The study protocol was approved
by the local Clinical Research Ethical Committee of the Marmara
University Faculty of Medicine (approval number: 09.2020.668,
date: 12.06.2020).

Six clinical pharmacy residents provided medication review
services during their education and training at Marmara

University during the COVID-19 pandemic. DRPs were evaluated
and recorded by at least two different clinical pharmacists based
on electronic hospital records and clinical pharmacist notes.
Drug-related problems detected by the clinical pharmacist
were verbally reported to the physician.

The patient’'s demographic (including age and sex), clinical
(including comorbidities), and laboratory data (including
complete blood count, lactate dehydrogenase, creatinine,
coagulation tests, procalcitonin, C-reactive protein), the
result of real-time reverse transcriptase-polymerase chain
reaction (PCR) test from nasopharyngeal specimens were
anonymously recorded to the patient follow-up and evaluation
form. Biochemical data were recorded on the first day of
hospitalization. In all patients, the Charlson comorbidity index
was calculated.”?

The World Health Organization (WHO) and Republic of Tirkiye
Ministry of Health Guideline case definitions were used to
define confirmed and probable COVID-19 patient.®" The Turkish
Ministry of Health guide defined a confirmed case as “among
the cases that meet the definition of a probable case, cases
with SARS-CoV-2 detected by molecular methods”. Those who
have clinical findings and/or contacts with patients diagnosed
with COVID-19 are defined as “probable cases”

Clinical pharmacist residents assessed all medication orders
of hospitalized patients with confirmed and probable COVID-19.
Potential drug-drug interactions were evaluated using
Lexicomp® Drug Interactions (Wolters Kluwer Health Inc.,
2020), Micromedex® Drug Information, and Drug Interactions
(Truven Health Analytics Inc., 2020). International guidelines in
UpToDate Drug Information and Micromedex Drug Information
and the national guideline of COVID-19 for adult patients
published by the Turkish Ministry of Health were used to
evaluate the appropriateness of drugs. Drug-related problems
were classified using the PCNE V9.00-Turkish Version.!®> PCNE,
one of the most widely used classification systems, was used to
classify DRP in hospital practice.””® PCNE has been translated
into various languages in countries where clinical pharmacy
is practiced®™” and consists of five parts: problem, cause,
intervention, intervention acceptance, and status. The “status
of DRP” could not be evaluated in PCNE because the study
was retrospective. The type and reason for all drug-related
problems, the rate of clinical pharmacists’ recommendations,
and the physician’s acceptance rate of clinical pharmacists’
recommendations were assessed.

Statistical analysis

Sample size not calculated. Descriptive variables were
represented as mean [standard deviation (SD)] and/or median
linterquartile range (IQR)] for continuous variables and number
(%) for ordinal and nominal variables. Based on the findings of
the Kolmogorov-Smirnov test, Mann-Whitney U test was used to
compare the two groups. Categorized data were analyzed using
the chi-square or Fisher exact tests. p < 0.05 was considered
significant. Spearman’s rank analysis was used to determine
the correlation between continuous variables.
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RESULTS

The study included 202 hospitalized patients with COVID-19.
The PCR test results of 195 of them were identified as 112
confirmed cases and 83 probable cases. The mean age was
59.2 £19.3 years, with 52% females. The median (IQR) number
of drugs taken per patient was 6.0 (4.0-8.0), and polypharmacy
(patients receiving more than five drugs concomitantly) was
observed in 62.9%. Among these patients, the median (IQR)
hospital stay was 7.0 (4.0-11.0) days. The majority of patients
had more than three comorbidities (49%), and 1260 drugs were
evaluated in this study. The most commonly used drugs were

hydroxychloroquine 87.1%, enoxaparin 70.3%, azithromycin
28.2%, and favipiravir 26.2% (176/202, 142/202, 57/202, and
53/202, respectively). The number of patients with two or
more DRPs was 74 (36.6%). Patients with DRP had a higher
total number of drugs than patients without DRP (p < 0.05).
Table 1 summarizes the differences between the variables
and the main causes of DRPs. There was a positive moderate
correlation between the number of DRPs and the total number
of drugs and a positive weak correlation between the Charlson
comorbidity index [r= 0.317 and r= 0.214, respectively, (p <
0.0D]. In Table 2, there was no significant difference in

Table 1. Patients’ characteristics (n= 202)

Characteristics

Total patients
(n=202) n (%)

Patients with DRP
(n=132) n (%)

Patients without DRP
(n=70) n (%)

Sex

Male 97 (48.0) 62 (47.0) 35 (50.0) NS
Female 105 (52.0) 70 (53.0) 35 (50.0)

Age

Median 59.0 (18.3) 58.8 (1.6) 60121

Older patients (= 65 years old) 78 (38.6) 51(38.6) 27 (38.6) NS
Charlson comorbidity index

Median (IQR) 2.0 (1.0-4.0) 3.0 (1.0-4.0) 2.0 (1.0-4.0) NS
Total number of medications

Median (IQR) 6.0 (4.0-8.0) 6.0 (4.0-8.8) 5.0 (3.0-7.0) <0.01
Classification based on total number of medications

{5 76 (37.6) 45 (340 31(44.3) NS
25 126 (62.4) 87 (65.9) 39 (55.7)

Duration of hospitalization (day)

Median (IQR) 7.0 (4.0-11.0) 7.0 (4.0-11.0) 7.0 (5.0-14.5) NS
Result of SARS-CoV-2 RT-PCR

Positive 112 (55.4) 72 (54.6) 40 (57.2) NS
Negative 83 (411 54 (40.9) 29 (41.4)

Unknown/missing data 7(3.5) 6 (4.5) 101.4)

Number of patients who received COVID-19 treatment

Yes 182 (90.1) 118 (89.4) 64 (91.4) NS
No 20 99) 14 (10.6) 6 (8.6)

The most commonly used medication in the management of COVID-19

Hydroxychloroquine 176 (87.1) 115 (871D 60 (85.7) NS
Enoxaparin 142 (70.3) 93 (70.5) 49 (70.0) NS
Azithromycin 57 (28.2) 42 (31.8) 15 (21.4) NS
Favipiravir 53 (26.2) 30(22.1 23(32.9) NS
Oseltamivir 7 (3.5) 4 (3.0) 34.3) NS
Tocilizumab 5(2.5) 1(0.8) 4 (5.7 NS

IQR: Interquartile range, DRP: Drug-related problem, SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2, RT-PCR: Reverse transcriptase-polymerase

chain reaction, NS: No significant
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biochemical parameters between patients with and without
DRPs (p > 0.05).

The median number of DRPs/patients was 1.3. In Table 3, the
incidence of DRPs was “treatment effectiveness” (55 of 264
DRPs; 20.8%), followed by “treatment safety” (140 of 264
DRPs; 53.0%). Within the “treatment effectiveness” category,
“untreated symptoms or indication” was the dominant category
(46 of 140; 32.9%). A total of 270 DRP causes were identified
(Table 3). “Drug selection” category was the primary cause of
DRPs (231 of 270; 85.6%), followed by “drug dose” (25 of 270;
9.3%). Among drug selection problems, the most common DRPs
were “inappropriate combination of drugs or drugs and herbal
medication”, “no indication for drug” and “no drug treatment
despite existing indication” (108 of 231, 46.8%; 54 of 231,
23.4% and 47 of 231, 20.3%; respectively). The combination
of azithromycin and hydroxychloroquine constitutes 52.8%
of drug-drug interactions. Of the 112 planned interventions,
911% were at the prescriber level. According to the PCNE
classification, 80 (71.4) interventions were proposed to the
prescriber. Thirty-nine (48.8%) interventions were accepted,
and the acceptance status of 33 (41.3%) interventions was
unknown. Only 8 (10.0%) interventions were rejected.

DISCUSSION

This is one of the first retrospective cross-sectional studies to
describe the prevalence of drug-related problems in patients
admitted to a COVID-19 service in Tirkiye. More than half of
the hospitalized patients had at least one DRP during the first
wave of the COVID-19 pandemic. Patients having DRP had a
higher number of drugs. The most common DRPs were related
to drug and/or dose selection. Less than half of the clinical
pharmacy residents’ recommendations were accepted by the
physicians.

In our study involving COVID-19 patients, the incidence of
DRP was found to be similar to another study performed on

COVID-19 patients (1.4 DRP/patient).® Similar rates of DRP have
been detected in studies involving COVID-19 patients.>'°2° DRP
rates were found to be higher in studies conducted before the
COVID-19 pandemic.?’ The reason for our low DRP rates may
be that the study was planned retrospectively during a period
under pandemic conditions. Problems with drug safety were
identified, including most DRPs, potential drug interactions,
ADRs, and high doses. Similar to other studies, the most
frequently detected DRP was “treatment safety” (53%) and then
“treatment effectiveness” (20%).°2° Drug interactions accounted
for approximately 40% of the total causes of DRP; the reason for
this high rate compared with other studies may be the frequent
use of hydroxychloroquine and azithromycin, which are drugs
used in the COVID-19 pandemic. The risk of QT prolongation is
increased with the combined use of hydroxychloroquine and
azithromycin; most clinical pharmacists’ recommendations
have been this interaction. Proton pump inhibitors (PPIs) are
often overprescribed, and overprescribing has continued in the
COVID-19 pandemic. Clinical pharmacists advise physicians to
optimize PPl use. Long-term use of PPIs has been associated
with adverse events such as pneumonia. Analysis of clinical
pharmacist interventions in COVID-19 units found that PPl was
overprescribe in a similar study.® In our study, similar rates of
“no drug indication” and “no drug treatment despite the current
indication” were found among DRP causes, and it is thought that
this may be due to the difficulty of medication reconciliation in
pandemic conditions.

In previous studies, DRPs were associated with the presence of
comorbidity and polypharmacy.”?2 The absence of relationships
with other variables may be due to the small sample number of
patients and DRPs detected.

Half of the interventions proposed because of DRPs were
accepted in our study. In different studies conducted before
the pandemic, the acceptance rate of the interventions was
found to be higher.2"?2 During the COVID-19 pandemic, clinical
pharmacists continued to provide services such as medication

Table 2. Patients’ biochemical parameters related to COVID-19 (n= 202)

Biochemical Total patients (n= 202) Patients with DRP (n=132) Patients without DRP (n= 70)
parameters median (IQR) median (IQR) median (IQR)

ALT 18.0 (11.0-35.0) 17.0 (10.0-36.0) 26.0 (12.5-35.0) NS
AST 31.0 (21.0-42.0) 20.0 (30.0-42.0 35.0 (24.0-45.5) NS
LDH 272.0 (205.0-368.2) 258.0 (201.0-349.0) 311.0 (217.0-427.0) NS
Ferritin 177.0 (67.4-427.4) 215.0 (67.0-423.2) 138.4 (68.4-467.6) NS
Procalcitonin 0.1(0.1-0.3) 0.1(0.1-0.3) 0.1(0.1-0.2) NS
CRP 46.5 (12.9-84.2) 401 (12.7-95.6) 48.4 (13.3-81.0) NS
D-dimer 0.9 (0.5-1.6) 0.9 (0.5-1.9) 0.9 (0.5-1.4) NS
PT 14.0 (13.0-15.6) 14.0 (12.9-15.6) 14.2 (13.4-15.9) NS
aPTT 29.6 (27.2-31.8) 2.0 (2.0-3.0) 29.6 (26.4-32.1) NS
Creatinine 0.9 (0.7-1.) 0.9 (0.7-1.1) 0.8 (0.7-1.0) NS

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, LDH: Lactate dehydrogenase, CRP: C-reactive protein, PT: Prothrombin time, aPTT: Activated
partial thromboplastin time, IQR: Interquartile range, DRP: Medication-related problem, NS: No significant
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Table 3. DRP based on PCNE V9.00 (n= 132)

Detailed classification (Code V9.0) n (%)
The type of DRP (Code V9.0) (n= 264)
Treatment effectiveness (P1) Untreated symptoms or indications (P1.3) 46 (17.4)
Effect of drug treatment not optimal (P1.2) 9 (3.4)
Treatment safety (P2) Adverse drug event (possibly) occurring (P2.1) 140 (53.0)
Unnecessary drug treatment (P3.2) 60 (22.7)
Others (P3) Unclear problem/complaint. Further clarification is necessary (P3.3) 7(2.6)
Problem with the cost-effectiveness of the treatment (P3.1) 2(0.8)
Causes (Code V9.0) (n=270)*
Inappropriate combination of drugs or drugs and herbal medication (C1.4) 108 (40.0)
No indication for the drug (C1.3) 54 (20.0)
No drug treatment despite existing indication (C1.6) 47 (17.4)
Drug selection (CT) Inappropriate drug (within guidelines but otherwise contra-indicated) (C1.2) &N
Inappropriate drug according to the guidelines/formulary (C1.1) 4(1.5)
Too many drugs prescribed for indication (C1.7) 4(1.5)
Inappropriate duplication of the therapeutic group or active ingredient (C1.5) 30D
Drug form (C2) Inappropriate drug form (for this patient) (C2.1) 30D
Dose selection (C3) Drug dose too high (C3.2) 12 (4.4)
Drug dose too low (C3.1) 6(2.2)
Dosage regimen, too frequent (C3.4) 5(1.8)
Dosage regimen, not frequent enough (C3.3) 1(0.4)
Dose timing instructions incorrect, unclear, or missing (C3.5) 1(0.4)
Drug use process (C6) Inappropriate timing of administration and/or dosing intervals (C6.1) 5(1.8)
Related patient transport (C8) Insufficient clinical information about the patient (C8.4) 1(0.4)
No obvious cause (C9.3) 30D
Other (C9) No or inappropriate outcome monitoring (including therapeutic drug monitoring)
9N 2(0.8)
Proposed interventions (Code V9.0) (n= 112)
At the prescriber level (1) Intervention proposed to the prescriber (11.3) 54 (19.9)
Prescriber informed only (I1.1) 48 (17.7)
Drug stopped 13.5 5(1.8)
Dosage changed to... (13.2) 2 (0.7
At the drug level (13) Drug changed to... (I3 1(0.4)
Formulation changed to... (13.3) 1(0.4)
Instructions for use changed to... (13.4) 1(0.4)
Acceptance of the intervention proposals (Code V9.0) (n= 80)
Intervention accepted and fully implemented (A1.1) 22 (27.5)
Intervention accepted; implementation unknown (A1.4) 12 (15.0)
Intervention accepted (by prescriber or Intervention not accepted: no agreement (A2.2) 7(8.8)
patient) (A1) Intervention accepted, partially implemented (A1.2) 4(5.0)
Intervention accepted but not implemented (A1.3) 1(1.3)
Intervention not accepted: other reason (specify) (A2.3) 101.3)
Other (no information on acceptance) (A3) Intervention proposed, acceptance unknown (A3.1) 33 (41.3)

*More than one cause was determined for each DRP, DRP: Medication-related problem, PCNE: Pharmaceutical Care Network Europe
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reconciliation, medication review, therapeutic drug monitoring,
patient education, and counseling for patients hospitalized with
COVID-19 over the phone or by working remotely.”? The limited
performance of clinical pharmacy services due to situations
such as the inability to take a medication history from the
patient, the patients being in isolation conditions, the clinical
pharmacist’s inability to visit the patient and remote work, and
the daily change of the physicians who follow the patients and
the pharmacists who make suggestions may have caused the
acceptance rates to be low. Because of the first wave of the
pandemic, the strict implementation of protective measures,
and the remote working conditions, acceptance rates could
not be followed very well in resolving drug-related problems.
In addition, a published articlestated that the acceptance rate
of the recommendations made by pharmacists during the
pandemic was lower than before the pandemic due to less
effective communication and the need for more intensive
follow-up to be accepted.”

Due to the interventions being proposed verbally, the proposal
and following the acceptance status made during the transfers
between the physicians and pharmacists may have been
skipped. In this regard, the WHO recommends that patients’
status, medication, and treatment plans be communicated in
detail using a standard communication technique during care
transitions to ensure a standardized handover.®

Clinical pharmacists can quickly develop telehealth strategies
by analyzing the current situation with their professional
expertise in pandemics. In this context, it can provide innovative
pharmacy services such as telehealth counseling, guideline
development, health education via multi-media, and evidence-
based drug evaluation.?®

In subsequent studies, clinical pharmacists may continue
to participate in services such as medication reconciliation,
medication review, discharge education, and medication
counseling, as they did in periods other than the pandemic,
but this time taking more precautions. If the necessary
infrastructure is provided, the aforementioned services can
also be delivered to patients by phone or video calls.

This study had limitations due to the retrospective and
observational definition of DRPs. The study was conducted in
a single center with a small number of patients; therefore, the
results obtained here may not be generalizable. In the follow-
up of the patients, inaccurate information was removed, and
the information that was sure to be correct was evaluated. We
could not determine for each patient whether an adverse drug
case identified in the patient record and clinical pharmacist
note is actually related to that medication or not. Therefore,
adverse drug events may be underreported. However, our study
is important because it shows that DRPs continue in pandemic
conditions and there is a need for clinical pharmacy services.

CONCLUSION

While this study draws attention to the importance of DRPs
in the treatment of COVID-19, it also revealed that clinical
pharmacists should work as a part of the healthcare team in

very difficult conditions such as pandemics. Further studies
will be helpful to determine DRP levels in COVID-19 patients.
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ABSTRAC T

Objectives: The iatrogenic triad is a significant global health problem in the elderly population. This study aimed to evaluate the iatrogenic triad in
the elderly and identify potential preventive measures to mitigate its occurrence.

Materials and Methods: A preliminary observational study was conducted on 150 ambulatory elderly patients to assess potentially inappropriate
medications (PIMs), polypharmacy, and drug interactions. The AGS Beers Criteria 2019, Polypharmacy, Medication Complexity Regimen Index
(MRCI), and Micromedex (a drug information software) were used to assess the harmful triad. Before and after data collection, we observed,
identified, and unfolded potential strategies to avoid the harmful triad in the elderly population.

Results: MRCI is 30.49 + 13.77, suggesting a moderate level of complexity in the drug regimens of elderly patients. Among the PIMs identified by
the AGS Beer criteria for 2019, glimepiride (45) and diclofenac (23) were found to be the most frequently prescribed. Moderate-level drug-drug
interactions were identified between aspirin and metoprolol (20), metoprolol and metformin (13), and aspirin and enalapril (11). All drug-ethanol
and drug-food interactions were rapid and often unknown to patients. Furthermore, the study found that MRCI and polypharmacy were significantly
associated with the number of PIMs and drug interactions (p < 0.01). Based on data collection, this study identified three possible ways to prevent
the iatrogenic triad in elderly patients: interaction, collaboration, and continuing education.

Conclusion: In conclusion, this study sheds light on medication regimen complexity, PIMs, and drug interactions in elderly patients. The study also
highlights three possible ways to prevent the iatrogenic triad: interaction, collaboration, and continuing education. By implementing these strategies,
healthcare providers can help prevent harm and improve the quality of care for elderly patients.

Keywords: Aged, potentially inappropriate medication list, drug interactions, polypharmacy, medication regimen complexity index

INTRODUCTION

The iatrogenic triad, which consists of potentially inappropriate
medications (PIMs), polypharmacy, and drug-drug interactions
(DDD,' is a significant concern in the field of geriatrics. PIMs
refer to the use of a medicine for which the risks outweigh
the potential benefits, particularly, when more effective
alternatives are available.? High prevalence rates of PIM usage
(ranging from 18 to over 40%) have been observed across
various healthcare settings.®

Moreover, older patients frequently use a greater number
of medications, leading to polypharmacy. This increased

medication use is likely to result in PIM in this population.
Furthermore, PIM usage has been associated with
hospitalization* and mortality,> underscoring the importance of
addressing this issue in geriatric care.

Co-morbidities and polypharmacy (> 5 medications) are the
primary factors contributing to an increased risk of DDI in
elderly patients. Furthermore, age-related changes in drug
pharmacodynamics and pharmacokinetics may increase the
likelihood of developing DDI.® To assess the complexity of
medication regimens, the medication regimen complexity
index (MRCD is employed. This validated 65-item scoring
system considers the number of medications, dosage

*Correspondence: viptpharmd@gmail.com, Phone: +91 7095197222, ORCID-ID: orcid.org/0000-0002-9364-9874

Received: 20.03.2023, Accepted: 06.06.2023

@@@@ Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of Turkish Pharmacists’ Association.
AN [his is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

159


https://orcid.org/0000-0002-9364-9874
https://orcid.org/0000-0002-8803-9668
https://orcid.org/0000-0002-9577-3502
https://orcid.org/0000-0001-9035-4731
https://orcid.org/0000-0003-2933-8374

160 MUGADA et al. Analyzing the latrogenic Triad: Strategies for Prevention

forms, administration instructions, frequency of dosing, and
restrictions on food dosing.” In addition, polypharmacy and
higher medication complexity are responsible for approximately
50% of medication non-adherence rates in elderly patients.?

DDIs, such as when anticoagulants intensify blood thinner
effects, can increase the MRCI, introducing more variables
such as dosage timing. This increased complexity can hinder
medication adherence; patient juggling multiple medications
might miss doses. Therefore, minimizing DDIs and managing
MRCI are crucial to promote adherence, thereby optimizing
health outcomes.

To date, no outpatient studies have investigated the impact
of pharmacist intervention on the MRCI in the elderly
population.®® However, drug interactions, if unavoidable, can
be managed through increased awareness and knowledge.
In a study by Bories et al a higher prevalence of PIMs and
severe to moderate DDIs were observed in the hospital settings
compared with nursing homes and primary care, independent
of polypharmacy rates.

To the best of our knowledge, there is a scarcity of research in
India that investigates drug-alcohol and drug-food interactions
in patients and seeks to identify potential methods to prevent
the iatrogenic triad. Our study assessed PIMs, drug interactions,
and medication regimen complexity in elderly patients. Through
our investigation, we identified three potential strategies that
may help prevent or mitigate the harmful triad in this population,
emphasizing the need for continued research and intervention
development in this area.

Study design, study site, and duration of the study

A descriptive cross-sectional study was conducted on
150 elderly patients attending outpatient departments at a
government-funded, 1.000-bed hospital. This facility charges a
nominal amount for diagnostic and other medical services while
providing necessary medications at no cost to the patients.
Owing to its operation in the public sector and its status as
one of the major hospitals in nearby regions, the hospital
faces a disproportionate doctor-to-patient ratio. The hospital
offers surgery and emergency services around the clock. The
study spanned six months, from January 7 to July 7, 2022. The
manuscript has been reported in accordance with the STROBE
guidelines.

Study participants, sampling technique, and sample size
estimation

This study focused on elderly patients who were prescribed
at least one medication, irrespective of the presence of any
co-existing medical conditions. Patients with time constraints
were excluded from the study to ensure data reliability. A
convenience sampling approach was employed to select each
participant, providing a practical and efficient method for
participant recruitment. Due to the study’s timeline constraints,
150 patients were ultimately included in the research, allowing
for a manageable sample size while still offering valuable
insights into the topic.

Ethical approval

The Vignan Institute of Pharmaceutical Technology Institutional
Human Ethical Committee approved the study (approval no.: VIPT/
IEC/89/2022, date: 20.01.2022). The participants were informed
of the objectives of the study. We assured the confidentiality of
the data and obtained informed consent from each participant.

Study instruments

American Geriatric Society (AGS) Beer’s Criteria, 2019

The 2019 AGS Beers Criteria is an update to the 2015 Beers
Criteria, providing a comprehensive list of PIMs that should
be avoided in elderly patients in specific situations or, in
most cases, across the board, particularly when considering
certain diseases or conditions. This updated criteria includes
a list of PIMs for most older adults, drugs to be avoided for
those with certain conditions, DDIs to be aware of, drugs to
use with caution, and guidance on dose adjustments in cases
of renal failure. For each class of PIMs, the criteria outline the
rationale, recommendation, quality of evidence, and strength
of recommendation, ensuring a well-informed approach to
medication management in geriatric care.

Micromedex™

Micromedex is an evidence-based medical information software
that serves as a reliable source of drug interaction-related
information. To emphasize the importance of addressing these
interactions, our study reported drug interactions that exhibited
major and moderate severity, rapid and delayed onset reactions,
and good and excellent documentation. Nevertheless, in the
case of drug-ethanol interactions, we also included results
with fair documentation to ensure a comprehensive analysis.
Furthermore, we meticulously documented the mechanism of
interaction for every instance, highlighting the sophisticated
and rigorous approach employed in this academic investigation.

Definitions

Major drug interaction is any life-threatening drug interaction
that requires medical intervention to minimize or prevent
serious adverse effects. Moderate drug interaction is any
drug interaction that may intensify the patient’s condition and/
or require an alteration in therapy. Excellent documentation
indicates that controlled studies have established the existence
of the interaction. Good documentation lacks well-controlled
studies but strongly suggests an interaction. Fair documentation
suspects an interaction based on pharmacological
considerations from lead clinicians or documentation is good
for a pharmacologically similar drug.

Medication regimen complexity index'

The MRCl is a validated, 65-item scale designed to quantify the
complexity of a patient’'s drug regimen. This index considers
factors such as the number of prescribed medications, dosage
form, frequency of administration, and additional instructions
for use. Consequently, a higher MRCI score signifies a more
intricate and complex medication regimen, thereby emphasizing
the importance of understanding and managing medication
complexity in clinical practice.
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Outcomes

The primary outcome of this study was to thoroughly analyze
the iatrogenic triad, which encompasses PIMs, polypharmacy
(> 5 medications), and DDIs. Concurrently, the secondary
outcome is to identify effective strategies that can mitigate or
prevent harm caused by the iatrogenic triad in elderly patients,
ultimately contributing to improved patient outcomes and
enhanced quality of geriatric care. Another secondary outcome
is to identify medication regimen complexity using MRCI.

Data collection

Data collection was performed in two distinct parts. The initial
part encompassed gathering the demographic and clinical
details of the patients, such as their age, gender, smoking and
alcoholism status, department name, diagnosis of the patient’s
condition, and the number of prescribed drugs. The subsequent
phase involved prescription auditing to identify PIMs,
medication regimen complexity, and potential DDlIs, following
Beer's criteria (2019).

Data analysis

Quantitative data were presented as mean and standard deviation
or median and interquartile range, depending on whether the
data were normally distributed or not. Qualitative data are
presented as frequencies and percentages. To investigate the
relationship between MRCI, polypharmacy (> 5 medications),
PIMs, and drug interactions, paired-samples t-test or Wilcoxon
test was used based on the normality assumption. The p value,
effect size, and 95% confidence interval were reported for the
tests. Spearman’s Rho correlation was conducted to examine
the degree of association between the medication regiment
complexity index, polypharmacy, and drug interactions. The
level of statistical significance was set at p < 0.05.

Statistical analysis
Statistical analysis was performed using Jeffrey's Amazing
Statistics Programme software (version 0.14.1.0).

RESULTS

A total of 150 elderly patients participated in the study. Table 1
shows that the mean age of the elderly was 69.30 + 5.16 years,
and the mean score of the MRCl is 30.49 + 13.77. Nearly more
than half of the patients were males (52.67%), with most of
them being non-smokers (72%) and non-alcoholics (74.67%).
Polypharmacy (use of > 5 drugs) constituted nearly three-
quarters of prescriptions (72.66%). A total of 158 DDlIs were
detected in the patients, and 97.47% of these interactions were
moderate DDls.

According to AGS Beer's criteria, 2019, the most prescribed
PIMs are glimepiride (45) and diclofenac (23) (Table 2). The
most reported DDIs are aspirin and metoprolol (20), metoprolol
and metformin (13), and aspirin and enalapril (11), all with a
moderate level of severity of interaction (Table 3).

MRCI and polypharmacy are significantly associated with
interactions and the number of PIMs. However, polypharmacy
has a significantly positive correlation with the number of
PIMs, whereas MRCI has a significantly positive correlation

with drug interactions (Table 4). All drug-ethanol and drug-
food interactions are rapid, and patients are unaware of them
(Table 5).

DISCUSSION

The key results of the study revealed that the mean age was
69.30 + 5.16 years, and the mean MRCI score was 30.49 +
13.77. Polypharmacy was present in 72.66%, and 158 DDls,
mostly moderate, were detected. The most common PIMs were
glimepiride and diclofenac. MRCl and polypharmacy significantly

Table 1. Distribution of sociodemographic and clinical details of

patients (n= 150)

Characteristic

Frequency (%)

Age 69.30 £ 5.16*
MRCI 30.49 £13.77*
Males 79 (52.67)
Females 71 (47.33)
Non-smokers 108 (72)
Smokers 30 (20)
Ex-smokers 12 (8)
Non-alcoholics 12 (74.67)
Alcoholics 24 (16)
Ex-alcoholics 14 (9.33)
The type of department

General medicine T4 (49.33)
Endocrinology 39 (26)
Pulmonology 14 (9.33)
Others' 23 (15.33)
Polypharmacy

<5 41(27.33)
5-6 65 (43.33)
<7 44 (29.33)
Diagnosis

Hypertension 113 (75.33)
Diabetes mellitus 96 (64)
CAD 15 (10)
COPD 13 (8.66)
Chronic kidney disease 11(7.33)
Hypothyroidism 10 (6.66)
DDls (n=158)

Major 4 (2.53)
Moderate 154 (97.47)

= Orthopedics, nephrology, oncology, general surgery, neurology, *mean + SD,
MRCI: Medication regimen complexity index, CAD: Coronary artery disease,
COPD: Chronic obstructive pulmonary disease, SD: Standard deviation
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correlated with DDIs and PIMs, with patients largely unaware of
rapid drug-ethanol and drug-food interactions.

A recent study found that individuals with an MRCI score of
22 upon hospital discharge were more prone to unanticipated
hospital readmissions within 30 days.® Another study indicated
that a cut-off score of 33 on the MRCI was optimal in identifying
medication-related readmission risks!® However, it should
be noted that these thresholds may vary based on different
contexts. Non-etheless, few studies, ™ have consistently
demonstrated that polypharmacy, i.e., the use of five or more
medications, is a predictor of unplanned hospitalizations.

Wimmer et al’® found that older adults living at home who
had complex medication regimens and were taking numerous
medications were more likely to experience unplanned
hospitalizations. The study also revealed that the two
predictors, medication regimen complexity and number of
medications, had similar sensitivity and specificity in predicting
unplanned hospitalizations. These results indicate that it may
be possible to use these parameters to anticipate unplanned

hospitalizations in the elderly. To support this, the MRCI has
been recently proposed as a tool for identifying individuals who
may benefit from medication therapy management.”

The concept of the iatrogenic triad in the elderly refers to
three interrelated elements that can adversely affect the
health of older adults: polypharmacy (the concurrent use
of multiple medications), DDIs, and the use of PIMs.® A
study conducted in Brazil explored the prevalence and inter-
relationship of these elements in older adults. The research
found that a high percentage of the elderly population was
exposed to the iatrogenic triad. Specifically, 44.6% experienced
polypharmacy, 72.3% were at risk of DDIs, and 42.1% were
using PIMs as per Beers criterion. Almost one-third (29.3%) of
the study participants were exposed to all three elements of the
iatrogenic triad simultaneously. The study also found that frailty
and having a caregiver were associated with this triad.?®

Research has demonstrated that the iatrogenic triad is prevalent
in the elderly population. For instance, a study on elderly women
reported that nearly 90% of the participants used at least one

Table 2. PIMs in prescriptions according to the AGS Beers Criteria, 2019

Name of the . . Quality of ~ Strength of the
. Frequency Rationale Recommen dation . .

medication evidence recommendation

Glimepiride 45 Older adults.are at a higher risk of prolonged Avoid High Strong
hypoglycemia

Avoid chronic

High risk of gastrointestinal bleeding or peptic use, unless other
ulcer disease in individuals taking oral or alternatives are not

Diclofenac 23 pargnteral corticosteroids, an.tlcoagvul.ants, or effgctlve, and the Moderate Strong
antiplatelet agents. Induces kidney injury and patient can take a
increases blood pressure. Risks are dose- gastroprotective agent
related (proton-pump inhibitor

or misoprostol)

May intensify or cause (syndrome of

Tramadol 3 inappropriate antidiuretic hormone) or Use with caution Moderate Strong
hyponatremia

Nifedipine . . . A

immediate > Potentlal' for hypotgnsmnand risk of precipitating Avoid High Strong
myocardial ischemia

release

Alprazolam > Age-related cognitive |mPa|rment, delirium, falls, Avoid Moderate Strong
fractures, and motor vehicle crashes.

Spironolactone 2 Incregsed potassium if creatinine clearance < 30 Avoid Moderate Strong
mL/min

Theophylline 2 Ir?crea.s.ed risk Of. theophyll'lne toxicity with Avoid Moderate Strong
cimetidine and ciprofloxacin
Older adults have a poor tolerance for most

Chlorzoxazone 1 muscle relaxants because of anticholinergic Avoid Moderate Strong
adverse effects, sedation, and fracture risks

Levetiracetam 1 CNS gdverse effects, creatinine clearance < 80 Reduce dose Moderate Strong
mL/min

Glibenclamide 1 Higher risk of severe prolonged hypoglycemia in Avoid High Strong

older adults

PIMs: Potentially inappropriate medications, AGS: American Geriatric Society
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element of the iatrogenic triad. The study also noted a high
index of continuous use medications, PIMs, and potential drug
interactions, particularly among enzymatic inhibitors. It was
observed that old age was associated with the presence of all
elements of the iatrogenic triad, underscoring the importance
of vigilant medication management in this population.?

According to the 2019 AGS Beer's criteria, more than half of the
prescriptions in our study (54.60%) included medications that
wereinappropriate for elderly patients. Among such medications,
the antidiabetic drugs glimepiride and glibenclamide pose a
higher risk of prolonged hypoglycemia in the elderly population.
The evidence supporting this recommendation is of high quality,

and the recommendation itself is strongly endorsed. Prolonged
hypoglycemia can lead to adverse outcomes, including bone
fractures from falls, seizures, long-term cognitive impairment
(such as dementia), frailty, extended hospital stays, and
even mortality in hospitals.?? It is crucial for physicians to be
aware of these PIMs to avoid their use in elderly patients. If
physicians are aware, there is an opportunity to replace PIMs
with alternative drugs where the benefits outweigh the risks.

No scholarly research originating from India has documented
any instances of drug-alcohol or drug-food interactions. Our
study highlights the rapid onset and potential severity of drug-
alcohol and drug-food interactions, ranging from moderate to

Table 3. DDIs according to severity, onset, documentation, and mechanismof action

DDI Severity Onset Doc'umen Frequency Mechanism
station

Aspirin and metoprolol Moderate Delayed  Good 20 NSAIDS and beta-adrenergic blockers may increase
blood pressure
Beta-blockers may inhibit or increase the blood

Metoprolol and metformin Moderate Delayed Good 13 glucose-lowering effect of antidiabetic agents and
may obscure hypoglycemia symptoms

Aspirin and enalapril Moderate Rapid Excellent " May result in decreased effectiveness of enalapril
The blood glucose-lowering effect of an antidiabetic

Atenolol and metformin Moderate Delayed Good 10 drug may be increased or decreased, and
hypoglycemia symptoms may be obscured
It may increase or decrease the blood glucose-

Atenolol and glimepiride Moderate Delayed Good 6 lowering effect of the antidiabetic agent and diminish
or obscure hypoglycemic symptoms

Aspirin and atenolol Moderate Delayed Good 4 May result in increased blood pressure

Azithromycin and theophylline Moderate Delayed Good 3 May result.m Increased serum theophylline
concentrations

Atenolol and diclofenac Moderate Delayed Good 2 May result in increased blood pressure

Aspirin and nitroglycerin Moderate Rapid Good > Increaseq nitroglycerin levels and additive platelet
dysfunction

Clopidogrel and esomeprazole Major Rapid Excellent 1 Redgces anhplgtelet act|V|Ty and plasma levels of
clopidogrel active metabolites

Atorvastatin and phenytoin Moderate Delayed  Excellent 1 Refjuces atorvastatin plasma concentrations and
efficacy

Clopidogrel and tramadol Major Rapid Good 1 Reduces the efficacy of clopidogrel

DDI: Drug-drug interactions, NSAID: Non streoidal anti inflammatory drug

Table 4. Association and correlation among variables in the study

95% ClI for effect size Correlation®

Measure 1 Measure 2 p value'* Effect size* Lower Upper r: p value
MRCI No. of PIM <0.00001 1.000 1.000 1.000 0.03: 0.773
Polypharmacy No. of PIM <0.00001 1.000 1.000 1.000 0.58: < 0.0001
Polypharmacy Interactions < 0.00001 0.950 0.927 0.965 0.005: 0.959
MRCI Interactions < 0.00001 1.000 1.000 1.000 0.50: < 0.0001

*Spearman’s Rho Correlation, "Wilcoxon signed-rank test, *Effect size-effect size is given by the matched rank biserial correlation, MRCI: Medication regimen
complexity index, PIM: Potentially inappropriate medication, Cl: Confidence interval
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major. Patients who are not educated on these interactions by
a clinical pharmacist are often unaware of the associated risks,
which can result in therapeutic failure. For instance, concurrent
intake of food can decrease furosemide exposure and efficacy,
whereas alcohol consumption while taking aspirin can increase
the risk of gastrointestinal bleeding. These interactions are
typically unknown to both patients and physicians, underscoring
the need for clinical pharmacist involvement in such cases.

Moreover, our study identified three potential strategies to
prevent the iatrogenic triad in elderly patients: interaction,
collaboration, and continuing education. Notably, we found no
previous studies in India that have outlined such systematic
approaches for mitigating the risks associated with the
iatrogenic triad in the elderly.

Interaction

Patients will have the opportunity to interact with the clinical
pharmacist (Figure 1). Typically, patients are required to register
as outpatients and then wait to consult with a physician. During
this waiting period, the clinical pharmacist will meet the patient
and collect the best possible medication history (BPMH) using
a standard proforma. The BPMH includes information such
as current medications, drugs discontinued within the last
six months, drug allergies, over-the-counter medications,
alternative medicine, vitamin and mineral supplements, herbal

supplements, and recent immunization. The clinical pharmacist
will record this comprehensive information in patient case
sheets. The patient will then consult with the physician using
the updated case sheet. Public hospitals should actively foster
collaboration with pharmacy colleges to encourage their
participation as stakeholders in the process of mitigating the
iatrogenic triad in vulnerable populations such as the elderly. By
cultivating a symbiotic relationship between these institutions,
a more comprehensive approach can be employed to address
and prevent potential complications arising from medical
interventions.

Collaboration

Based on the information obtained from the BPMH and drug
allergy records provided by the clinical pharmacist, the
physician will proceed to prescribe appropriate drugs. The
clinical pharmacist will then conduct a thorough review of the
prescription to identify PIMs, drug interactions, and instances
of polypharmacy. In cases where discrepancies are identified,
both the physician and clinical pharmacist will consult
established evidence and guidelines to inform their decision-
making. Upon reaching a consensus, the physician will proceed
to individualize and represcribe the therapy as necessary
(Figure 1.

Table 5. Possible drug ethanol and drug-food interactions according to severity, onset, evidence, and mechanism

Drug-ethanol interactions

Name of the drug Severity Onset  Documentation Frequency Warning

Aspirin Moderate Rapid Good 8 A combm'aﬂon'of ethano'l and aspirin may increase the risk
of gastrointestinal bleeding

Nitroglycerin Moderate Rapid Fair > H-yperten3|‘on may result from the concurrent use of
nitroglycerin and ethanol

Cetirizine Major Rapid Fair 1 Cetirizine and ethanol may cause CNS depression when
used together

Amitriptyline Moderate Rapid Good 1 Amltrlptyllne.and ethanol combined may result in enhanced
CNS depression

Tramadol Major Rapid Fair 1 Tramadgl and ethanol may cause respiratory and CNS
depression when used concurrently

Drug-food interactions

Furosemide Moderate Rapid Excellent " Food and fgrosemlde may reduce the efficacy and exposure
to furosemide

Metoprolol Moderate Rapid Excellent %6 Mgtoprolol concentrations may increase when combined
with food

Acetaminophen Moderate Rapid Good 21 Acetammophen. effectiveness may be decreased when used
concurrently with cabbage

Theophylline Moderate Rapid Good 4 Food and theophylline may alter theophylline concentrations

Montelukast Moderate Rapid Excellent 4 The use of montelukast and grapefruit juice together may
increase montelukast exposure.

Ciprofloxacin Moderate Rapid Good 5 Dairy foods and ciprofloxacin may decrease ciprofloxacin

concentrations.
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Interaction

Prevention of
latrogenic
Triad

Dear Doctor Letters
Seminars
Pharmacovigilance

uonesnp3 buinupuo)

Collaboration

Figure 1. Interaction of outpatients, continuing education, and collaboration
of physicians with a clinical pharmacist

BPMH: Best possible medication history

Collaborative interventions between pharmacists and
physicians have been shown to improve the medication
appropriateness index scores of elderly patients.® A
collaborative care approach with a focus on pharmacists has
been found to be effective in reducing drug-related problems,
potential DDls, and PIMs, as well as improving positive clinical
outcomes related to quality-of-life measures in elderly patients
with mental health concerns.?* Moreover, interventions aimed
at optimizing medication usage have been successful in
reducing the risk of serious adverse drug reactions (ADRs)
in older adults.?® Nonetheless, the acceptability of pharmacist-
led interventions as a means of optimizing treatment is a
crucial consideration.

Continuing education

Continuing medical education is an essential tool for keeping
physicians abreast of new developments and advances in
medicine. This education is facilitated through various channels,
such as dear doctor letters, seminars and conferences, and
pharmacovigilance activities. Dear doctor letters disseminate
vital information, including new drug approvals by the FDA,
recent inappropriate drug usage in high-risk populations, and
ADRs that commonly occur in hospitals. Clinical pharmacist-
led seminars and conferences cover diverse aspects of drug
safety, whereas pharmacovigilance activities enable unsolicited
reporting of ADRs by healthcare and allied healthcare personnel
in high-risk populations. The implementation of such measures
serves to deter the prescribing or caution the use of drugs that
pose potential risks to patient safety (Figure 1.

In the D-PRESCRIBE randomized trial, Martin et al.? established
a pharmacist-led intervention group aimed at promoting
educational deprescribing brochures and providing evidence-
based pharmaceutical opinions to physicians. This study
focused on older adults in Quebec and compared the outcomes
of the intervention group with those receiving standard care.

Results revealed that after 6 months, participants who received
the educational intervention discontinued prescriptions for
inappropriate medications. However, further research is
necessary to establish the generalizability of these findings to
broader patient populations.

The interplay between these three methods-interaction,
collaboration, and continuing education-can significantly
minimize the iatrogenic triad in the elderly. The patient-centered
approach, coupled with strong professional collaboration and an
emphasis on continual learning, forms a robust defense against
the potential pitfalls associated with polypharmacy and complex
medical care in the elderly population. They form a synergistic
approach that addresses various aspects of medication
safety and management. Combining these factorscan improve
medication-related outcomes, reduce the iatrogenic triad, and
enhance the overall well-being of the elderly population.

Study limitations

This study has some limitations. First, the small sample size
is small and affects the generalizability of the results. Second,
the health policy making of integrating pharmacists into patient
care may require feasibility and acceptability of multiple
stakeholders. However, considering the benefit of the approach
and the significant number of pharmacy colleges in Andhra
Pradesh, it may be possible to implement the approach in real
time for optimal results.

Potential implications of the study

This study has important implications for improving the quality
of care for elderly patients and preventing the iatrogenic
triad. By implementing the strategies identified in this study,
healthcare providers can reduce the risk of harm and improve
outcomes for this vulnerable population.

Improved medication management for the elderly

The study’s findings highlight the need for healthcare providers
to review and adjust medication regimens for elderly patients to
reduce the risk of PIMs, polypharmacy, drug interactions, and
medication regimen complexity. This could lead to better health
outcomes and quality of life for elderly patients.

Development of clinical guidelines

The study findings could inform the development of clinical
guidelines for medication management in elderly patients.
These guidelines could provide healthcare providers with a
framework for assessing medication regimens, identifying
PIMs, and managing drug interactions in elderly patients.

CONCLUSION

We observed the iatrogenic triad in the elderly. The iatrogenic
triad in the elderly may be prevented using three possible ways
that we observed in our study: interaction of patients with the
clinical pharmacist to obtain the BPMH history; collaboration of
the clinical pharmacist with physicians for informed decision-
making and optimizing the pharmacotherapy; and continuing
education activity led by a clinical pharmacist to update the
knowledge on drug safety and prescribing in the physicians.
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