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Which biomarkers predict hard-to-heal diabetic foot ulcers? A
scoping review

Qi Qin', Daijiro Haba'?, Gojiro Nakagami"**

' Department of Gerontological Nursing/Wound Care Management, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
> Global Nursing Research Center, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan.

SUMMARY

Diabetic foot ulcers (DFUs) often develop into hard-to-heal wounds due to complex factors. Several
biomarkers capable of identifying those at risk of delayed wound healing have been reported.
Controlling or targeting these biomarkers could prevent the progression of DFUs into hard-to-
heal wounds. This scoping review aimed to identify the key biomarkers that can predict hard-to-
heal DFUs. Studies that reported biomarkers related to hard-to-heal DFUs, from 1980 to 2023, were
mapped. Studies were collected from the following databases: MEDLINE, CINAHL, EMBASE,
and ICHUSHI (Japana Centra Revuo Medicina), search terms included "diabetic," "ulcer," "non-
healing," and "biomarker." A total of 808 articles were mapped, and 14 (10 human and 4 animal
studies) were included in this review. The ulcer characteristics in the clinical studies varied. Most
studies focused on either infected wounds or neuropathic wounds, and patients with ischemia were
usually excluded. Among the reported biomarkers for the prediction of hard-to-heal DFUs, the pro-
inflammatory cytokine CXCL-6 in wound fluid from non-infected and non-ischemic wounds had the
highest prediction accuracy (area under the curve: 0.965; sensitivity: 87.27%; specificity: 95.56%).
CXCL-6 levels could be a useful predictive biomarker for hard-to-heal DFUs. However, CXCL6, a
chemoattractant for neutrophilic granulocytes, elicits its chemotactic effects by combining with the
chemokine receptors CXCR1 and CXCR2, and is involved in several diseases. Therefore, it's difficult
to use CXCL6 as a prevention or treatment target. Targetable specific biomarkers for hard-to-heal

DFUs need to be determined.

Keywords

1. Introduction

Diabetic foot ulcer (DFU) is one of the major
complications of diabetes mellitus, and one of the
main causes of hard-to-heal wounds (/). A large-scale
study conducted by the U.S. Wound Registry reported
that within a 1-year follow-up period, around 33% of
the DFUs failed to heal and developed into hard-to-
heal wounds (2). Although the definition of a "hard-
to-heal wound" varies, it can be broadly described
as one that fails to heal with standard therapy in an
orderly and timely manner (3). Hard-to-heal DFUs
require sophisticated therapies that account for a large
proportion of medical resources, with an average cost
of $10,472 per episode (4). Despite the use of advanced
treatments, this cohort experiences a greater risk of
lower extremity amputations and mortality (J5,6).
Therefore, predicting the outcome early and replacing
standard therapy with advanced therapies to return hard-
to-heal wounds to a healing trajectory could be a useful

Delayed wound healing, prediction, prevention, treatment target

approach to improving efficiency in wound care and
minimizing the enormous burden on medical resources.
Wound healing is a dynamic and complex biological
process that can be divided into four partly overlapping
phases: hemostasis, inflammation, proliferation, and
remodeling. These phases involve multiple functional
cells, as well as cytokines, growth factors, and enzymes
(7,8). Diabetes causes impaired wound healing by
affecting one or more biological mechanisms that
are triggered by hyperglycemia, micro- and macro-
circulatory dysfunction, and tissue hypoxia (9).
Therefore, to predict wound outcomes, two types of
approaches have been adopted in previous studies,
clinical and molecular biomarker assessments, which
involve the macroscopic changes in the wound and
the microscopic changes underneath during the
wound healing process. Clinical assessment usually
includes data such as the patients' basic characteristics,
assessment of inflammatory signs, the efficiency of
blood supply, and wound status. However, the prediction
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rate is unsatisfactory, as a recent study has reported a
prediction model using bedside assessment data with
a 0.77 area under the curve (AUC) (/0). In contrast,
studies using molecular biomarkers such as C-X-C
motif chemokine ligand 6 (CXCL6) exhibited a higher
accuracy in predicting wound healing (/7). However,
patients with severe ischemia were not included in that
study, so whether its results can be applied to people
with angiopathy remains unknown. Several studies have
extensively investigated dysregulated biomarkers related
to wound healing, such as serpin family B member 3
(SERPINB3), miR-155, CXCLYS5, etc., to elucidate the
mechanism involved in delayed wound healing (/2-14).
The sensitivity and specificity of these biomarkers are
unknown, and it is uncertain whether they can serve as
predictive indicators for hard-to-heal DFUs in patients
with any type of difficult-to-heal wounds.

We aimed to map biomarkers related to wound
healing and identify the specific biomarkers that can be
used to predict the progression of hard-to-heal DFUs,
and answer the following research questions: (1) Which
specific population among patients with DFUs was
studied? (2) What is the definition of hard-to-heal DFUs
in most studies? Or, how do most studies define a DFU
exhibiting delayed healing? (3) What type of specimen
was used to detect the biomarkers? (4) Which methods
have been used to detect the biomarkers related to hard-
to-heal DFUs? (5) Which analytical techniques were
used to detect the biomarkers? (6) Which biomarkers
were found to attribute to delayed wound healing in
DFUs? (7) Can the detected biomarkers be used for the
prediction of hard-to-heal wounds and what level of
accuracy is provided by them?

2. Methods
2.1. Protocol

This scoping review was conducted by following the
steps outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)-ScR
extension for scoping reviews (/5).

2.2. Eligibility criteria

Population: People with DFUs, or diabetic animal
models. Concept: Hard-to-heal wounds or wounds
exhibiting delayed healing. Studies comparing delayed
healing with non-diabetic wounds were excluded.
Context: Delayed wound healing-related biomarkers.
Original studies that reported molecular biomarkers
related to hard-to-heal DFUs regardless of design,
including clinical or animal experimental studies, were
included in this scoping review. Both experimental and
quasi-experimental study designs, including randomized
controlled trials, non-randomized controlled trials, and
before-and-after studies were considered. However,

review papers were excluded. Since the definition of
hard-to-heal wounds varied between studies, and many
studies described hard-to-heal wounds as impaired
wound healing, delayed wound healing, non-healing
wounds, or poorly healed wounds; hence, we included
all studies related to wound healing. The following
studies were excluded: (1) Studies that addressed
biomarkers that promote wound healing or are related
to rapid healing. However, if the study reported the
determination of biomarkers related to delayed wound
healing and further experimentally confirmed their
inhibitory effect on wound healing, they were included.
(2) Studies that did not include people with diabetes
or diabetic animal models, or those that only included
comparisons with non-diabetic wounds. (3) Studies that
did not describe the criteria for defining "hard-to-heal"
wounds. (4) Studies that did not describe the biomarker
sampling methods. (5) Studies not published in English
or Japanese.

2.3. Information sources

The following electronic databases were searched and
data from the inception of the database until the date on
which the searches were performed (Oct 20, 2023) were
included in the search: MEDLINE (PubMed interface),
Cumulative Index to Nursing and Allied Health
Literature (CINAHL), EMBASE, and ICHUSHI (Japan
Medical Abstracts Society). These databases were
searched using the following keywords: "diabetic foot"
OR "diabetes mellitus" AND "wounds and injuries"
AND "foot ulcer" OR "diabetic ulcer" OR "diabetic foot
ulcer" OR "diabetic wound") AND "delayed wound
healing" OR "non-healing" OR "impaired wound
healing" OR "hard to heal" OR "poor wound healing"
AND "biomarkers" OR "RNA" OR "proteins" OR
"DNA".

2.4. Selection of sources of evidence

All the articles from the different databases were
uploaded to a reference management software. Duplicate
articles were removed. Two reviewers screened the titles
and abstracts and excluded irrelevant studies, separately,
based on the inclusion criteria. After screening the
titles and abstracts, the full text of the articles was
assessed and considered for review by two independent
reviewers; the articles that matched the exclusion criteria
were rejected and the reasons are shown in the flow
chart. Next, the included studies were quantitatively
synthesized. The whole process was conducted by two
reviewers to screen the studies independently, and any
lack of consensus was discussed with a third reviewer.

2.5. Data charting process

Data from eligible studies were charted by two
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independent reviewers, using a data collection form
developed by the authors.

2.6. Data items

We charted the following variables: study population and
sample size, study design, patient/animal demographic
data, wound characteristics (wound size, wound age,
severity, and evaluation method), criteria of hard-to-
heal DFUs, specimen-related information (sample type,
collection method, collection timing, sample process,
and sample storage conditions), targeted biomarkers
(up-regulation/down-regulation and type of biomarker)
and prediction accuracy.

The results were separated into two tables based on
the subjects: human subject studies and animal subject
studies, as shown in Table 1. Tables were produced
to allow the comparison of the different collection
techniques based on the key characteristics of the
extracted data. One reviewer summarized it while the
other reviewer double-checked the contents. Any lack of
consensus was discussed with a third reviewer.

3. Results
3.1. Search flow (Figure 1)

The scoping review process is visually summarized in
the flow diagram. Initially, a total of 808 records were
identified from various databases, including CINAHL,
EMBASE, MEDLINE, and ICHUSHI. After eliminating
86 duplicate records, the remaining 722 records
underwent initial screening. Among these, 672 were
excluded as they did not meet the specified inclusion
criteria. In the subsequent screening phase, 50 reports
were selected for retrieval. However, 21 of these reports
could not be obtained due to various reasons, such as
limited access to full-text articles or disparities in terms
of population, concept, or context. During the eligibility
assessment phase, 29 reports were thoroughly evaluated,
resulting in the exclusion of 15 reports primarily due to
their lack of alignment with the desired population and
research concept. Ultimately, 14 studies were considered
suitable for inclusion in the review, comprising 10
clinical studies and 4 animal studies.

3.2. Clinical studies (Table 1)

3.2.1. Which specific population among patients with
DFUs was studied?

Among the nine clinical studies, six focused on diabetic
neuropathic wounds, and one focused on infected
wounds. Most studies focused on patients with diabetes
aged between 18-90 years, presenting with neuropathic
ulcers graded under the Texas Grading System, ranging
from grades 2 to 3 (/7,13,16-19). The majority of the

patients were admitted to the inpatient department,
and some studies had specific exclusion criteria for
infection, such as systemic infection, being under
microbial treatments, or other immunological disorders
that might affect inflammatory markers (17,16,19,20).
One study focused on patients with ischemic diabetic
ulcers that required transluminal angioplasty and foot
surgery (27), while MacDonald et al. focused on only
infected diabetic foot ulcers (22).

3.2.2. What is the definition of hard-to-heal DFUs in
most studies?

The definition of hard-to-heal or non-healing DFUs
varied across studies. Common definitions included
ulcers persisting or increasing in size, development
of new ulcers, requirement of amputations, or
patient death. Most studies defined non-healing as
ulcers that did not heal or enlarged within a specific
timeframe, commonly between three and six months,
with six months being the most frequent benchmark
(11,13,16,17). Some studies considered a wound size
reduction of over 50% within four weeks as a healing
ulcer (/8,19), while others used a three-month period
(19,21), and one study defined non-healing based on a
one-year timeframe (23).

3.2.3. What type of specimen was used to detect the
biomarkers?

Most studies utilized wound exudates, with some used
serum (/8,21), plasma (/7,23), skin biopsies (/3,16),
or wound tissue samples (/9,22,23). Wound exudates
were mostly collected using the swabbing technique
(11,17,19,20). These specimens were typically collected
at the initial clinic visit or specific post-wounding time
points in longitudinal studies.

3.2.4. Which methods and analytical techniques have
been used to detect the biomarkers related to hard-to-
heal DFUs?

The predominant method used for biomarker detection
was Enzyme Linked Immunosorbent Assay (ELISA),
since the studies primarily conducted protein analysis.
Besides ELISA, studies employed techniques including
proteomics analysis, protein arrays, multiplex
immunoassay, real-time RT-PCR, and 16S rRNA
genomic sequencing.

3.2.5. Which biomarkers were found to attribute to
delayed wound healing in DFUs?

Several biomarkers were identified across the studies.
These included downregulation of CXCL6 (/7), ENA-
78 (CXCL5) (17), SERPINB3, and upregulation of
neutrophil elastase (/3,16), citrullinates histone H3
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Accuracy of prediction

NA
NA

Biomarkers
Low level of Actinomycetales

Streptococcaceae;

cocei T

Analysis methods
16S rRNA next generation Gram-positive anaerobic

16S rRNA genomic seq Higher abundance of
sequencing

(microbial species) and qPCR  Bacteroidales and

(bacterial abundance)

Specimen-related information
Wound tissue debridement
Plantar skin swab, ulcer
debridement of the wound
edge before wound cleansing.

Definition of hard-to-heal
Persistent infections at

week 12
<50% closed by week 4

Non-healing wounds:

Wound characteristics
DFU Duration: > 4 weeks

2020, Vascularized plantar neuropathic
Size: > 0.5 cm’

Author, year, country
MacDonald et al., Infected diabetic foot ulcer
2019, USA (22)

Min et al.,
USA (19)

Table 1. Clinical studies that reported potential biomarkers for predicting hard-to-heal DFUs (continued)

Microbiome
Microbiome

(citH3) (23), higher level of soluble intercellular
adhesion molecule-1 (SICAM-1) and endothelin-1 (ET-1)
(21), Gram-positive anaerobic cocci (/9), and a higher
abundance of Bacteroidales and Streptococcaceae and a
lower level of Actinomycetales in non-healing wounds
(22). In Vieceli Dalla Sega et al. study, they further
mentioned that plasminogen activator inhibitor-1 (PAI-
1) and ET-1 levels were associated with the need for
revascularization within 12 months from the previous
treatment. The levels of interleukin-10 (IL-10), IL1RA,
and CD40L, were linked with an increased risk of
developing new lesions or recurrences after DFU
healing. Conversely, thrombomodulin levels were
inversely associated with this risk (27).

3.2.6. Can the detected biomarkers be used for the
prediction of hard-to-heal wounds and what level of
accuracy is provided by them?

Several studies provided accuracy metrics for the
biomarkers. For instance, CXCL6 exhibited a high level
of predictive accuracy with an AUC of 0.965, indicating
high sensitivity (87.27%) and specificity (95.56%)
at a cutoff value of 846.90 ng/mL (/7). ENA-78 had
an AUC of 0.705 with a sensitivity of 45.90% and a
specificity of 89.58% (/7). SERPINB3 showed an AUC
of 0.665 with a sensitivity of 75% and a specificity of
62.5% (13). Neutrophil elastase had an AUC of 0.815
(16), while CitH3 displayed an AUC of 0.84 (23).
One study developed a decision tree for the endpoint
of recurrences and new lesions based on sCD40L and
thrombomodulin levels, which showed an accuracy
of 0.812 (95% CI = 0.6192-0.937) for the outcome;
however, the delayed wound healing prediction model
was not shown (27). These metrics suggest that these
biomarkers have potential predictive value for hard-to-
heal DFUs.

3.3. Animal studies (Table 2)

3.3.1. Which specific population among animal models
was studied?

The studies utilized various mouse models, including
fibroblast growth factor-7 (FGF-7)-null diabetic mice
(24), p66Shc-KO STZ-induced diabetic mice (25), Flii""
mice (26), and db/db thrombospondin-2 (TSP2) KO
mice (27).

Exclusion: Receiving antibiotics

over 2 weeks

3.3.2. What are the main findings?

Key findings included the significant delay in wound
contraction and healing due to the absence of FGF-
7 in diabetic mice (24), accelerated healing in p66Shc
knockout diabetic mice (25), increased inflammation
due to elevated Flii levels (26), and accelerated re-
epithelialization in TSP2-deficient mice (27).
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[ Identification of studies via databases and registers ]

Records removed before
»| screening:

— | Not meeting inclusion criteria

Duplicate records
removed
(n=86)

Records excluded:

(n=672)

Reports not retrieved:
Unable to obtain full test

(n=6)

v

Wrong population (n = 2)
Wrong concept (n = 9)
Wrong context (n = 4)

Reports excluded:

S Records identified (n = 808):

® CINAHL (n = 169)

& EMBASE (n = 325)

£ MEDLINE (n = 312)

3 ICHUSHI (n = 2)

— v

Records screened (15t
screening)
(n=722)

=) l -

£ Reports sought for retrieval

o (2" screening)

©

. !
Reports assessed for
eligibility
(n=29)

J !

o Studies included in review

3 (n=14)

° Clinical study (n = 10)

= Animal study (n = 4)

Figure 1. Scoping review flow diagram.

4. Discussion

The primary objective of this scoping review was to
map biomarkers related to wound healing and to identify
specific biomarkers that can predict the progression
of hard-to-heal DFUs. Our findings provide a
comprehensive overview of the current state of research
in this area and highlight potential avenues for future
investigations.

Our scoping review has identified several
biomarkers associated with delayed wound healing
in DFUs. The downregulation of CXCL6 in non-
healing ulcers was highlighted by Wang ef al. (2019)
with high sensitivity and specificity, making it a
potential promising biomarker for predicting hard-to-
heal DFUs (/7). CXCL6, a chemokine, is recognized
for its involvement in various inflammatory processes.
This finding underscores the central role inflammation
plays in wound healing. Although our review did not
find other studies directly supporting this observation,
the significance of inflammation in wound healing is
a recurring theme in the literature. While it exhibits
high accuracy in predicting non-healing DFUs, it
has also been implicated in various other diseases,
including alcoholic liver disease (2§), inflammatory
bowel diseases and gastrointestinal tumors (29), neuro-
inflammatory disease (30), and other inflammatory
diseases (3/). Because it is not specific to wounds, it
might lead to false positives. Even if it could be used as
a predictive measure, it might be a difficult treatment
target. Li et al. (2019) reported the downregulation
of ENA-78 in non-healing DFUs (/7). ENA-78

Wrong population (n = 1)
Wrong concept (n = 14)

plays a crucial role in neutrophil recruitment, further
emphasizing the importance of inflammation in
wound healing. This finding aligns with the broader
understanding of inflammation's significance in wound
healing, as seen in the studies by Wang et al. (2019) and
Li et al. (2013) (/1,18) which observed an increased
matrix metalloproteinase (MMP-9)/TIMP-1 ratio in
patients with poor wound healing. This balance between
MMPs and TIMPs is essential for wound remodeling
as described in many previous studies (/8,32-34).
While this observation is unique to their study, it offers
a potential avenue for further research into the role of
MMPs and TIMPs in wound healing. Loffle et al. (2011)
found elevated lactate concentrations in the wound
fluid of patients with soft-tissue infections. Lactate, a
byproduct of anaerobic metabolism, can indicate tissue
hypoxia or bacterial metabolism (20). Both factors
can hinder wound healing. Fadini ef al. (2014) noted a
downregulation of SerpinB3 in rapidly healing ulcers
(13). SerpinB3 is involved in various cellular processes,
including apoptosis and inflammation. While this study
suggests its potential protective role in wound healing,
further studies are needed to confirm this observation
and its implications. Levels of sSICAM-1 and ET-1, both
molecules expressed by the endothelium, were found
to be inversely related to wound healing within three
months in patients with critical limb ischemia (27).
Elevated levels of these molecules are indicative of
endothelial dysfunction. Elevated SICAM-1 levels are
linked to inflammation and indicate either endothelial
stimulation or damage. ET-limpacts vascular smooth
muscle cells, serving as a powerful vasoconstrictor.
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Indeed, elevated levels of ET-1 correlate with disrupted
vascular tone control in diabetes (35). This might
indicate that the variations in these biomarkers are
attributable to the specific population of the study group,
specifically, individuals with critical limb ischemia.
In animal studies, it has been highlighted that FGF-
7 is important for keratinocyte activity, and another
study emphasized the role of p66Shc in inflammation
and oxidative stress. Additionally, TSP2 was identified
as an inhibitor of angiogenesis, which is essential for
wound healing (24-26). While these findings are based
on animal research, they present potential therapeutic
targets to enhance wound healing in humans, which
need to be further confirmed through clinical studies.
It's noteworthy that some biomarkers, such as neutrophil
elastase, were recurrent in multiple studies, suggesting
a shared pathway or mechanism in delayed wound
healing. The consistent theme across these studies is
inflammation's role, as highlighted by markers like
CXCL6 and ENA-78. Therefore, targeting inflammation
could be a key strategy in promoting wound healing in
DFUs.

While these biomarkers present promising prospects
for predicting hard-to-heal wounds, their seamless
integration into clinical practice poses challenges.
Notably, some of the identified biomarkers lack
specificity for wounds, as they can be elevated due to
other systemic conditions. Consequently, while they
may serve as predictive measures, utilizing them as
treatment targets or for prevention might be intricate.
For instance, biomarkers like CXCL6 and neutrophil
elastase, although associated with wound healing, are
also implicated in various inflammatory conditions
including alcoholic liver disease (2§), inflammatory
bowel diseases and gastrointestinal tumors (29), neuro-
inflammatory disease (30), and other inflammatory
diseases (37). Thus, relying solely on these biomarkers
without considering the broader clinical context may
not be advisable. In the studies included in this review,
the primary approach employed was the assessment of
proteins, and the predominant method for collecting
wound exudate was swabbing. However, it is crucial to
acknowledge that the components of exudate collected
via swabs predominantly consist of fresh wound
exudate, which may differ from exudate collected over
extended periods (36,37).

The studies incorporated into this review primarily
concentrated on wounds characterized by vascular
impairments or infections, with a particular emphasis on
specific types of DFUs. Consequently, the biomarkers
identified in these studies may have a pathological basis.
However, it's important to note that this focus could
potentially constrain the applicability of the findings to
other types of DFUs. Furthermore, the study designs
exhibited variation, encompassing both cross-sectional
and longitudinal approaches; however, biomarkers were
measured at a single time point in all the studies, and

their cutoff levels could vary across different wound
healing phases, potentially affecting the preventive
strategies. Additionally, in some studies, the sample sizes
were relatively small, which could potentially impact
the robustness and generalizability of the findings.

Given the inherent limitations and the dynamic
nature of biomedical research, future investigations
can substantially benefit from the pursuit of shared
biomarkers by incorporating diverse populations of
individuals with various types of DFUs and utilizing a
broader range of animal hard-to-heal wound models.
Furthermore, continuous evaluation, involving
comprehensive protein or gene expression analyses
of samples that reflect the real-time conditions of the
wound, such as exudate or cells collected from wound
dressings, may yield deeper insights into the cellular
dynamics significant to the wound healing process and
advance our comprehension of it. Additionally, the use
of high-resolution techniques, like single-cell RNA
sequencing, represents a promising avenue for further
research. This advanced methodology offers superior
resolution of cellular responses and holds the potential
to reveal novel biomarkers or pathways crucial to wound
healing. Embracing such mechanism-driven approaches
can yield more precise and actionable insights for
guiding clinical interventions.

This review provides a comprehensive overview of
the current state of research on biomarkers associated
with hard-to-heal DFUs. However, it is important to
acknowledge that our review is constrained by the
existing body of literature. There might be unpublished
studies or ongoing research that could provide additional
insights. Additionally, the heterogeneity in study designs
and populations might affect the comparability of the
findings.

5. Conclusion

In conclusion, this scoping review has scoped a range
of biomarkers associated with delayed wound healing
in DFUs. Although these findings hold promise for
potential clinical interventions, the generalizability and
specificity of these biomarkers must undergo further
validation. In the future, the adoption of advanced,
mechanism-based research approaches has the potential
to yield more precise insights, thereby paving the way
for targeted interventions aimed at addressing the
challenges posed by hard-to-heal DFUs.
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SUMMARY

Keywords

Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting fertility and mental
health among women of reproductive age. In addition to anovulation and hyperandrogenism, patients
also experience metabolic issues, such as insulin resistance, obesity, and dyslipidemia, as well as
chronic low-grade inflammation throughout the body. Recent studies have shown that even with
assisted reproductive technology to treat anovulatory issues, patients with PCOS still have higher rates
of adverse pregnancy outcomes and abortion compared to normal pregnancies. These findings suggest
that PCOS may impair the endometrium and disrupt the onset and maintenance of healthy pregnancies.
Decidualization is a crucial step in the process of healthy pregnancy, during which endometrial stromal
cells (ESCs) differentiate into secretory decidual stromal cells (DSCs) regulated by hormones and
local metabolism. This article comprehensively reviews the pathological processes of PCOS and the
mechanisms involved in its impaired decidualization. In addition, we explore how PCOS increases the
incidence of adverse pregnancy outcomes (APO). By gaining a better understanding of the adverse
effects of PCOS on pregnancy and its specific mechanisms, we hope to provide a theoretical basis for
reducing APO and improving the live birth rate among women with PCOS.

polycystic ovary syndrome, decidualization, adverse pregnancy outcomes, insulin resistance,

inflammation

1. Introduction

Polycystic ovarian syndrome (PCOS) is the most
prevalent reproductive endocrinopathy affecting women
of reproductive age, with a predicted prevalence of 6%-
10%, based on diagnostic criteria (/). PCOS is known
for causing fertility-related challenges such as decreased
fecundity, anovulation or oligo-ovulation, reduced oocyte
competence, and impaired endometrial receptivity (/-
3). The increased risk of adverse pregnancy outcomes
and iatrogenic ovarian hyperstimulation syndromes are
linked to PCOS patients' greater prevalence of assisted
reproductive technologies (ARTs) (4). Additionally,
pregnant women with PCOS are more likely to
experience pregnancy- and neonatal-related problems
(3,6). Research has shown that pregnant women with
PCOS experience a 3 to 4 times higher incidence of
gestational hypertension (GHTN), pre-eclampsia (PE),
and gestational diabetes mellitus (GDM) compared to
healthy women (6-8). Studies showed greater risk of
miscarriage, preterm delivery, and intrauterine growth

restriction (IUGR) among women who experience these
adverse pregnancy outcomes (9). These unfavorable
effects are thought to be caused by PCOS-affected
women's aberrant hormone levels and metabolic
malfunction. Previous systematic reviews and meta-
analyses have linked PCOS in pregnancy with higher
fasting blood glucose (FBG) levels, decreased levels of
high-density lipoprotein (HDL), and high levels of serum
androgen (/0,11). As pregnancy progresses, mothers
experience a natural increase in insulin resistance (IR)
and androgen levels to supply energy to the growing
fetus (/2) and regulate critical processes during
pregnancy and childbirth (/3). However, in women with
PCOS, the imbalance of beneficial and adverse effects of
endocrine changes can lead to pathological alterations,
resulting in an overexpression of metabolic pathways and
potentially causing adverse outcomes for the pregnancy,
fetal growth, and neonatal health (/4).

Establishing the maternal-fetal interface as well
as sustaining and growing the placenta depend on the
decidualization of endometrial stromal cells (/5). Due
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to the heterogeneous phenotype of PCOS patients
and multiple confounding factors, the pathogenic
mechanisms of PCOS for adverse pregnancy outcomes
are difficult to identify with precision. However, new
literature reports progressively point to negative effects
of PCOS on endometrial stromal cell decidualization
impairment during the first trimester of pregnancy.
This review summarizes current knowledge on PCOS-
related decidualization impairment and discusses the role
of decidualization in adverse pregnancy outcomes for
women with PCOS.

2. The impact of PCOS on pregnancy
2.1. PCOS

PCOS is a complex and heterogeneous disease. The
Rotterdam criteria requires the presence of at least two out
of three features: oligo- or anovulation, hyperandrogenism
(HA), and polycystic ovary morphology observed
via ultrasound (/6). The condition is lifelong and can
have origins in fetal life, often being associated with
intrauterine growth retardation or post-term birth (/7).
PCOS is characterized by reduced reproductive capacity
and endocrine disturbances. The former includes
infertility and adverse pregnancy outcomes, and the latter
involves alteration in the levels of sex hormones as well
as their stimulating hormones and clinical or laboratorial
metabolic disorders such as IR, type II diabetes,
dyslipidemia and a higher risk of cardiovascular disease.
We hypothesized that the hormonal and metabolic
disorders presented in PCOS patients may be the intrinsic
pathological factors causing pregnancy disorders. We
focus on the decidualization process in particular since it
is essential for the creation and maintenance of pregnancy.
And the specific molecular mechanisms of which will be
described in detail later.

2.2. Pathogenic factors of PCOS

HA is a defining characteristic of PCOS, contributing
to hormonal dysregulation and the development of
small follicles in the ovaries. IR is a common metabolic
disturbance in PCOS, characterized by impaired insulin
sensitivity and elevated insulin levels. HA and IR
influence each other, exacerbating PCOS symptoms.
The interplay between IR and HA serves to accelerate
the progression of PCOS symptoms in affected women
(18). IR has been shown to contribute to androgen
excess in PCOS through various mechanisms, including
the upregulation of Gonadotropin-releasing hormone
(GnRH) expression and enhancing the stimulating
effects of Luteinizing hormone (LH) (/9), inhibition
of Sex Hormone-Binding Globulin (SHBG) release
from the liver (20), and upregulation of aldo-keto
reductase type 3 (AKRIC3), increasing adipose tissue
testosterone production (27). Contrarily, the HA found

in PCOS patients has been demonstrated to alter the
phosphorylation patterns of Akt and protein kinase C
(PKC), as well as reduce the production of the proteins
glucose transporter type 4 (GLUT4) and insulin receptor
substrate 1 (IRS-1) associated to tumor necrosis factor
o (TNF-a) and interleukin 6 (IL-6) (22-24). Obesity and
dyslipidemia are closely linked to PCOS, with obesity
playing an integral role in its development. Dyslipidemia,
characterized by abnormal lipid levels in the blood,
promotes IR. Dyslipidemia in PCOS is characterized by
the impaired inhibition of free fatty acid (FFA) release
in response to insulin, increasing levels of low-density
lipoprotein cholesterol (LDL-C)/triglycerides (TG)
with decreasing high-density lipoprotein cholesterol
(HDL-C) (25). PCOS is also recognized as a chronic
low-grade inflammatory disease, with elevated levels
of inflammatory markers. HA and IR stimulate the
inflammatory pathway, leading to oxidative stress and
chronic inflammation.

In summary, PCOS is characterized by
hyperandrogenism, IR, obesity-related dyslipidemia,
and chronic inflammation. These factors interact and
contribute to the pathophysiology of this syndrome

(Figure 1).
2.3. The impact of PCOS on pregnancy outcomes

PCOS and its manifestations potentially infer high-
risk pregnancies, leading to a series of adverse maternal
outcomes (26). The two main adverse maternal outcomes
are hypertensive disorders during pregnancy (HDP)
and GDM. Meta-analyses have reported higher risks
for GDM and HDP in women with PCOS, especially
PE compared to normal controls (27,28). Studies have
shown that GDM is independently associated with PE
in singleton pregnancies, and we speculate that there
may be a common pathogenic factor of GDM and PE in
women with PCOS.

The effects of PCOS on fetal growth have been
linked to meconium aspiration, very preterm birth, and
low Apgar scores (< 7) at five minutes (29). Large for
gestational age (LGA) and small for gestational age
(SGA) infants were more likely to be born to moms with
PCOS. Animal experiments have demonstrated that IR
and hyperinsulinemia are able to cause increased fetal size
(30). 1t is also suspected to lead to higher LGA birth risk
in human with PCOS. Although some studies have not
detected fetuses with [IUGR in PCOS patients (37), others
have claimed that women with PCOS had higher rates of
IUGR and SGA than women without the condition who
are the same age and body mass index (BMI) (28). The
decrease of nutrients such as amino acids required by the
fetus due to placental malperfusion may be one of the
causes.

HDP may stem in part from the direct and indirect
effects of insulin on vasoconstriction (32). In addition,
insulin stimulates various growth factors promoting
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Figure 1. Characteristic manifestations of PCOS and their interaction. Hyperandrogenemia may be due to insulin resistance and dyslipidemia
that induces the production of additional androgens through a variety of mechanisms (e.g., increased hypothalamic-pituitary-gonadal axis release,
increased adipose tissue and adrenal gland synthesis), which can in turn exacerbate insulin resistance. In addition to directly or indirectly acting on
adrenal androgen production, lipid metabolism disorders can also promote insulin resistance through up-regulation of fatty acids (FFA) and down-
regulation of Adipokines. In addition, hyperandrogenemia, lipid metabolism disorders, chronic inflammation and oxidative stress in patients with
insulin resistance and PCOS are also closely related and mutually reinforcing.

thrombosis and fibrosis as well as up-regulates blood
pressure response to sodium intake (33,34). Hormonal
imbalance and HA may also play a role here. Animal
experiments demonstrated that testosterone-treated
mice exhibited increased vascular resistance and
hypertension (35).

Placental dysfunction caused by impaired maternal-
fetal interface is widely known as a vital cause of
pregnancy complications and adverse fetal outcomes
(36). Therefore, we hypothesized that the characteristic
manifestations of PCOS, such as IR, HA, abnormal
lipid metabolism and inflammation may contribute to
adverse pregnancy outcomes (APO) by influencing
decidualization, one of the most essential parts in
maternal-fetal interface.

3. Impaired decidualization in adverse pregnancy
outcomes

PCOS is commonly associated with APO, leading to
greater use of ART compared to women without PCOS
(29). APO refers to a range of short- and long-term
complications related to pregnancy and delivery that
impact both the mother and the fetus. APOs related
to maternal PCOS include preeclampsia, gestational
diabetes, gestational hypertension, and recurrent
miscarriage. The process of becoming pregnant is
intricate and irreversible, involving a number of
separate steps, such as implantation, decidualization,
placentation, and ultimately, birth. Any interference
with these processes can result in adverse pregnancy

outcomes. In humans, decidualization is initiated not
by the blastocyst signal but by the menstrual cycle, and
it occurs simultaneously with the development of the
fertilized egg. Decidualization not only plays a critical
role in implantation but also regulates placentation,
making it of utmost importance during pregnancy. This
review aims to examine and summarize the relationship
between impaired decidualization and APO, as well as
the specific mechanisms involved (Figure 2).

4. The role of PCOS in decidualization impaired APO

4.1. The role of decidualization in the progress of
pregnancy

Decidualization of the human endometrium is the
process of remodeling post-ovulation in preparation
for pregnancy. This procedure includes vascular
remodeling, the development of secretory uterine
glands, and the influx of specialized uterine natural
killer cells (uNKs) (37,38). More specifically, human
endometrial stromal cells (ESCs) undergo morphological
and functional differentiation known as decidualization
(39). 1t is initiated mainly by hormones, particularly
estrogen estradiol (E2) and progesterone (P4) secreted
by the corpus luteum post-ovulation. In pregnancy,
trophoblast cells produce human chorionic gonadotropin
(hCQ), which helps maintain progesterone levels. A
regulatory loop is then established between hormones
such as relaxin and corticotropin-releasing hormone
(CRH), along with hCG, to increase intracellular
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cyclic adenosine monophosphate (cAMP) levels and
promote decidualization. Prolactin (PRL) and insulin-
like growth factor binding protein 1 (IGFBP1), which
have been frequently employed as markers of decidual
cells, are examples of particular molecules secreted by
decidualized ESCs (Figure 3).

4.2. The regulation of dysdecidualization in APO

In addition to discrete events like implantation,
decidualization, placentation, and childbirth, pregnancy
is a difficult, irreversible process. Interference in
any of these steps may lead to adverse pregnancy
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outcomes. Decidualization in humans is initiated not
by the blastocyst signal but the menstrual cycle (/5).
Decidualization of the endometrium and the development
of the fertilized egg go on simultaneously and it is
not only related to implantation but also regulates
placentation, which plays an extremely essential role
during pregnancy. Therefore, the purpose of this review
is to study and summarize the relationship between
impaired decidualization and APO and the specific
mechanisms involved. Recurrent pregnancy loss (RPL) is
considered a disease as compared to sporadic pregnancy
loss. Although embryo aneuploidy is a common cause
of pregnancy loss, studies have shown that RPL patients
with PCOS have a decreased rate of embryo ancuploidy,
suggesting a potentially greater role for endometrial
disorders in RPL (40).

Numerous studies have established a link between
PRL and deficient endometrial decidualization, with
reduced expression of decidualization markers, including
PRL, tissue factor (TF), and signal transducer and
activator of transcription 5 (Stat5), detected in such
patients. However, it is yet unclear how PRL affects
the expression of IGFBP-1 (4/-43). Studies on the
mechanism of improper decidualization leading to
RPL primarily focus on two aspects: reduced embryo
screening ability and premature, excessive oxidative
and inflammatory stress. Women with RPL often show
prolonged, heightened inflammatory endometrial
reactions which may be linked to defective endometrial
vessel remodeling and disrupted oxygen supply (44,45).
In women with RPL, all genes in the interleukin 8 (IL-8)
pathway are upregulated, while those in the interleukin
1 (IL-1) pathway are downregulated (46). Oxidative and
inflammatory stress, such as heightened tumor necrosis
factor o (TNF-a) and nucleotide oligomerization domain
(NOD)-like receptor thermal protein domain associated
protein 3 (NLRP3) secretion, can induce stromal cell
senescence and deplete endometrial mesenchymal stem
cells (eMSCs) (47-49). RPL has also been linked to a
variety of genes, intracellular signaling pathways, and
metabolic dysregulation (50-53).

4.3. The relationship between PCOS pathological factors
and dysdecidualization

Numerous studies have yielded compelling evidence
supporting the association between PCOS characteristics
and adverse pregnancy outcomes, irrespective of the
phenotype, including metabolic and hormonal disorders
and the ensuing inflammatory response (54). Of these
factors, endometrial factors have been increasingly
cited, with a greater emphasis on decidualization. To
address this topic, our review focuses on investigating
the mechanisms through which PCOS directly affects the
differentiation and function of endometrial stromal cells
by disrupting endocrine balance. Additionally, epithelial
cell growth and the attraction of immune cells can both

be negatively impacted by a number of variables, leading
to epithelial-mesenchymal communication disorders that
ultimately undermine ESC decidualization. The above
content is an important elaboration of our review.

4.3.1. Insulin resistance impairs the energy uptake in
ESC through the insulin signaling pathway

The impairment in insulin signal pathway contributes to
the improper decidualization of women with PCOS by
downregulating the expression of variety of important
secretion factors. Neff ezc. has reported a reduced
expression of IR stimulated by hyper-insulinemic
conditions led to impaired decidualization (55). Insulin
receptor substrate 2 (IRS2) induced by progesterone
bridges receptor tyrosine kinases such as insulin-like
growth factor 1 receptor (IGFIR) and IR to downstream
phosphoinositide 3-kinase (PI3K)/AKT and mitogen-
activated protein kinases (MAPK) pathways. EDCs
with abnormal PI3K/AKT and MAPK activation had
less glucose transporter type 1 (GLUT1) and GLUT4
accumulating in the cell membrane, which may lead to
an energy deficiency during decidualization considering
an obviously increased uptake in decidual stromal cells
(DSCs) and a booming necessity of energy during
decidualization (56). Thus, IR and declined progesterone in
women with PCOS are supposed to have negative impact
on MAPK and PI3K/AKT signal pathway. IGFBP1, bone
morphogenetic protein 2 (BMP2), Wnt family member 4
(WNT4), and heart and neural crest derivatives expressed
2 (HAND2) (but not PRL) expression in human ESC
has been reported to be dramatically reduced by IRS-
2 loss. IGFBP1 and PRL expression were considerably
reduced after treatment with an ERK1/2 (member of the
MAPK pathway) inhibitor, and the activation of known
extracellular regulated protein kinases 1/2 (ERK1/2)
target genes FOS, mitogen- and stress-activated kinase 1
(MSK1), signal transducerand activator of transcription
1 (STAT1), and signal transducerand activator of
transcription 3 (STAT3) was also blocked, which verified
the importance of MAPK pathway in decidualization
(57). Increased nuclear accumulation and forkhead box
O1 (FOXO1) transcriptional activity require PI3K/
AKT activation, which is exhibited to promote decidual
procession by increasing PRL promoter activity (58).
Insulin resistance is also found significantly up-
regulated Prokineticin 1 (PROK1) mRNA and protein
levels in human decidualized endometrial stromal cells
through hypoxia-inducible factor-1a (HIF1a) and PI3K
pathways, which impacted trophoblast migration and
invasion as well as endometrial stromal cell migration (59).

4.3.2. Elevated androgens and increased androgen
receptor expression in PCOS patients may disrupt the

decidualization

In uterus of normal pregnant women, the abundance of
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androgen receptor (AR) in pregnancy phase is down-
regulated, but for PCOS, AR is reported overexpressed
both in endometrium epithelial and stromal cells
compared to fertile controls (60). This upregulation
of AR' s expression may be attributed to the chronic
elevation of estrogen and androgens in women
with PCOS (61). Numerous researches have shown
endometrial androstenedione concentrations in women
with PCOS are three times greater than in normal
women and dramatically promote cell proliferation in
ESC cultures because AR is colocalized with Ki-67.
Androgen and progesterone work together to promote
PRL secretion, and can be inhibited by the specific AR
competitive inhibitor flutamide. /n-vitro experiments
showed a decreased proliferation of ESC cells collected
from both PCOS patients and normal pregnant women
treated with dihydrotestosterone (DHT), which can be
partially compensated by treatment with dexamethasone
(60). And the decreased expression of PRL has also
been exhibited, suggesting that ESC decidualization was
impaired.

A recent study found that melanoma-associated
antigen 11 (MAGEAT11l), a cAMP-induced AR
coregulator, was delayed in up-regulation and expressed
less in ESC cells from PCOS patients. Furthermore,
AR chromatin immunoprecipitation research revealed
that Kriippel-like factor (KLF)-9 and 13 transcription
factors (KLF9/KLF13) are both important targets
of androgen receptor. Researchers postulated that
aberrant MAGEAT11 expression may induce delayed
or incorrect decidualization by interfering with normal
signal transduction from AR to the target KLF9/13
and its downstream component BMP2. Furthermore,
the promyelocytic leukemia zinc finger transcription
factor (PLZF)-related pathway may play a role in the
poor decidualization process. AR overexpression and
activation appear to mediate mis-expression of these
transcriptional regulators required for transcriptional
programming (62).

The up-regulation of B-cell lymphoma-2 (Bc/-2) in
PCOS samples with hyperandrogenemia showed signs of
early apoptosis and delayed cell cycle. And a higher p27
protein expression also shows that cell cycle regulation
may be compromised (63). Apoptosis is delayed in
PCOS; overexpression and hyperactivation of AR may
be the cause of this. Gene ontology analysis showed that
AR targets were primarily involved in processes linked
to the positive control of cell death.

4.3.3. Disorders of lipid metabolism may directly affect
the synthesis and breakdown of cellular lipids required
during decidualization

Lipids and their derivatives are increasingly being
identified to be crucial in the decidualization of
endometrial stromal cells in research. Cholesterol-
derived steroid hormones E2 and P4 are essential for

the maintenance of decidualization of stromal cells. Up-
regulated by E2 and stimulated by P4, the progesterone
receptors (PGRs) directly activate transcription factors
such as FOXO1 and homeobox A10 (HOXA10), which
leads to the procession of decidualization and the secretion
of DSCs markers such as IGFBP-1 and PRL (64-66).
E2 and P4 expression in the circulation and estrogen
receptor (ER) and PGR observed in the endometrium of
PCOS patients are both vary from that in normal women.
More intriguingly, the findings showed that a subset of
PCOS-affected women had ESCs that showed a reduced
decidualization response to E2P4 therapy, which is also
called "progesterone resistance" (67).

Adipocytes synthesize and secrete adipokines, such
as leptin and adiponectin. Leptin is involved in the pro-
inflammatory process, while adiponectin has protective
effects such as anti-inflammatory and increasing insulin
sensitivity. Some studies have found that the level of
circulating adiponectin is decreased in PCOS patients,
and there is abnormal expression of adiponectin system
genes in granulosa cells (68,69). Investigators have
identified adiponectin expression in endometrial ESCs
of PCOS patients and reported that adiponectin is a
component of correct endometrial decidualization and
embryo implantation (70). Adiponectin treatment of
stromal cells was found to up-regulate the expression
of leukemia inhibitory factor (L/F) and glutathione
peroxidase 3 (GPX3), and down-regulate the expression
of interleukin 15 (/L-15) and mucin 1 (MUCI),
indicating that the presence of adiponectin promotes
stromal cell decidualization and is anti-inflammatory
and anti-oxidative and creating a favorable endometrial
environment (7/). In addition, adiponectin can inhibit
the excessive invasion of trophoblast cells, the effect
of which may be related to the decreased activity
of matrix metalloproteinase 2 (MMP-2) and matrix
metalloproteinase 9 (MMP-9) and the up-regulated
expression of tissue inhibitor of metalloproteinase 3
(TIMP-3) mRNA, a tissue inhibitor of metalloproteinases
in ESCs (72,73). Therefor we can conclude that the
decreased expression of adiponectin in PCOS patients
has an adverse effect on decidualization of ESCs.

Additionally, high levels of advanced glycation end
products (AGEs) affect the function of endometrial
epithelial cells and endometrial stromal cells, stress
endoplasmic reticulum (ER) in ESCs and impair
decidualization, compromise the implantation of
blastocyst mimics, and inhibit trophoblast invasion (74).

4.3.4. Imbalance of pro- and anti-inflammatory factors
interferes with signal transduction, apoptosis and cell
cycle regulation in ESC

Inflammation is prevalent in women with PCOS:
Serum levels of TNF-a, IL-1, IL-6 and IL-18, adhesion
molecules, follistatin and C-reactive protein (CRP) were
widely observed elevated. Microarray analysis revealed

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2023; 17(6):378-388. 384

that ESCs in women with PCOS showed upregulation
of inflammatory genes (C4A4/B, CCL2, ICAMI,
TNFAIP3) (75,76). Inflammation is closely related to
metabolic disorders, immune cell dysfunction and even
oxidative stress, and leading to a definite disruption
on decidualization procession. In addition, some
inflammatory cytokines themselves can directly damage
the decidualization process of ESCs through Intracellular
pathways.

TNF-a was significantly increased in PCOS patients.
On the one hand, TNF-a levels interfere with the insulin
signal pathway by lowering adiponectin signaling
and GLUT-4 protein, which in turn interferes with
the activation of the /RS-/ gene in the ESCs of PCOS
women. This will further exacerbate the disruption of
insulin signaling pathway, which is especially common
in obese PCOS women (69,77). On the other hand,
infertile PCOS patients with increased levels of the
inflammatory cytokines TNF-a and IFN-a increase NF-
«B and STAT1 protein recruitment to osteopontin (OPN)
and CD44 promoters. This overexpression of NF-kB p65
(Rel A) is positively correlated with serum insulin levels
and hyperandrogenism in overweight PCOS women (78).
Thus, we can infer that TNF-o could profoundly damage
decidualization by promoting IR and HA decidua.

It has been found that the cytotoxic cytokine IL-1f
blocks human ESCs differentiation and automatically
upregulates its synthesis and secretion through
independent signaling pathways. Uterine gap junction
protein connexin 43 (Cx43) and two other ESCs
differentiation markers: PRL and vascular endothelial
growth factors (VEGF) are inhibited by IL-1p activation.
This may be handled through the ERK1/2 and p38
MAPK cascades. Furthermore, IL-1 has been suggested
to inhibit the expression of estrogen receptor-a,
progesterone receptor-a and progesterone receptor-b in
ESCs (79).

Studies have demonstrated that PCOS patients'
endometrium expresses more IL-6 and IL-8, which
may be due to the influence of insulin and androgen
(80). These inflammatory factors secreted by the DSCs
plays the chemotaxis of white blood cells (WBC) in
endometrium, coordination of sertoli cell invasion,
and so on. But do these cytokines have an effect on the
differentiation of ESCs themselves? A recent study found
in vitro experiment that the addition of IL-6 and IL-8 to
ESCs cells derived from PCOS patients did not affect
their decidual morphology or reduce the expression of
their secreted production IGFBP-1. This may imply IL-6
and IL-8 have no significant effect on decidualization of
endometrial ESCs from PCOS patients (87).

Excepting the upregulation of inflammatory factors,
the downregulation of anti-inflammatory factors is also
be found in PCOS patients. A pro-survival factor called
stoniocalcin-1 (STC-1) shields tissues from stresses
including inflammation and hypoxia. In the nonpregnant
state, STC-1 gene expression is restricted to the uterine

luminal epithelium, while during implantation, STC-1
gene expression is observed to be exhibited and increased
in DSCs in the superficial layer of endometrium (§2).
Expression of STC-/ is found reduced in women with
PCOS when facing stress that may cause deficits,
possibly because of a diminished STC-1 response to
stressors in ESCs of PCOS patients (83). This reflects
that STC-1 may affect the decidualization of ESCs in
PCOS patients through inflammation and oxidative
stress pathways. A recent study constructing endometrial
organoids reported that treatment of ESCs in vitro with
STC-1 alone had no effect on decidualization (84) (Figure
4). We suggest more future experiments are needed to
verify this conclusion.

5. Conclusions and prospects

PCOS is a global health concern with serious and long-
term adverse effects on the physical and mental health
of women in their reproductive age, studies have found
woman with PCOS suffering a higher rate of APO.
However, the study of the increased incidence of APO
in PCOS patients is still in its early stages, with multiple
essential pathological mechanisms yet to be uncovered
and clinically verified. Decidualization plays a crucial
role in pregnancy and any dysfunction leading to poor
decidualization can result in catastrophic adverse
pregnancy outcomes. Through our review of recent
literature, we have discovered that decidualization of
stromal cells in PCOS patients is not only impacted by
low progesterone levels caused by ovulation disorders,
but also influenced by changes in biochemical and
metabolic signals, such as hyperandrogenism, obesity,
IR, and hyperinsulinemia. These pathological processes
impair decidualization of endometrial stromal cells at the
cellular signaling and gene expression levels mediated
by cytokines, inflammatory factors, and oxidative
stress. Dysfunctional secretion and phagocytosis further
contribute to poor function and excessive pro-senescence,
resulting in various APO, including RPL, preterm birth
(PTB), PE, and IUGR. It is apparent that the changes
in biochemical and metabolic signals caused by PCOS
not only affect stromal cells, but also impact other
components of the endometrium, including epithelial
cells and immune cells. These effects may directly
impair decidual function or indirectly damage stromal
cell decidualization through intercellular crosstalk.
However, space limitations prohibit us from exploring
this aspect in this review. Similarly, due to the wide
range of biochemical and metabolic signal changes and
types of APO associated with PCOS, we have focused
on discussing 4 representative features and diseases.
Furthermore, the subject of PCOS and its impact on
decidualization and APO is still a topic of debate, and
the effects and outcomes may vary depending on the
patient's phenotypic presentation and pathophysiological
processes. Therefore, in this review, we have not
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differentiated between different PCOS phenotypes.

Our aim was to link PCOS to APO through
decidualization, which is a novel approach to our
knowledge. We have outlined a range of signaling
pathways and cytokines that could serve as potential
therapeutic targets for the treatment of PCOS or
improving live birth rates for pregnant PCOS patients.
Our summary of the pathological mechanisms linking
gynecological endocrine diseases and adverse obstetric
outcomes may assist clinicians in gaining a better
understanding of the impact of PCOS on pregnancies,
and pave the way for further in-depth research in this
field.
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SUMMARY

The incidence of breast cancer has exhibited an annually increasing trend, and the disease has become

the most common malignant tumour worldwide. Currently, the primary treatment for breast cancer
is surgical resection. However, metastatic recurrence is the main cause of cancer-related death in this
patient population. Various factors are associated with breast cancer prognosis, and anaesthesia-induced
changes in the tumour microenvironment have attracted increasing attention. To date, however, it
remains unclear whether anaesthetic drugs have a positive or negative impact on cancer outcomes after
surgery. The present article reviews the effects of different anaesthetics on the postoperative prognosis
of breast cancer surgery to guide the choice of anaesthetic technique(s) and agents for such patients.

Keywords

1. Introduction

Breast cancer is one of the primary causes of cancer-
related death among females (/). Although surgical
resection of breast cancer is the first-line treatment,
other therapies, such as chemotherapy and radiation
therapy, continue to play important roles (2). Mortality
associated with breast cancer is attributable to recurrence
and distant organ metastasis, with five-year survival
rates ranging from 69.5% to 93.8% (3,4). Perioperative
interventions produce substantial biological perturbations
associated with the risk for recurrence after cancer
surgery. Whether tumours recur or metastasise depends
on the balance between immune capacity of the host and
the progression of residual disease. Studies have shown
that surgical stress and intraoperative anaesthesia impair
host immunity (5). Previous studies have suggested
that general anaesthetics can affect cancer progression
(6,7). Several preclinical models have demonstrated that
inhaled anaesthetics inhibit natural killer (NK) cell- and
T lymphocyte-mediated immunity, resulting in increased
metastasis (8). The present article reviews the effect of
anaesthetics used during breast cancer surgery on breast
cancer recurrence and survival and discusses the current
status and future prospects of anaesthesia in breast
cancer.

2. Inhalation anaesthesia

Inhalational anaesthetics are inhaled into the lungs

breast cancer, metastatic recurrence, anesthesia, techniques, agents

through the respiratory tract to induce general
anaesthesia (GA). Inhalational halogenated hydrocarbon
anaesthetics, including isoflurane and sevoflurane, are
known to provide a degree of cytoprotection to organs,
including the heart, brain, and kidneys, and to reduce
both infarct size and functional impairment in models of
ischaemia-reperfusion injury (9,10).

However, animal and in vitro studies have shown
that the use of volatile anaesthesia in cancer surgery
may be associated with poorer cancer outcomes. In
anaesthesia-induced immunosuppression, inhalation
anaesthetics, such as sevoflurane, suppress cell-mediated
immunity and promote tumour cell proliferation and
angiogenesis. Sevoflurane induces the apoptosis of
T lymphocytes and upregulates the expression of
hypoxia-inducible factor-la (HIF-1a) in vitro, whereas
other inhalation anaesthetics, including isoflurane and
desflurane, upregulate HIF-1a expression in vitro and
in vivo (11,12) (Figure 1). In an in-vitro model of breast
cancer cell function, sevoflurane increased proliferation,
migration, and invasion in estrogen receptor (ER)-
positive MCF7 cells, and increased proliferation and
migration, but not invasion, in ER-negative cells (/3).
Jaura et al. found that serum from patients administered
sevoflurane anaesthesia and opioids for primary breast
cancer surgery reduced apoptosis in ER-negative breast
cancer cells to a greater extent than serum from those
administered propofol paravertebral anaesthesia (/4).
Similarly, clinical studies have reported that survival
after cancer surgery is worse in patients who receive
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inhalation anaesthesia than in those who receive total
intravenous anesthesia (TIVA) (/5). Buckley also
found that volatile inhalation anaesthesia and propofol
had different effects on NK cell function in patients
undergoing breast cancer surgery, with the former being
shown to result in significant reductions (/6). At the
same time, relevant clinical studies have also confirmed
that, in terms of survival rate after breast cancer surgery,
the use of sevoflurane is not superior to propofol-based
anaesthesia (/7,18).

Paradoxically, inhalation anaesthesia does not always
lead to worse prognosis in those with breast cancer. In a
study investigating the effect of anaesthesia techniques
on circulating tumour cell counts in breast cancer, the
type of anaesthesia did not affect circulating tumour
cell counts over time, although the administration
of sevoflurane resulted in a significant increase in
postoperative maximum tumour cell counts (/9).
Moreover, different inhalation anaesthetic gases are
associated with varying prognoses after breast cancer
surgery. Compared with sevoflurane, xenon reduces
cell migration and secretion of proangiogenic factors
in breast adenocarcinoma cells, thereby reducing the
recurrence rate of tumour metastasis after breast cancer
surgery (20). Relevant studies have also confirmed no
significant difference in postoperative survival between
different anaesthesia methods, whether inhalation or
intravenous (27,22).

+

m\
IF\ 12

Figure 1. Mechanisms of sevoflurane on anticancer
immunity, breast cancer cell proliferation,
migration and apoptosis (//-/3). ER, endoplasmic
reticulum; NK cells, natural killer cells; IGF,
insulin-like growth factor; HIF, hypoxia inducible
factor; VEGF, vascular endothelial growth factor.

Figure 2 Mechanisms of propofol on anticancer
immunity, breast cancer cell proliferation,
migration and apoptosis (23,24,26). Fas, a cell
surface death receptor; NK cells, natural killer cells;
VEGF, vascular endothelial growth factor; HIF,
hypoxia inducible factor; COX-2, cyclooxygenase-2;
PGE2, prostaglandin E2; IFN, interferon.

3. Intravenous anaesthesia

Anaesthetic drugs that are injected intravenously into the
body and act on the central nervous system through the
blood circulation to produce general anaesthetic effects
are known as intravenous anaesthetics. Commonly used
intravenous anaesthetics include thiopentone, ketamine,
etomidate and propofol. A recent study confirmed the
high priority of propofol in oncological surgery, and may
also be a promising immunomodulatory drug for tumour
therapy (23).

Studies have shown that propofol exerts antitumour
effects through various mechanisms, including the
inhibition of tumour viability, tumour progression, and
cancer cell invasion (24,25) (Figure 2). For example,
propofol-induced apoptosis has been observed in murine
leukaemia RAW264.7 cells in vitro through altered
levels of apoptosis-associated proteins, resulting in the
induction of apoptotic gene expression and inhibition
of cell growth (26). In in vitro models of breast cancer,
10% serum from patients receiving propofol anaesthesia
reduced cancer cell proliferation, but not migration,
compared with that from patients receiving sevoflurane
anaesthesia (27). In vitro model breast cancer cells are
highly aggressive and have a worse overall prognosis
than ER-positive breast cancer. Therefore, the ability
to attenuate proliferation or migration of this highly
aggressive cell line by safely and easily altering the
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manner in which anaesthesia is administered during
primary cancer surgery has strong clinical implications
(27). A retrospective analysis revealed that propofol may
have a survival advantage over sevoflurane in patients
with breast cancer (28). Propofol-based TIVA for breast
cancer surgery may reduce the risk for recurrence within
the first five years after modified radical mastectomy
(29). Compared with sevoflurane inhalation anaesthesia,
propofol TIVA can effectively inhibit the release of
vascular endothelial growth factor-C (VEGF-C) induced
by breast cancer surgery, thereby inhibiting tumour
growth and metastasis (30).

However, in some studies, there was no significant
difference in prognosis after breast cancer surgery
between the two drugs. In patients undergoing primary
breast cancer surgery, the use of either sevoflurane or
propofol without regional anaesthesia did not appear
to affect the risk for recurrence after one year (37). In a
study investigating breast cancer surgery, Huang et al.
(32) reported that propofol-based TIVA did not improve
postoperative survival. This may be related to the fact
that anaesthetics have little effect on perioperative
immune activity during cancer surgery (33). The same
situation occurred in a study by Kim ef al/., in which five-
year overall survival after breast cancer surgery was
not associated with the choice of general anaesthetic
(34). Results comparing the effect of anaesthetics
(mainly propofol versus sevoflurane) on prognosis after
breast cancer surgery are summarised in Table 1. These
inconsistent results may be explained by the fact that
multiple factors affecting cancer surgery prognosis must
be considered.

4. Opioids

Opioids are commonly used in combination with
inhalation anaesthetics as analgesics and sedatives for
GA. However, non-synthetic and synthetic opioids can
suppress cell-mediated immunity depending on the
dose and duration of use (35). For example, morphine
stimulates the growth of tumour cells in vitro, and
synthetic opioids, such as fentanyl and remifentanil,
inhibit cell-mediated immunity. Most opioids inhibit T
lymphocyte proliferation (36).

In particular, data from animal and in vitro models
suggest a role for opioids in the promotion of tumour cell
survival and angiogenesis. In immune cells, stimulation
of m-opioid receptors reduces the release of cytokines
and decreases macrophage and lymphocyte proliferation
(37). Opioids have been shown to drive breast cancer
metastasis through d-opioid receptors and oncogenic
signal transducer and activator of transcription 3
(STAT3) (38). At clinically relevant doses, morphine
has been associated with microvascular endothelial cell
proliferation, angiogenesis, and vascularisation of human
breast tumour xenografts in mouse models (39). In vivo
studies investigating breast cancer xenograft models

Table 1. Studies comparing effects of propofol versus sevoflurane on prognosis of breast cancer

Outcomes

Cancer Anesthetic Technique Number of patients Evaluations

Country

Research Type

Rate of cancer recurrence; overall Propofol was superior to sevoflurane; no difference.

survival rate.

363 (173 vs. 152)

Propofol vs. sevoflurane

Breast cancer

Korea, 2016 (29)

Retrospective clinical studies

www.ddtjournal.com

One-year survival rate: propofol was superior to

sevoflurane; S-year survival rate: no difference.

7,030 (3,714 vs. 3,316) One-year survival rate and overall TIVA was superior to INHA.

One-year and 5-year survival rate.

1,837 (620 vs.1217)

Propofol vs. sevoflurane

Breast cancer

Sweden, 2014 (17)

Retrospective clinical studies

UK, 2016 (18) Mixed cancer Total intravenous

Retrospective clinical studies

anesthesia (TIVA) vs. volatile (2,607 in each group mortality rate.

inhalational

after PS matching)

anesthesia (INHA)

Five year-recurrence-free survival Five year-recurrence-free survival: propofol was

325 (173 vs. 152)
and overall survival.

Propofol vs. sevoflurane

Breast cancer

Korea, 2015 (22)

Retrospective clinical studies

superior to sevoflurane; 5 year-overall survival: no

difference.

Propofol was superior to sevoflurane.

No difference.

6,305 (3,096 vs. 3,209)  Five-year survival rate.

Propofol vs. sevoflurane

Breast cancer

Sweden, 2020 (28)
Japan, 2020 (31)

Retrospective clinical studies

One-year survival rate.

1,034 (814 vs. 220)
976 (344 vs. 632)

Propofol vs. sevoflurane
Propofol vs. desflurane

Breast cancer in vitro  Propofol vs. sevoflurane

Breast cancer

Retrospective clinical studies

No difference.
Circulating tumor cell counts at There was no difference between these two groups

three time points postoperatively (0, with respect to circulating tumor cell counts.

Mortality rate; S-year survival rate.
48, and 72 h)

Taiwan China, 2019 (32) Breast cancer

Switzerland, 2020 (19)

Retrospective clinical studies

210 (103 vs.107)

Randomized controlled trials

The proliferation/migration of Propofol/paravertebral anesthesia for breast cancer

MDA-MB-231 cells

22 (11 vs. 11)

Breast cancer in vitro Propofol/paravertebral vs.

Ireland, 2009 (27)

Randomized controlled trials

surgery inhibited proliferation, but not migration.

sevoflurane/opioid

Xenon was superior to sevoflurane.

Cell viability; migration at 24h

Breast cancer in vifro  Sevoflurane vs. xenon

Ireland, 2014 (20)

Randomized controlled trials

Notes: PS, propensity scores
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(using human MCF-7 and MDA-MB-231 cells) revealed
that prolonged application of subcutaneous morphine
sulfate at therapeutic doses accelerated breast tumour
growth and increased tumour growth vascularisation (40).

However, the association between opioids and breast
cancer progression remains controversial. Preclinical
studies have suggested that high-dose morphine and
other opioids have antiangiogenic and proapoptotic
properties (41). An in vitro study reported that papaverine
radio-sensitizes lung and breast cancer cells by targeting
mitochondrial complex-1 (42). In a cohort study from
Denmark, there was no association between opioids
and breast cancer recurrence, regardless of opioid type,
intensity, duration of use, or cumulative dose (43).
Studies have confirmed that intraoperative opioids have
a protective effect on recurrence-free survival in triple-
negative breast cancer (44). Another study indicated that
fentanyl plays an antitumour role by inducing apoptosis
and reducing the number of cancer stem cells in human
breast adenocarcinoma cells (45). In a study by Boudreau
et al., involving 4,216 females with a history of breast
cancer, chronic opioid consumption, defined as opioid
consumption over a 150-day period, did not increase the
risk for new secondary breast cancers during a median
follow-up of six years (46). Tramadol is an atypical
opioid analgesic that has demonstrated antitumour effects
in breast cancer cells both in vitro and in vivo (47,48).
A retrospective analysis revealed that tramadol use was
associated with reduced breast cancer recurrence and
mortality rates in patients who underwent breast cancer
surgery(47).

Therefore, further observational studies are
warranted. Currently, there is no clear evidence
suggesting that opioid use should be avoided in patients
with breast cancer due to concerns about the risk for
breast cancer recurrence (49).

5. GA adjuvants

Dexmedetomidine (DEX) is a selective a,-adrenergic
receptor agonist that exerts analgesic and antiemetic
effects and can be used as an anaesthetic adjuvant in
cancer surgery. As an adjuvant to anaesthetics, it reduces
the use of analgesics, such as tramadol, morphine, and
fentanyl, prolongs the time to first analgesic request,
and relieves postoperative pain (50). Furthermore,
DEX administration has been shown to enhance host
protective immunity, including increases in NK and
CD4-positive(+) cells and CD4/CD8 and T-helper cell
(Th)1/Th2 ratios via suppression of the hypothalamic-
pituitary-adrenal (HPA) axis and sympathetic nervous
system (SNS) stimulation of the surgical stress response
during cancer surgery (5/) To a certain extent, this is
beneficial in cancer surgery to prevent tumour recurrence
and metastasis. However, DEX has also been reported
to exert tumour-promoting effects. /n vitro studies have
shown that it promotes the proliferation, migration,

and invasion of breast cancer cells by activating the
A2B adrenergic receptor/ERK signalling pathway (52).
Similar results were obtained in an in vitro study (53).

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are increasingly used to treat postoperative pain and are
also commonly used in female breast surgery (54). In
patients undergoing mastectomy, postoperative analgesia
using flurbiprofen axetil combined with fentanyl was
associated with decreases in serum concentrations of
VEGF-C, tumour necrosis factor-alpha, and interleukin-
1B compared with patients receiving fentanyl only (55).
Relevant studies have shown that flurbiprofen can reduce
the serum concentrations of these factors, most likely due
to its ability to reduce the use of opioids (56). Opioids
have been shown to exert some immunosuppressive
effects. Recent evidence suggests that perioperative
NSAIDs (flurbiprofen axetil and ketorolac) may be
associated with decreased breast cancer recurrence by
inhibiting proinflammatory and protumourigenic factors
in patients undergoing surgery (57), consistent with a
previous view by Forget ef al. (58).

6. Other anaesthesia techniques

Regional anaesthesia has been consistently shown
to attenuate the neuroendocrine response to surgery
and, therefore, perioperative immunosuppression
(59,60). It may also reduce the amount of GA required
intraoperatively, provide excellent analgesia, and reduce
opioid consumption. Compared with GA, regional
(spinal) anaesthesia attenuates tumour metastasis in rats
inoculated with a strain of breast adenocarcinoma (61).
In breast cancer, VEGF-C, transforming growth factor-f3,
placental growth factor, and fibroblast growth factor
(acidic and basic) promote angiogenesis and metastases
(62). A propofol-paravertebral anaesthetic (PPA)
technique would attenuate postoperative changes in these
angiogenic factors to a greater extent than balanced GA
and morphine analgesia in females undergoing surgery
for primary breast cancer (63). These findings suggest
that patients who received PPA anaesthesia had higher
NK cell activity than those in the GA trial arm (/6).
Serum inoculated into the endoplasmic reticulum of
the ER-negative MDA-MB-231 breast cancer cell line
induced less apoptosis in the GA group than in the PPA
group (63). However, in some cases, regional anaesthesia
does not always have a positive effect. Regional
anaesthesia analgesia (paravertebral block and propofol)
did not reduce breast cancer recurrence after potentially
curative surgery compared with volatile anaesthesia
(sevoflurane) and opioids (64).

To some extent, local anaesthesia also controls
breast cancer metastasis through the principle of local
anaesthetics, such as lidocaine, which blocks voltage-
gated sodium channels (65-67). This was also confirmed
by in vitro experiments (68), which demonstrated the
benefits of local anaesthesia in breast cancer surgery.
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7. Conclusion

Current randomised controlled studies do not provide
sufficient evidence to suggest that anaesthesia techniques
are associated with recurrence rates or long-term
outcomes in patients undergoing breast cancer surgery.
Both preclinical and clinical studies have provided
conflicting data regarding the effects of inhalation
anaesthetics, propofol, and opioids on immune response
and breast cancer growth. There is a strong correlation
between patient underlying condition (69,70), cancer
grade, risk for cancer recurrence, and postoperative death
(4). Interestingly, in the clinical studies reviewed here,
it was found that the same anaesthetic drug exhibited
inconsistent associated prognosis in different types of
cancer surgery. A simple comparison of sevoflurane
and propofol in breast cancer surgery does not clearly
indicate which of the two is superior. Furthermore, other
GA adjuvant drugs also demonstrate bilateral effects,
and only local anaesthesia can more clearly indicate its
ability to improve prognosis in breast cancer surgery.
However, due to the lack of multicentre or multi-
country large clinical trials, it is not possible to draw
definitive conclusions regarding which anaesthetic is
more favourable for the long-term effect of breast cancer
recurrence and metastasis. The above comparison results
present certain challenges for anaesthesiologists in
selecting appropriate anaesthetic drugs for breast cancer
surgery. It is worth exploring whether the different
effects of drugs on breast tumour subtypes should be
considered while assessing the basic situation of patients
and whether there are inconsistent signalling pathway
mechanisms. As such, it cannot be ruled out that all
perioperative factors comprehensively affect prognosis
after breast cancer surgery.
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SUMMARY

Keywords

1. Introduction

The package inserts of prescription drugs provide essential information for the proper administration
of pharmacotherapy. The incidence of adverse reactions for several drugs is known to be higher in
women than in men. However, no studies have examined whether information on gender differences
is included in Japanese package inserts. Therefore, this study investigated information on gender
differences in the package inserts of Japanese prescription drugs, using the drug information
database JAMES provided by the Medical Information System Development Center and the Japan
Pharmaceutical Information Center. Non-proprietary names of prescription drugs were yielded
1,679 in Japan. Of the 1,679 ingredients in package inserts of prescription drugs, 76 (4.5%) included
information on gender differences. The number of inserts that contained information on gender
differences in the "DOSAGE AND ADMINISTRATION," "ADVERSE REACTIONS," and
"PHARMACOKINETICS" sections was 3, 16, and 62, respectively. Furthermore, in the "ADVERSE
REACTIONS" section, 15 of the 16 inserts mentioned a higher frequency of adverse reactions in
women compared with men. Importantly, most of the inserts with information on gender differences
in the "PHARMACOKINETICS" section mentioned a higher area under the curve for women than
for men. Most of the package inserts of prescription drugs with information on gender differences
provide useful information aimed at preventing risks in women. However, there is an extreme lack
of information on gender differences in the package inserts of prescription drugs in Japan, and we
consider enhancing information on gender difference as an urgent issue.

gender-specific medicine, sex differences, adverse reaction, ethical drugs

on women's health suggested the need for biomedical
research on women (5). In 1986, a notice was issued

The incidence of adverse reactions for several drugs is
known to be higher in women than in men (/,2). Gender
differences in pharmacokinetics, including differences in
drug absorption and metabolic enzyme expression rates
between men and women, have also been reported (3).

In the 1950s and 1960s, thalidomide, which was
initially administered as a hypnotic drug, caused
numerous birth defects worldwide. In the 1970s,
diethylstilbestrol, which was administered as an anti-
miscarriage drug, resulted in numerous reports of
reproductive disorders in mothers and their growing
daughters. In response, the U.S. Food and Drug
Administration (FDA) published guidelines in 1977
to exclude women from clinical trials (4). In 1985,
physicians who were concerned about the lack of data

requesting the collection of data on women in clinical
trials (6,7). Since 2000, there has been a growing
awareness in Japan of the importance of gender-specific
pharmacotherapy. The number of medical facilities with
women's outpatient clinics is gradually increasing in
Japan.

In the U.S., considering that adverse reactions of the
hypnotic drugs zolpidem are more common in women,
the FDA issued a notice setting the initial dosage of
zolpidem at different doses for men and women (§,9).
Since then, the package insert has indicated lower
starting doses for women than for men, but the Japanese
package insert has no such indication and the initial
doses are the same for men and women.

The package inserts of prescription drugs provide
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essential information for the proper administration of
pharmacotherapy and are one of the most accessible
sources of drug information for health care professionals
in Japan. The Ministry of Health, Labour and Welfare
has provided instructions regarding the sections and
numbers that should be included in the package insert of
prescription drugs in Japan (10).

Although the promotion of gender-specific
medicine is critical, the actual state of information
on gender differences in the "DOSAGE AND
ADMINISTRATION," "ADVERSE REACTIONS,"
and "PHARMACOKINETICS" sections of the package
inserts of prescription drugs in Japan is not known.
Therefore, the purpose of this research was to investigate
the actual state of information on gender differences in
the package inserts of prescription drugs in Japan and
to clarify issues from the viewpoint of information in
promoting gender-specific medicine.

2. Materials and Methods

2.1. Methods for searching the package inserts of
prescription drugs

We investigated information on gender differences in
the package inserts of prescription drugs, using the
drug information database JAMES provided by the
Medical Information System Development Center and
the Japan Pharmaceutical Information Center. The
research was conducted using the data of prescription
drug package inserts in Japan that were last revised
before December 2022. The search terms were
"gender," "gender difference," "men," and "women" in
Japanese. The contents of package inserts that returned
hits with the search terms in the "DOSAGE AND
ADMINISTRATION," "ADVERSE REACTIONS,"
and "PHARMACOKINETICS" sections of the package
inserts were reviewed, and drugs with information on
gender differences were extracted. In addition, data on
animal experiments were excluded from this study.

nn

2.2. Methods for identifying the number of non-
proprietary names in prescription drugs

The number of prescription drugs was calculated using
the individual drug code, known as the "YJ code," in
order to identify the number of non-proprietary names.
The YJ code is a 12-digit alphanumeric code. Because
the first 7 digits of the YJ code are identical for the same
non-proprietary names, the number of prescription drugs
with the same first 7-digits were counted as one non-
proprietary name. When both brand-name and generic
drugs were available, information from the package
insert of the brand-name drug was used. Drugs with
different YJ codes were counted as one component.
As an exception, we visually confirmed and counted
drugs with the same non-proprietary name but having

different formulations as well as drugs with different
salts (different non-proprietary name but the same active
ingredient) and biosimilar drugs as one drug.

In this study, we excluded drugs classified as topical
drugs for local action and ingredients for preparation (e.g.,
white soft sugar for taste correction) because they have
no systemic action. In addition, drugs containing multiple
active ingredients, including combination products
and infusion solutions, as well as blood products were
excluded.

3. Results

3.1. Number of drugs with information on gender
differences in package inserts

To explore the information on gender differences, we
calculated the number of prescription drugs using the YJ
code. Our study yielded 1,679 non-proprietary names
of prescription drugs in Japan (Figure 1). Of these,
there were 76 drugs (4.5%) with information on gender
differences in the package inserts. The number of drugs

Extraction of non-proprietary
names from all prescription drugs
(excluding some topical drugs)

1,679 drugs

-
Search terms “gender,”
“gender difference,” “men,”

(13 2
S and “women )
e ~
Confirmation of the information on
gender differences

YES N

76 drugs 1,603 drugs

Figure 1. Process for extracting information on gender differences
in the package inserts of prescription drugs. The number of
prescription drugs was calculated using the YJ code. Excluded drugs
were classified as topical drugs for local action and ingredients for
preparation. In addition, drugs containing multiple active ingredients,
including combination products and infusion solutions, as well as
blood products were excluded. Non-proprietary names of prescription
drugs were yielded 1,679 in Japan. The search terms were "gender,"
"gender difference," "men," and "women" in Japanese. The contents
of package inserts that returned hits with the search terms were
reviewed, and drugs with information on gender differences were
extracted. Of these, there were 76 drugs with information on gender
differences in the package inserts.

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2023, 17(6):396-403. 398

that included information on gender differences in the
"DOSAGE AND ADMINISTRATION," "ADVERSE
REACTIONS," and "PHARMACOKINETICS"
sections was 3, 16, and 62, respectively (Figure 2). In
addition, there were 4 drugs, ramosetron hydrochloride,
pioglitazone hydrochloride, mirabegron, and nevirapine,
with information on gender differences across multiple
sections.

3.2. Drug package inserts describing gender differences
in the "DOSAGE AND ADMINISTRATION" section

The package inserts of 3 drugs, metreleptin, pioglitazone
hydrochloride, and ramosetron hydrochloride,
mentioned gender differences in the "DOSAGE AND
ADMINISTRATION" section (Table 1). Metreleptin,
a leptin hormone with higher blood secretion levels

DOSAGE AND ADMINISTRATION

&

ADVERSE REACTIONS ~ PHARMACOKINETICS

Total n =76

Figure 2. Venn diagram; breakdown of the 76 drugs and sections
with information on gender differences in the drug package inserts.
There were 76 drugs with information on gender differences in the
package inserts. The number of drugs that included information on
gender differences in the "DOSAGE AND ADMINISTRATION,"
"ADVERSE REACTIONS", and "PHARMACOKINETICS" sections
was 3, 16, and 62, respectively. In addition, there were 4 drugs with
information on gender differences across multiple sections.

in women than in men, was set at a higher dose in
women than in men. Ramosetron hydrochloride was
set at a lower dose for women than for men. In the
"PRECAUTIONS CONCERNING DOSAGE AND
ADMINISTRATION" section, it was recommended
that the starting dosage of pioglitazone hydrochloride be
lower in women than in men.

3.3. Drug package inserts describing gender differences
in the "ADVERSE REACTIONS" section

The package inserts of 16 drugs mentioned gender
differences in the "ADVERSE REACTIONS" section
(Table 2). Fifteen of the 16 drugs were described as
having a higher incidence of adverse reactions in women
than in men. Antiviral drugs were the most common
therapeutic category, with 6 drugs, while the others
were 1 drug each. Severe lactic acidosis and severe
hepatomegaly (fatty liver) due to fat deposition were the
most frequently reported adverse reactions for antiviral
drugs (5 drugs). An increased frequency of adverse
reactions in women was noted in the package inserts of 4
drugs, emedastine fumarate, lansoprazole, sodium ferrous
citrate, and theophylline. The only drug that was reported
to have more adverse reactions in men than in women
was the anti-arrhythmic drug verapamil hydrochloride.

3.4. Drug package inserts describing gender differences
in the "PHARMACOKINETICS" section

The package inserts of 62 drugs mentioned gender
differences in the "PHARMACOKINETICS" section
(Table 3). Many of the drugs were described as having
higher blood concentrations or lower clearance (CL) in
women than in men. In addition, some package inserts
stated that there were no differences in pharmacokinetics
between men and women. We counted the number of
medicines for these parameters. Of these, 31 drugs (50%)

Table 1. List of drugs with information on gender differences in the "DOSAGE AND ADMINISTRATION" section of the

package inserts for prescription drugs (n = 3)

Non-proprietary name of drug Therapeutic Category”

Dosages

metreleptin other hormone preparations

(genetical recombination)

The usual dose of metreleptin is 0.04 mg/kg for men, 0.06 mg/kg for women
(including anti-hormone agents) under 18 years of age, and 0.08 mg/kg for women over 18 years of age by

subcutaneous injection once daily.

pioglitazone hydrochloride diabetes agent

Since edema has been reported relatively frequently in women, when

administering to women, it is desirable to pay attention to the occurrence of
edema and start administration at 15 mg once daily.

ramosetron hydrochloride other gastrointestinal drugs

<Diarrhea-type irritable bowel syndrome in men>

The usual adult male dosage is 5 pg of ramosetron hydrochloride administered
orally once daily. The dosage may be adjusted according to the symptoms, but
the maximum daily dose should not exceed 10 pg.

<Diarrhea-type irritable bowel syndrome in women>

The usual dose for adult women is 2.5 ug of ramosetron hydrochloride
administered orally once daily. The dose can be increased if the effect is
insufficient, but the maximum daily dose should not exceed 5 pg.

“For the medicinal efficacy classification of pharmaceutical ingredients, we used the "Therapeutic category number" used in Japan.
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Table 2. List of drugs with information on gender differences in the "ADVERSE REACTIONS" section of the package
inserts for prescription drugs (n = 16)

Non-proprietary name of drug

Therapeutic Category”

Incidence

Adverse reactions

abacavir sulfate

emedastine fumarate
emtricitabine

lamivudine

lansoprazole

mirabegron

moxifloxacin hydrochloride
nevirapine

pioglitazone hydrochloride
ramosetron hydrochloride
sodium ferrous citrate
temocapril hydrochloride
tenofovir disoproxil fumarate

theophylline
verapamil hydrochloride
zidovudine

antiviral drug

other allergy medications
antiviral drug

antiviral drug

agent for peptic ulcer

other urogenital and anal medications
synthetic antibacterial agent

antiviral drug

diabetes agent

other gastrointestinal drugs

inorganic preparations
antihypertensive

antiviral drug

bronchodilator
antiarrhythmic drug
antiviral drug

wW>M

Severe lactic acidosis and severe hepatomegaly (fatty liver)
due to fat deposition

W>M Frequency of adverse reactions

W>M Severe lactic acidosis and severe hepatomegaly (fatty liver)
due to fat deposition

W>M Severe lactic acidosis and severe hepatomegaly (fatty liver)
due to fat deposition

W=>M Frequency of adverse reactions

W>M Prolongation of QTc interval

W>M  Prolongation of QT interval

W=>M Development of rash or liver dysfunction

W>M Edema, fractures

W>M Constipation and hard stools

W=>M Frequency of adverse reactions

W>M Cough

W>M Severe lactic acidosis and severe hepatomegaly (fatty liver)
due to fat deposition

W>M Frequency of adverse reactions

M>W  Decreased LH and testosterone levels in the blood

W=>M Severe lactic acidosis and severe hepatomegaly (fatty liver)

due to fat deposition

M, men; W, women; “For the medicinal efficacy classification of pharmaceutical ingredients, we used the "Therapeutic category number" used in

Japan.

included information on gender differences in the area
under the curve (AUC) (Figure 3). Next were 29 drugs
(47%) for maximum blood concentration (C,,,,,), 14 drugs
(23%) for blood concentration half-life (T,,), 17 drugs
(27%) for CL, 6 drugs (9.7%) for volume of distribution,
and 6 drugs (9.7%) for protein binding as well as §
drugs (13%) that referred to "overall pharmacokinetics."
Many package inserts included information on gender
differences in the pharmacokinetic parameters AUC,
Chuv CL, and T, ,. About half of the drugs provided AUC
and C,,,, data. The number of coverages of information
for each of the four pharmacokinetic parameters by
component was confirmed by a Venn diagram, and it was
found that only two drugs, nevirapine and tigecycline,
included all four parameters, while 10 drugs included
three parameters (Figure 4). The other 50 drugs included
two or fewer pharmacokinetics parameters with
information on gender differences.

4. Discussion

In this study, we investigated the status of
information on gender differences in the package
inserts of prescription drugs marketed in Japan
on a non-proprietary name basis. Information
on gender differences in the "DOSAGE AND
ADMINISTRATION," "ADVERSE REACTIONS,"
and "PHARMACOKINETICS" sections was available
for 76 drugs (Figure 1). This number represents
approximately 4.5% of the 1,679 prescription drugs
in Japan, indicating for the first time that there is an
extreme lack of information on gender differences in
the package inserts of prescription drugs in Japan.

In the "DOSAGE AND ADMINISTRATION"
section of the package inserts, there were three drugs
for which the dosages for men and women differed
(Table 1). The dosages of ramosetron hydrochloride
and pioglitazone hydrochloride were set lower
because adverse reactions are more likely to occur in
women than in men. In clinical studies of pioglitazone
hydrochloride in Japan conducted up to the time of
its approval (15 mg, 30 mg, or 45 mg of pioglitazone
hydrochloride once daily), edema occurred in 3.9%
(26/665) of men and 11.2% (72/643) of women who
received the drug alone or in combination with other
diabetes drugs excluding insulin (/7). In addition,
edema occurred in 13.6% (3/22) of men and 28.9%
(11/38) of women when pioglitazone hydrochloride was
administered with insulin. The information included
in the pioglitazone hydrochloride package insert may
reflect the results of this clinical trial.

In the "ADVERSE REACTIONS" section of the
package inserts, it was found that the incidence of
adverse reactions differed between men and women for
16 drugs. Of these, the incidence of adverse reactions
was higher in women for the 15 drugs other than
verapamil hydrochloride. Among them, "severe lactic
acidosis and severe hepatomegaly (fatty liver) due to fat
deposition" in the "antiviral drug" category was much
more common among women. It has been reported that
the probability of hepatic impairment with nevirapine is
higher in women (/2); this report has also been cited in
the human immunodeficiency virus treatment guidelines
in Japan (/3). It is expected that as information on gender
differences becomes more complete, it will be included
in guidelines for the treatment of other diseases as well.
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Figure 3. Number of prescription drug package inserts with information on gender differences for each pharmacokinetic parameter (n =
62). AUC, area under the serum concentration-time; C,,,,: maximum serum concentration; C, steady-state blood concentration; T, ,, elimination
half-life; CL, clearance. The package inserts of 62 drugs mentioned gender differences in the "PHARMACOKINETICS" section. Of these, 31
drugs (50%) included information on gender differences in the AUC. Next were 29 drugs (47%) for C,,,, and 14 drugs (23%) for T, as well as 17
drugs (27%) that referred to CL. We counted the number of medicines for these four parameters. About half of the drugs provided AUC and C,,,,

data.

The results of the present study indicated that for many
drugs with information on gender differences, a higher
incidence of adverse reactions was noted in women
compared with men, which is consistent with the findings
of many previous studies (/,2). This is thought to be
due to one of the reasons being the existence of gender
differences in the absorption, distribution, metabolism,
and excretion (3).

The package inserts of 62 drugs mentioned gender
differences in the "PHARMACOKINETICS" section.
Among the pharmacokinetic data, the AUC was the
most frequently reported numerical item. However, as
shown in Figure 4, it is clear that this information is not
sufficient and is far from being complete. Improving
how these items are described is important in preventing
adverse reactions caused by higher drug levels in the
blood and slower drug elimination.

In the package inserts of prescription drugs,
sections on gender differences information are not
specified. Therefore, information on gender differences
may be included in many different sections of the
package inserts, making it difficult to quickly find this
information. Among the drugs for which information on
gender differences in pharmacokinetics was included in
the package inserts, some had a "Gender" sub-item in
the "Patients with Specific Backgrounds" sub-section
of the "PHARMACOKINETICS" section. To further
enhance and use information on gender differences, it
would be useful to add a "Gender" sub-section, as well
as "Elderly" and "Pediatric", under the "PRECAUTIONS
CONCERNING PATIENTS WITH SPECIFIC
BACKGROUNDS" section of the package insert.

The package inserts of relatively few drugs included
information on gender differences. To implement
pharmacotherapy considering gender differences, it is

R
@v

Figure 4. Venn diagram; number of duplications of information
on gender differences for each pharmacokinetic parameter (n =
62). AUC, area under the serum concentration-time; C,,,: maximum
serum concentration; C, steady-state blood concentration; T,,,
elimination half-life; CL, clearance. The number of coverages of
information for each of the four pharmacokinetic parameters by
component was confirmed by a Venn diagram, and it was found that
only two drugs included all four parameters, while 10 drugs (AUC,
Chaxo and T,; 6 drugs, AUC, C,,,, and CL; 2 drugs, C,,,, T,,, and
CL; ldrug, AUC, T,,,, and CL; 1drug) included three parameters. The
other 50 drugs included two or fewer pharmacokinetics parameters
with information on gender differences.

necessary to include sufficient information on gender
differences in package inserts. Therefore, it will lead
to further promotion of gender-specific medicine.
Additionally, it might be possible to prevent adverse
reactions that occur more frequently in women at the
same level as in men by mandating the inclusion of
information on gender in the package insert.
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SUMMARY

The effects of acute intratracheal administration of electrolyzed reduced water (ERW; alkaline
electrolyzed water) were investigated in rats. In this study, no deaths or near-deaths were recorded in
either group, namely those treated with ERW or purified water (maximum doses of 900 mg/kg). The
main symptoms observed in the rats were decreased spontaneous movements and abnormal breath
sounds, which were considered to be transient symptoms caused by intratracheal administration. In
addition, low values of alkaline phosphatase, total protein and lactate dehydrogenase were found in
BALF tests, but these values were considered to be of low toxicological significance, since they are
usually high in the presence of lung inflammation or cellular damage. This suggests that the alkalinity
of ERW partially contributes to broken peptide bonds in proteins. There were no significant increases
in bronchoalveolar lavage fluid protein in either group. ERW did not cause an increase in the influx
of neutrophils, eosinophils, basophils, or lymphocytes, suggesting that intratracheal administration of
ERW did not cause lung inflammation. ERW did not cause abnormalities in the body or pathological
changes in the lungs. Aggregates of alveolar macrophages, as a measure of inflammation, were
observed in both groups. These may be transient symptoms due to intratracheal administration, not due
to ERW toxicity. This study confirmed the safety of intratracheal ERW infusion and demonstrated the
low risk of acute toxicity for inhalation exposure to ERW aerosol or vapor. Therefore, ERW may be an

effective air purifier against viruses or bacteria.

Keywords

1. Introduction

Electrolyzed reduced water (ERW) is a functional water
that has a high pH, negative oxidative redox potential,
and a high concentration of dissolved hydrogen and is
produced near the cathode during the electrolysis of
water. It possesses reactive oxygen species-free radical
scavenging activity, conferred by the dissolved H, (7).
Several studies have shown that ERW has
antibacterial activity against some bacteria (2,3) and
antiviral effects against some types of viruses (4). It was
recently reported that ERW has antiviral activity against
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which is the etiological agent responsible
for coronavirus infectious disease, emerged in 2019
(COVID-19) (5,6). Potent antibacterial and antiviral
activities are the motivation for further development of

alkaline electrolyzed water, acute toxicity, intratracheal instillation

ERW as a monotherapy or in combination with other
effective agents against infection.

There is a growing consensus that improved
disinfection of environmental surfaces is needed for
effective infection prevention, and traditional manual
disinfection techniques are often suboptimal because
of various personnel issues (7). Therefore, automated
decontamination technologies, including aerosol (8) and
vaporized disinfectant (9), are gaining more attention
for the reduction of bacterial surface contamination.
Similarly, ERW aerosols or vapors may be increasingly
applied for air purification and to prevent the spread of
viral infections, including SARS-CoV-2. Although the
safety of ERW for drinking has been confirmed (/0,11),
the safety of inhaling ERW as an aerosol or vapor has not
been reported. In this study, we examined the toxicity of
a single intratracheal dose of ERW in rats.

www.ddtjournal.com
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2. Materials and Methods
2.1. Reagents

The ERW (product name, S-100” Medical grade) was
supplied by A.I. System Products Corp. (Japan). Purified
water was purchased from Takasugi Pharmaceutical
(Japan).

2.2 Animals

Sprague Dawley rats were obtained from Charles River
Japan (Production Plant: Hino Breeding Center, Japan).
In this study, twelve 7-week-old male rats weighing
256.8-269.4 g and free of viral pathogens and parasites
were used. The rats were housed in ventilated stainless
cages, one per cage, with 12-hr light-dark cycles. They
were provided air ventilated 10-15 times/hour, irradiated
solid feed MF (Oriental Yeast Co., Ltd, lot number
200819), and tap water with sodium hypochlorite (Purax,
OYALOX Co. Ltd., Japan).

All animal procedures were carried out in
accordance with the "Animal Experiment at Chemicals
Evaluation Research Institute (CERI) Hita" prepared
by this testing facility with reference to "Act on
Welfare and Management and of Animals" (Act
No. 105,), 1973 "Standards relating to the Care and
Keeping and Reducing Pain of Laboratory Animals"
(Ministry of the Environment, 2006), "Fundamental
Guidelines for Proper Conduct of Animal Experiment
and Related Activities in Research Institutions under
the jurisdiction of the Ministry of Health, Labour and
Welfare" (Ministry of Health, Labor and Welfare,
2006), "Fundamental Guidelines for Proper Conduct
of Animal Experiment and Related Activities in
Academic Research Institutions under the jurisdiction
of the Ministry of Agriculture, Forestry, and Fisheries"
(Ministry of Agriculture, Forestry and Fisheries,
2006), "Fundamental Guidelines for Proper Conduct of
Animal Experiment and Related Activities in Academic
Research Institutions" (Ministry of Education, Culture,
Sports, Science and Technology, 2006), and "Guidelines
for Proper Conduct of Animal Experiments" (Japan
Academic Conference, 20006).

2.3. Time-course study design
On day 0, rats were anesthetized with isoflurane and

intratracheally instilled with 0.9 mL/kg of ERW or

Table 1. The composition of animal groups

vehicle (purified water) using a 1 mL syringe (Terumo”
Syringe, Terumo, Japan) fitted with MicroSprayer” (IA-
1B R, PennCentury"", USA) (Table 1). All animals
were observed continuously for 10 min immediately
after dosing, then again at 30 min after dosing, and then
hourly for 1 to 6 h after dosing. For the first 14 days after
dosing, the animals were observed once a day in the
morning. Body weight was measured before dosing on
day 0 and then on days 1, 3, 7, and 14 using an electronic
top-loading balance (Sartorius LP2200S QUINTIX5101-
1S, Sartorius AG, Germany).

All animals were humanely euthanized on day
14 under anesthesia with isoflurane followed by
exsanguination. The left lung was clamped while
bronchoalveolar lavage was performed on the right
lung lobes, and bronchoalveolar lavage fluid (BALF)
was retained for analysis. The first fraction of the
bronchoalveolar lavage was obtained by inflating the
right lung with 4 mL of phosphate-buffered saline (PBS),
withdrawing, and repeating the process a second time
with the same 4 mL of PBS. Histopathological assessment
of lung inflammation and injury were performed.

2.4. Analysis of the BALF cells

The bronchoalveolar lavage cells were counted using an
XT-2000i (Sysmex, Japan) multi-item automated blood
cell analyzer. The BALF was centrifuged at 1,500 rpm for
10 min. The cell pellet was washed and resuspended in 1
mL of PBS on a slide glass, and then 25 or 50 pL of the
resuspended cell solution was centrifuged at 1,000 rpm
for 2 min. Leukocyte counts (macrophages, neutrophils,
eosinophils, basophils, and lymphocytes) were examined
on smears stained using the May-Griinwald-Giemsa
method. From each sample, 200 cells were counted.

The supernatant obtained after centrifugation was
used to examine the alkaline phosphatase (ALP), total
protein, albumin, and lactate dehydrogenase (LDH)
using a Hitachi Automatic Analyzer 3500 (Hitachi
High-Tech, Japan). ALP activity was determined using
the p-nitrophenyl phosphate method standardized by
the Japan Society of Clinical Chemistry. LDH activity
was quantified using the UV method standardized
by the Japan Society of Clinical Chemistry. The
concentration of the total protein was measured using the
pyrogallol Red method, and albumin was quantified by
immunonephelometry.

2.5. Pathological examination

Administration dose

ERW solution concentration

Administration volume

group (mg/kg) (Wi%) (mL/kg) Number of Animals
Control group 0 0.9 6
Test substance group 900 100 0.9 6
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After the euthanasia of rats, gross observations were made
on the body surface, openings, subcutaneous, thoracic,
abdominal, and pelvic cavities and their contents. The
trachea, lungs, and posterior mediastinal lymph nodes
were then removed from the rats. The left lung was
weighed and fixed by infusion of 10% neutralized
buffered formalin. Multiple thin transverse slices were
made through the left lung. These slices were embedded
in paraffin and stained with hematoxylin and eosin (H&E).
Selected lung sections were observed using a light
microscope, and their general morphologies were noted.

2.6. Statistical analyses

The data were analyzed using Microsoft EXCEL 2016.
The results were expressed as the mean + standard
deviation. Groups were compared using an unpaired two-
tailed Student's ¢-test or Welch's #-test according to the
results of the F-test, and a p-value of < 0.01 or 0.05 was
considered significant, respectively.

3. Results
3.1. General clinical observations

In this study, there were no deaths or near-deaths in either
group. The main symptoms were decreased spontaneous
movements at a rate of 100% (6/6) and 100% (6/6) and
abnormal breath sounds at a rate of 50.0% (3/6) and
33.3% (2/6) in rats treated with ERW and purified water,
respectively (Table 2). The abnormal breath sounds
disappeared within 1 h after dosing, and the decreased
spontaneous movements disappeared 1 day after dosing.
From 1 to 14 days after dosing, no abnormalities were
observed in either group.

Abnormal respiratory sounds and decreased
spontaneous locomotion were recorded not only in the
group exposed to ERW but also in the negative control
group and disappeared within 1 day. Therefore, these
symptoms were considered to be transient responses
caused by intratracheal administration, not due to ERW
toxicity.

3.2. Body weight
The average body weight in the groups treated with ERW

and purified water increased by 14.2% (from 259.3 + 3.0
to 367.7 + 22.5) and 14.0% (from 264.2 + 4.6 to 368.9 +

26.1) 14 days after administration, respectively (Figure 1).
3.3. BALF cells differentials

Cell differentials were performed on BALF cells to
further assess inflammation (Table 3). ERW did not cause
an increase in the influx of neutrophils, eosinophils,
basophils, or lymphocytes. This is consistent with the
observation of BALF proteins, further indicating that
intratracheal administration of ERW did not cause lung
inflammation.

3.4. BALF chemical examinations

Protein mediators were assessed in BALF to evaluate
the inflammation and immune response (Figure 2).
There were no significant increases in BALF protein in
groups exposed to 900 mg/kg of ERW, compared with
the control. These observations suggest that intratracheal
injection of ERW did not cause inflammation in the lungs.
However, administration of ERW did cause a significant
decrease in total proteins, ALP, and LDH compared with
the control. This suggests that the alkalinity of ERW
was partially responsible for breaking peptide bonds in
proteins.

3.5. Pathological examination

Lung (left) weight was measured after the euthanasia of
rats (Table 4). The average lung weights in the groups
treated with ERW and purified water were 0.523 + 0.023

and 0.530 £ 0.045, respectively. There was no significant
difference in lung weights between the two groups.

400
350

300

Body weight (g)

-4-0 (negative control)
250 —0-900

200 -
Days
Figure 1. Single intratracheal administration toxicity study in

rats. Summary of body weights. Values are shown as the mean + S.D.
*Significantly different from vehicle control at p < 0.05.

Table 2. Single intratracheal administration toxicity study in rats. Summary of general clinical observations

Number of cases

Signs

Dose (mg/kg) 0 (negative control) (n = 6) 900 (n = 6)
Deaths and near-deaths 0 0
Abnormal respiratory sound 2 3
Decreased spontaneous locomotion 6 6
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Figure 2. Single intratracheal administration toxicity study in rats.
Summary of BALF chemical examinations. a): ALP (IU/L), b): Total
protein (mg/dL), ¢): Albumin (ng/dL), d): LDH (IU/L). Values are
shown as the mean + S.D. *Significantly different from vehicle control
at p <0.05.

3.6. Gross observations and H&E-stained lung tissue
sections

Gross observations and H&E-stained lung tissue
sections were evaluated (Table 5). ERW at 900 (mg/kg)
dose did not cause abnormalities on the body surface,
openings, subcutaneous, thoracic, abdominal, and
pelvic cavities, and pathological changes in the lung.
Aggregates of alveolar macrophages, as a measure
of inflammation, were observed in ERW and purified
water-exposed groups. Very slight aggregates of
macrophages were observed at a rate of 16.7% (1/6)
and 50% (3/6) respectively, and slight aggregates were
observed at a rate of 33.3% (2/6) and 16.7% (1/6)
respectively in ERW-exposed and control groups. These
aggregates of macrophages were inferred to be transient
symptoms due to intratracheal administration, not due to
ERW toxicity.

4. Discussion

In this study, the upper limit of the dose for intratracheal
administration was set at 900 mg/kg, based on the draft
guidelines on risk assessment methods for the indoor use
of insecticides as OTC drugs and quasi-drugs issued by
the Ministry of Health, Labour and Welfare in Japan (/2).
Furthermore, the reasonable dose for the upper limit of the

Table 3. Single intratracheal administration toxicity study in rats. Summary of BALF cell examinations

BALF cell examinations

Dose (mg/kg) 07 (negative control) (n = 6) 900 (n=06)
Total cells (x 10°/uL) 1.27+0.55 1.23+0.45
Differentiation of leukocyte Macrophages (%) 99.58 +0.80 99.08 +£2.01
Neutrophils (%) 0.08 +0.20 0.00 = 0.00
Eosinophils (%) 0.00 £ 0.00 0.08 +0.20
Basophils (%) 0.00 +0.00 0.00 £ 0.00
Lymphocytes (%) 0.33+£0.61 0.83 +1.81
Values are shown as the mean + S.D. “In the control group, 0.9 mL/kg of purified water was administered.
Table 4. Single intratracheal administration toxicity study in rats. Summary of organ weights
weights
Dose (mg/kg) 0 (negative control) (1 = 6) 900 (n=06)
Lung (left) (g) 0.523 +0.023 0.530 +0.045
(g/100g) (0.140 = 0.011) (0.143 +0.012)
Final body weight (g) 367.7+23.0 368.9 +26.1

Values are shown as the mean + S.D. “In the control group, 0.9 mL/kg of purified water was administered.

Table S. Single intratracheal administration toxicity study in rats. Macroscopic examination and histopathological examinations

Number of cases

Dose (mg/kg) 0 (control) (n = 6) 900 (n = 6)
Gross observations Abnormalities 0 0
H&E-stained lung tissue sections abnormalities 0 0
aggregates of alveolar very slight 3 1
macrophages slight 1 2

Values are shown as the mean + S.D. “In the control group, 0.9 mL/kg of purified water was administered.
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dose for intratracheal administration was determined as
follows. The respiratory volume in rats has been reported
to be 0.27 m’/day in male Sprague Dawley rats weighing
267 g (13). The respiratory volume is estimated to be
0.01125 m’/hr. Based on the limiting concentration in the
acute inhalation toxicity test of 5 mg/L (5,000 mg/m’)
and the respiratory volume of the rats, and assuming that
all the inhaled substance reaches the lungs, the amount is
estimated to be equivalent to 5,000 mg/m’ x 0.01125 m’/
h = 56.25 mg/h. In addition, if the exposure time of the
acute inhalation toxicity test is 4 h, the maximum amount
of exposure to the lungs of rats is estimated to be 56.25
mg/h x 4 h =225 mg. In other words, if the body weight
of aratis 267 g, assuming that all particles in the air reach
the lungs by respiration, the maximum dose is calculated
to be approximately 843 mg/kg. Therefore, the maximum
dose of 900 mg/kg is considered to be a reasonable dose
above the limiting concentration of 5 mg/L in the acute
inhalation toxicity study.

The ERW (product name, S-100” Medical grade)
used in this study is manufactured by the high-voltage
electrolysis of water containing natural salt. It contains
mineral ions, namely Na“, K, Ca®*, Mg”", and CI' (/4). It
has a high pH (12.1), low surface tension (62.3 dyne/cm),
and BAP (4,905 pumol/L) (5).

No deaths or near-deaths occurred in the animals
during the dose-finding study or in the first step when
ERW was administered at 900 mg/kg. Furthermore,
according to the Globally Harmonized System of
Classification and Labelling of Chemicals, the LC50
cut-off value for acute toxicity of ERW in rats under
the conditions of this study, when converted from
intratracheal administration to inhalation exposure,
corresponds to oo, and is considered to be "Not applicable
to classification". This also suggests that there are no
toxic effects for the intratracheal administration of ERW.
Therefore, considering the potent anti-virus and anti-
microbial activities, further development of ERW as
an effective air purifier by spraying against virus or
microbial infection is warranted.
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Generic selection criteria for safety and patient benefit [XII]:
Comparing the physicochemical and pharmaceutical properties of
brand-name and generic tulobuterol tape
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' Department of Pharmaceutical Sciences, Meiji Pharmaceutical University, Tokyo, Japan;
*Triad Japan Co. Ltd., Kanagawa, Japan;
*Department of Self-medication and Health Care Sciences, Meiji Pharmaceutical University, Tokyo, Japan.

SUMMARY Physicochemical properties (drug release, peel strength, adhesion, and stiffness) of Hokunalin®
Tape (Hokunalin) and 13 generic transdermal bronchodilator patches containing tulobuterol were
characterized and evaluated for comparison. Drug-release studies evaluating sustained release behavior
demonstrated better performance by the drug Hokunalin, than the generics MED, YP, Sawai, and
Teikoku. Hokunalin yield a 16.2% release 1 hour after initiation, 30.1% at 3 hours, 50.0% at 8 hours.
In comparison, the generics MED, YP, Sawai, and Teikoku showed an intermediate release behavior
to that of Hokunalin, with more than 80% release after 8 hours. A 90-degree peel adhesion test for
tape peel strength demonstrated that the generic MED (4.99 N), YP (3.26 N), Sawai (4.17 N), and
Teikoku (4.37 N) tapes yielded significantly higher values compared to Hokunalin (2.66 N). Probe
tack tests, evaluating adhesive strength, yielded significantly higher values for the generics HMT (4.89
N) and Towa (4.25 N) compared to Hokunalin (3.66 N). Furthermore, for the stiffness-softness test, a
significantly higher value was obtained for each generic yielded compared to Hokunalin (3.7-degree).
These factors are important components of product qualities that affect treatment efficacy, including

"ease of application" and other usability factors.

Keywords

1. Introduction

Tulobuterol Tape is a B2 stimulant used to relieve
dyspnea-like symptoms due to airway obstructive
disorders, such as bronchial asthma. It is designed
as an extended-release formulation with an expected
sustained effect. As only once-daily application is
required, it has a high level of compliance and is used
by many patients, especially the elderly, with many
generic versions available. However, prescription
substitution from generic drugs to brand-name drugs
can lead to poorer compliance and health outcomes
due to differences in feel or insufficient efficacy
(/). Common performance variations reported
between brand-name and generic drugs include
differences in peeling and adhesive strength (2-5) due
to tape formulation additives. For tulobuterol tape
formulations, the effect of these formulation variants
are not yet systematically evaluated among brand-name
and generic drugs. Furthermore, Hokunalin® Tape
has a sustained drug release mechanism, formulated

Transdermal therapeutic drug, brand-name drug, generic drug, tulobuterol tape

using the Crystal Reservoir System (6,7). As the
generic drugs cannot employ this patented formulation
design, variations in drug release properties are a
strong possibility, potentially impacting on therapeutic
outcomes. Furthermore, in patients with increased
skin permeability due to factors including atopic
dermatitis, long-term steroid administration, and aging,
drug release rates may be affected, altering transfer
across the tape-skin-blood interface (8-11). Due to
these variations in drug-transfer properties resulting
from different patient skin conditions, side effects may
occur, such as tremors and palpitations, associated
with rapidly rising blood drug levels immediately after
administration, and then, due to early drug depletion, a
shortened tape drug-delivery lifetime may insufficiently
suppress asthma attacks.

Therefore, this study compares the brand-name and
available generic drugs in terms of both physicochemical
properties and drug-release properties, providing
information to best identify treatments options for
patient-focused care.
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2. Materials and Methods
2.1. Materials

This study evaluated the brand name Hokunalin® Tape
2 mg (Mylan EPD G.K., Tokyo, Japan), a tulobuterol-
containing tape formulation (2 mg of tulobuterol in one
(3.2 cm x 3.2 cm) sheet), and 13 generic 2 mg tulobuterol
tapes, including "EMEC" (Nipro Pharma Corp., Osaka,
Japan), "HMT" (Hisamitsu Pharmaceutical Co., Ltd.,
Tokyo, Japan), "MED" (Medisa Shinyaku Inc., Tokyo,
Japan), "NP" (Nipro Corp., Osaka, Japan), "QQ" (Kyukyu
Pharmaceutical Co., Ltd., Tokyo, Japan), "YP" (Yutoku
Pharmaceutical Industries, Ltd., Saga, Japan), "Ohara"
(Ohara Pharmaceutical Industries, Ltd., Shiga, Japan),
"Sawai" (Sawai Pharmaceutical Co., Ltd., Osaka, Japan),
"Takata" (Takata Pharmaceutical Co., Ltd., Saitama,
Japan), "Teikoku" (Teikoku Seiyaku Co., Ltd., Kagawa,
Japan), "Towa" (Towa Pharmaceutical Co., Ltd., Osaka,
Japan), "Nichi-Iko" (Nichi-Iko Pharmaceutical Co., Ltd.,
Toyama, Japan), and "Pfizer" (Pfizer Japan Inc., Tokyo,
Japan). The 14 tape products used in this study are listed
in Table 1.

2.2. Measurement of drug release

The paddle over disk method of release testing for
preparations applied to the skin, listed in the 18th edition
of the Japanese Pharmacopoeia, was used (/2). The
formulation was placed with double-sided tape on a
D2414 disc (Toyama Sangyo Co., Ltd., Osaka, Japan)
made of stainless steel (SUS316) mesh with a 125 pm
aperture, with the adhesive side up, 32 mm x 32 mm, and
eluted in a dissolution tester (Varian VK 7010, Tokyo,
Japan) filled with 500 mL of water at a temperature of
32°C. The eluent temperature was 32°C. The formulation
was then taped to the disc using a double-sided adhesive
tape; Agilent Technologies International Japan Ltd.
Solutions were collected at 1, 3, 8, and 24 hours after the
start of elution and quantified by HPLC using a YMC-
Pack ODS-A analytical column (125 mm x 4.0 mm L.D.,

Table 1. Tape products used in this study

YMC Corp., Kyoto, Japan), a PU-4180 pump (Japan
Spectroscopic Company, Tokyo, Japan) and absorbance
measured at 215 nm using a UV-4075 UV-visible
detector (Japan Spectroscopic Company). The mobile
phase used was acetonitrile and 20 mM potassium
dihydrogen phosphate in a 1:3 ratio. The mobile phase
flow rate was 1.0 mL/min, column temperature set 30°C
using a column oven CO-4061 (Japan Spectroscopic
Company), and sample solutions of 10 pL were injected.
ChromNAV (LC-Met II/ADC, Japan Spectroscopic
Company) was used for data processing.

2.3. Measurement of peeling force

The 90-degree peel adhesion test was performed
according to the 90-degree peel adhesion test method
listed in the 18th edition of the Japanese Pharmacopoeia
(13). That is, a formulation was cut to 28 mm X 32 mm
was applied to a stainless-test plate P90-200N (Imada
Co., Ltd., Aichi, Japan), and a 2 kg roller passed back
and forth at a speed of 5 mm/sec. The 4 mm long side
was clipped and peeled off at a speed of 2 mm/sec angle
90-degree using a digital force gauge MX-2-500N
(Imada Co., Ltd.) fixed on a vertical motorized test
stand M-2-500N (Imada Co., Ltd.). After the start of the
measurement, the measured values of 50% of the length
pulled off the test plate were averaged to obtain the value
(N/cm) for the 90-degree peel adhesion test.

2.4. Measurement of adhesive strength

Probe tack testing was performed according to the Probe
tack test method listed in the 18th edition of the Japanese
Pharmacopoeia (/4). That is, a digital force gauge ZTS-
20N (Imada Co., Ltd.) was used with the formulation
cut to 15 mm X 15 mm and attached to a weight ring
MED-IS-20N (Imada Co., Ltd.) and fixed to a vertical
motorized test stand MX-2-500N (Imada Co., Ltd.).
The maximum force required to move the weight ring
at a speed of 5 mm/sec and to pull off the probe and
sample after bonding them at 1 N/cm” for 1 second was

Product name Abbreviated name Class

Company name Lot number

Hokunalin® tape 2 mg Hokunalin brand-name
Tulobuterol tape 2 "EMEC" EMEC generic
Tulobuterol tape 2 mg "HMT" HMT generic
Tulobuterol tape 2 mg "MED" MED generic
Tulobuterol tape 2 mg "NP" NP generic
Tulobuterol tape 2 mg "QQ" QQ generic
Tulobuterol tape 2 mg "YP" YP generic
Tulobuterol tape 2 "Ohara" Ohara generic
Tulobuterol tape 2 mg "Sawai" Sawai generic
Tulobuterol tape 2 mg "Takata" Takata generic
Tulobuterol tape 2 mg "Teikoku" Teikoku generic
Tulobuterol Tape 2 mg "Towa" Towa generic
Tulobuterol tape 2 mg "Nichi-1ko" Nichi-lko generic
Tulobuterol tape 2 mg "Pfizer" Pfizer generic

Mylan EPD G.K. 86718YQ1,9711YQ1
Nipro Pharma Corp. AS02C

Hisamitsu Pharmaceutical Co., Inc. U503T, U710T
Medisa Shinyaku Inc. 17901

Nipro Corp. 17R321

Kyukyu Pharmaceutical Co., Ltd. 7T11T

Yutoku Pharmaceutical Ind. Co., Ltd. 8C010

Ohara Pharmaceutical Industries, Ltd. 7Y 14

Sawai Pharmaceutical Co., Ltd. 18206
Takata Pharmaceutical Co., Ltd. TZ01
Teikoku Seiyaku Co., Ltd. 18302
Towa Pharmaceutical Co., Ltd. A0048
Nichi-Tko Pharmaceutical Co., Ltd. 7T13N
Pfizer Japan Inc. 180217
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measured.
2.5. Measurement of stiffness

The angle of flexure was measured visually at 2.5-degree
intervals when one half of a 32 mm x 32 mm formulation
was affixed to a test stand and a 100 mg weight was
attached to the other end (75).

2.6. Statistical analysis

Statistical significance was evaluated using Dunnett's
multiple comparison test method, with a risk rate of 5%
or less considered significant (/6). In graphs, products

significantly different from the original drug (Hokunalin®
tape) at a risk rate of 1% or less are marked with asterisks

3. Results

3.1. Measurement of drug release

Drug release results are shown in Figure 1 and Table 2.
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Figure 1. Comparison of drug release curves (n = 6). Dotted line:
brand-name drug, solid line: generic drugs.

Table 2. Summary of test measurements

Hokunalin yield a 16.2% release 1 hour after initiation,
30.1% at 3 hours, 50.0% at 8 hours, 65.1% at 12 hours,
and 93.5% at 24 hours. In comparison, the generics
EMEC, NP, QQ, Ohara, Takata, and Nichi-Iko released
over 90% after 1 hour, while HMT, Towa, and Pfizer
reached almost 90% release after 3 hours. MED, YP,
Sawai, and Teikoku showed an intermediate release
behavior to that of Hokunalin, with more than 80%
release after 8 hours.

3.2. Measurement of peeling force

The peel force measurements immediately after crimping
are shown in Figure 2 and Table 2. Significantly higher
values were obtained for generics MED (4.89 N),
YP (3.26 N), Sawai (4.17 N) and Teikoku (4.37 N)
compared to Hokunalin (2.66 N). However, the other
generics (EMEC, HMT, NP, QQ, Ohara, Takata, Towa,
Nichi-Iko, and Pfizer) showed significantly lower values.

Figure 3 and Table 2 shows the peel-off force
measurements immediately after application (applying),
peeling off, and then reapplying. The comparison
of affixation, removal, and reapplication showed a

Peel force (N)

[T R N o o e 4

Figure 2. Comparison of peel force by the 90-degree test. (n = 6,
vs. Hokunaline, **p < 0.01, Dunnett's-test), Black bar: brand-name
drug, white bar: generic drugs.

Release rate (%)

Bending resistance

Products (after 3 b/ 8 b/ 12 h) Peel force (N) Peel - re-peel force (N) Adhesive force (N) (degree)
Hokunalin 30.1/50.0 / 65.1 2.66 -0.35 3.66 3.67
EMEC 105.7/-1/- 0.47 0.05 1.93 44.17
HMT 879/-/- 1.87 -0.10 4.89 59.58
MED 66.9/92.8/- 4.99 -0.79 3.74 34.58
NP 103.5/-/- 0.49 0.04 2.11 58.33
QQ 99.9/-/- 0.43 0.00 1.98 25.42
YP 45.9/82.7/98.2 3.26 0.78 3.79 9.58
Ohara 101.3/-/- 0.47 0.01 0.83 22.50
Sawai 65.9/86.1/97.2 4.17 -0.55 3.41 32.92
Takata 101.7/-/- 0.40 0.07 1.95 56.25
Teikoku 57.1/80.3/95.9 4.37 -0.58 3.31 38.33
Towa 98.9/-/- 1.13 0.05 4.25 5.83
Nichi-Iko 98.5/-/- 0.51 0.01 1.87 22.92
Pfizer 99.1/-/ 0.25 0.02 1.59 26.25

-: Indicates a release rate (%) of 100% or more. Peel- re-peel force: Amount of change in peel and re-peel force.
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significant increase in force required for YP, whereas
significantly lower forces for Hokunalin and the generics
MED, Sawai, and Teikoku. The remaining generics
yielded smaller changes in the required peel-off force.

3.3. Measurement of adhesive strength

Adhesion measurements for the probe tack test are
shown in Figure 4 and Table 2. The generic drugs HMT
(4.89 N) and Towa (4.25 N) yielded significantly higher
adhesive strength than Hokunalin (3.66 N). On the other
hand, EMEC (1.93 N), NP (2.11 N), QQ (1.98 N), Ohara
(0.83 N), Takata (1.95 N), Nichi-Iko (1.87 N), and Pfizer
(1.59 N) all yielded significantly lower adhesive values.

3.4. Measurement of stiffness

Rigidity measurements are shown in Figure 5 and Table
2. All generics, except Towa (5.8-degree), yielded
significantly higher values compared to Hokunalin
(3.7-degree). Particularly, HMT (59.6-degree), NP
(58.3-degree), and Takata (56.3-degree) gave rigid
softness values greater than 50-degree, indicating they
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Figure 3. Comparison of re-peel force by the 90-degree test. (n =
6, **p < 0.01, Paired #-test), Black bar: peel force, white bar: re-peel
force.
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Figure 4. Comparison of adhesive force by the probe tack test. (n
= 6, vs. Hokunaline, **p < 0.01, Dunnett's-test), Black bar: brand-
name drug, white bar: generic drugs.

are very soft products.
4. Discussion

In drug release assays, Hokunalin exhibited a
slower, more sustained release compared to other
tape formulations (Figure 1 and Table 2). The active
ingredient release rate for Hokunalin was 30% at 3 hours
and 50% at 8 hours, while the generics YP and Teikoku
gave release rates of 46% and 57%, respectively, at
3 hours, with both over 80% at 8 hours. The release
rate for YP was about 1.5 times greater than that of
Hokunalin after 3 hours, and about 2 times greater than
that of Teikoku, demonstrating that Hokunalin has better
sustained-release characteristics. One reason for this may
be the use of the patented "Crystal Reservoir System"
(6) mechanism, which gradually releases the drug from
the tape to the skin, yielding an effective release over 24
hours. Lacking this technique, developing products with
similar sustained-release characteristics may be difficult.

Tulobuterol pastes can reduce side effect risks and
provide improved efficacy for symptoms like asthma
attacks at the latter period of individual treatment times
before reapplication, due to better sustained-release
properties. On the other hand, patients' skin permeability
may also affect drug formulation release rates (8-717).
Therefore, caution is required in selecting generic drugs
for patients with weak skin barrier functions, such as
children and patients with skin diseases that compromise
skin-barrier integrity.

Next, comparing tape peel strengths showed that the
generics MED (4.99 N), YP (3.26 N), Sawai (4.17 N),
and Teikoku (4.37 N) were significantly higher than that
of Hokunalin (2.66 N) (Figure 2 and Table 2). The peel-
off force for MED, Sawai and Teikoku was more than 4
N, indicating that a strong force is required to peel off the
tape. A high peeling force implies the tape is difficult to
peel off and is expected to be more invasive to the skin,
causing pain during the peeling process and an associated
exfoliation of dead skin cells. Peeling difficulty and skin
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Figure 5. Comparison of bending resistance. (n = 6, vs. Hokunaline,
**p < 0.01, Dunnett’s-test), Black bar: brand-name drug, white bar:
generic drugs.
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irritation are considered likely problems that patients
may experience when using these products. These results
assist in appropriate formulation selection according to
patients' skin condition.

On the other hand, generics EMEC (0.47 N), HMT
(1.87 N), NP (0.49 N), QQ (0.43 N), Ohara (0.47
N), Takata (0.40 N), Towa (1.13 N), Nichi-Iko (0.51
N), and Pfizer (0.25 N) yielded significantly lower
peel strength values. Products with a peel strength of
less than 1 N indicate easy removal, which may be a
positive depending on the patient's skin condition. As
these products are applied daily for the prevention of
bronchial asthma to either the chest, back, or upper arm,
etc., a weaker peel-off force may reduce skin irritation.
However, keratin damage during tape removal is not the
only source of skin irritation. It can also be caused by
"steaming" due to prolonged application, "blistering" by
strongly pulling the skin upon application, and "chemical
irritation" caused by additives. These irritating factors
require minimization to improve patient comfort.

Though it may be considered relatively rare to peel
off and reapply the tape, there are cases where tape
is wrinkled during application and is reapplied after
being peeled off from the skin. Thus, reapplication
(reattachment) tests were conducted for each tape
formulation (Figure 3 and Table 2). For Hokunalin, and
the generics MED, Sawai, and Teikoku, peeling and
immediate reapplication on tape adhesive strength led to
significantly lower peel-off forces. In this test, the peel
force was measured by tape application to a stainless-
steel plate, peeled off once, reapplied, and peeled off
once more. Usually, tape application to skin involves
keratin and other skin substances adhering to the tape
adhesive side after removal, strongly decreasing adhesive
strength upon reapplication. This test is complicated to
perform, so the simplification of application to a stainless
plate was used rather than skin, and simply compared
the magnitude of change in peeling strength upon
reapplication. The four tapes with high peel force values,
Hokunalin, MED, Sawai, and Teikoku, all underwent
significant decreases in peel strength upon reapplication
(Figure 3 and Table 2). On the other hand, YP yielded
a significantly higher peel strength after reapplication
compared to the first application. This is attributed to part
of the tape adhesive surface detaching and contaminating
the stainless test plate after the first peeling. This then
exposes a new adhesive surface tape adhesive side,
which then adheres more strongly to the stainless-steel
surface with the deposited adhesive.

Next, the probe tack test measured tape adhesiveness,
with the results shown in Figure 4 and Table 2. The
probe tack test indicated that the generic drugs HMT
(4.89 N) and Towa (4.25 N) were significantly higher
than Hokunalin (3.65 N). On the other hand, EMEC
(1.93 N), NP (2.11 N), QQ (1.98 N), Ohara (0.83 N),
Takata (1.95 N), Nichi-Iko (1.87 N), and Pfizer (1.59
N) all showed significantly lower values. Particularly,

Ohara yielded the lowest adhesive stickiness, at less than
1 N. As adhesiveness is generally an ease-of-application
indicator, the high adhesive strength of HMT and Towa
suggested they are easy-to-apply products.

Next, the tape stiffness measurement results are
shown in Figure 5 and Table 2. This shows that all
generics, except Towa, were significantly stiffer than
Hokunalin. Products with low rigidity and high softness
values can flexibly conform to skin movements, which
is desirable. However, low rigidity and high softness
may also increase difficulties in applying the tape, as the
adhesive surface may fold and adhere to itself. Therefore,
the appropriate formulation varies depending on user
circumstances, physical capability, and skin condition.
Thus, the results of these analyses provide a basis to
select the appropriate formulation for patient-focused
care.

A summary of measured values for each test is shown
in Table 2. The highest performing formulations, in terms
of active ingredient sustained release, are Hokunalin and
the generic products YP and Teikoku. MED, Sawai, and
Teikoku yielded high peel-off force values, indicating
the possibility of skin damage. No correlation was
observed between peeling force and adhesive strength.
Furthermore, given the softness of products other than
Hokunalin and Towa, they may be difficult to apply,
especially when applied by the elderly and people with
poor manual dexterity.

Given the varying characteristics among the tapes,
pharmacists must select the best product for the patient,
accounting for the patient's background (e.g., to include
effects of increased skin permeability, efc.), patient's
dexterity, and the patient's comfort in using the product.
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SUMMARY The altered behaviors and functions of pelvic floor fibroblasts are pathophysiological changes of

Keywords

pelvic organ prolapse (POP). Our previous study showed that advanced glycated end products (AGEs)
accumulated in the pelvic tissues of POP and induced fibroblast apoptosis. The study was designed
to investigate whether quercetin antagonize AGEs-induced apoptosis and functional inhibition of
fibroblasts. The uptake of 5-ethynyl-2'-deoxyuridine (EdU) was evaluated for cell proliferation. Flow
cytometric analysis was applied for cell apoptosis. Intracellular reactive oxygen species (ROS) content
was determined by the fluorescence of dichlorofluorescein (DCF). The contractility of fibroblasts was
measured by collagen gel contraction assay. The expressions of extracellular matrix (ECM) related
genes and the expression of miR-4429 and caspase-3 were quantified by qPCR. The expressions of
phosphatase and tensin homolog (PTEN), phosphoinositide 3-kinase (PI3K), serine-threonine kinase
(Akt), and phosphorylated Akt (p-Akt) were analyzed by Western Blot. The down-regulation of miR-
4429 was achieved by cell transfection. Quercetin antagonized AGEs-induced apoptosis, proliferation
inhibition, and ROS increase in fibroblasts. Quercetin did not alleviate AGEs-induced contractile
impairment of fibroblasts. Quercetin reduced the gene expressions of lysyl oxidase like protein 1
(LOXL1) and matrix metallopeptidase 1 (MMP1), and increased the gene expressions of lysyl oxidase
(LOX) and fibrillin 2 (FBN2) in fibroblasts. Quercetin reversed AGEs-induced upregulation of PTEN
and downregulation of PI3K, P-Akt, and miR-4429 in fibroblasts. The inhibitory effect of quercetin
on AGEs-induced fibroblast apoptosis was inhibited by downregulating the expression of miR-4429.
In conclusion, quercetin antagonized AGEs-induced apoptosis and functional inhibition of fibroblasts
from the prolapsed uterosacral ligament. And inhibiting AGEs-induced down-regulation of miR-4429/
PTEN/PI3K/Akt pathway was the mechanism underlying the antagonistic effect of quercetin on AGEs-
induced apoptosis.

pelvic organ prolapse, quercetin, fibroblasts, advanced glycation end products

1. Introduction

Pelvic organ prolapse (POP), caused by damages or
weakness of the pelvic supportive tissues, is a common
degenerative disease in women. The incidence of
symptomatic POP was 9.6% in Chinese women over
the age of 20 (/). Given the high prevalence, the
pathophysiology of POP has not been understood.
The abnormal contents and structures of collagen and
elastic fibers in pelvic floor connective tissues lead to
the decrease of mechanical strength for pelvic organs.

Pelvic supportive tissues include the levator ani muscle
complex and connective-tissue attachments of the pelvic
organs (2). Fibroblasts are responsible for the regulation
of extracellular matrix (ECM) that determines the
mechanical properties of pelvic connective tissues. The
previous studies reported functional differences among
cell proliferation, contractility, adhesion, oxidative
stress, and ECM metabolism between fibroblasts from
the prolapsed and normal tissues (3-7). Therefore,
investigation on fibroblasts is important to reveal the
reasons behind the impaired supportive structures in
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POP.

Advanced glycation end products (AGEs) refer to
a heterogeneous group of glycation adducts of proteins
by glucose or other saccharides. AGEs could induce a
series of cell inflammation and oxidative stress and have
been extensively investigated in diabetes mellitus (8,9).
In addition, AGEs affected the metabolism of collagens
by accelerating collagen degeneration, resulting in
tissue strength impaired, skin aging (/0), and bone
remodeling (/7). In 1996, Jackson et al. first reported
that the level of advanced glycation cross-links elevated
in prolapsed vaginal-epithelial tissue (/2). Our previous
report indicated that AGEs content increased in the
vaginal wall of the POP patients in contrasted with the
non-POP patients (/3). Then, several studies also found
an elevated level of AGEs in the muscularis propria
of vaginal wall among POP patients (/4,15), but the
mechanisms of AGEs participating in the development
of POP were not studied. Similar to the pathogenesis
in diabetes complications, we previously reported that
AGESs reduced the type I collagen by increasing the
expression of matrix metalloproteinase-1 (MMP-1) in
human vaginal fibroblasts through the receptor for AGEs
on cell membrane (/6). In our recent study, we reported
that AGEs induced the expression of phosphatase and
tensin homolog (PTEN) via reducing the expression
of miR-4429, thus suppressing the phosphoinositide
3-kinase (PI3K)/ serine-threonine kinase (Akt) pathway
and induced fibroblast apoptosis (7).

Quercetin, as a widely studied natural flavonoid, was
reported as an effective antioxidant, which improved
renal function in diabetic nephropathy rats by inhibiting
intracellular reactive oxygen species (ROS) (/8) and
ameliorated myocardial injury caused by oxidative stress
(19). Oxidative stress is one of the factors leading to
cellular senescence, and the role of quercetin in delaying
cellular senescence has been studied. Quercetin delayed
the senescence of skin fibroblasts by inhibiting the
increase of intracellular H,0, and iron death caused by
UV irradiation (20). Quercetin selectively eliminated
senescent cells, and its use in combination with dasatinib
was known as Senolytics therapy (27). In the mouse
model of idiopathic pulmonary fibrosis, quercetin
induced the apoptosis of senescent fibroblasts to inhibit
fibrosis (22). Aging is a risk factor for POP. In addition,
senescence and oxidative stress of pelvic floor fibroblasts
resulted in the apoptosis and dysregulation of ECM
metabolism (23,24). Therefore, it is worth exploring
whether quercetin achieve the therapeutic effect for POP
by inhibiting the apoptosis of pelvic floor fibroblasts and
maintaining ECM homeostasis. What's more, quercetin
inhibits AGEs formation via chelating metal ions and
trapping methylglyoxal (25). Previous studies reported
that quercetin suppressed AGEs-induced cell apoptosis in
human skin fibroblasts (26) and reversed dietary AGEs-
induced cognitive dysfunction in aged mice (27).

The present study aimed to investigate whether

quercetin antagonizes the apoptosis and functional
inhibition of pelvic floor fibroblasts induced by AGEs,
and further explore the mechanism of quercetin in
antagonizing the apoptosis of fibroblasts. We isolated
fibroblasts from the human uterosacral ligament in POP
and non-POP patients and evaluated the influences of
AGESs and quercetin on cell proliferation, apoptosis,
ROS, contractility, and ECM production. We found
that quercetin antagonized AGE-induced apoptosis and
functional inhibition of fibroblasts. In addition, quercetin
reduced the apoptosis of fibroblasts by inhibiting the
AGEs-induced downregulation of the miR-4429/PTEN/
PI3K/Akt pathway.

2. Materials and Methods
2.1. Ethics statement

Human protocols in current study were authorized
by the local Ethics Committee of the Obstetrics and
Gynecology Hospital of Fudan University (Shanghai,
China). The number is 2021-234. The study included a
total of 20 subjects who underwent a hysterectomy at the
same hospital from January to October 2021. All subjects
in the study had signed informed consent before the
operations. The sample in the study was a piece of the
uterosacral ligament with a size of 0.5 cm” which was cut
from the removed uterus during operations.

2.2. Patients

There were 20 patients included in the POP and non-
POP groups according to the inclusion and exclusion
criteria, 10 patients in each group. Inclusion criteria of
the POP group are including > 45 years old, POP-Q
(pelvic organ prolapsed quantification) > stage III
(28,29), and received hysterectomy. Inclusion criteria
of the non-POP group are including > 45 years old,
without any pelvic organ prolapsed manifestation,
received a hysterectomy at the same hospital due to
other benign gynecological diseases (uterine fibroids,
cervical precancerous lesions, endometrial lesions,
postmenopausal ovarian benign tumors). Patients who
had pelvic surgeries, pelvic inflammation, malignant
diseases, severe systemic diseases, and with a history
of hormone replacement therapy were ruled out. The
clinical data files were collected from all the included
patients and the information about age, body mass
index, parity, and menopause rate were reported in our
previous study (/7).

2.3. Isolation and culture of the primary cells

Human uterosacral ligament fibroblasts were obtained
from patients who underwent a hysterectomy. A piece
of fresh tissue with a size of 0.5 cm” was collected after
the removal of the uterus during the operation. The fresh

www.ddtjournal.com



417 Drug Discoveries & Therapeutics. 2023, 17(6):415-427.

tissue specimens were washed with phosphate-buffered
saline (PBS) containing 1% penicillin, streptomycin,
and amphotericin B (Genom, Hangzhou, Zhejiang,
China) and cut into 1 mm’ pieces. Then the tissue pieces
were put into the type I collagenase (Sigma-Aldrich, St.
Louis, MO, USA) solution and shook up for 1 hour at
37°C. The digested mixture was centrifuged to collect
the cell pellet. The cell pellet was resuspended in 1 mL
of DMEM medium containing 20% fetal bovine serum
(FBS) (Gibco, Grand Island, NY, USA) and 1% triple
antibiotic (Genom) and transferred to six-well plates.
The culture plates were placed in a cell incubator and the
culture medium was changed when some adherent cells
could be observed. From then on, the primary cells were
cultured at 37°C in a 5% CO, atmosphere, and renewed
the medium every 2-3 days. Identification of the primary
fibroblasts was performed and the results were reported
in the previous study (/7). Fibroblasts were passaged at
80% confluency and the cells with passages 3-5 were
used in the current study.

2.4. Cell apoptosis assay

Cell apoptosis assays were conducted by flow cytometric
analysis using a fluorescein isothiocyanate (FITC)
Annexin V/propidium iodide (PI) kit (BD Bioscience,
San Jose, CA, USA) according to the manufacturer's
instructions. Cultured fibroblasts were collected and
washed by staining buffer (BD Bioscience) for 2 times.
The cell suspension was centrifuged at 800x g for 5
min. Then FITC and PI were successively added into
the 300 pL staining buffer to make cells stained by the
fluorescence for 15 min and 10 min in dark at room
temperature. All prepared cell samples were assayed by
a flow cytometry (Becton Dickinson, Franklin Lakes,
NJ, USA). The viable cells and apoptotic cells were
distinguished by the detection of fluorescence signals.
All data generated by flow cytometry were processed
by the FlowJo version X.0.7. Number of positive cells
was determined in comparison to the unstained cells as
controls.

2.5. Cell proliferation assay

Proliferative capacity was assessed by the incorporation
of a thymidine analog 5-ethynyl-2'-deoxyuridine (EdU)
using an EdU cell proliferation kit (Beyotime, Shanghai,
China). The cultured fibroblasts were incubated on
6-well plates and labeled with 10 uM EdU for 6 hours
after BSA or AGE-BSA treatment. After discarding
the culture solution, fibroblasts were incubated in 4%
paraformaldehyde for 20 min at ambient temperature.
Then fibroblasts were incubated with 0.3% Triton
X-100 for 10 min at ambient temperature. Click additive
solution was prepared by blending the click reaction
buffer, CuSO4, 488 Azide according to the instructions.
And then click additive solution was added into cell

culture dishes, incubating for 30 min in dark. Then
the Hoechst 33342 was added to cell culture dishes,
incubating for 30 min in dark. Fluorescent images
were captured using a fluorescence microscope (Leica,
Wetzlar, Germany). EAU positive cell rate was calculated
by Image J software (1.40g, Wayne Rasband National
Institutes of Health, USA). The cell proliferation rates
were calculated as the ratio of EdU positive nuclei
number to total nuclei number.

2.6. Contractility assay

The contractile activity of fibroblasts was determined by
cell-mediated collagen gel contraction assay according to
the method previously reported (30). 1.0 mg/mL type I
rat tail collagen solution (BD Biosciences) was prepared
by adding 1 M NaOH, to adjust the final pH value to
7.2. The adherent cells were digested and resuspended
in PBS to obtain the final cell concentration. The
appropriate number of fibroblasts was then transferred to
the neutralized collagen solution. Then the mixture was
incubated on ice for 5 min and was pipetted into 12-well
culture dishes. The gel coagula were then gently detached
from the bottom of the well after being incubated for 1 h
at 37°C. A DMEM solution with 50 pg/mL BSA, 50 pg/
mL AGE-BSA, or 20 uM quercetin (Sigma) was added
to each well. Then cells were static cultured and the gels
were observed periodically. Maximum effects on gel
contraction were obtained within 72 hours of culture. A
chemiluminescence imager was used to take pictures and
record gel shrinkage at 0, 24, 48, and 72 hours after the
culture. The area of each gel was measured using Image
J, and the area proportion of each gel compared to its
initial area was calculated. The percentage of gel area to
the initial gel area was calculated. The area proportion
was inversely proportional to the cell-mediated collagen
contractile capacity.

2.7. Intracellular ROS quantification

The intracellular ROS levels were determined by
measuring the fluorescent dichlorofluorescein (DCF)
using a ROS assay kit (Beyotime). Fluorescent
DCF was transformed from the cell-permeable 2',
7' dichlorofluorescein diacetate (DCFH-DA) under
oxidation by intracellular ROS. Before loading DCFH-
DA, cells were treated with 50 pg/mL BSA, 50 pg/mL
AGE-BSA, or 20 uM quercetin for 24 hours. Then, the
culture medium was replaced by DMEM with 10 uM
DCFH-DA, and cells were incubated at 37°C for 30 min.
The culture media were removed and cells were washed
using DMEM. Then DCF fluorescence distribution was
detected by fluorescence microscope or analysis by flow
cytometry after cell collection at the wavelength of 488
nm/535 nm.

2.8. Cell transfection
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Fibroblasts were cultured in a 6-well plate with complete
medium without antibiotics. Once achieving 40-50%
confluence, the complete medium was replaced by 1.5
mL/well preheated serum-free DMEM medium. Then,
miR-4429 inhibitor or negative control (NC) was diluted
by Opti-MEM (Gibco) (15 pL miR-4429 inhibitor or
inhibitor NC in 250 pL Opti-MEM) and blended with
diluted Lipofectamine 2000 (Thermo Fisher Scientific,
Waltham, MA, USA) (5 pL Lipofectamine 2000 in 250
pL Opti-MEM). The mixture was thoroughly mixed and
stood for 20 minutes at ambient temperature, and then
it was carefully added to the culture medium, 500 pL/
well. The 6-well plates were static cultured for 6 hours.
Then the culture medium was replaced by the completed
culture medium and the cells were continued to culture
for 24-48 hours before they were used in the subsequent
experiments. The sequences of miR-4429 inhibitor and
inhibitor-NC were listed in Table 1.

2.9. Western blotting

The cultured fibroblasts were treated by lysis
buffer (Beyotime). Total proteins were extracted by
centrifugation and were separated under electrophoresis.
Separate proteins were transferred to polyvinylidene
fluoride membranes. The blocking solution was 5%
bovine serum albumin (Sigma) or nonfat-dried milk/
TBST. Then, membranes were successively incubated
with the primary and secondary antibodies under
optimal conditions. The antibodies in the present
study included anti-PI3K antibody, anti-pan-Akt
antibody, anti-phosphorylated Akt (S473) antibody
(Cell Signaling Technology, Danvers, MA, USA), anti-
PTEN antibody, and anti-GAPDH antibody (Abcam,
Cambridge, MA, USA). After being washed completely,
the membrane was covered by an appropriate amount
of chemiluminescence reagent (Merck Millipore,
Billerica, MA, USA) to carry out the enhanced
chemiluminescence. Relative intensities of the images
were measured by Image J (1.40 g, USA).

2.10. Quantitative polymerase chain reaction (QPCR)

Total RNA was extracted by an RNA purification kit
(EZBioscience, Roseville,CA, USA) from the fibroblasts
which were cultured under different indicated treatments.
The concentration of RNA was determined by NanoDrop
Spectrophotometer (Thermo Fisher Scientific). Then
RNA was converted into cDNA by reverse transcription.
After the qPCR system was prepared using SYBR
Green qPCR master mix (Takara, Tokyo, Japan), the
mixture was thoroughly mixed and pipetted into a 384-
well plate. The expressions of target genes at the mRNA
level were detected by the QuantStudio Flex Real-Time
PCR System (Thermo Fisher Scientific). The valid
cycle threshold values were collected from each group's
data. The expression of GAPDH was considered as

Table 1. Primer sequences

Name

Sequence (5' to 3")

COL1 forward
COL1 reverse
COL3 forward
COL3 reverse
COLS5 forward
COLS5 reverse
MMP1 forward
MMP1 reverse
MMP3 forward
MMP3 reverse
TIMP1 forward
TIMP1 reverse
Elastin forward
Elastin reverse
LOX forward
LOX reverse
LOXLI1 forward
LOXLI reverse
LOXL2 forward
LOXL2 reverse
FBN2 forward
FBN2 reverse

GTGCGATGACGTGATCTGTGA
CGGTGGTTTCTTGGTCGGT
GGTAGTCTCACAGCCTTGCG
GAGGATGGTTGCACGAAACAC
TCCGAAGGGGCCAGAATCA
GAGCAGTTTCCCACGCTTGA
GGGGCTTTGATGTACCCTAGC
TGTCACACGCTTTTGGGGTTT
ATGAACAATGGACAAAGGATACAACAG
CATCTTGAGACAGGCGGAACC
CTTCTGCAATTCCGACCTCGT
ACGCTGGTATAAGGTGGTCTG
CCTCCCTTCTGCTTCCTCTC
CGACTGTTCTTTCGCTGCTG
GGCGAAGGGTGAGGAGTAAG
TGGGAGACCTAAACGTCAGC
TATGTCCAGAGAGCCCACCT
TAGCACCCGCACATCGTAGT
ATGTCACCTGCGAGAATGGG
TGCTCTGGCTTGTACGCTTT
CTCTTCTTCTGGGGGCGACTT
CGCTCCGAAGACGGATATTGG

FBLNS forward TCTGGAAAGGGCAGCAACTT
FBLNS reverse CTTGTCTATCAGCCGATGCG

CASP3 forward CCAAAGATCATACATGGAAGCG
CASP3 reverse CTGAATGTTTCCCTGAGGTTTG
PTEN forward TTTTGAAGACCATAACCCAC

PTEN reverse TATCATTACACCAGTTCGTC

GAPDH forward GGAGCGAGATCCCTCCAAAAT
GAPDH reverse GGCTGTTGTCATACTTCTCATGG
miR-4429 inhibitor CGCCUCUCAGCCCAGCUUUU
inhibitor NC UCUACUCUUUCUAGGAGGUUGUGA

COL, collagen; MMP, matrix metalloproteinase; TIMP, tissue inhibitor
of matrix metalloproteinase; LOX, lysyl oxidase; LOXL, lysyl
oxidase like protein; FBN, fibrilin; FBLN, fibulin; CASP, caspase;
PTEN, phosphatase and tensin homolog; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; NC, negative control.

the internal reference, and the relative gene expression
was calculated by the 27**“" method. All of the primer
sequences in the present study were shown in Table 1.

2.11. Statistical analysis

Student's #-test was conducted to calculate the statistic
difference between two groups when the data obey
normal distribution with equal standard deviations. When
the data did not obey normal distribution, Mann-Whitney
test was applied for the contrast between two groups. The
significant differences between 3 or more groups were
identified by ANOVA, and Tukey test was applied to
determine the significant differences in pairs. Differences
were regarded as statistically significant when p < 0.05.
All the tests were calculated by the GraphPad Prism
software (Version 9).

3. Results

3.1. Quercetin inhibited AGEs-induced fibroblast
apoptosis
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The apoptotic rate in fibroblasts exposed to AGE-BSA
was significantly higher than that in fibroblasts exposed
to BSA. This AGEs-induced fibroblast apoptosis was
inhibited by quercetin with concentrations of 20 uM, 40
uM, 80 uM, and 160 uM for 24 hours (Figures 1A and
1B). Similarly, the gene expression of caspase-3 was
upregulated by AGE-BSA, and this upregulation was
reversed by quercetin with concentrations of 20 uM, 40
puM, and 80 uM for 24 hours (Figure 1C). To evaluate
the inhibitory effects of quercetin with different exposure
duration in AGEs-induced fibroblast apoptosis, the
fibroblasts treated with AGE-BSA were subsequently
treated with 20 uM quercetin for 12, 24, 36, and 48
hours. The AGEs-induced cell apoptosis was inhibited by
quercetin in 12, 24, 36, and 48 hours groups (Figures 1D
and 1E). Therefore, the optimum condition of quercetin
as an antagonist to AGEs in fibroblast apoptosis was 20
uM for 24 hours, which was applied in the following
experiments.

3.2. Quercetin antagonized the inhibiting effect of AGEs
on cell proliferation

To determine the influence of AGEs on cell proliferation,
we assessed the level of EJU in fibroblasts exposed to 50
pg/mL AGE-BSA or BSA (Figure 2A). The proliferation
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rates were calculated and illustrated (Figure 2B). As
shown in Figures 2A and 2B, the proliferation rate was
apparently reduced in the AGE-BSA treated groups
compared with the BSA treated group both in fibroblasts
from POP tissues or fibroblasts from non-POP tissues.
And there was no significant difference between the
fibroblasts from POP and non-POP groups exposed to
BSA only. Notably, the AGEs-inhibited proliferation
rate in fibroblasts of the POP group was reversed by
quercetin (Figures 2C and 2D).

3.3. Quercetin inhibited AGEs-induced intracellular ROS
increase in fibroblasts

To measure the effect of AGEs on the inner cellular
ROS of fibroblasts, we detected the DCF positive cells
using a flow cytometer and fluorescence microscope.
The positive cell rates were increased both in POP and
non-POP groups when treated by AGE-BSA compared
to cell samples treated by BSA (Figures 3A-3C). And
there was no significant difference in positive cell rates
between fibroblasts from the POP and non-POP groups.
Noticeably, AGEs-induced intracellular ROS increase
was inhibited by quercetin, for the positive cell rate
inhibition was alleviated by quercetin in fibroblasts from
the POP group (Figures 3D-3F).
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Figure 1. Quercetin inhibited AGEs-induced fibroblast apoptosis. (A) Flow cytometry analysis of cell apoptosis in fibroblasts treated by BSA,
BSA-AGE, and quercetin with different concentrations. (B) The apoptosis rates of fibroblasts treated by BSA, BSA-AGE, and quercetin with
different concentrations. (C) The mRNA expression of caspase-3 in fibroblasts treated by BSA, BSA-AGE, and quercetin. (D) Flow cytometry
analysis of cell apoptosis in fibroblasts treated by BSA, BSA-AGE, and quercetin with different durations. (E) The apoptosis rates of fibroblasts
treated by BSA, BSA-AGE, and quercetin with different durations. Error bars represent mean+ SD of 3 independent experiments, *p < 0.05, **p <0.01,
*#%p <0.005. AGE: advanced glycation end products; BSA: bovine serum albumin; Q: quercetin; SD: standard deviation.
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Figure 3. Quercetin inhibited AGEs-induced intracellular ROS increase in fibroblasts. (A) Flow cytometry analysis of DCF-positive cells in
fibroblasts treated with AGE-BSA or BSA. (B) Percentage of DCF-positive cells in fibroblasts treated with AGE-BSA or BSA. (C) The level of DFC
in fibroblasts treated with AGE-BSA or BSA. (D) Flow cytometry analysis of DCF-positive cells in fibroblasts treated with BSA, AGE-BSA, and
quercetin. (E) The level of DFC in fibroblasts treated with BSA, AGE-BSA, and quercetin. (F) Percentage of DCF-positive cells in fibroblasts treated
with BSA, AGE-BSA, and quercetin. Error bars represent mean+ SD of 3 independent experiments, *p < 0.05, **p < 0.01, ***p < 0.005. Scar bar:
100pum. AGE: advanced glycation end products; BSA: bovine serum albumin; POP: pelvic organ prolapse; FITC-A: fluorescein isothiocyanate-area;
SSC-A: side scatter-area; ROS: reactive oxygen species; DCF: dichlorofluorescein; ns: no significance; SD: standard deviation.

3.4. Quercetin did not improve the contractile impairment
of fibroblasts induced by AGEs

We assessed whether AGEs and quercetin affect the
contractility of fibroblasts by evaluating the cell-induced
gel contraction of type I collagen. Results showed that

cell contractility was impaired in fibroblasts from the
POP group compared with the non-POP group (Figures
4A and 4B). In addition, treatment with AGE-BSA was
found to significantly block the contractile activity of
fibroblasts compared to BSA-treated cells in the non-
POP group (Figures 4A and 4B). In the POP group,
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Figure 4. Quercetin did not improve the contractile impairment of fibroblasts induced by AGEs. (A) Percentage of the initial surface area in
fibroblasts treated with AGE-BSA or BSA for 48 hours. (B) Percentage of the initial surface area in fibroblasts treated with AGE-BSA or BSA for 72
hours. (C) Percentage of the initial surface area in fibroblasts treated with BSA, AGE-BSA, and quercetin for 48 hours. (D) Percentage of the initial
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*p <0.05, **p <0.01, ***p < 0.005. AGE: advanced glycation end products; BSA: bovine serum albumin; Q: quercetin; POP: pelvic organ prolapse;

ns: no significance; SD: standard deviation.

although there was a trend that fibroblasts treated by
AGE-BSA exhibited impaired contractility, there was no
statistical difference between fibroblasts treated by AGE-
BSA and BSA. Therefore, fibroblasts from the POP
group were used for assessing the effects of quercetin on
cell contractility. Results showed that the AGEs-induced
cell contractility impairment was not influenced by
quercetin in fibroblasts from the non-POP group (Figures
4C and 4D).

3.5. Quercetin partially reversed AGEs-induced
imbalance of ECM gene expression in fibroblasts

To investigate whether quercetin antagonizes AGEs-
induced disordered ECM production of fibroblasts,
the expression of collagen and elastin-related genes
in fibroblasts exposed to quercetin and AGE-BSA or
BSA were assessed by qPCR. There was no statistical
difference between collagen-related genes in fibroblasts
from the POP and non-POP groups (Figures 5A-5F).
AGE-BSA downregulated the expressions of COL1
(collagen type 1) both in the POP and non-POP groups
(Figure 5A). AGE-BSA downregulated TIMP1 (tissue
inhibitor of matrix metalloproteinase 1) expression and
upregulated MMP1 expression of fibroblasts in the POP
group (Figures 5D and 5F). Quercetin reversed AGEs-
induced upregulation of MMP1, but not influenced the
expressions of AGEs-downregulated COL1 and TIMP1
in fibroblasts from the POP group (Figures 5G-51). For

elastin-related genes, results showed that the expressions
of LOX, LOXL2, FBN2, and FBLNS5 decreased, and the
expression of LOXL1 increased in fibroblasts from the
POP group compared with the non-POP group (Figures
6A-6F). AGE-BSA upregulated the expressions of
elastin and FBLNS in fibroblasts from both the POP and
non-POP groups. Quercetin increased the expressions
of LOX, and FBN2, and decreased the expression of
LOXL1 in fibroblasts from the POP group, suggesting
that quercetin reduced the expression differences of
LOX, FBN2, and LOXL1 between the POP and non-
POP group (Figures 6G-6L). However, the disorders of
elastin and FBLNS5 expression induced by AGEs were
not reversed by quercetin.

3.6. Quercetin inhibited AGEs induced apoptosis of
fibroblasts via miR-4429 /PTEN/PI3K/Akt

Next, we assessed the influences of quercetin on the
expressions of PTEN, PI3K, phosphorylated Akt
(p-Akt), and miR-4429 in AGEs-treated fibroblasts.
Results showed that AGEs suppressed the expressions of
PI3K and p-Akt but increased the expression of PTEN.
Quercetin with a concentration of 20 uM effectively
antagonized the influences of AGEs on the expressions
of PI3K, p-Akt, and PTEN in fibroblasts (Figure 7A).
AGEs also significantly downregulated the expression
of miR-4429, and the decreased expression of miR-4429
was reversed by 20 uM quercetin (Figure 7B).
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Figure 5. Effects of quercetin on AGEs-induced imbalance of collagen-related gene expression in fibroblasts. (A-F) The mRNA expression of
COL1, COL3, COL5, MMP1, MMP3, and TIMP1 in fibroblasts treated with BSA or AGE-BSA. (G-I) The mRNA expression of COL1, MMP1, and
TIMP1 in fibroblasts treated with BSA, AGE-BSA, and quercetin. Error bars represent mean=+ SD of 3 independent experiments; *p<0.05, **p <0.01,
**%p < 0.005. COL: collagen; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of matrix metalloproteinase; AGE: advanced glycation end
products; BSA: bovine serum albumin; Q: quercetin; POP: pelvic organ prolapse; SD: standard deviation.

A = Elastin _ LOX c LOXL1 D = LOXL2 = BSA
N 3 5 3 =1 AGE-BSA
£ 20 * £2s E1s
& 5 s ok s
o c o c S
S 215 28 §g20 Se
22
g2 gg10 g2 g0
8% 8% SE1S5 5%
g3 i3 5%, 3%
< S <

=Y $g0s EEY Z §os
& Eos Ze Z9o g8
= [ E S 05 E2

s s 5 s

2o g 0.0 2 00 g 0.0

Non-POP Non-POP POP Non-POP poP Non-POP
E _ FBN2 FBLNS G _ Elastin H
S1s . ok 21s * 220
8 S1s - s § 5
e £ g8 g8
28 =8 28 2815
8910 Se 2210 82
%] g2 gs g8 10
b o] 39 3
<9 3¢ S gos g
ggoe Sgos g2 g 2o0s
x s z2 [ (]
Eg 3 5 5

s s 2 2 o0

3 00 2 oo 3 00 s

s - - = BSA AGE-BSA AGE-BSA+Q = BSA AGE-BSA AGE-BSA+Q

Non-POP Non-POP POP
LOXL1 LOXL2 FBN2 FBLNS
| 15 J 15 K 15 * L
— e

°
o

=
o

0.5

mRNA expression

(fold change relative to control)
mRNA expression

(fold change relative to control)
mRNA expression

(fold change relative to control)
mRNA expression

(fold change relative to control)

B
°

25
20
15
1.0
0.5
0.0

BSA AGE-BSA AGE-BSA+Q

Dsm
0.0

T T
BSA AGE-BSA AGE-BSA+Q BSA AGE-BSA AGE-BSA+Q BSA AGE-BSA AGE-BSA+Q

Figure 6. Effects of quercetin on AGEs-induced imbalance of elastin-related gene expression in fibroblasts. (A-F) The mRNA expression of
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Figure 8. Quercetin inhibited AGEs induced apoptosis of fibroblasts via miR-4429 /PTEN/PI3K/Akt. (A) Flow cytometry analysis of cell
apoptosis in fibroblasts transfected with miR-4429 inhibitor or inhibitor-NC, treated with BSA, BSA-AGE, or quercetin. (B) The apoptosis rates
of fibroblasts transfected with miR-4429 inhibitor or inhibitor-NC, treated with BSA, BSA-AGE, or quercetin. (C) The mRNA expression of
caspase-3 in fibroblasts transfected with miR-4429 inhibitor or inhibitor-NC, treated with BSA, BSA-AGE, or quercetin. (D) The protein expression
of PTEN in fibroblasts transfected with miR-4429 inhibitor or inhibitor-NC, treated with BSA, BSA-AGE, or quercetin. (E) The relative protein
expression of PTEN. (F) The protein expression of PI3K, Akt, and P-Akt in fibroblasts transfected with miR-4429 inhibitor or inhibitor-NC, treated
with BSA, BSA-AGE, or quercetin. (G) The relative protein expression of PI3K. (H) The relative protein expression ratio of P-Akt/Akt. Error bars
represent mean+ SD of 3 independent experiments, *p < 0.05, **p < 0.01. AGE: advanced glycation end products; BSA: bovine serum albumin; Q:
quercetin; PTEN: phosphatase and tensin homolog; PI3K: phosphoinositide 3-kinase; Akt: protein kinase B; P-Akt: phosphorylated Akt; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase; NC: negative control; SD: standard deviation.
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Furthermore, transfection with miR-4429 inhibitor
downregulated the expression of miR-4429 in fibroblasts
from the POP group, and then the effects of different
cell treatment conditions on fibroblast apoptosis were
detected. As shown in Figures 8A and 8B, AGE-BSA
significantly increased the cell apoptosis rate. Quercetin
effectively reversed the increase of cell apoptosis rate
and caspase-3 expression induced by AGE-BSA (Figures
8A-8C). However, this antagonistic effect on AGEs of
quercetin was weakened by inhibiting the expression
of miR-4429 (Figures 8A and 8B). In addition, AGE-
BSA upregulated the protein expression of PTEN, which
were reversed by quercetin (Figures 8D and 8E). While
downregulating the expression of miR-4429, quercetin
did not inhibit the protein expression of PTEN. Similarly,
quercetin elevated the protein expressions of PI3K and
p-Akt that were downregulated under the exposure
to AGEs in fibroblasts. And the antagonistic effect of
quercetin was diminished by reducing the expression of
miR-4429 (Figures 8F-8H).

4. Discussion

The effect of AGEs on fibroblasts has been reported
mainly in diabetes mellitus and its complications.
AGEs inhibited the proliferation of tendon fibroblasts,
leading to tendon pain and degenerative changes (3/).
AGESs induced inflammation and overexpression of
fibrotic genes, resulting in diabetic fibrosis (32). AGEs
accumulation in skin resulted in collagen structural
damages and fibroblast apoptosis, collagen degradation
in diabetes non-healing wounds (33). However, the
effects of AGEs on the behavior and function of
pelvic floor fibroblasts are rarely studied. This study
comprehensively explored the effects of AGEs on the
behavior and function of pelvic floor fibroblasts and
found that quercetin could antagonize the inhibitory
effects of AGEs on the behavior and function of pelvic
floor fibroblasts in terms of cell proliferation, apoptosis,
oxidative stress, and ECM metabolism.

Firstly, the proliferation rates of fibroblasts were
detected and there was no significant difference in
proliferation ability between the POP and non-POP
groups, which was consistent with a previous report (34).
We found that quercetin antagonized the decrease in the
proliferation rate of fibroblasts induced by AGEs. Studies
on the influences of quercetin on fibroblasts suggest that
quercetin may be applied in the treatment of rheumatoid
arthritis and fibrotic diseases due to its anti-inflammatory
and anti-fibrotic effects (22,35). In addition, quercetin
delayed the senescence of human dermal fibroblasts
induced by UV irradiation (36). However, the effect of
quercetin on pelvic floor fibroblasts is rarely studied.
And in the present study, we hypothesized that quercetin
could antagonize AGEs-induced apoptosis and functional
inhibition of fibroblasts from the prolapsed uterosacral
ligament.

In this study, we found that AGEs increased the ROS
levels in fibroblasts, while quercetin effectively alleviated
this oxidative stress status. Oxidative stress was reported
as a negative factor in the pathogenesis of POP, and
the previous results showed that oxidative stress status
existed in prolapsed tissues (37,38). Increased production
and decreased elimination of intracellular ROS leads
to oxidative stress, an imbalance between intracellular
oxidants and antioxidants (39). The antioxidant effect
of quercetin has been widely reported and quercetin
prevented myocardial fibrosis and diabetic nephropathy
by inhibiting ROS production (/8,40).

The contractility of fibroblasts is crucial for
regulating connective tissue remodeling during normal
and pathological wound healing (47). Meyer et al.
preliminarily demonstrated that myofibroblasts of vaginal
wall tissue derived from POP had impaired contractile
ability by cell-mediated collagen gel contractility assay,
and their contractile ability decreased with age (42).
Ruiz-Zapata et al. reported that the fibroblasts derived
from the POP tissues exhibited delayed contractility
compared with the normal fibroblasts (6). In our study,
the contractility of fibroblasts from the POP group
was inferior to that in the non-POP group, and AGEs
treatment significantly damaged cell contractility in
fibroblasts of the non-POP group. However, quercetin
did not antagonize AGEs-induced contractility decrease
in fibroblasts, suggesting quercetin did not influence the
contractile-related molecules in fibroblasts.

Dysfunctions of fibroblasts lead to dysregulated
metabolism of collagen, elastin, and other ECM-related
genes, resulting in the damaged mechanical strength
of pelvic connective tissues and contributing to the
development of POP (43). The extracellular matrix
proteins have been detected in human tissues such as the
vaginal wall and the uterosacral ligament, and there were
significant differences between the prolapsed and normal
tissues, indicating that ECM alterations are correlated
with POP (44,45). Considering that the formation and
remodeling of ECM are regulated by fibroblasts, the
related gene expressions of fibroblasts were quantified in
this study.

The ECM of pelvic connective tissue is mainly
consisted of the most abundant type I and III collagen
that provide the primary tensile resistance to connective
tissue. In the pathological alterations of POP, collagen
was reported with a decreased content in POP. MMP1,
as a kind of degrading enzyme of collagen was increased
in POP, and reversely, TIMP1 as the inhibitor of MMP
was decreased in POP (46). In this study, the collagen
expression of the POP group was not significantly
different from the non-POP group, which was different
from the previous reports. The reason for the result
may be that the fibroblasts were detached from the in-
vivo environment with high AGEs concentration or the
sample size in the experiment was too small. AGEs
downregulated the expression of COL1 and TIMP1
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but increased the expression of MMP1 in the POP
group. This result coincides with our previous report
(16), suggesting that AGEs decreased the expression
of COLI1 by increasing the degradation of COL1. The
previous studies revealed that quercetin downregulated
the expression of MMP2 and MMP9 to prevent fibrosis
and contributed to wound healing (47,48). Our results
suggested that quercetin antagonized AGEs-induced
upregulation of MMP1 in fibroblasts.

Elastin is another important fibrous structural protein
and constitutes the elastic fiber of ECM, allowing the
pelvic floor connective tissue with high extensibility and
passive retraction. The molecules including LOX, LOXL,
FBLN, and FBNs are correlated with the composition
of elastic fibers and the synthesis of elastin (49). Animal
studies demonstrated that the knockout of LOXLI,
FBLN3, and FBLN5 resulted in rectal or vaginal prolapse
in mice (50). However, few studies have focused on the
influence of AGEs or quercetin on elastin metabolism in
pelvic floor fibroblasts. Our results showed that the gene
expressions of LOX, LOXL2, FBN2, and FBLNS were
reduced in fibroblasts from the POP group compared
with the non-POP group, which was in line with the
previous reports that the FBLN5 knockout mice exhibited
organ prolapse (50). AGEs treatment promoted the
expressions of Elastin and FBLNS in fibroblasts, while
AGE:s did not influence the expression of LOX, LOXLI1,
LOXL2, and FBN2. Quercetin promoted the expressions
of LOX and FBN2, while inhibiting the expression of
LOXL1, which means quercetin reduced the expression
differences of LOX, FBN2, and LOXLI genes between
the POP group and non-POP group. But quercetin had
no significant effect on the expressions of Elastin and
FBLNS in POP fibroblasts induced by AGEs.

Confirming the antagonistic effects of quercetin on
AGEs, we tried to understand the molecular process
of the antagonism of quercetin on AGEs-induced
fibroblast apoptosis. Our previous study indicated that
AGEs induced fibroblast apoptosis by increasing the
expression of PTEN (/7). The expression of PTEN
was post-transcriptionally regulated by miR-4429,
and then the upregulation of PTEN did antagonize the
PI3K/Akt pathway, which consequently increased cell
apoptosis. In the current study, quercetin significantly
antagonized the influences of AGEs on fibroblasts,
including the upregulation of cell apoptosis and PTEN
expression, and the downregulation of miR-4429, PI3K,
and phosphorylated Akt expression. Furthermore,
the antagonistic effects of quercetin on AGEs were
neutralized by inhibiting the expression of miR-4429.

The limitation of our study is the lack of in vivo
experiments to verify the effects and mechanism of
quercetin in the treatment of POP. Humans are strictly
biped, and the direction in which the pelvic organs are
subjected to gravity differs from that of model animals
commonly used in laboratories. Besides, vaginal delivery
in humans causes more serious damage to pelvic floor

structures than in other species. Therefore, we plan to test
and select the most appropriate animal model to explore
whether quercetin improves the functional damage
of AGEs to fibroblasts in vivo, and further verify the
molecular mechanism at the cellular level found in the
present study.

In summary, quercetin antagonized AGE-induced
apoptosis, proliferation inhibition, and ROS increase in
fibroblasts, but not AGEs-induced contractile impairment
in fibroblasts. Quercetin partially improved the
expression disorder of ECM-related genes in fibroblasts
induced by AGEs. Furthermore, quercetin reduced
fibroblasts apoptosis in POP through reversing AGEs-
induced downregulation of miR-4429, upregulation of
PTEN, and downregulation of PI3K/Akt.
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SUMMARY

Keywords

Olaparib is a small-molecule inhibitor of poly(ADP)-ribose polymerase (PARP) used as maintenance
therapy for recurrent ovarian cancer and newly diagnosed advanced ovarian cancer after initial
chemotherapy. An exposure-toxicity correlation has been reported between the probability of
anemia, a common adverse event associated with olaparib, and the steady-state minimum plasma
concentration (Cmin) as well as the predicted maximum plasma concentration (Cmax). On the other
hand, olaparib exhibits high interpatient variability with regard to the area under the concentration-
time curve, Cmax, and Cmin. Therefore, we developed a simple and sensitive assay based on high-
performance liquid chromatography with ultraviolet light (HPLC-UV) for the therapeutic drug
monitoring of olaparib. The analysis was performed on an octadecylsilyl column with a mobile
phase consisting of 0.5% KH,PO, (pH 4.5) and acetonitrile (71:29, v/v), at a flow rate of 0.8
mL/min. Olaparib and an internal standard (imatinib) were well separated from the co-extracted
material, with retention times of 13.6 and 11.5 min, respectively. The calibration curve for olaparib
showed linearity over the concentration range of 0.10-10.0 pg/mL (+*= 0.9998). The intra- and inter-
day validation coefficients ranged from 1.79 to 4.13% and 1.37 to 3.55%, respectively. Measurement
accuracy ranged from — 6.07 to 3.26%, with a recovery rate of more than 91.06%. The developed
method was then applied to evaluate the plasma olaparib concentrations in patients with ovarian
cancer. Our findings demonstrate that HPLC-UV is an economical, simple, and sensitive method for
clinical application and holds promise for the effective drug monitoring of olaparib during ovarian
cancer treatment.

olaparib, PARP inhibitor, HPLC-UYV, therapeutic drug monitoring, ovarian cancer

1. Introduction

Ovarian cancer has a poor prognosis, as approximately
70% of the patients with newly diagnosed advanced
disease who undergo surgery and platinum-based
chemotherapy relapse within the next three years
(7). Olaparib is an oral, small-molecule inhibitor
of poly(ADP)-ribose polymerase (PARP) used as
maintenance therapy in patients with platinum-sensitive
ovarian cancer who are being treated for relapse as well
as after response to initial chemotherapy in patients
with advanced ovarian cancer harboring mutations
in the breast cancer susceptibility (BRCA1/2) genes.
Olaparib is the new standard of care for ovarian cancer,

leading to prolonged progression-free survival, and is
administered orally as a 300 mg tablet twice daily.

In the SOLO-1 trial, which evaluated the efficacy
of olaparib maintenance therapy after platinum-
and taxane-based chemotherapy regimens, olaparib
maintenance therapy reduced the risk of disease
progression or death by 70% compared to the placebo
(hazard ratio for disease progression or death, 0.30;
95% confidence interval, 0.23-0.41) (2). The excellent
results of the SOLO-1 trial were limited to patients who
could receive 300 mg olaparib twice daily for 2 years as
a maintenance therapy. However, discontinuation due
to adverse events was reported in 12% of patients in the
SOLO-1 trial, with a dose reduction rate of 28% and a
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discontinuation rate of 52%. The most common adverse
events that led to discontinuation were anemia and
nausea. Moreover, an exposure-toxicity relationship has
been demonstrated between the probability of anemia
and the minimum steady-state concentration as well as
the predicted Cmax of olaparib (3).

A trough concentration of 2.5 ug/mL has been
reported as the threshold for olaparib dose adjustment
(4). However, it is unclear whether olaparib exposure
is associated with efficacy (5). To date, the effective
therapeutic range of olaparib has not been determined,
with high interpatient variabilities of 50%, 39%, and
87% in the area under the concentration-time curve
(AUC), maximum plasma concentration (Cmax), and
minimum plasma concentration (Cmin), respectively,
as determined using a population pharmacokinetic
model (3). Many factors are thought to significantly
affect olaparib exposure, with food shown to delay
olaparib absorption, resulting in a significant decrease
in Cmax, while the impact on AUC is only marginal
(6). Furthermore, olaparib is primarily metabolized via
cytochrome P450 (CYP) 3A, and thus, the concurrent
administration of potent CYP3A inhibitors or inducers
affects olaparib concentrations (7). High olaparib
concentrations are associated with impaired renal
function, necessitating the careful consideration of
blood olaparib levels (8). Thus, the therapeutic drug
monitoring (TDM) of olaparib in patients receiving the
drug is essential.

To date, olaparib concentrations in the human
plasma have only been determined using liquid
chromatography-tandem mass spectrometry (LC-
MS/MS) (9-14). LC-MS/MS is expensive; thus, it
is available only at a limited number of facilities.
Meanwhile, high-performance liquid chromatography-
ultraviolet (HPLC-UV) instruments remain popular,
owing to their low initial cost and high utility in general
hospitals. In light of this, we developed a simple HPLC-
UV method to determine olaparib concentrations in
patients with ovarian cancer, suitable for routine TDM
in clinical practice.

2. Materials and Methods
2.1. Standards and reagents

Olaparib and imatinib were acquired from Toronto
Research Chemicals Inc. (Ontario, Canada). The mobile
phases comprised HPLC-grade acetonitrile, methanol,
water (Kanto Chemical Co., Inc., Tokyo, Japan), and
KH,PO, (Wako, Osaka, Japan).

2.2. Chromatographic conditions
The HPLC system consisted of a pump (PU-4180;

Jasco, Tokyo, Japan), UV detector (UV-4075; Jasco,
Tokyo, Japan), and autosampler (AS-4550; Jasco,

Tokyo, Japan). Analysis was performed using an
octadecylsilyl column (Capcell Pak C18 MG II;
250 mm x 4.6 mm; i.d., 5 um; Osaka Soda, Tokyo,
Japan). The detection wavelength was 218 nm. The
mobile phase consisted of 0.5% KH,PO, (pH 4.5) and
acetonitrile (71:29, v/v), which was eluted at a flow
rate of 0.8 mL/min. The injection volume for HPLC
analysis was 30 pL.

2.3. Calibration curve and quality control samples

Stock solutions of 1 mg/mL olaparib and imatinib
were prepared in methanol. For the calibration curve,
fresh blank plasma was spiked with the olaparib stock
solution to obtain final concentrations of 0.1, 0.5, 1.0,
2.5, 5.0, and 10.0 pg/mL. The olaparib stock solution
was diluted in methanol to obtain working solutions of
0.5, 2.5, 5, 12.5, 25.0, and 50.0 pg/mL. Imatinib was
diluted in methanol to obtain a working solution of 10
pg/mL. Subsequently, the prepared stock and working
solutions were stored at —60°C in the dark until use.

2.4. Sample preparation

Plasma (50 pL) was pipetted into a 2.0 mL microtube.
Thereafter, 10 pL of the olaparib working solution
was vortexed with 50 puL of the plasma in a 2.0 mL
microtube for 10 s. Subsequently, 60 pL of olaparib-
spiked plasma, 10 pL of the internal standard (IS; 10
pug/mL imatinib), and 330 pL of methanol chilled to
—60°C were added. The mixture was then vortexed for
1 min and centrifuged at 15,000 xg for 10 min at 4°C.
Finally, the resulting supernatant was transferred to an
HPLC autosampler vial, and 30 pL was injected into
the HPLC system.

2.5. Method validation

Method validation was based on the Guidelines
for the Validation of Methods for the Quantitative
Analysis of Biological Samples by the US Food and
Drug Administration (FDA) (/5). The calibration
concentrations of olaparib ranged from 0.1 to 10.0
pg/mL; the recovery and accuracy of the assay were
determined at these concentrations. Assay precision was
evaluated by analyzing five sets of control samples on
the same day (intra-day) and five different days (inter-
day) at concentrations of 0.1, 0.5, 1.0, 2.5, 5.0, and 10.0
pg/mL.

The stability of olaparib in plasma samples was
assessed at three different concentrations (0.1, 1.0,
and 10.0 pg/mL). To establish benchtop stability, five
samples (n = 5) stored at 25°C for 6 h were evaluated.
Processed sample stability was evaluated by storing five
samples (n = 5) at 4°C for 24 h. To determine long-term
stability, five samples (n = 5) were stored at —60°C for
one month and three months and then assessed. Finally,
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freeze-thaw stability was determined by subjecting five
samples (n = 5) to three cycles of freezing at —60°C and
thawing.

2.6. Clinical application

Blood samples were collected after obtaining written
informed consent from patients receiving olaparib.
Plasma samples were obtained by centrifuging the
blood samples at 3,000x g for 5.5 min. Plasma and
serum were stored at — 80°C until analysis. This
study was approved by the institutional review
board of Tokyo Metropolitan Bokutoh Hospital
(#04—-127) and conducted in accordance with the
Declaration of Helsinki. Concomitant medications
used in the five patients receiving olaparib were
magnesium oxide, rosuvastatin calcium, loxoprofen
sodium hydrate, pemafibrate, teprenone, montelukast
sodium, dextromethorphan hydrobromide hydrate,
ambroxol hydrobromide, tenofovir alafenamide
fumarate, candesartan cilexetil, calcium sennoside
A and B, anastrozole, duloxetine hydrochloride,
lorazepam, metoclopramide hydrochloride, trazodone
hydrochloride, zolpidem tartrate, and daikenchueto,
which did not interfere with the assay.

3. Results and Discussion

In the present study, we introduce a simple and sensitive
HPLC-UV method for quantifying plasma olaparib
concentrations in clinical settings. Figure 1A presents
the chromatogram of the blank plasma sample. Figures
1B and 1C show the representative chromatograms
of plasma samples containing 0.10 pg/mL and 1.0 pg/

mL of olaparib, respectively. The background of the
treated blank plasma sample was clean at the olaparib
and IS imatinib peak positions, with no interference
from spurious peaks. Olaparib and the IS were well
separated from the co-extracted materials under the
chromatographic conditions, with retention times of
13.6 and 11.5 min, respectively. The six-point olaparib
standard calibration curve exhibited linearity across the
concentration range of 0.10-10.0 pg/mL (+* = 0.9998).
The limits of detection and quantification for olaparib
were 0.025 pg/mL and 0.10 pg/mL, respectively. The
recovery rate of olaparib exceeded 91.06%. Considering
this concentration range, the intra- and inter-day CVs
ranged at 1.79-4.13% and 1.37-3.55%, respectively
(Table 1). The assay accuracy ranged at — 6.07-3.26%.
The plasma stability of olaparib was also assessed
under various conditions (Table 2). No significant
olaparib degradation was observed, and final
concentrations were maintained within 93.0-111.8% of
the theoretical values. No interference from olaparib or
the IS was observed for the endogenous substances in the
blank plasma. The precision and accuracy of the intra-
and inter-assay variability and stability under diverse
conditions were in accordance with the guidelines
outlined by the FDA (/5). To the best of our knowledge,
this is the first study to combine a liquid-liquid extraction
pretreatment method with isocratic gradient elution and
UV detection to achieve effective olaparib TDM.
Previously reported methods for measuring olaparib
levels in human plasma samples were exclusively LC-
MS/MS-based (9-14). However, owing to the high cost
of the equipment required, it is difficult to adopt these
methods in resource-limited areas. The advantage of
the HPLC-UV method presented herein is that it can be
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Figure 1. Chromatograms of the (A) blank plasma sample, (B) plasma sample containing 0.1 pg/mL olaparib, (C) plasma sample
containing 1.0 pg/mL olaparib, and (D, E, F, G, H) those of the five patients included in this study.
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Table 1. Intra-day and inter-day accuracy and precision of olaparib concentrations

Intra-day (n =5)

Intra-day (n =5)

Olaparib added (ng/mL) Recovery (%)
Mean + SD (ug/mL) CV (%) Accuracy (%) Mean=SD (ug/mL) CV (%) Accuracy (%)
0.1 0.09 +£0.00 2.51 -6.07 0.10 +0.00 3.49 -1.07 100.64
0.5 0.49 +0.01 1.79 -2.06 0.50+0.02 3.55 0.42 96.54
1.0 0.98 +0.03 3.36 -1.68 1.01+0.01 1.37 0.71 94.54
2.5 2.53+0.06 2.55 1.05 2.50 +0.08 2.99 0.13 94.92
5.0 5.16+0.13 242 3.26 5.03+0.10 2.05 0.51 91.06
10.0 10.13 £0.42 4.13 1.27 10.07 +0.29 2.83 0.67 92.78

CV, coefficient of variation; SD, standard deviation.

Table 2. Stability analyses under various conditions (n = 5)

Stability condition (%)

Olaparib added (pg/mL)
Processed sample Long-term 3 months Freeze-and-thaw
Benchtop mean + SD mean + SD 1 month mean + SD mean = SD mean < SD
0.1 106.8 £ 1.2 111.8+0.7 975+ 1.6 97.4+£3.0 93.0£3.3
1.0 99.6 1.6 99.1+1.8 100.0 0.8 93.5+1.3 98.1£2.6
10.0 105.0+0.7 100.4 +£2.4 100.7+1.3 94.5+0.1 99.7£0.6

SD, standard deviation.

easily transferred from one system to another. This is
the most important feature when applying an existing
method from the literature to the laboratory. In the
past, a method for measuring olaparib levels in human
plasma via HPLC using fluorescence detection has been
reported (/6). However, our method was the first to
measure olaparib levels in human plasma using HPLC-
UV. Our HPLC-UV-based method for determining
olaparib plasma concentrations was established based
on less-demanding techniques: liquid-liquid extraction
and isocratic elution. The accessible equipment and
simpler operation reduce laboratory and labor costs,
making this method particularly suitable for resource-
poor countries and regions.

The concomitant medications used by the five
patients receiving olaparib in the current study included
magnesium oxide, rosuvastatin calcium, loxoprofen
sodium hydrate, pemafibrate, teprenone, montelukast
sodium, dextromethorphan hydrobromide hydrate,
ambroxol hydrobromide, tenofovir alafenamide
fumarate, candesartan cilexetil, calcium sennoside,
anastrozole, duloxetine hydrochloride, lorazepam,
metoclopramide hydrochloride trazodone hydrochloride,
zolpidem tartrate, and daikenchueto. No interference
from these concomitant medications was noted in the
chromatograms of olaparib and the IS (Figures 1D,
1E, 1F, 1G and 1H). Thus, our method achieved good
olaparib extraction and avoided disturbance by plasma
constituents and concomitant medications. Admittedly,
this HPLC-UV method cannot achieve the same level
of sensitivity as mass spectrometry-based methods.
Nevertheless, the plasma olaparib concentrations of
patients receiving maintenance therapy were all within
the detection range of this method, highlighting its
clinical applicability. It should be noted, however, that

Table 3. Plasma concentrations of olaparib in patients
with ovarian cancer

. Timing of blood
Patient - Plasma - .
Daily dose . sampling after olaparib
number concentration L
administration

1 300 mg twice daily ~ 2.47 pg/mL 6h

2 300 mg twice daily  6.38 pg/mL 3h

3 200 mg twice daily ~ 3.11 pg/mL 2h

4 300 mg twice daily ~ 5.98 pg/mL 3h

5 300 mg twice daily ~ 5.90 pg/mL 3h

we evaluated only five patients. Therefore, we plan to
validate the accuracy of our method in a larger cohort of
patients.

Olaparib plasma concentrations were evaluated in
samples collected from five female patients diagnosed
with ovarian cancer and undergoing maintenance
therapy with olaparib. The mean olaparib plasma
concentration was 4.77 pg/mL (range, 2.47-6.38 ug/
mL) (Table 3). Olaparib reached a steady state after
approximately 3-4 days and the Cmax was reached
within 1-3 h after oral administration. As the Cmax
had high inter-individual variability, determining the
minimum concentration before a subsequent dose of
the drug may be of great clinical value. We believe
that monitoring trough concentrations is clinically
appropriate when performing TDM of olaparib.
However, this study aimed to determine whether our
assay could accurately measure olaparib levels in patient
samples. Therefore, we collected blood samples from
patients during their outpatient visits, which allowed us
to collect samples 2-6 h after olaparib administration.
Patients 2, 3, 4, and 5 had samples collected 2 and 3 h
after administration, and these samples were recorded
as the Cmax. The mean Cmax for olaparib 300 mg
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twice daily was previously reported to be 7.6 ug/mL in
patients with ovarian cancer, breast cancer, and other
types of solid tumors (/6). In our study, patients 2, 4,
and 5, who received olaparib 300 mg twice daily, had
a lower mean Cmax, 6.09 pg/mL. One possible reason
for this lower Cmax in our case was that, in previous
reports (/7), the Cmax was measured in solid tumors
other than ovarian cancer. Currently, the indications
of olaparib have been extended to breast, pancreatic,
and prostate cancer (/8). In the future, we hope that
the assay presented herein may be used to determine
the Cmax and Cmin in patients with each of these
cancer types, which would facilitate the assessment
of differences between tumors. In the present study,
Patient 2 experienced nausea and headache, which led
to the temporary discontinuation of olaparib. After
resuming therapy, the Cmax determined on day 34 was
6.38 pug/mL, with an estimated trough concentration of
approximately 3.0 pg/mL, greater than the threshold for
dose adjustment of 2.5 pg/mL (4).

In conclusion, we developed a cost-effective,
simple, and sensitive HPLC-UV method for measuring
plasma olaparib concentrations in the clinical setting.
Successful application of this assay to patient blood
samples demonstrated its reliability. Further studies
using this assay are required to clarify the relationship
between the blood levels of olaparib and its clinical
efficacy and safety.
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SUMMARY

D-Amino acid oxidase (DAO), a D-amino acid metabolizing enzyme, is reportedly associated with
the psychiatric disease schizophrenia, suggesting a role for DAO inhibitors in its treatment. We have
previously reported that DAO catalyzes the conversion of nonfluorescent 6-methylthio-D-kynurenine
(MeS-D-KYN) to fluorescent 5-methylthiokynurenic acid (MeS-KYNA) in vitro. The present study
aimed to determine the potential of MeS-D-KYN in evaluating DAO activity in vivo using renal
microdialysis technique in rats. Male Sprague-Dawley rats were subjected to linear microdialysis
probe implantation in the left kidney. Continuous perfusion of MeS-D-KYN was maintained, and
DAO activity in the kidney cortex was evaluated by measuring the MeS-KYNA content in the
microdialysate. The microdialysate was collected every 30 min and analyzed by high-performance
liquid chromatography with fluorescence detection, monitored at 450 nm with an excitation wavelength
of 364 nm. A significant production of MeS-KYNA was observed during, but not before, infusion
of MeS-D-KYN, indicating that this compound is not endogenous. MeS-KYNA production was
suppressed by the co-infusion of DAO inhibitor, 5-chlorobenzo[d]isoxazol-3-ol (CBIO), suggesting
that MeS-D-KYN was converted to MeS-KYNA by renal DAO. Moreover, oral administration of
CBIO effectively suppressed DAO activity in a dose-dependent manner. DAO converted MeS-D-KYN
to MeS-KYNA in vivo, suggesting the potential of this compound in evaluating DAO activity. The use
of the renal microdialysis technique developed in this study facilitates the monitoring of DAO activity

in live experimental animals.

Keywords

1. Introduction

D-Amino acid oxidase (DAO; EC.1.4.3.3), an enzyme
that metabolizes endogenous D-amino acids, especially
D-serine, has been reported to be associated with
schizophrenia (/-3). DAO activity was reportedly
increased in the postmortem cortex of patients with
schizophrenia (3), suggesting that identification of a
DAO activity inhibitor might lead to the development of
novel therapeutics for schizophrenia (4).

The general, conventional assay for the evaluation
of DAO activity requires a two-step reaction system
consisting of an enzyme reaction with DAO, followed
by a color development reaction of co-produced H,0,
with peroxidase (POD) and some colorants. However,
the inhibitory activity cannot be assessed if a test
compound can inhibit POD or is self-oxidized by POD.
As POD and chromophore or fluorogenic substances are
used in the conventional DAO assay, this technique has

6-methylthio-D-kynurenine, microdialysis, D-amino acid oxidase, rat kidney

some inherent disadvantages in the screening of DAO
inhibitors.

Recently, we designed and developed 6-methylthio-
D-kynurenine (MeS-D-KYN) as a fluorescence probe
for evaluating DAO activity (5). MeS-D-KYN is a non-
fluorescent compound that is converted to a fluorescent
compound, 5-methylthiokynurenic acid (MeS-KYNA),
by DAO (Scheme 1). We observed blue fluorescence
of MeS-KYNA after an in vitro reaction between DAO
and MeS-D-KYN (9). In addition, DAO activity was
fluorometrically detected by fluorescence microscopy
in cultured LLC-PK1 cells incubated with MeS-D-KYN
(5). However, there are few reports on the occurrence of
DAO activity in mammalian tissues in vivo under alive
condition. Therefore, we investigated DAO activity in
vivo using the microdialysis (MD) technique (6-8), which
has been widely used in research on metabolic enzymes
(7). This technique involves a dialysis membrane that
is embedded in the tissue of an experimental animal.
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The embedded membrane is permeable to small
molecules, such as endogenous compounds or drugs,
enabling the monitoring of alterations in the levels of
drugs or endogenous compounds in the tissues of live
experimental animals, by analyzing the molecules that
pass through the dialysis membrane.

Thus, the present study aimed to determine the
potential of MeS-D-KYN in evaluating DAO activity
in vivo using the MD technique in rats (Scheme 2). As
relatively high DAO activity has been reported in the
rat kidney (9), it was selected as the target organ in the
present study.

2. Material and Methods
2.1. Chemicals

HPLC-grade methanol (MeOH), acetonitrile
(CH,CN), and formic acid were purchased from
FUJIFILM Wako Pure Chemical Corporation (Osaka,
Japan). 5-Chlorobenzo[d]isoxazol-3-o0l (CBIO) was
purchased from AstaTech, Inc. (Bristol, PA, USA).
Sterilized Ringer's solution was purchased from
Otsuka Pharmaceutical Factory, Inc. (Tokushima,
Japan). Ketamine hydrochloride was purchased from
FUJIFILM Wako Pure Chemical Corporation. Reduced
L-glutathione and xylazine hydrochloride were obtained
from Sigma-Aldrich Co. LLC (St. Louis, MO, USA).
MeS-D-KYN and MeS-KYNA were synthesized in our
laboratory according to a previous report (5).

2.2. Animal experiments

Animal experiments were approved by the Animal

O NH,

S 0, +H,0 —PD S
HyC” COH + + ~
NH 2 FAD e >

MeS-D-KYN

Non-fluorescent compound

Care Committee of the Toho University (No. 21-
55-369). Male Sprague-Dawley rats (7-8 weeks
old) were purchased from Charles River Japan Inc.
(Kanagawa, Japan) and housed in a temperature- and
humidity-controlled room for at least one week before
commencing the experiment. Renal MD operation
was performed as previously described (/0). Briefly,
under anesthesia with an intra-muscular injection of
ketamine/xylazine (90/10 mg/kg/mL in saline), the
rat was laid supine on a heating pad (Bio Research
Center Co., Ltd., Tokyo, Japan). The left kidney was
exposed and a linear MD probe (10 mm membrane;
BASi, West Lafayette, IN, USA) was implanted inside
it, with the dialysis membrane of the probe completely
embedded in the kidney. The probe position was fixed
using a hemostatic matrix, Integran® (Nippon Zoki
Pharmaceutical Co., Ltd., Osaka, Japan) and surgical
glue, aronarufa” (Daiichi-Sankyo Co., Ltd., Tokyo,
Japan). One end of the linear probe was connected
to a 1 mL gastight syringe, and Ringer's solution
with 2.0 mM sodium phosphate at pH 7.0 and 5.0
mM glutathione was perfused via the syringe. The
perfusion was performed at a rate of 1.0 pL/min using
a syringe pump, 11 plus (Harvard apparatus, Holliston,
MA, USA), 0-1.5 h and 3.5-6.5 h after initiating the
renal MD experiment. Ringer's solution with 5.0 uM
MeS-D-KYN was infused 1.5-3.5 h after starting the
experiment (n = 4). For CBIO-infusion experiment,
Ringer's solution with 10, 100, 500, and 2,500 uM
CBIO was used as the perfusate 0-6.5 h after starting
the experiment (n = 4 per concentration). For the oral
CBIO administration experiment, 5.0 and 25 mg/kg
CBIO was orally administered 1.5 h after starting the
experiment (n = 4 per concentration). MD samples or

OH
+ H,0, + NH,4
N 'COH
MeS-KYNA
Fluorescent compound

Scheme 1. The fluorescent compound MeS-KYNA is enzymatically produced from the non-fluorescent compound MeS-D-KYN by the

action of DAO in the presence of FAD.

Fixation under anesthesia

Sampling
/

> MeS-KYNA

Enlarged view

out

Membrane

7

V Linear probe

1.0 pk/min

Rat kidney <+ MeS-D-KYN

Scheme 2. Illustration of rat renal microdialysis experiment in the present study.
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dialysates (approximately 30 uL) were collected every
0.5 h under ice-cold conditions. The first three samples,
collected over a period of 1.5 h, were used as baseline
samples.

2.3. HPLC

HPLC was conducted using an AS-4050i autosampler,
PU-4180 intelligent pump, CO-2065 plus column
oven (Jasco Corporation, Tokyo, Japan), and L-2485
fluorescence detector (Hitachi High-technologies,
Tokyo, Japan). Inert Sustain“C18 (4.6 x 250 mm,
5.0 um; GL Sciences Inc., Tokyo, Japan) separation
column set at 40°C in the column oven was used.
Mobile phases A and B were 0.05% HCO,H in H,O
and 0.05% HCO,H in CH,OH, respectively, and were
eluted following a gradient time-program: 0-5 min,
B% = 3; 5-30 min, B% = 3-100; 30-45 min, B% = 100;
and 45-60 min for initializing for next analysis. The
fluorescence detection wavelength was set at 450 nm
with an excitation wavelength of 364 nm. The obtained
chromatograms were analyzed using ChromNavi"”
software (Jasco).

2.4. Statistical analysis

Data are expressed as mean + standard error (S.E.).
For comparison between the two groups, the Mann-
Whitney U-test was used. For comparison among the
three groups, a one-way analysis of variance (ANOVA)
followed by the Bonferroni test was used. A p-value <
0.05 was considered statistically significant.

3. Results and Discussion

The present study evaluated the in vivo DAO activity
through a renal MD experiment in rats. The dialysates
were evaluated before (0-1.5 h), during (1.5-3.5 h), and
without (3.5-6.5 h) MeS-D-KYN. The samples collected
every 30 min were immediately analyzed using a
reversed-phase HPLC with fluorescence detection.

A peak of standard MeS-KYNA was fluorometrically
detected at approximately 22 min (Figure la). MeS-
KYNA was barely observed in the samples before
infusion of MeS-D-KYN (Figure 1b), indicating that
MeS-KYNA is not an endogenous compound in rat
kidneys. After infusion of 5.0 uM MeS-D-KYN, the
MeS-KYNA peak was gradually observed (Figure 1c).
Upon stopping the infusion of MeS-D-KYN, the MeS-
KYNA peak disappeared (Figure 1d).

In addition, we previously performed MD with
D-KYN infusion at 1.0 pL/min in the rat prefrontal
cortex for the evaluation of DAO activity in vivo (11).
In this case, the metabolite KYNA, an endogenous
compound, was produced by the action of DAO.
Therefore, to detect endogenous KYNA, a column-
switching HPLC-fluorescence detection system (/2),

which employed a post-column reaction device with
flowing 200 mM zinc ion (Zn”"), was used; owing to the
weak fluorescence of KYNA, Zn”" addition is necessary
for the formation of KYNA-Zn"" fluorescence complex
(13). This complex is usually detected by HPLC, where
Zn’"is added to the mobile phase, to determine the
KYNA content (/4,15). In contrast to these previous
studies, in the present study, the conventional HPLC-
fluorescence detection method could detect MeS-
KYNA owing to the intense MeS-KYNA fluorescence
that was observed without Zn’" addition. The
fluorescence of MeS-KYNA was approximately 200
times more intense than that of KYNA (5). As shown in
Figure 2a, the fluorescent peak area of MeS-KYNA in
the MD samples was observed at 1.0-1.5 h after starting
the infusion of 2.5 or 5.0 uM MeS-D-KYN. Based on
these data, the area under the curve (AUC) values for
2.5 and 5.0 uM MeS-D-KYN infusion were calculated
and compared. The AUC for the 2.5 uM infusion was
approximately half of that for the 5.0 uM infusion
(Figure 2b), suggesting a concentration-dependent
production of MeS-KYNA from MeS-D-KYN. These
results clearly indicate that MeS-K'YNA was produced
from MeS-D-KYN in the rat kidneys. Briefly, MeS-
D-KYN dissolved in Ringer's solution penetrated the
rat renal cells through the MD membrane where it
was oxidatively deaminated to MeS-KYNA by DAO
(Scheme 2).

In addition, to clarify the involvement of renal
DAO in the production of MeS-KYNA from MeS-
D-KYN, a commercial inhibitor of DAO, CBIO, was
continually co-infused with MeS-D-KYN 0-6.5 h after
starting the MD experiment. As shown in Figure 3a,
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Figure 1. Chromatograms of standard MeS-KYNA and renal
MD samples. (a) Standard MeS-KYNA and (b-d) renal MD samples
on ODS column; (b) Before infusion of MeS-p-KYN (0-0.5 h); (¢)
During infusion of MeS-pD-KYN (2.0-2.5 h), and (d) During infusion
without MeS-D-KYN (4.0-4.5 h). The arrow indicates the peak of
MeS-KYNA.
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Figure 2. Changes in MeS-KYNA concentration in rat renal MD samples during infusion of 2.5 and 5.0 pM MeS-p-KYN (n = 4). (a) Time-
course changes in MeS-K'YNA concentration in rat renal MD samples. Open and closed circles with dotted and solid lines indicate the profiles
during the infusion of 2.5 and 5.0 pM MeS-D-KYN, respectively (n = 4). (b) Area under the curves (AUCs) for MeS-K'YNA during infusion of 2.5

and 5.0 uM MeS-D-KYN (n = 4). *p < 0.05.
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Figure 3. Changes in MeS-KYNA concentration in rat renal MD
samples during infusion of 5.0 pM MeS-p-KYN in the presence of
0, 10, 100, 500, and 2,500 pnM CBIO in Ringer's solution (n = 4). (a)
Time-course changes in MeS-KYNA concentration in rat renal MD
samples during infusion of 5.0 uM MeS-p-KYN and co-infusion of
0, 10, 100, 500, and 2,500 pM DAO inhibitor, CBIO (n = 4). (b) Area
under the curves (AUCs) for MeS-K'YNA during infusion of 5.0 uM
MeS-p-KYN in the presence of 0, 10, 100, 500, and 2,500 uM CBIO
in Ringer's solution (n = 4). **p < 0.01.

CBIO remarkably suppressed the production of MeS-
KYNA from MeS-D-KYN in a concentration-dependent
manner. CBIO, at a concentration > 10 uM, suppressed
the production of MeS-KYNA by approximately
50%. As CBIO is a small molecule, it may have
penetrated the MD membrane to reach rat renal cells
to directly inhibit renal DAO activity. After 2,500 uM
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Figure 4. Changes in MeS-KYNA concentrations in rat renal MD
samples during the infusion of 5.0 pM MeS-p-KYN after oral
administration of CBIO at a dose of 0, 5, and 25 mg/kg (n = 4).
(a) Time-course changes in MeS-KYNA concentrations in rat renal
MD samples during the infusion of 5.0 pM MeS-p-KYN. Closed
circles, closed squares, and open circles indicate the profiles after oral
administration of DAO inhibitor CBIO at a dose of 0, 5, and 25 mg/
kg (n = 4). (b) Area under the curves (AUCs) for MeS-KYNA during
infusion of 5.0 uM MeS-D-KYN after oral administration of CBIO at
adose of 0, 5, and 25 mg/kg (n =4). *p <0.05, **p <0.01.

CBIO co-infusion, MeS-KYNA levels decreased by
approximately 20% compared to those in the non-
infused group (Figure 3b). Taken together, these results
indicate that MeS-D-KYN was oxidatively metabolized
mainly by DAO, but enzymes other than DAO may
also be involved in the oxidation of MeS-D-KYN.

We also investigated the influence of CBIO on renal
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DAO activity by orally administering the compound
to rats. At oral doses of 5.0 and 25 mg/kg, the AUCs
for MeS-KYNA production were significantly
decreased to approximately 60% and 35% compared
to those of control (0 mg/kg), respectively. Thus,
oral CBIO administration reduced the production of
MeS-KYNA in a dose-dependent manner (Figures 4a
and 4b). In this case, although CBIO reached the rat
kidneys via the circulatory system, passing through
the intestine and liver, it clearly inhibited DAO. Oral
CBIO administration at 30 mg/kg was reported to be
pharmacologically active in in vivo mouse behavior
experiments, as the co-administration of D-serine
(30 mg/kg) increases extracellular D-serine levels
to attenuate pre-pulse inhibition deficits induced by
dizocilpine (/6). Although a dose of CBIO, 30 mg/kg,
may be required for in vivo behavior experiments, such
pre-pulse inhibition, the present study demonstrated
that 5.0 mg/kg CBIO could suppress DAO activity in
rat kidneys.

Currently, DAO is one of the target enzymes for
developing novel drugs to overcome schizophrenia
(17,18). The MD technique described in the present
study using MeS-D-KYN can be used for evaluating
drug candidates to inhibit DAO activity in vivo
following oral administration.

4. Conclusion

The present study demonstrated the DAO-mediated
production of MeS-KYNA from MeS-D-KYN in vivo
using renal MD experiments in rats. This method,
wherein MD is coupled with continuous MeS-D-KYN
infusion, will be useful for evaluating in vivo DAO
activity in tissues of live experimental animals.
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SUMMARY

Alzheimer's disease (AD) is a severe and progressive neurodegenerative disease, and the treatment
options that are currently available are limited. The amyloid cascade hypothesis has had a significant
influence in explaining the pathology underlying AD. Inhibiting the production and aggregation of
amyloid-beta (AB) and promoting its clearance have been important strategies in the development
of anti-AD drugs over the past two decades. Specifically, AB directed antibodies have been highly
anticipated, but drug development has been fraught with obstacles and challenges. Antibodies targeting
the C-terminal or central region of AP, such as ponezumab, solanezumab, and crenezumab, primarily
bind to AR monomers, yet no significant clearance of brain plaques or slowing of disease progression
has been observed in clinical trials. Antibodies targeting the N-terminal region of AP, including
aducanumab, lecanemab, and donanemab, primarily bind to aggregated forms of A, and have shown
efficacy in clearing brain plaques and slowing early-stage AD progression in clinical trials. However,
clinical trials of gantenerumab, which targets conformational epitopes in the N-terminal and central
sequences of AP and which selectively binds to aggregated forms, have failed, raising some new
questions about the AP hypothesis. Advances in research on the pathological mechanisms of AD and
advances in early diagnostic techniques may shift the time window for drug intervention and offer
a potential pathway for developing effective drugs to delay the onset and progression of AD in the

future.

Keywords

Alzheimer's disease (AD) is a severe neurodegenerative
disease characterized by progressive memory loss,
cognitive impairment, and neuropsychiatric symptoms
(7). The incidence of AD is closely related to age
(1,2). With the extension of the human lifespan and
further aging of the population, the prevalence of AD
is increasing (3,4). According to statistics from the
World Health Organization, the number of dementia
patients worldwide is expected to increase from 55
million in 2019 to 139 million in 2050, with AD patients
accounting for approximately 60-70% of cases (5). This
poses significant challenges to healthcare systems and
global societal development.

The etiology and pathogenesis of AD remain elusive.
The currently proposed hypotheses mainly include
the AP cascade hypothesis, the tau hypothesis, the
cholinergic hypothesis, and the excitotoxicity hypothesis
(1,6). The drugs currently used to treat AD are mainly
acetylcholinesterase inhibitors and N-methyl-D-aspartate
(NMDA) receptor antagonists, which were developed
based on the cholinergic hypothesis and the excitotoxicity

AP hypothesis, AD, aducanumab, lecanemab, donanemab, gantenerumab

hypothesis, respectively. These medications aim to
ameliorate symptoms such as memory and cognitive
impairments in AD patients, but they do not halt or
reverse the progression of the disease, exhibiting limited
clinical efficacy. The amyloid cascade hypothesis holds
significant influence in explaining the pathogenesis
of AD, suggesting that abnormal accumulation of
AP in the brain leads to hyperphosphorylation of tau
within neurons, thereby promoting the formation of
neurofibrillary tangles, synaptic loss, and neuronal death,
and ultimately resulting in cognitive impairment and
other associated symptoms (7). Based on this hypothesis,
inhibiting AP production and aggregation while
promoting A clearance has been a crucial strategy in the
development of anti-AD drugs over the past two decades
(7,8). Antibody-based therapeutics targeting AP in
particular have held great promise, but drug development
in this field has been fraught with challenges and
setbacks (Table 1).

AP, derived from the amyloid precursor protein
(APP) through cleavage by B-secretase 1 (BACEI)
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and y-secretase, is a product consisting of 30-51 amino
acid residues in length (7,9). The main forms of AP
are AP,.4, and AR, 4, with additional N-terminally
truncated products such as AB,4, (/0). A monomers
are proposed to possess certain physiological functions,
such as regulating learning and memory, angiogenesis,
neurogenesis, repairing leaks in the blood-brain barrier,
promoting recovery from injury, and acting as an
antimicrobial peptide and tumor suppressor (//,12).
However, due to excessive production or other unknown
reasons, A monomers aggregate abnormally, forming
soluble oligomers and protofibrils that are highly
neurotoxic (/3,14). The protofibrils can further aggregate
into insoluble fibrils and ultimately be deposited as
plaques, which are considered pathological hallmarks of
AD. The transition of AR monomers to plaques is thought
to be a dynamic and reversible process, as reducing
the levels of soluble AB can shift the equilibrium and
lead to plaque dissolution (7). AB-directed antibodies
aim to bind to AP and promote immune-mediated
clearance. Depending on the antigen epitope targeted,
the form of AP bound by the antibody also differs.
Since the N-terminal sequence of AP is exposed after
aggregation, antibodies targeting the epitope in this
region can theoretically bind to all forms of A (including
monomers, oligomers, protofibrils, and amyloid fibrils)
(8). That said, the central and C-terminal regions are
buried within the aggregates, making antibodies targeting
these regions primarily bind to AR monomers (8). Over
the past 20 years, different antibodies designed to target
various antigenic epitopes have been tested for their
ability to clear AP and potentially slow or reverse the
progression of AD. These successful or unsuccessful
cases may provide valuable lessons and insights for the
development of future AB-targeting drugs.

Typical antibodies targeting the C-terminal or
central region of AP include ponezumab, solanezumab,
and crenezumab (/5). These antibodies bind to AP
monomers, aiming to shift the equilibrium by reducing
the quantity of Afp monomers and consequently
decreasing the quantity of highly cytotoxic forms of Ap.
Ponezumab, which targets the C-terminal sequence of
AP (16), did not demonstrate a dose-response in terms of
changes in AD biomarkers in cerebrospinal fluid and did
not result in cognitive improvement in a phase 2 clinical
trial involving patients with mild to moderate AD (/7).
As a result, further clinical research was discontinued.
Solanezumab and crenezumab, both of which target
the central region of AP, share some similarities in the
amino acid composition of their Fab fragments (/8).
Solanezumab only binds to A monomers, whereas
crenezumab can also bind to the oligomer's lateral
and edge residues (/8). Four phase 3 clinical trials
investigated the efficacy of solanezumab in patients
in different stages of AD progression. EXPEDITION
1 and 2 included patients with mild to moderate AD,
EXPEDITION 3 included patients with mild AD, and the

A4 trial included asymptomatic or mildly symptomatic
elderly individuals with biomarker evidence of brain
amyloid deposition (/9-27). Results indicated that
solanezumab increased the concentration of AB,, and
Ap4, in plasma and cerebrospinal fluid, suggesting
movement of AP within the central compartment and
some transfer of AP to the periphery (/9-21). However,
solanezumab had no effect on removing deposited
amyloid plaques and slowing disease progression in
any of the studies (/9-27). Two phase 3 clinical studies
(CREAD and CREAD?2) on the efficacy of crenezumab
included participants with prodromal to mild AD (22,23).
Results indicated that total AB,, and AB,, concentrations
in plasma and cerebrospinal fluid significantly
increased following the administration of crenezumab
and remained elevated throughout the study (22,23).
However, there were no significant changes in brain A
imaging, and crenezumab did not reduce clinical decline
in participants (22,23). These research findings suggest
that antibodies primarily targeting A monomers may
have limited efficacy in clearing amyloid plaques and
slowing disease progression.

Antibodies targeting the N-terminal sequence of
AB include bapineuzumab, aducanumab, lecanemab,
and donanemab. Bapineuzumab has the ability to bind
to all forms of AP, including monomers, oligomers,
protofibrils, fibrils, and plaques (24,25). Two phase 3
clinical trial investigated the efficacy of bapineuzumab
in mild to moderate AD patients with or without the
apolipoprotein E (APOE) €4 allele (26). Results indicated
that bapineuzumab reduced AD biomarkers such as
brain plaques and cerebrospinal fluid phosphorylated
tau in APOE &4 allele carriers but not in noncarriers
(26). However, bapineuzumab did not improve clinical
outcomes in patients either with or without the APOE &4
allele (26). The failure of these trials prompts us to think
that the deposition of A in the brain and its pathological
damage to neurons may occur much earlier than the onset
of AD symptoms, and selecting patients in the middle to
late stages of the disease for clinical trials may miss the
optimal time window for anti-Ap drug intervention. Two
phase 3 clinical trials evaluating aducanumab (EMERGE
and ENGAGE) included patients with mild cognitive
impairment or the mild dementia stage of AD (27).
Aducanumab demonstrated the ability to clear brain A
plaques and delayed disease progression in the EMERGE
but not in the ENGAGE study (27). Aducanumab is
the first drug based on the AP hypothesis to receive
Accelerated Approval from the US Food and Drug
Administration (FDA) in nearly two decades (28), but its
efficacy still requires further confirmation in additional
clinical trials. Lecanemab is another antibody that
primarily targets aggregates of AP (mainly oligomers and
protofibrils) (29). In a phase 3 clinical trial, lecanemab
showed the ability to clear AP plaques and delay disease
progression in patients with mild cognitive impairment
or the mild dementia stage of AD (30). Based on robust
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clinical data, lecanemab has received full FDA approval
for the treatment of mild AD patients. Coincidentally,
donanemab, an antibody targeting N-terminal modified
AP peptides, has also shown efficacy in delaying disease
progression in patients with mild cognitive impairment or
the mild dementia stage of AD in a phase 3 clinical trial
(TRAILBLAZER-ALZ 2) (31). It specifically targets
AP, (32), which accumulates early in the deposition
cascade, and it demonstrates the ability to effectively
clear brain plaques (/0,37). Results of clinical trials on
aducanumab, lecanemab, and donanemab support the Ap
hypothesis and suggest that drugs targeting the N-terminal
sequence and aggregated forms of AP, capable of plaque
clearance, may be efficacious in early-stage AD patients.

Surprisingly, two recent phase III clinical trials,
GRADUATE I and II, have demonstrated that
gantenerumab, an antibody targeting the conformational
epitopes of both the N-terminal and central sequences of
AP and selectively binding to aggregated forms of AP
(33), did not slow disease progression in patients with
mild cognitive impairment or mild dementia due to AD,
despite its reduction in cerebral AP plaque deposition
(34). The reasons for the clinical trial failures are still
unknown. Was gantenerumab's efficacy in clearing AP
plaques insufficient, or did the recruited patients have
more severe disease compared to studies of lecanemab
and donanemab? Whatever the answer, these failures
have raised new questions about the AB hypothesis.

In conclusion, recent trials have demonstrated that AP
antibodies are efficacious in slowing disease progression,
which to some extent dispels doubts surrounding the A
hypothesis. However, further experimental validation is
still needed to confirm this hypothesis, particularly in
terms of whether the strategies targeting A will exhibit
the same efficacy in additional clinical trials. Advances
in research on the pathological mechanisms of AD and
advances in early diagnostic techniques may shift the
time window for drug intervention and offer a potential
pathway for developing effective drugs to delay the onset
and progression of AD in the future.
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1. Scope of Articles

Drug Discoveries & Therapeutics (Print ISSN 1881-7831, Online ISSN
1881-784X) welcomes contributions in all fields of pharmaceutical
and therapeutic research such as medicinal chemistry, pharmacology,
pharmaceutical analysis, pharmaceutics, pharmaceutical administration,
and experimental and clinical studies of effects, mechanisms, or uses
of various treatments. Studies in drug-related fields such as biology,
biochemistry, physiology, microbiology, and immunology are also
within the scope of this journal.

2. Submission Types

Original Articles should be well-documented, novel, and significant
to the field as a whole. An Original Article should be arranged into the
following sections: Title page, Abstract, Introduction, Materials and
Methods, Results, Discussion, Acknowledgments, and References.
Original articles should not exceed 5,000 words in length (excluding
references) and should be limited to a maximum of 50 references.
Articles may contain a maximum of 10 figures and/or tables.
Supplementary Data are permitted but should be limited to information
that is not essential to the general understanding of the research
presented in the main text, such as unaltered blots and source data as
well as other file types.

Brief Reports definitively documenting either experimental results
or informative clinical observations will be considered for publication
in this category. Brief Reports are not intended for publication of
incomplete or preliminary findings. Brief Reports should not exceed
3,000 words in length (excluding references) and should be limited to a
maximum of 4 figures and/or tables and 30 references. A Brief Report
contains the same sections as an Original Article, but the Results and
Discussion sections should be combined.

Reviews should present a full and up-to-date account of recent
developments within an area of research. Normally, reviews should
not exceed 8,000 words in length (excluding references) and should be
limited to a maximum of 10 figures and/or tables and 100 references.
Mini reviews are also accepted, which should not exceed 4,000 words
in length (excluding references) and should be limited to a maximum
of 5 figures and/or tables and 50 references.

Policy Forum articles discuss research and policy issues in areas
related to life science such as public health, the medical care system,
and social science and may address governmental issues at district,
national, and international levels of discourse. Policy Forum articles
should not exceed 3,000 words in length (excluding references) and
should be limited to a maximum of 5 figures and/or tables and 30
references.

Case Reports should be detailed reports of the symptoms, signs,
diagnosis, treatment, and follow-up of an individual patient. Case
reports may contain a demographic profile of the patient but usually
describe an unusual or novel occurrence. Unreported or unusual side
effects or adverse interactions involving medications will also be
considered. Case Reports should not exceed 3,000 words in length
(excluding references).

Communications are short, timely pieces that spotlight new research
findings or policy issues of interest to the field of global health and
medical practice that are of immediate importance. Depending on
their content, Communications will be published as "Comments" or

"Correspondence". Communications should not exceed 1,500 words in
length (excluding references) and should be limited to a maximum of 2
figures and/or tables and 20 references.

Editorials are short, invited opinion pieces that discuss an issue of
immediate importance to the fields of global health, medical practice,
and basic science oriented for clinical application. Editorials should
not exceed 1,000 words in length (excluding references) and should
be limited to a maximum of 10 references. Editorials may contain one
figure or table.

News articles should report the latest events in health sciences and
medical research from around the world. News should not exceed 500
words in length.

Letters should present considered opinions in response to articles
published in Drug Discoveries & Therapeutics in the last 6 months or
issues of general interest. Letters should not exceed 800 words in length
and may contain a maximum of 10 references. Letters may contain one
figure or table.

3. Editorial Policies

For publishing and ethical standards, Drug Discoveries & Therapeutics
follows the Recommendations for the Conduct, Reporting, Editing,
and Publication of Scholarly Work in Medical Journals issued by the
International Committee of Medical Journal Editors (ICMIE, https://
icmje.org/recommendations), and the Principles of Transparency and
Best Practice in Scholarly Publishing jointly issued by the Committee
on Publication Ethics (COPE, https://publicationethics.org/resources/
guidelines-new/principles-transparency-and-best-practice-scholarly-
publishing), the Directory of Open Access Journals (DOAIJ, https://
doaj.org/apply/transparency), the Open Access Scholarly Publishers
Association (OASPA, https://oaspa.org/principles-of-transparency-and-
best-practice-in-scholarly-publishing-4), and the World Association of
Medical Editors (WAME, https://wame.org/principles-of-transparency-
and-best-practice-in-scholarly-publishing).

Drug Discoveries & Therapeutics will perform an especially
prompt review to encourage innovative work. All original research will
be subjected to a rigorous standard of peer review and will be edited by
experienced copy editors to the highest standards.

Ethical Approval of Studies and Informed Consent: For all
manuscripts reporting data from studies involving human participants
or animals, formal review and approval, or formal review and waiver,
by an appropriate institutional review board or ethics committee is
required and should be described in the Methods section. When your
manuscript contains any case details, personal information and/or
images of patients or other individuals, authors must obtain appropriate
written consent, permission and release in order to comply with all
applicable laws and regulations concerning privacy and/or security
of personal information. The consent form needs to comply with the
relevant legal requirements of your particular jurisdiction, and please
do not send signed consent form to Drug Discoveries & Therapeutics
to respect your patient’s and any other individual’s privacy. Please
instead describe the information clearly in the Methods (patient
consent) section of your manuscript while retaining copies of the signed
forms in the event they should be needed. Authors should also state that
the study conformed to the provisions of the Declaration of Helsinki
(as revised in 2013, https://wma.net/what-we-do/medical-ethics/
declaration-of-helsinki). When reporting experiments on animals,
authors should indicate whether the institutional and national guide for
the care and use of laboratory animals was followed.

Reporting Clinical Trials: The ICMIJE (https:// icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-trial-
registration.html) defines a clinical trial as any research project that
prospectively assigns people or a group of people to an intervention,
with or without concurrent comparison or control groups, to study
the relationship between a health-related intervention and a health
outcome. Registration of clinical trials in a public trial registry
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at or before the time of first patient enrollment is a condition of
consideration for publication in Drug Discoveries & Therapeutics,
and the trial registration number will be published at the end of the
Abstract. The registry must be independent of for-profit interest and
publicly accessible. Reports of trials must conform to CONSORT
2010 guidelines (https.//consort-statement.org/consort-2010). Articles
reporting the results of randomized trials must include the CONSORT
flow diagram showing the progress of patients throughout the trial.

Conflict of Interest: All authors are required to disclose any actual or
potential conflict of interest including financial interests or relationships
with other people or organizations that might raise questions of bias
in the work reported. If no conflict of interest exists for each author,
please state "There is no conflict of interest to disclose".

Submission Declaration: When a manuscript is considered for
submission to Drug Discoveries & Therapeutics, the authors
should confirm that 1) no part of this manuscript is currently under
consideration for publication elsewhere; 2) this manuscript does
not contain the same information in whole or in part as manuscripts
that have been published, accepted, or are under review elsewhere,
except in the form of an abstract, a letter to the editor, or part of a
published lecture or academic thesis; 3) authorization for publication
has been obtained from the authors' employer or institution; and 4) all
contributing authors have agreed to submit this manuscript.

Initial Editorial Check: Immediately after submission, the journal’s
managing editor will perform an initial check of the manuscript. A
suitable academic editor will be notified of the submission and invited
to check the manuscript and recommend reviewers. Academic editors
will check for plagiarism and duplicate publication at this stage. The
journal has a formal recusal process in place to help manage potential
conflicts of interest of editors. In the event that an editor has a conflict
of interest with a submitted manuscript or with the authors, the
manuscript, review, and editorial decisions are managed by another
designated editor without a conflict of interest related to the manuscript.

Peer Review: Drug Discoveries & Therapeutics operates a single-
anonymized review process, which means that reviewers know the
names of the authors, but the authors do not know who reviewed their
manuscript. All articles are evaluated objectively based on academic
content. External peer review of research articles is performed by at
least two reviewers, and sometimes the opinions of more reviewers
are sought. Peer reviewers are selected based on their expertise
and ability to provide quality, constructive, and fair reviews. For
research manuscripts, the editors may, in addition, seek the opinion
of a statistical reviewer. Every reviewer is expected to evaluate the
manuscript in a timely, transparent, and ethical manner, following the
COPE guidelines (https://publicationethics.org/files/cope-ethical-
guidelines-peer-reviewers-v2_0.pdf). We ask authors for sufficient
revisions (with a second round of peer review, when necessary) before
a final decision is made. Consideration for publication is based on
the article’s originality, novelty, and scientific soundness, and the
appropriateness of its analysis.

Suggested Reviewers: A list of up to 3 reviewers who are qualified
to assess the scientific merit of the study is welcomed. Reviewer
information including names, affiliations, addresses, and e-mail should
be provided at the same time the manuscript is submitted online. Please
do not suggest reviewers with known conflicts of interest, including
participants or anyone with a stake in the proposed research; anyone
from the same institution; former students, advisors, or research
collaborators (within the last three years); or close personal contacts.
Please note that the Editor-in-Chief may accept one or more of the
proposed reviewers or may request a review by other qualified persons.

Language Editing: Manuscripts prepared by authors whose native
language is not English should have their work proofread by a native
English speaker before submission. If not, this might delay the
publication of your manuscript in Drug Discoveries & Therapeutics.
The Editing Support Organization can provide English

proofreading, Japanese-English translation, and Chinese-English
translation services to authors who want to publish in Drug Discoveries
& Therapeutics and need assistance before submitting a manuscript.
Authors can visit this organization directly at https://www.iacmhr.com/
iac-eso/support.php?lang=en. IAC-ESO was established to facilitate
manuscript preparation by researchers whose native language is not
English and to help edit works intended for international academic
journals.

Copyright and Reuse: Before a manuscript is accepted for publication
in Drug Discoveries & Therapeutics, authors will be asked to sign
a transfer of copyright agreement, which recognizes the common
interest that both the journal and author(s) have in the protection of
copyright. We accept that some authors (e.g., government employees
in some countries) are unable to transfer copyright. A JOURNAL
PUBLISHING AGREEMENT (JPA) form will be e-mailed to the
authors by the Editorial Office and must be returned by the authors
by mail, fax, or as a scan. Only forms with a hand-written signature
from the corresponding author are accepted. This copyright will ensure
the widest possible dissemination of information. Please note that the
manuscript will not proceed to the next step in publication until the JPA
Form is received. In addition, if excerpts from other copyrighted works
are included, the author(s) must obtain written permission from the
copyright owners and credit the source(s) in the article.

4. Cover Letter

The manuscript must be accompanied by a cover letter prepared by
the corresponding author on behalf of all authors. The letter should
indicate the basic findings of the work and their significance. The
letter should also include a statement affirming that all authors concur
with the submission and that the material submitted for publication
has not been published previously or is not under consideration for
publication elsewhere. The cover letter should be submitted in PDF
format. For an example of Cover Letter, please visit: Download
Centre (https://www.ddtjournal.com/downcentre).

5. Submission Checklist

The Submission Checklist should be submitted when submitting
a manuscript through the Online Submission System. Please visit
Download Centre (https://www.ddtjournal.com/downcentre) and
download the Submission Checklist file. We recommend that authors
use this checklist when preparing your manuscript to check that all
the necessary information is included in your article (if applicable),
especially with regard to Ethics Statements.

6. Manuscript Preparation

Manuscripts are suggested to be prepared in accordance with
the "Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals", as presented at
http://www.ICMJE.org.

Manuscripts should be written in clear, grammatically correct English
and submitted as a Microsoft Word file in a single-column format.
Manuscripts must be paginated and typed in 12-point Times New
Roman font with 24-point line spacing. Please do not embed figures
in the text. Abbreviations should be used as little as possible and
should be explained at first mention unless the term is a well-known
abbreviation (e.g. DNA). Single words should not be abbreviated.

Title page: The title page must include 1) the title of the paper (Please
note the title should be short, informative, and contain the major key
words); 2) full name(s) and affiliation(s) of the author(s), 3) abbreviated
names of the author(s), 4) full name, mailing address, telephone/fax
numbers, and e-mail address of the corresponding author; 5) author
contribution statements to specify the individual contributions of all
authors to this manuscript, and 6) conflicts of interest (if you have an
actual or potential conflict of interest to disclose, it must be included as
a footnote on the title page of the manuscript; if no conflict of interest
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exists for each author, please state "There is no conflict of interest to
disclose").

Abstract: The abstract should briefly state the purpose of the study,
methods, main findings, and conclusions. For article types including
Original Article, Brief Report, Review, Policy Forum, and Case Report,
a one-paragraph abstract consisting of no more than 250 words must
be included in the manuscript. For Communications, Editorials, News,
or Letters, a brief summary of main content in 150 words or fewer
should be included in the manuscript. For articles reporting clinical
trials, the trial registration number should be stated at the end of the
Abstract. Abbreviations must be kept to a minimum and non-standard
abbreviations explained in brackets at first mention. References should
be avoided in the abstract. Three to six key words or phrases that do not
occur in the title should be included in the Abstract page.

Introduction: The introduction should provide sufficient background
information to make the article intelligible to readers in other
disciplines and sufficient context clarifying the significance of the
experimental findings.

Materials/Patients and Methods: The description should be brief but
with sufficient detail to enable others to reproduce the experiments.
Procedures that have been published previously should not be
described in detail but appropriate references should simply be cited.
Only new and significant modifications of previously published
procedures require complete description. Names of products and
manufacturers with their locations (city and state/country) should be
given and sources of animals and cell lines should always be indicated.
All clinical investigations must have been conducted in accordance
with the Declaration of Helsinki (as revised in 2013, https://wma.
net/what-we-do/medical-ethics/declaration-of-helsinki). All human
and animal studies must have been approved by the appropriate
institutional review board(s) and a specific declaration of approval
must be made within this section.

Results: The description of the experimental results should be succinct
but in sufficient detail to allow the experiments to be analyzed and
interpreted by an independent reader. If necessary, subheadings may
be used for an orderly presentation. All Figures and Tables should be
referred to in the text in order, including those in the Supplementary
Data.

Discussion: The data should be interpreted concisely without repeating
material already presented in the Results section. Speculation is
permissible, but it must be well-founded, and discussion of the wider
implications of the findings is encouraged. Conclusions derived from
the study should be included in this section.

Acknowledgments: All funding sources (including grant
identification) should be credited in the Acknowledgments section.
Authors should also describe the role of the study sponsor(s), if any,
in study design; in the collection, analysis, and interpretation of data;
in the writing of the report; and in the decision to submit the paper
for publication. If the funding source had no such involvement, the
authors should so state.

In addition, people who contributed to the work but who do
not meet the criteria for authors should be listed along with their
contributions.

References: References should be numbered in the order in which
they appear in the text. Citing of unpublished results, personal
communications, conference abstracts, and theses in the reference list
is not recommended but these sources may be mentioned in the text.
In the reference list, cite the names of all authors when there are fifteen
or fewer authors; if there are sixteen or more authors, list the first three
followed by et al. Names of journals should be abbreviated in the
style used in PubMed. Authors are responsible for the accuracy of the
references. The EndNote Style of Drug Discoveries & Therapeutics
could be downloaded at EndNote (https://www.ddtjournal.com/
examples/Drug_Discoveries _Therapeutics.ens).

Examples are given below:
Example 1 (Sample journal reference):

Nakata M, Tang W. Japan-China Joint Medical Workshop on Drug
Discoveries and Therapeutics 2008: The need of Asian pharmaceutical
researchers' cooperation. Drug Discov Ther. 2008; 2:262-263.

Example 2 (Sample journal reference with more than 15 authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of lung
cancer: Collaborative analysis of individual data from 13 European
case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history and life
course. In: Post-traumatic Stress Disorder, Diagnosis, Management
and Treatment (Nutt DJ, Davidson JR, Zohar J, eds.). Martin Dunitz,
London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 —
primary health care: Now more than ever. https://apps.who.int/iris/
handle/10665/43949 (accessed September 23, 2022).

Tables: All tables should be prepared in Microsoft Word or Excel and
should be arranged at the end of the manuscript after the References
section. Please note that tables should not in image format. All tables
should have a concise title and should be numbered consecutively
with Arabic numerals. If necessary, additional information should be
given below the table.

Figure Legend: The figure legend should be typed on a separate
page of the main manuscript and should include a short title and
explanation. The legend should be concise but comprehensive and
should be understood without referring to the text. Symbols used
in figures must be explained. Any individually labeled figure parts
or panels (A, B, etc.) should be specifically described by part name
within the legend.

Figure Preparation: All figures should be clear and cited in numerical
order in the text. Figures must fit a one- or two-column format on the
journal page: 8.3 cm (3.3 in.) wide for a single column, 17.3 cm (6.8
in.) wide for a double column; maximum height: 24.0 cm (9.5 in.).
Please make sure that artwork files are in an acceptable format (TIFF
or JPEG) at minimum resolution (600 dpi for illustrations, graphs, and
annotated artwork, and 300 dpi for micrographs and photographs).
Please provide all figures as separate files. Please note that low-
resolution images are one of the leading causes of article resubmission
and schedule delays.

Units and Symbols: Units and symbols conforming to the
International System of Units (SI) should be used for physicochemical
quantities. Solidus notation (e.g. mg/kg, mg/mL, mol/mm*/min)
should be used. Please refer to the SI Guide www.bipm.org/en/si/ for
standard units.

Supplemental data: Supplemental data might be useful for
supporting and enhancing your scientific research and Drug
Discoveries & Therapeutics accepts the submission of these materials
which will be only published online alongside the electronic version
of your article. Supplemental files (figures, tables, and other text
materials) should be prepared according to the above guidelines,
numbered in Arabic numerals (e.g., Figure S1, Figure S2, and Table
S1, Table S2) and referred to in the text. All figures and tables should
have titles and legends. All figure legends, tables and supplemental
text materials should be placed at the end of the paper. Please note all
of these supplemental data should be provided at the time of initial
submission and note that the editors reserve the right to limit the size
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and length of Supplemental Data.
7. Online Submission

Manuscripts should be submitted to Drug Discoveries & Therapeutics
online at https://www.ddtjournal.com/login. Receipt of your
manuscripts submitted online will be acknowledged by an e-mail from
Editorial Office containing a reference number, which should be used
in all future communications. If for any reason you are unable to submit
a file online, please contact the Editorial Office by e-mail at office@
ddtjournal.com

8. Accepted Manuscripts

Page Charge: Page charges will be levied on all manuscripts accepted
for publication in Drug Discoveries & Therapeutics (Original Articles
/ Brief Reports / Reviews / Policy Forum / Communications: $140
per page for black white pages, $340 per page for color pages; News
/ Letters: a total cost of $600). Under exceptional circumstances,
the author(s) may apply to the editorial office for a waiver of the
publication charges by stating the reason in the Cover Letter when the

manuscript online.

Misconduct: Drug Discoveries & Therapeutics takes seriously all
allegations of potential misconduct and adhere to the ICMJE Guideline
(https://icmje.org/recommendations) and COPE Guideline (https://
publicationethics.org/files/Code_of conduct_for_journal_editors.pdyf).
In cases of suspected research or publication misconduct, it may be
necessary for the Editor or Publisher to contact and share submission
details with third parties including authors’ institutions and ethics
committees. The corrections, retractions, or editorial expressions of
concern will be performed in line with above guidelines.

(As of December 2022)

Drug Discoveries & Therapeutics
Editorial and Head Office

Pearl City Koishikawa 603,

2-4-5 Kasuga, Bunkyo-ku,

Tokyo 112-0003, Japan.

E-mail: office@ddtjournal.com
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