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Are we ready to replace animal models? A perspective on 
regulatory challenges of human-relevant drug testing systems

Tanbin Liu, Hongzhou Lu*

The Third People's Hospital of Shenzhen and Second Affiliated Hospital Southern University of Science and Technology, Shenzhen, China.

1. Introduction

For decades, animal models have served as the gold 
standard for preclinical drug evaluation. However, 
they have consistently demonstrated limited capacity 
to predict human therapeutic responses. This limitation 
is particularly pronounced in areas such as infectious 
diseases, immunology, and hepatology. A salient 
illustration is oncology, where overall clinical trial failure 
rates exceed 90%—a figure that, in part, reflects the 
inadequate translational validity of conventional animal-
based preclinical systems (1-3). In parallel, mounting 
scientific efforts and increasingly rigorous ethical 
standards have catalyzed rapid advances in human-
relevant in vitro research platforms, encompassing 
organ-on-a-chip technologies, induced pluripotent 
stem cell (iPSC)-derived models, and computational 
toxicology approaches (4,5). The formal recognition 
of New Approach Methodologies (NAMs) by the 
U.S. Food and Drug Administration (FDA) marks a 
significant inflection point in this trajectory, signaling 
a broader paradigm shift in regulatory thinking (6,7). 
Despite this momentum, a critical bottleneck persists: 
the transition from technological feasibility to regulatory 

acceptance remains incomplete. In the absence of clear, 
internationally harmonized validation and qualification 
frameworks, NAMs risk being relegated to exploratory 
research contexts rather than being adopted as recognized 
standards for regulatory submissions. Bridging this 
regulatory gap is therefore essential to realizing the full 
translational potential of these advanced methodologies. 
	 Unlike prior reviews that focused primarily on 
technological advances in organoids or organ-on-a-chip 
platforms, the present article specifically focuses on 
the transition pathway from technological maturity to 
regulatory acceptance. We propose a three-stage model 
stratified by disease type and the maturity of NAM 
platforms and emphasize a fit for purpose validation 
framework rather than a binary argument for or against 
complete animal model replacement. This perspective is 
intended to bridge the gap between scientific innovation 
and regulatory practice.

2. Why animal models fall  short: A clinical 
perspective

From the perspective of clinical researchers, the gap 
between animal trial outcomes and human clinical 

DOI: 10.5582/ddt.2026.01031Policy Forum

(205)

SUMMARY: This perspective examines whether animal models can be gradually replaced by human-relevant 
New Approach Methodologies (NAMs) in drug development and regulatory evaluation, synthesizing recent 
advances across hepatology, oncology, neurotoxicology, and cardiac safety assessment. Although the relevant 
technologies have become increasingly mature, their acceptance at the regulatory level is still lagging due to factors 
such as limited standardization, insufficient reproducibility of results, and unclear approval pathways. Building 
on a systematic comparison of existing evidence, this article proposes a three-stage transition pathway: the first 
stage (auxiliary stage)—using NAMs in parallel with animal experiments; the second stage (partial replacement 
stage)—using NAMs as the preferred efficacy evaluation model for human-specific diseases; and the third stage 
(regulatory integration stage). Only through gradual validation can animal models be replaced responsibly, thereby 
increasing the success rate of translational research and reducing the use of animal experiments. Overcoming the 
persistent challenges of limited standardization, poor reproducibility, and unclear regulatory pathways is the central 
prerequisite for this transition.

Keywords: New Approach Methodologies (NAMs), regulatory acceptance, three stage roadmap, translational 
research



Drug Discoveries & Therapeutics. 2026; 20(3):205-210.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(3):205-210.                                  www.ddtjournal.com

effectiveness is striking. In the realm of liver disorders, 
numerous potential NASH medications that demonstrated 
effectiveness in mouse models were found to be useless 
in human clinical trials (8,9); similarly, hepatitis B virus 
(HBV)—owing to its highly restricted species tropism, 
rendering it able to efficiently infect only humans and 
higher primates—lacks acceptable animal models, 
markedly hampering preclinical antiviral testing (10). In 
the field of neurodegenerative disease research, dozens 
of potential drugs for Alzheimer's disease that alleviated 
amyloid pathology in transgenic mice ultimately 
failed to result in cognitive improvement in human 
patients (11-13). In oncology, mouse xenograft models 
typically fail to correctly represent the human tumor 
microenvironment and immune evasion mechanisms, 
explaining why many immunotherapies that are effective 
in mice have little impact on people (14-16). Even in the 
study of infectious diseases and sepsis, rodent models 
fail to replicate the unique cytokine responses and Toll-
like receptor signaling pathways in humans, leading to 
repeated setbacks in clinical translation (17-19). This 
situation is not uncommon in biomedical research, and 
a well known adage succinctly captures this persistent 
disconnect: "The drug candidate demonstrated marked 
preclinical efficacy but failed to be clinically useful." 
	 These failures share a common mechanistic basis. 
First, there are significant differences in the immune 
system: the evolutionary pathways of the innate and 
adaptive immune systems in mice and humans are 
vastly different; mice's responses to viral infections or 
checkpoint inhibitors often differ greatly from actual 
responses in patients (20,21). Secondly, the viral life 
cycle is species-specific: HBV, HCV, and many emerging 
viruses cannot replicate in conventional laboratory 
animals without extensive genetic modification. Third, 
there are significant differences in drug metabolism 
kinetics and toxicity characteristics: a drug that is 
metabolized safely in the rat liver may produce toxic 
metabolites in human liver cells, and vice versa. These 
differences are not merely theoretical; they have directly 
led to several catastrophic drug recall events, such as 
the cytokine storm caused by TGN1412: this compound 
appeared safe in monkey experiments but nearly resulted 
in the death of human volunteers (22).

3. The emerging approach: Human-relevant efficacy 
modeling

In recent years, remarkable developments in different 
therapeutic domains have revealed that human-related 
biological systems are no longer simple conceptual 
assumptions but have become mature platforms 
confirmed by functional testing. In the area of hepatology, 
a recent study effectively replicated the whole life cycle 
of the hepatitis B virus (HBV) from invasion to antiviral 
response using liver organoids grown from iPSCs (23). 
In the field of immuno-oncology, microphysiological 

systems constructed based on patient-derived organoids, 
perfusable vascular networks, and tumor-associated 
macrophages have confirmed the macrophage-mediated 
immunosuppressive effect of immunotherapies in 
various solid tumor models, including prostate cancer 
and hepatocellular carcinoma (24-26). In cardiac toxicity 
research, a beating heart-on-a-chip platform based 
on human iPSC-derived cardiomyocytes achieved an 
accuracy of 91.6% in detecting drug-induced QT interval 
prolongation (27). In the realm of neurotoxicology, brain 
organoids containing iPSC-derived microglia efficiently 
reproduced the microglia-mediated inflammatory 
response to developing neurotoxins, a route commonly 
missed in normal animal research (28). 
	 These examples highlight a shift in validation logic: 
from "Does it behave like a sick animal?" to "Can it 
predict clinical outcomes in humans?" However, not all 
NAM platforms are equally mature. We propose a simple 
two-tier stratification: 
	 Tier 1 (relatively mature): iPSC-cardiomyocyte 
models for cardiotoxicity (CiPA paradigm, > 90% 
retrospective accuracy) and liver organoids/chips for 
DILI efficacy. These have received positive regulatory 
signals in defined contexts of use.
	 Tier 2 (exploratory): Multi-organ systems, 
neuroimmune models, and vascularized tumor chips. 
These suffer from low throughput, high batch-to-batch 
variability, and lack of cross-laboratory validation. They 
remain research tools and are not regulatory-ready.

4. The real problem: Technological readiness does not 
equal regulatory readiness

However, human-relevant platforms cannot fully replace 
animal models in the short term. An objective assessment 
must acknowledge several crucial shortcomings. Even 
for Tier 1 platforms, organoid and organ on a chip 
technologies vary significantly across laboratories (e.g., 
extracellular matrices, culture media, differentiation 
protocols, and endpoints), making direct comparison 
of results difficult. Second, the level of batch-to-batch 
variability is high: even within the same laboratory, iPSC 
derived organoids often lack consistency in size, cellular 
composition, and functional maturity. Third, there is a 
lack of long-term toxicity and systemic response data. 
Most current platforms operate for only a few days to 
weeks and cannot integrate the neuroendocrine-immune 
axis, limiting their ability to assess adverse reactions such 
as delayed cardiotoxicity, cytokine release syndrome, and 
tissue remodeling. Standard liver chips typically support 
culture for only 21–28 days, insufficient to capture 
drug induced liver injury (DILI) that may manifest after 
months of treatment. Similarly, kidney on-a-chip models 
are largely restricted to acute injury endpoints, with few 
capable of recreating progressive fibrosis or chronic 
tubular atrophy. These gaps represent major hurdles for 
regulatory acceptance, as many drug withdrawals are 

(206)
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data for most indications. Japan's Pharmaceuticals and 
Medical Devices Agency (PMDA) has supported the 
development of iPSC-based cardiotoxicity assays (CiPA) 
and accepts them as supplemental evidence, and yet it 
retains animal testing as the default standard. China's 
National Medical Products Administration (NMPA) 
has recently issued guidance on organoid research but 
has not formally recognized any NAM platform for 
regulatory submission; ongoing pilot projects focus 
on liver toxicity screening. The International Council 
for Harmonisation (ICH) has not issued unified NAM 
guidelines, though ICH S5 (reproductive toxicology) and 
ICH M3 (nonclinical safety) are undergoing review for 
potential updates. This fragmented landscape underscores 
the urgent need for global coordination. 

6. A path forward: The three phase transition model

We are not yet ready for a complete replacement—but 
the transition is both necessary and achievable. This 
paper therefore proposes a three-phase roadmap for 
the responsible integration of NAMs into regulatory 
practice as shown in Figure 1. Given that technological 
maturity and regulatory readiness vary across disease 
contexts and platform types, the phases need not advance 
simultaneously across all therapeutic areas; the timelines 
below (~2028, 2028-2033, 2033 and beyond) are 
illustrative projections intended to guide planning and 

due to late onset toxicities not detectable in short term 
assays. Finally, regulatory certification pathways remain 
unclear. Although the U.S. FDA's NAM program is 
a positive signal, no global consensus exists on what 
validation data suffice to replace animal testing for 
specific indications. Thus, technological maturity does 
not equal regulatory maturity. Without coordinated 
efforts to standardize production processes, ensure the 
reproducibility of benchmark results, and establish fit 
for purpose certification frameworks, human based 
systems risk becoming scientific curiosities rather than 
regulatory tools. Acknowledging these shortcomings 
does not negate the value of NAMs but rather points the 
way toward the next critical improvements. For Tier 2 
platforms, these challenges are even more pronounced. 

5. Current regulatory landscape of NAMs

A systematic comparison of major regulatory bodies 
reveals significant heterogeneity in NAM acceptance. 
The U.S. FDA has taken the most proactive stance 
through its NAM program and ISTAND initiative, 
issuing draft guidance on liver and cardiac safety models 
and accepting organoid data for certain IND submissions 
(e.g., rare disease gene therapies). The European 
Medicines Agency (EMA) has incorporated NAMs 
into its 3Rs strategy and published a reflection paper on 
organ-on-chip technology, but it requires parallel animal 

Figure 1. Proposed three phase roadmap for integrating NAMs into regulatory drug development. Stage 1 (auxiliary, ~2028): NAMs used 
in parallel with animal studies; voluntary data submission; reference databases established; Tier 1 platforms begin calibration. Stage 2 (partial 
replacement, 2028–2033): NAMs become the primary efficacy model; fit-for-purpose guidelines issued; Tier 1 platforms accepted, Tier 2 platforms 
undergo validation. Stage 3 (full integration, 2033+): NAM data on par with animal data for IND submissions; sole platform for defined contexts; 
integrated with in silico models; ICH guidelines harmonized. Timelines are illustrative; Tier 1 (relatively mature) platforms progress faster than Tier 2 
(exploratory) platforms. 
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are not fixed mandates.

Stage 1: Auxiliary research (near term, illustratively 
by ~2028)

In this phase, NAMs function as complementary tools to 
conventional animal research. For each candidate drug, 
sponsors need to concurrently conduct conventional 
animal efficacy and toxicology studies as well as a 
succession of human-relevant NAM assessments—
such as using iPSC-derived liver organoids or liver 
chips to demonstrate effectiveness and early toxicity 
analysis for liver-targeted therapies. Regulatory bodies 
do not yet accept NAM data alone, but they will begin 
to develop reference databases to study the association 
between organoid responses and human efficacy. This 
phase involves extremely minimal regulatory revisions, 
including a proposal for sponsors to voluntarily provide 
NAM data. The fundamental purpose is to acquire 
real-world evidence: When organoid models predict 
effectiveness, do they have a greater ability to predict the 
outcomes of Phase II clinical trials compared to animal 
experiments? During this stage, efforts should also begin 
to establish reference standards and interlaboratory 
calibration protocols for highly mature NAMs (e.g., liver 
chips and iPSC cardiomyocytes), whereas less mature 
platforms (e.g., multi organ systems and neuroimmune 
models) would remain primarily research tools.

Stage 2: Partial replacement (mid term, illustratively 
2028–2033) 

By the late 2020s, specific therapeutic areas can, after 
thorough validation, gradually transition to a partial 
replacement model. For human-specific pathogens such 
as HBV and human immunodeficiency virus (HIV) as 
well as newly emerging viruses that lack natural animal 
hosts, NAMs should become the primary efficacy 
evaluation model. In contrast, for immunotherapies 
or drugs requiring complex systemic pharmacokinetic 
assessment, animal models remain essential in Stage 2, 
with NAMs serving in a supportive role. Similarly, in 
drug screening, for certain categories of compounds 
(such as direct-acting antiviral drugs and low-molecular-
weight compounds with simple metabolic pathways), 
patient-derived organoid panels with diverse genetic 
backgrounds could potentially reduce or replace the 
use of dogs and rats, pending systematic validation 
and regulatory qualification. Regulatory agencies will 
issue clear guidelines: for example, "For HBV antiviral 
drugs, new drug clinical trial (IND) applications can 
rely on efficacy data obtained from organoids; efficacy 
evaluation does not require the use of animal models 
and is only needed to assess safety endpoints that NAMs 
cannot yet cover". During this stage, we encourage 
regulatory agencies to define fit-for-purpose validation 
criteria for specific NAM platforms, recognizing that not 

all NAMs are equally mature.

Stage 3: Integration into the regulatory framework 
(long term, illustratively 2033 and beyond) 

In the final stage, NAMs are expected to become a 
standard and widely recognized core component of 
new drug clinical trial (IND) submission materials. 
Organoid and organ-on-a-chip data will be on par with 
animal experiment data, with both serving as sources of 
evidence, each with its unique advantages and limitations. 
For certain clearly defined situations (such as drugs 
metabolized by the liver or viruses that directly cause 
cell damage), NAMs can even serve as the sole platform 
for evaluating efficacy and safety, thereby completely 
replacing animal experiments. In parallel, in silico 
models—such as quantitative systems pharmacology 
(QSP), physiologically based pharmacokinetic (PBPK) 
modeling, and machine learning-based toxicity 
predictors—are expected to be integrated with organoid 
and organ on-a-chip data, collectively comprising a 
comprehensive NAM toolbox for regulatory decision 
making. Achieving this goal not only requires continued 
maturation of the technology but also necessitates the 
revision of relevant ICH guidelines and the promotion 
of global coordination among the NMPA, FDA, EMA, 
and PMDA. Although the transformation process may be 
relatively slow, as long as we start now to systematically 
build an evidence base, this goal is entirely achievable. 
	 Figure 1 shows the three stage transition model. The 
timelines (~2028, 2028–2033, 2033 and beyond) are 
illustrative and assume differential progression across 
Tier 1 and 2 platforms. Tier 1 platforms (e.g., liver chips 
and iPSC cardiomyocytes) are expected to enter Stage 2 
earlier than Tier 2 platforms (e.g., multi organ systems).

7. Limitations of this perspective

Our proposed roadmap is intentionally optimistic. It 
may underestimate the lasting need for animal models 
of complex systemic diseases (e.g., autoimmune 
disorders and chronic neuroinflammation) where 
human-relevant platforms are still immature. Global 
regulatory harmonization remains a formidable political 
and logistical challenge. This perspective is meant 
to stimulate discussion, not to serve as a regulatory 
template.

8. Conclusion 

"Are we ready to replace animal models?" This question 
seems to elicit a binary answer, but reality indicates 
that the answer lies along a gradient. From a technical 
perspective, human-relevant systems such as liver 
organoids have, in defined contexts of use, demonstrated 
performance that can surpass animal models. Research 
on the HBV liver organoid model is just one of many 
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signs that in the future we will no longer rely on mice 
or monkeys to replace human patients. However, the 
regulatory system that was meticulously built over half 
a century based on animal data has yet to keep pace with 
this change. As mentioned at the beginning, the real 
bottleneck is increasingly shifting from the capacity for 
innovation to acceptance by the regulatory system. 
We cannot simply ask regulatory agencies to abandon 
their cautious approach—their mission is to protect 
public health and to ensure incidents like TGN1412 do 
not happen again. But by adopting a three-stage model, 
we can accelerate this transition process: first as an 
auxiliary means, then achieving partial replacement, and 
finally achieving full regulatory integration. The path 
is clear, and the tools are in place. What we need now 
is a shared commitment from researchers, sponsors, 
and regulators to move forward with caution and avoid 
unnecessary delays. Achieving this vision requires 
not only continued technological refinement but also 
harmonized regulatory frameworks across the FDA, 
EMA, PMDA, NMPA, and ICH, as outlined in Section 5.
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1. Introduction

The kidneys play a pivotal role in maintaining fluid 
homeostasis and excreting waste products. Chronic 
kidney disease (CKD) is defined as a condition 
characterized by structural or functional abnormalities 
of the kidney—such as glomerular filtration rate 
(GFR) < 60 mL/min/1.73 m2 or albuminuria ≥ 30 mg 
per 24 hours—persisting for more than three months 
(1). The global prevalence of CKD is estimated at 
approximately 13.4% and continues to rise (2,3). 
In Japan, approximately 20% of adults (about 19.9 
million people) are estimated to have stages 3–5 CKD 
(4). Patients with CKD represent a population with 
significant opportunities for therapeutic intervention, 
as they frequently have comorbidities such as diabetes, 
hypertension, and dyslipidemia. Moreover, because 
most patients with CKD have mild to moderate disease 

(stages 1–3), they can typically be managed by general 
practitioners in outpatient rather than inpatient settings 
(2). As of October 1, 2023, there were 36.23 million 
people aged 65 years or older in Japan, accounting for 
29.1% of the total population. Renal function declines 
with age, highlighting the importance of considering 
age-related changes in healthy older individuals (5). 
With Japan's rapidly aging population, the number 
of patients with impaired renal function is expected 
to increase. In addition to estimated GFR (eGFR), 
estimated creatinine clearance (eCCr) based on serum 
creatinine (Cr) is commonly used to assess renal 
function in clinical practice. The eCCr, calculated 
using the Cockcroft-Gault formula based on serum Cr 
levels, age, gender, and weight, is commonly used to 
determine drug dosage. Community pharmacies are 
in a key position to prevent adverse events, as they 
frequently fill prescriptions for patients with impaired 

DOI: 10.5582/ddt.2025.01136Original Article
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SUMMARY: This study aimed to assess the availability of renal function laboratory values in Japanese community 
pharmacies and examine their association with the prescription of drugs requiring dosage adjustment. In this cross-
sectional observational study, data were obtained from the electronic medical records of a community pharmacy in 
Japan. A total of 389 eligible patients (aged ≥ 18 years) who visited the pharmacy in April 2024 were included. The 
primary outcome measures were the proportion of participants with available renal function laboratory values and 
those prescribed medications requiring dosage adjustment. A total of 128 patients (32.9%) were prescribed at least one 
medication requiring dosage adjustment, most commonly vitamin A and D preparations (32 cases) and antidiabetic 
agents (31 cases). Renal function laboratory values were available for 40 patients (10.3%). Compared to those not 
prescribed such drugs, patients receiving medications requiring renal-based dosage adjustments included a significantly 
higher proportion of older adults (70/128, 54.7% vs 98/261, 37.5%, p = 0.001) and patients with available laboratory 
values (20/128, 15.6% vs 20/261, 7.7%, p = 0.015). No patients were identified with the "Triple Whammy," which is 
known to significantly increase the risk of renal function deterioration. Community pharmacists endeavor to obtain 
renal function laboratory values for older adults, who are more likely to be prescribed medications requiring dosage 
adjustment. However, the proportion of cases with obtained laboratory values remains low. Pharmacists are expected to 
actively recommend renal function testing to physicians. Furthermore, they should contribute to safe pharmacotherapy 
by utilizing comprehensive patient information.

Keywords: community pharmacy services, renal insufficiency, patient safety, aged
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renal function. However, community pharmacies often 
lack access to laboratory values related to patients' 
renal function (6). In Japan, a system utilizing the "My 
Number Card" has allowed healthcare professionals, 
including community pharmacists, to access annual 
health checkup results since October 2021. However, 
updates are often delayed, and available data typically 
date back about a year.
	 A decline in renal function leads to elevated blood 
concentrations of renally excreted drugs, thereby 
increasing the likelihood of adverse drug reactions (7). 
Many drugs require dosage adjustment in patients with 
impaired renal function (8). Community pharmacists 
are not sufficiently involved in dosage adjustment based 
on renal function (9). Nevertheless, appropriate dosage 
adjustment is essential to prevent adverse events caused 
by overdose in patients with renal impairment. Therefore, 
in Japan, community pharmacies commonly refer to the 
37th edition of the Dosage Recommendations for Drugs 
That Require the Most Attention in Renal Impairment, 
published by the Japanese Society of Nephrology 
and Pharmacotherapy (JSNP) (10). This list is freely 
accessible and widely used in hospitals and pharmacies, 
as it is distributed at no cost in accordance with the 
intentions of the academic society.
	 A major cause of drug-induced kidney injury is the 
use of glycopeptide antibiotics or non-steroidal anti-
inflammatory drugs (NSAIDs) (11). Specifically, a 
rapid decline in renal function occurring within a few 
hours to days is commonly referred to as acute kidney 
injury (AKI). Approximately a decade ago, a study 
reported that the concurrent use of three specific drug 
classes―renin-angiotensin system (RAS) inhibitors, 
which include angiotensin-converting enzyme inhibitors 
(ACE-Is) and/or angiotensin receptor blockers (ARBs), 
diuretics, and NSAIDs―increases the risk of AKI, a 
phenomenon known as the 'Triple Whammy' (12). Since 
these drugs are all commonly prescribed, monitoring 
this combination is crucial. Community pharmacists, 
who can manage medications prescribed by multiple 
clinics, play an essential role in this process by applying 
their expertise.
	 When community pharmacies adjust dosages based 
on renal function, laboratory values are essential for 
appropriate decision making. Community pharmacists 
must identify drugs requiring dosage adjustment and 
determine which patients have been prescribed them. 
However, prescription patterns requiring renal-based 
dosage adjustments and the availability of relevant 
laboratory values remain unclear in clinical practice. 
This study aims to quantify drugs requiring renal-based 
dosage adjustment and identify the number of patients 
prescribed them at the Keio University Community 
Pharmacy. This single-center, retrospective cross-
sectional study was conducted not to provide a national 
estimate, but to describe the profile of high-risk 
drugs, the sources of laboratory data, and prescription 

combination patterns in a real-world community 
pharmacy. The findings of this study will enhance 
pharmacists' awareness of renal dose adjustment and 
support the provision of appropriate drug therapy.

2. Materials and Methods

2.1. Study design

We conducted a cross-sectional study to investigate 
how renal function laboratory values are utilized in 
pharmacies, referencing a large volume of patient 
medication records from a single community pharmacy. 
Patient age, sex, availability of renal function laboratory 
values, their sources, and prescribed medications 
were extracted and entered into an Excel spreadsheet 
for analysis. Renal function laboratory values in this 
study were assessed using eGFR, Cr, and blood urea 
nitrogen (BUN). A list of drugs requiring renal-based 
dosage adjustment was created to analyze the prescribed 
medications. From the pharmacy's drug list, medications 
included in the 'Dosage Recommendations for Drugs 
That Require the Most Attention in Renal Impairment, 
37th Edition' were selected. This reference, published 
by the JSNP, was compiled using data from prescription 
drug package inserts.

2.2. Study population

Information about the study was disclosed within the 
pharmacy, and patients were given the opportunity to 
decline participation through an opt-out procedure. 
Medication histories of patients who visited the Keio 
University Community Pharmacy with prescriptions 
between April 1 and April 25, 2024, were included. 
Patients under 18 years were excluded due to the use of 
a different renal function estimation formula in this age 
group. Homebound patients were not included in the 
study population because there was no direct interaction 
with them at the pharmacy. Furthermore, patients 
receiving only topical prescriptions were not included in 
the study population, because these medications do not 
require renal-based dosage adjustment.

2.3. Statistical analysis

Drug classification was performed using the system 
published by the Ministry of Health, Labour and Welfare 
(MHLW), and the number of drugs per therapeutic 
category was visualized through simple tabulation. Renal 
function data were considered available if at least one of 
eGFR, BUN, or Cr was obtainable. For the analysis of 
age-related differences, patients were categorized into 
"older adults" (aged ≥ 65 years) and "non-older adults" 
(aged 18–64 years). The availability of renal function 
data and the proportion of older adults were analyzed 
using Pearson's chi-squared test in Microsoft Excel. 
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histories at a community pharmacy. Prior to initiating 
the study, a list of pharmacy-adopted medications 
requiring dose adjustments based on renal function 
was created using a drug list published by the JSNP 
(Figure 1). The medications were categorized according 
to their therapeutic classification. The Keio University 
Community Pharmacy adopted 1,521 pharmaceutical 
products, including different dosage forms of the same 
active ingredients. From these, only oral medications 
and liquid preparations were extracted, resulting in 
1,239 products. When grouped by ingredients, the 
total decreased to 697, of which 57 ingredients (8.2%) 
matched those on the JSNP list. The Keio University 
Community Pharmacy carried 148 products containing 
the 57 identified ingredients, accounting for 12% of the 
1,239 listed products.
	 The drugs were categorized into 23 therapeutic 
classes (Figure 2). Among them, the most common were 
26 antidiabetic agents, 19 central nervous system agents, 
16 vitamin A and D preparations, and 10 anticoagulants. 
Diabetic nephropathy develops because of vascular 
damage caused by hyperglycemia in diabetes mellitus. 
Therefore, patients with these conditions require closer 
monitoring.

3.2. Characteristics of patients included in this study

Patients who visited the Keio University Community 

The normality of eGFR values was assessed using the 
Shapiro–Wilk test, and the equality of variances was 
assessed using the F-test in RStudio. Based on these 
assessments, eGFR values were compared between 
older and non-older adults using a two-sided Student's 
t-test. Box plots were generated using RStudio software 
(version 2026.01.1+403; Posit Software, PBC, Boston, 
MA, USA). A p-value < 0.05 was considered statistically 
significant. The number of patients prescribed each drug 
class involved in the Triple Whammy was illustrated 
using a Venn diagram.

2.4. Ethics approval

The study protocol was submitted to and approved 
by the Ethics Committee of the Faculty of Pharmacy, 
Keio University (approval No. 241113-1). Information 
about the study was disclosed within the pharmacy, 
and individuals were given the opportunity to decline 
participation through an opt-out procedure.

3. Results

3.1. Adopted medications requiring renal dose adjustment 
in the pharmacy

This study aimed to calculate the proportion of renal 
function laboratory values recorded in medication 

Figure 1. Scheme of the process of comparing pharmacy-adopted drugs with the renal function adjustment drug list. A scheme depicting the 
process of comparing drugs adopted by the pharmacy with the renal function adjustment drug list published by the JSNP. The number of products, 
including dosage variation, is noted for each ingredient and product name.
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Pharmacy after April 1, 2024, were selected in order 
of their visits. Medication records were collected for 
a total of 403 patients who met the study population 
criteria. Fourteen patients under 18 were excluded, as 
the eGFR calculation differs between adults and minors. 
Consequently, 389 patients were included in this 
study. Table 1 shows the characteristics of these 389 
patients. Among them, 193 (49.6%) were male, and 196 
(50.4%) were female. When categorized by age group, 
221 (56.8%) were non-older adults and 168 (43.2%) 
were older adults. Among older adults, 89 (22.9%) 
were early-stage, and 79 (20.3%) were late-stage. The 
average number of drugs per patient was 4.4 ± 2.8, and 
114 patients (29.3%) met the criteria for polypharmacy, 
defined as taking six or more medications. Additionally, 
128 patients (32.9%) were taking at least one of the 
listed drugs. Among these, 8 patients (2.1%) took the 
highest number of listed drugs, with three drugs each.

3.3. The availability of renal function laboratory values 
and their sources

Table 2 presents the availability and sources of renal 
function laboratory values, including eGFR, BUN, 

and Cr. A total of 40 patients (10.3%) had at least one 
available laboratory value. Among these, 34 patients 
(8.7%) had eGFR values, which are essential for dose 
adjustment in pharmacies. Laboratory values came 
from three sources: blood test results sheets brought 
by patients, electronic health records accessed via the 

Figure 2. The number of products and ingredients requiring dose adjustment is categorized by the therapeutic classification. The drug 
classification information system published by the MHLW was used to categorize the data. A bar graph summarizes the product names and the 
number of ingredients in descending order for each therapeutic category.

Table 1. Characteristics of patients included in this study 
(n = 389)

Gender
     Male
     Female
Age
     18-64
     ≥ 65
Number of drugs
     1-5
     6-9
     ≥ 10
Number of prescriptions for listed drugs
     0
     1
     2
     3

n (%)

193 (49.6)
196 (50.4)

221 (56.8)
168 (43.2)

275 (70.7)
  92 (23.7)
22 (5.7)

261 (67.1)
  98 (25.2)
22 (5.7)
  8 (2.1)
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My Number System, and prescriptions containing 
laboratory values. Community pharmacists scanned 
these documents and attached them to medication 
records. The most common source was blood test result 
sheets. Thirty patients (75.0%) provided laboratory 
values to the pharmacy through this method.

3.4. Prescription of listed drugs

Table 3 provides a summary of drugs requiring dosage 
adjustment according to renal function, categorized by 
therapeutic class and specific ingredients. The listed 
drugs were prescribed a total of 166 times. Drugs from 
16 therapeutic categories were prescribed. Vitamins A 
and D were the most frequently prescribed category, 
administered to 32 patients. The most frequently 
prescribed drug was Eldecalcitol (24 times), followed 
by Famotidine (12 times) and Allopurinol (11 times). 
Among the listed drugs, antidiabetic agents represented 
the category with the highest number of entries (Figure 
2). Antidiabetic agents were prescribed to 31 patients, 
making them the second most frequently prescribed 

therapeutic category.

3.5. Characteristics of patients who were prescribed the 
listed drugs

A total of 389 patients were divided into two groups: 
those prescribed listed drugs (prescribed group, 128 
patients) and those not prescribed these drugs (non-
prescribed group, 261 patients) (Table 1). Renal 
function laboratory values were available for 15.6% of 
patients in the prescribed group (20/128) and 7.7% in 
the non-prescribed group (20/261), with a significantly 
higher proportion in the prescribed group (χ² test, 
p = 0.015) (Figure 3A). However, despite the high 
risk of overdose in the prescribed group due to renal 
impairment, approximately 85% of these patients 
lacked renal function laboratory data. Additionally, 
the relationship between listed drug prescriptions and 
age is shown in Figure 3B. Among the 128 patients 
in the prescribed group, 54.7% (70 patients) were 
older adults, compared to 37.5% (98/261) in the non-
prescribed group. The proportion of older adult patients 
was significantly higher in the prescribed group (χ² 
test, p = 0.001). Additionally, the medical institutions 
that issued laboratory values were categorized. Among 
the 33 patients, clinics were the most common source 
(18 patients). A similar pattern was observed for test 
sheets. Conversely, all prescriptions accompanied by 
laboratory values were issued by university hospitals 
(Figure 3C). Access to electronic health check-up 
records (7 patients) was excluded, as it was unrelated to 
the prescribing institution.

Table 3. Total number of prescriptions for listed drugs

Pharmacological Classification

Vitamin A and D Preparations (32)
Antidiabetic Agents (31)

Peptic Ulcer Agents (19)
Gout Preparations (13)
Other Central Nervous System Agents (11)
Psychotropics (11)
Other Allergic Agents (10)
Hyperlipidemia Agents (9)
Anticoagulants (8)
Synthetic Antibacterials (7)
Other Agents Affecting Metabolism (4)
Other Urogenital and Anal Organ Agents (4)
Antivirals (3)
Antiarrhythmic Agents (2)
Antiepileptics (1)
Pituitary Hormone Preparations (1)
Antiparkinsonian Agents (0)
Autonomic Nervous System Agents (0)
Cardiotonics (0)
Diuretics (0)
Mineral Preparations (0)
Other Chemotherapeutics (0)
Other Digestive Organ Agents (0)

Ingredient

Eldecalcitol (24), Alfacalcidol (5), Vitamin A (3)
Metformin (10), Glimepiride (8), Sitagliptin (6), Anagliptin/Metformin (2), Vildagliptin/
Metformin (2), Alogliptin (1), Imeglimin (1), Nateglinide (1), Alogliptin/Pioglitazone (0), 
Pioglitazone/Metformin (0), Trelagliptin (0)
Famotidine (12), Cimetidine (4), Sulpiride (3)
Allopurinol (11), Colchicine (2)
Pregabalin (5), Mirogabalin (4), Acamprosate (0), Memantine (1), Tiapride (1)
Duloxetine (5), Mirtazapine (3), Venlafaxine (2), Risperidone (1)
Levocetirizine (9), Fexofenadine/Pseudoephedrine (1)
Fenofibrate (7), Bezafibrate (2)
Edoxaban (5), Apixaban (1), Dabigatran (1), Rivaroxaban (1)
Sitafloxacin (4), Levofloxacin (3)
Methotrexate (2), Risedronic acid (2)
Tadalafil (4)
Valacyclovir (3), Entecavir (0), Famciclovir (0), Oseltamivir (0)
Atenolol (2)
Levetiracetam (1)
Desmopressin (1)
Amantadine (0)
Distigmine (0)
Digoxin (0), Metildigoxin (0)
Acetazolamide (0)
Potassium Chloride (0)
Fluconazole (0), Trimethoprim/Sulfamethoxazole (0)
Metoclopramide (0)

Table 2. Availability of renal function laboratory values 
and their sources

Not available
Available
     Laboratory Report
     Specific Health Checkup information
     Prescription

n (%)

349 (89.7)
  40 (10.3)
  30 (75.0)
    7 (17.5)
  3 (7.5)
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3.6. Association between eGFR and listed drug 
prescription in older adults

Among the various indicators of renal function, eGFR 
is the most important and can be directly used for 
dose adjustment in cases of renal impairment. In the 
prescribed group, 19 of 128 patients (14.8%) provided 
their eGFR to the pharmacy, compared to 15 of 261 
patients (5.7%) in the non-prescribed group, showing a 
significant difference (χ² test, p = 0.003) (Figure 4A). 
The relationship between the availability of eGFR and 
age is shown in Figure 4B. Among the 34 patients who 
provided their eGFR, 21 (61.8%) were older adults. In 
contrast, among the 355 patients without their eGFR 
data, 147 (41.4%) were older adults, representing a 
significantly lower proportion than those who provided 
their eGFR (χ² test, p = 0.022). Figure 4C shows the 
actual eGFR values for 34 patients, divided into non-
older adults (13) and older adults (21). The mean eGFR 

in non-older adults was 76.0 ± 16.0 mL/min/1.73m², 
compared to 64.1 ± 17.5 mL/min/1.73m² in older 
adults, but the difference was not statistically significant 
(two-sided t-test, p = 0.063). Prior to this analysis, it 
was confirmed that there was no significant deviation 
from normality or inequality of variances, ensuring the 
appropriateness of the parametric test. These findings 
indicate that older adults tend to have lower renal 
function than non-older adults and that renal function 
declines with age, necessitating caution in drug dosage. 
Furthermore, among the 34 patients with available 
eGFR, 9 (2 non-older adults and 7 older adults) had 
eGFR values below 60 mL/min/1.73m², meeting 
the diagnostic criteria for CKD. These nine patients 
represent a subgroup requiring particular caution in 
drug dosing (below the dotted lines).

3.7. Evaluation of acute kidney injury due to Single, 
Double, Triple Whammy

Figure 3. The relationship between the availability of renal function laboratory values, medications requiring dose adjustments, and age. (A) 
Comparison of the proportion of patients with available laboratory values between those prescribed at least one drug requiring dosage adjustment and 
those not prescribed such drugs. The p-values calculated using Pearson's chi-squared test are shown in the figure. (B) Comparison of the proportion 
of older adults between those prescribed at least one drug requiring dosage adjustment and those not prescribed such drugs. (C) The healthcare 
institutions that issued prescriptions with laboratory values and those that provided clinical laboratory values are categorized by their size and 
depicted in a bar graph. Seven individuals are not included in the figure due to their specific health check-up information being obtained through the 
company listed on their "My Number Card."

Figure 4. The relationship between the availability of eGFR, medications requiring dose adjustments, and age. (A) Comparison of the 
proportion of patients with eGFR values between those prescribed at least one drug requiring dosage adjustment and those not prescribed such drugs. 
The p-values calculated using Pearson's chi-squared test are shown in the figure. (B) The proportion of older adults in groups with and without 
available eGFR values is depicted in the bar graph. (C) The eGFR values between older adults and non-older adults were compared using a box plot. 
The dotted line indicates the threshold requiring dosage adjustment for most listed drugs (eGFR < 60 mL/min/1.73 m²). The CKD risk classification 
based on eGFR values ranged from Grade 1 to 5. The p-values calculated using the t-test are shown in the figure.
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Use of one, two, or all drug classes—RAS inhibitors, 
diuretics, and NSAIDs—was defined as Single, Double, 
and Triple Whammy, respectively. Notably, except for 
diuretics acetazolamide, RAS inhibitors, and NSAIDs 
were not included among the listed drugs. The number 
of patients classified as Single, Double, and Triple 
Whammy was 124 (31.9%), 15 (3.9%), and 0 (0%), 
respectively (Figure 5). The largest group consisted 
of 250 patients (64.3%) who did not fall into any of 
these categories. Among patients classified as Single or 
Double Whammy, ARBs were commonly used as RAS 
inhibitors—for example, azilsartan (28 patients) and 
telmisartan (27 patients). Among diuretics, furosemide—
a loop diuretic—was the most frequently used and 
prescribed to seven patients. Loxoprofen sodium 
hydrate, the most commonly used NSAID in Japan, was 
prescribed to 18 patients. Among patients classified as 
Double Whammy, the most common drug combination 
was RAS inhibitors and NSAIDs (seven patients), 
followed by RAS inhibitors and diuretics (six patients), 
diuretics and NSAIDs (two patients). No patients were 
prescribed RAS inhibitors, diuretics, and NSAIDs 
concurrently by different medical institutions.

4. Discussion

Renal function laboratory values are unfamiliar and not 
widely recognized among the public. However, these 
values are critical for the safe use of medications, as their 
absence can lead to life-threatening consequences. In 
August 2011, Boehringer Ingelheim Japan issued a safety 
alert, commonly known in Japan as a 'Blue Letter' due to 
its distinctive blue paper, for the anticoagulant Pradaxa 
Capsule. The alert reported 139 cases of severe bleeding 
potentially related to the drug, including 15 fatalities. 
Among these, 49 cases involved renal impairment, 
and 22 patients had contraindicated clearance levels 
(eCCr < 30 mL/min). Access to Cr values in pharmacies 

might have enabled pharmacists to assess the drug's 
appropriateness. Previous studies have reported that 
88.4% of community pharmacists find it difficult to 
obtain patients' laboratory values (9). Therefore, this 
study aimed to assess the availability and consideration 
of renal function laboratory values in Japanese 
community pharmacies. A list of drugs requiring dosage 
adjustment is publicly available from the JSNP and is 
widely used in both hospitals and community pharmacies 
in Japan. In this study, we examined the extent to which 
listed drugs are included in Keio University Community 
Pharmacy and identified the most common therapeutic 
categories. Excluding topical medications, 57 ingredients 
accounting for 148 of 1,239 adopted products (12%), 
were included in the list of drugs requiring renal function 
laboratory values for prescription auditing (Figure 
1). These drugs fell into 16 categories, classified by 
therapeutic type (Figure 2). The community pharmacy in 
this study receives prescriptions from over 100 medical 
institutions monthly, covering a wide geographical area 
and diverse medical specialties. Therefore, the data 
in this study are considered generalizable. Among the 
listed drugs, antidiabetic agents were most prevalent, 
comprising 11 ingredients (26 products) (Figure 2). 
Additionally, antidiabetic agents such as metformin, 
glimepiride, and sitagliptin were prescribed 31 times 
among the 389 patients, accounting for approximately 
8.0% (Table 3). This number of prescriptions ranked 
them the second most frequently prescribed category 
after vitamin A and D agents. A study using Japan's 
medical insurance data reported that approximately 20% 
of patients with diabetes experienced rapid renal function 
decline, 1.2 times higher than patients without diabetes 
(13). Furthermore, since diabetic nephropathy is the most 
common underlying condition in patients on dialysis, 
monitoring renal function in individuals with diabetes 
is essential (14). Based on the clinical prioritization 
perspective, antidiabetic agents should be prioritized for 
information sharing, as they are frequently prescribed 
and require careful management of renal function. In this 
study, eldecalcitol was the most frequently prescribed 
drug (Table 3). Furthermore, in the Japanese Adverse 
Drug Event Report (JADER) database, eldecalcitol was 
the second most frequently suspected drug for acute 
kidney disease, following valacyclovir hydrochloride 
(15). Therefore, it is crucial to monitor not only calcium 
levels but also renal function. Additionally, osteoporosis 
affects 15.9 million people in Japan, and its prevalence 
increases with age (16). In Japan's aging society, where 
community pharmacies play an essential role, this drug 
should continue to be carefully monitored.
	 Nearly half of pharmacists identified the lack 
of patients' renal function data as a barrier to dose 
adjustment (6). In this study, it was shown that the 
proportion of renal function laboratory values obtained 
from community pharmacies was 10.3% (40/389; 
Table 2). A nationwide survey in Japan reported a 

Figure 5. Number of patients with Single, Double, Triple Whammy 
Risk. The number of patients prescribed RAS inhibitors, diuretics, and 
NSAIDs is counted and presented using a Venn diagram. The numbers 
are based on the prescription of 389 patients, including those who 
were prescribed multiple drugs. A total of 250 patients who were not 
prescribed any of these drugs are excluded from the diagram.
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renal function verification rate of 5.5% in community 
pharmacies, which was numerically close to that 
observed in the present study (17). This finding 
highlights the lack of renal function information, 
which poses a significant barrier to appropriate dose 
adjustment. Currently, structured systems for real-time 
data sharing between clinics and community pharmacies 
are not widely established in the Japanese healthcare 
system. Consequently, the most common and practical 
method for pharmacists to obtain laboratory data is 
for patients to voluntarily present paper-based reports 
from medical institutions. To overcome this barrier and 
facilitate proactive recommendations to physicians, 
utilizing digital infrastructure is essential. While specific 
health check-up data can currently be accessed via the 
national ID system (My Number Card), integrating 
clinical laboratory values into more accessible digital 
platforms, such as electronic medication notebooks or 
Personal Health Records, is required. This would allow 
pharmacists seamless access to patient data without 
placing an extra communication burden on physicians. 
Furthermore, the obtained eGFR values revealed that 
older patients had lower values than non-older patients 
(Figure 4C). It is well known that kidney function 
declines with age, and a similar tendency was observed 
in our study (4). These findings indicate that pharmacists 
should pay particular attention to reviewing laboratory 
values in older adults. The proportion of older adults was 
significantly higher in the group with available eGFR 
values compared to the group without (Figure 4B). This 
finding suggests that pharmacists may already be actively 
seeking laboratory values for older adults with expected 
renal decline. Moreover, as the number of regularly 
used drugs increases with age, older adult patients 
are more likely to have chronic diseases and undergo 
routine medical visits and blood tests, making it easier to 
obtain laboratory values (18). While many community 
pharmacists find it difficult to obtain patients' laboratory 
values, findings suggest that they attempt to acquire 
such values for patients requiring special caution (4,6). 
Currently, including laboratory values on prescriptions 
is not mandatory in Japan; rather, it is positioned as 
an advanced initiative by specific institutions, such as 
university hospitals, to enhance information sharing 
with pharmacies. Although patients often receive their 
test results in printed form, the majority do not fully 
understand the importance of having pharmacists 
review these values. Regarding patient characteristics, 
laboratory values are easier to obtain from a specific 
group of patients who proactively wish to review their 
results together with healthcare professionals. To shift 
from this limited access to comprehensive confirmation, 
the widespread adoption of electronic prescriptions and 
enhanced integration of laboratory values and diagnoses 
will be a potential solution. In the context of real-world 
practice, more immediate and realistic improvement 
strategies include hospitals and clinics attaching key 

laboratory values directly to prescriptions and pharmacies 
utilizing standardized interview templates during 
medication history taking to systematically screen the 
available test results. Strengthening local collaboration 
and internal workflow standardization will be vital until 
a fully integrated digital infrastructure is established. 
The concomitant use of RAS inhibitors, diuretics, and 
NSAIDs is referred to as the "Triple Whammy." This 
combination synergistically reduces renal blood flow 
and glomerular filtration pressure, ultimately leading to 
kidney injury. The National Institute of Health Sciences 
(NIHS) issued repeated Drug Safety Information 
warnings in 2003, 2006, and 2013 regarding the "Triple 
Whammy." They highlighted that this combination 
should be avoided due to its high risk of causing kidney 
injury, especially in older adults, individuals with 
existing renal impairment, and those with hydration 
issues. In particular, their 2013 warning spotted that the 
combination of three drugs poses a higher risk of causing 
acute kidney injury compared to the combination of two 
drugs. In this study, no patients met the criteria for Triple 
Whammy (Figure 5). Additionally, a previous study 
by Imai et al. reported that only 0.3% of patients met 
the criteria for Triple Whammy (19). However, a study 
using the JADER database reported that approximately 
half of the patients who developed AKI were taking 
the Triple Whammy drugs, and another report stated 
that the risk of AKI increases 1.3-fold due to Triple 
Whammy (20,21). Therefore, community pharmacies 
must remain vigilant. This study showed that all 15 
patients who met the criteria for Double Whammy were 
prescribed two drugs by the same medical institution. 
For these patients, particular attention should be paid 
to the possibility of a third drug being prescribed by a 
different department. Furthermore, NSAIDs are widely 
used as over-the-counter (OTC) drugs in Japan. In 
this study, six patients were using RAS inhibitors and 
diuretics. Community pharmacists should consider not 
only prescriptions from medical institutions but also 
comprehensive patient information. Reports suggest that 
pharmacists' access to clinical laboratory data improves 
medication accuracy management, enabling community 
pharmacists to contribute to safe pharmacotherapy (22). 
A study involving 199 CKD patients reported that active 
vitamin D preparations were significantly more common 
in the adverse reaction group, leading some to suggest 
that this should be called the "Fourth Whammy (23)." 
In our study, eldecalcitol was the most commonly used 
preparation (Table 3). This finding indicates that further 
investigation is necessary, including monitoring the 
course of patients taking this drug.

5. Limitations

This study has several limitations. First, it is a 
retrospective study based on medication histories, 
which may omit prescribed drugs and laboratory 
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values. Additionally, although a drug is recorded 
in the medication history, it is unclear whether the 
patients actually took it. Second, some renal function 
laboratory values may not reflect the most current data. 
In particular, laboratory values from the Specific Health 
Check-up accessed via the My Number system require 
time to be updated. Therefore, the laboratory values used 
in this study may not accurately reflect patients' current 
renal function. Consequently, temporal changes in renal 
function must be considered when interpreting the study's 
results. Finally, only prescribed drugs data from medical 
histories were collected, so information on temporarily 
used OTC drugs may be missing.

6. Conclusion

This study suggested that community pharmacists 
should obtain renal function laboratory values for older 
adults, who are more likely to be prescribed medications 
requiring dose adjustment. However, only about 10% 
of cases had available laboratory values. Antidiabetic 
agents and vitamin A and D agents were commonly 
prescribed, underscoring the importance of verifying 
renal function in these cases. Although no patients 
met the criteria for Triple Whammy, 139 out of 389 
patients (35.7%) were considered at risk. Furthermore, 
it is desirable that national guidelines for pharmacy-
based point-of-care testing be expanded in the future to 
include renal function parameters. This would enable 
pharmacists to directly assess patient status and provide 
evidence-based recommendations. In the future, it will 
be necessary to proactively suggest the need for testing 
to physicians. Creating an environment that enables 
community pharmacists to access patients' laboratory 
values and proper medication management, including 
not only prescribed drugs but also OTC drugs, can be 
ensured, and community pharmacists can contribute to 
safe pharmacotherapy.

Acknowledgements

We are deeply grateful to and sincerely thank the 
pharmacy visitors who provided the invaluable data for 
this study.

Funding: This work was supported by the Fukuzawa 
Fund (Keio Gijuku Fukuzawa Memorial Fund for the 
Advancement of Education and Research).

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

References

1.	 Chen TK, Knicely DH, Grams ME. Chronic kidney 
disease diagnosis and management: A review. JAMA. 
2019; 322:1294-1304.

2.	 Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, 

Lasserson DS, Hobbs FD. Global prevalence of chronic 
kidney disease – A systematic review and meta-analysis. 
PLOS One. 2016; 11:e0158765.

3.	 Xie Y, Bowe B, Mokdad AH, Xian H, Yan Y, Li T, 
Maddukuri G, Tsai CY, Floyd T, Al-Aly Z. Analysis of 
the Global Burden of Disease study highlights the global, 
regional, and national trends of chronic kidney disease 
epidemiology from 1990 to 2016. Kidney Int. 2018; 
94:567-581.

4.	 Imai E, Horio M, Yamagata K, Iseki K, Hara S, Ura N, 
Kiyohara Y, Makino H, Hishida A, Matsuo S. Slower 
decline of glomerular filtration rate in the Japanese 
general population: A longitudinal 10-year follow-up 
study. Hypertens Res. 2008; 31:433-441.

5.	 Imai E, Horio M, Iseki K, et al. Prevalence of chronic 
kidney disease (CKD) in the Japanese general population 
predicted by the MDRD equation modified by a Japanese 
coefficient. Clin Exp Nephrol. 2007; 11:156-163.

6.	 Zafar R, Rehman IU, Shah Y, Ali Z, Ming LC, Khan 
TM. Knowledge, attitude and perceptions of pharmacists 
regarding renal dose adjustment among chronic kidney 
disease patients in Pakistan. J Pharm Policy Pract. 2023; 
16:102.

7.	 Wada R, Takeuchi J, Nakamura T, Sonoyama T, Kosaka S, 
Matsumoto C, Sakuma M, Ohta Y, Morimoto T. Clinical 
decision support system with renal dose adjustment did 
not improve subsequent renal and hepatic function among 
inpatients: The Japan adverse drug event study. Appl Clin 
Inform. 2020; 11:846-856.

8.	 Kappel J, Calissi P. Nephrology: 3. Safe drug prescribing 
for patients with renal insufficiency. CMAJ. 2002; 
166:473-477.

9.	 Kondo Y, Ishitsuka Y, Shigemori E, Irikura M, Kadowaki 
D, Hirata S, Maemura T, Irie T. Awareness and current 
implementation of drug dosage adjustment by pharmacists 
in patients with chronic kidney disease in Japan: A web-
based survey. BMC Health Serv Res. 2014; 14:615.

10.	 The Japanese Society of Nephrology and Pharmacotherapy. 
Dosage recommendations for drugs that require the most 
attention in renal impairment. 37th ed. 2024. https://www.
jsnp.org/files/dosage_recommendations_37.pdf (Accessed 
March 31, 2026).

11.	 Oni L, Hawcutt DB, Turner MA, Beresford MW, 
McWilliam S, Barton C, Park BK, Murray P, Wilm B, 
Copple I, Floyd R, Peak M, Sharma A, Antoine DJ. 
Optimising the use of medicines to reduce acute kidney 
injury in children and babies. Pharmacol Ther. 2017; 
174:55-62.

12.	 Harężlak T, Religioni U, Szymański FM, Hering D, 
Barańska A, Neumann-Podczaska A, Allan M, Merks P. 
Drug Interactions Affecting Kidney Function: Beware of 
Health Threats from Triple Whammy. Adv Ther. 2022; 
39:140-147.

13.	 Fujii M, Ohno Y, Ikeda A, Godai K, Li Y, Nakamura Y, 
Yabe D, Tsushita K, Kashihara N, Kamide K, Kabayama 
M. Current status of the rapid decline in renal function due 
to diabetes mellitus and its associated factors: Analysis 
using the National Database of Health Checkups in Japan. 
Hypertens Res. 2023; 46:1075-1089.

14.	 Nitta K, Goto S, Masakane I, Hanafusa N, Taniguchi 
M, Hasegawa T, Nakai S, Wada A, Hamano T, Hoshino 
J, Joki N, Abe M, Yamamoto K, Nakamoto H. Annual 
dialysis data report for 2018, JSDT Renal Data Registry: 
survey methods, facility data, incidence, prevalence, and 
mortality. Ren Replace Ther. 2020; 6:41.

(219)



Drug Discoveries & Therapeutics. 2026; 20(3):211-220.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(3):211-220.                                  www.ddtjournal.com

15.	 Hosohata K, Inada A, Oyama S, Furushima D, Yamada 
H, Iwanaga K. Surveillance of drugs that most frequently 
induce acute kidney injury: A pharmacovigilance 
approach. J Clin Pharm Ther. 2019; 44:49-53.

16.	 Yoshimura N, Iidaka T, Horii C, Muraki S, Oka H, 
Kawaguchi H, Nakamura K, Akune T, Tanaka S. Trends 
in osteoporosis prevalence over a 10 year period in Japan: 
The ROAD study 2005–2015. J Bone Miner Metab. 2022; 
40:829-838.

17.	 Kondo Y, Shikamura Y, Suzuki M, Takahashi M, 
Kawakami E, Hashiba H, Miyazaki C. Renal function 
ascertainment rate of patients at community pharmacies 
in Japan: a national survey. Ren Replace Ther. 2025; 
11:22.

18.	 Moffet HH, Parker MM, Sarkar U, Schillinger D, 
Fernandez A, Adler NE, Adams AS, Karter AJ. Adherence 
to laboratory test requests by patients with diabetes: the 
Diabetes Study of Northern California (DISTANCE). Am 
J Manag Care. 2011; 17:339-344.

19.	 Imai S, Momo K, Kashiwagi H, Miyai T, Sugawara M, 
Takekuma Y. A cross-sectional exploratory survey on 
occurrence of triple-whammy prescription pattern in 
Japan. Int J Clin Pharm. 2020; 42:1369-1373.

20.	 Kunitsu Y, Hira D, Morikochi A, Ueda T, Isono T, Morita 
S, Terada T. Time until onset of acute kidney injury 
by combination therapy with "Triple Whammy" drugs 
obtained from Japanese Adverse Drug Event Report 
database. PLOS One. 2022; 17:e0263682.

21.	 Lapi F, Azoulay L, Yin H, Nessim SJ, Suissa S. Concurrent 
use of diuretics, angiotensin converting enzyme inhibitors, 
and angiotensin receptor blockers with non-steroidal anti-
inflammatory drugs and risk of acute kidney injury: nested 
case-control study. BMJ. 2013; 346:e8525.

22.	 Kestin R, Howe A, Moose J, Marciniak MW, Rhodes 
LA. Impact of health information exchange access 
on medication management recommendations in a 
community-based pharmacy setting. J Am Pharm Assoc 
(2003). 2024; 64:102104.

23.	 Narisue M, Sugimoto Y, Hirano F, Nakatsukasa R, 
Miyazaki K, Otsubo T, Nakashima M, Hirata S. Survey 
of prescriptions for triple whammy drug combinations 
with vitamin D as a possible fourth whammy. Int J Clin 
Pharmacol Ther. 2023; 61:8-15.

Received December 24, 2025; Revised May 14, 2026; 
Accepted June 7, 2026.

*Address correspondence to:
Katsunori Yamaura, Division of Social Pharmacy, Center for 
Social Pharmacy and Pharmaceutical Care Sciences, Faculty 
of Pharmacy, Keio University, 1-5-30 Shibakoen, Minato-ku, 
Tokyo 105-8512, Japan.
E-mail: yamaura-kt@keio.jp

Released online in J-STAGE as advance publication June 13, 
2026.

(220)



Drug Discoveries & Therapeutics. 2026; 20(3):221-227.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(3):221-227.                                  www.ddtjournal.com

Metabolic and endocrinological effects of weekly growth hormone 
replacement therapy with somapacitan in patients with adult 
growth hormone deficiency after switching from daily growth 
hormone replacement therapy: A real-world exploratory cohort 
study

Ichiro Abe1,2,*, Keita Kubo1,2, Yuya Fujita1,2, Kentaro Ochi1,2, Toshiaki Wada1, Ryo Mitsuoka1, 
Kaori Takeshita1, Ayuko Higashi1, Tamotsu Kato1, Tadachika Kudo1, Hideaki Shimada3, 
Osamu Imakyure3, Makiko Abe4, Shigeaki Mukoubara2, Kunihisa Kobayashi1

1 Department of Endocrinology and Diabetes Mellitus, Fukuoka University Chikushi Hospital, Chikushino, Fukuoka, Japan;
2 Department of Internal Medicine, Nagasaki Prefecture Iki Hospital, Iki, Nagasaki, Japan;
3 Clinical Research Support Center, Fukuoka University Chikushi Hospital, Chikushino, Fukuoka, Japan;
4 Department of Preventive Medicine and Public Health, Faculty of Medicine, Fukuoka University, Fukuoka, Japan.

1. Introduction

Adult growth hormone deficiency (AGHD) is an anterior 
pituitary hormonal deficiency (1,2). AGHD causes fatty 
liver, metabolic dysfunction-associated steatohepatitis 
(MASH), metabolic dysfunction-associated steatotic 
liver disease (MASLD), increased visceral adiposity, 
osteoporosis, impaired quality of life (QOL), poor 
concentration, inattention, coronary artery disease, 
and heart failure (3-10). Accordingly, AGHD may be 
associated with increased mortality. Growth hormone 
(GH) replacement therapy has been reported to reduce 
mortality in patients with AGHD (10). Therefore, GH 

replacement therapy is essential for patients with AGHD. 
Globally, daily GH replacement therapy had long been 
the only available treatment for patients with AGHD. It 
is well known that GH concentrations in the blood are 
normally high at midnight and are low during the day, 
whereas GH concentrations in patients with AGHD 
are extremely low throughout the day. Thus, patients 
with AGHD commonly self-inject GH formulations 
nightly (between 7:00 pm and 8.00 pm). However, blood 
GH concentrations of patients with AGHD during the 
daytime remain severely low compared with those in 
normal subjects, as the duration of daily GH formulations 
is less than 12 h (11,12). Recently, patients with AGHD 
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SUMMARY: The metabolic and endocrinological effects in patients with adult growth hormone deficiency (AGHD) 
who switched from daily growth hormone (GH) replacement therapy to weekly GH replacement therapy with 
somapacitan were evaluated and observed over a long follow-up period. Patients were included only if their medical 
treatments, aside from GH replacement therapy, remained unchanged. Metabolic and endocrinological parameters 
were assessed at the time of switching, and at 1- and 2-year follow-up after switching from daily GH replacement 
therapy to weekly GH replacement therapy with somapacitan. The results showed that the body mass index (BMI), 
fasting plasma glucose (FPG), aspartate transaminase (AST), and triglyceride (TG) levels at 1 year after switching 
significantly improved compared with those at the time of switching (each P < 0.025). At 2 years, the homeostasis 
model assessment of insulin resistance (HOMA-IR), systolic blood pressure (SBP), diastolic blood pressure (DBP), 
and alanine aminotransferase (ALT), as well as BMI, FPG, TG, and AST significantly improved compared with 
those observed at the time of switching (each P < 0.025). In addition, improvement in HOMA-IR at 2 years after 
switching was significantly associated with improvement in AST. Switching to GH replacement therapy did not 
affect endocrinological parameters. These findings, which were revealed by the present real-world exploratory 
cohort study, indicate that weekly GH replacement therapy with somapacitan may confer more beneficial effects 
than daily GH replacement therapy.

Keywords: Growth hormone, adult growth hormone deficiency, somapacitan
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have been able to use somapacitan, the only available 
weekly GH formulation. Nevertheless, the prolonged 
duration of somapacitan exceeds 1 week, and the effects 
of this formulation are maintained throughout the day. 
Considering the differences in duration, metabolic and 
endocrinological parameters may differ between daily 
GH replacement therapy and weekly GH replacement 
therapy with somapacitan. Previously, we reported 
a real-world pilot study that revealed that the body 
mass index (BMI), homeostasis model assessment of 
insulin resistance (HOMA-IR), fasting plasma glucose 
(FPG), and liver function parameters were significantly 
improved 6 months after switching from daily GH 
replacement therapy to weekly GH replacement therapy 
with somapacitan compared with those observed at the 
time of switching (13). In the present study, we measured 
and compared the metabolic and endocrinological 
parameters at the time of switching from daily GH 
replacement to weekly GH replacement therapy with 
somapacitan, and at 1- and 2-year follow-up after 
switching in patients with AGHD.

2. Patients and Methods

2.1. Ethical approval of the study protocol

This real-world exploratory cohort study protocol was 
approved by the ethics review committees of Fukuoka 
University (Fukuoka, Japan. Approval number: C25-
09-006). Written informed consent was obtained from 
all participants in the study. This study was conducted 
in accordance with the principles of the Declaration of 
Helsinki.

2.2. Study participants

We investigated 12 individuals with AGHD who had 
been diagnosed on the basis of no or inadequate GH 
responses to a GH-releasing peptide-2 test, insulin 
tolerance test, or arginine test at Fukuoka University 
Chikushi Hospital and Nagasaki Prefecture Iki Hospital 
(13-15). All patients had received daily GH replacement 
therapy for over 2 years and switched to weekly GH 
replacement therapy with somapacitan, which was 
continued for 2 years. No medical treatments other 
than GH replacement therapy were changed during the 
evaluation period.

2.3. Methods and disease definitions

We administered somapacitan for 2 years in patients 
with AGHD who had previously received daily GH 
replacement therapy. The starting dose at the time of 
switching were 1.5 mg/week for adults aged 18-60 
years and 1.0 mg/week for patients aged > 60 years, 
in accordance with recommendation from a phase 3 
trial in Japan (REAL Japan) (16). Dose titration was 

performed according to the insulin-like growth factor 1 
(IGF1) levels, as described in our previous study (13). 
The following variables were examined at the time of 
switching, and at 1- and 2-year follow-up after switching: 
parameters of glucose control (glycated hemoglobin 
(HbA1c), fasting plasma glucose (FPG), fasting insulin, 
homeostasis model assessment of insulin resistance 
(HOMA-IR), and homeostasis model assessment of β-cell 
function (HOMA-β), markers of lipid metabolism (low-
density lipoprotein-cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), and triglycerides (TG), 
liver function parameters (aspartate transaminase (AST), 
alanine transaminase (ALT), and gamma-glutamyl 
transferase (γ-GTP)), estimated glomerular filtration rate 
(eGFR), systolic blood pressure (SBP), diastolic blood 
pressure (DBP), and BMI. Blood samples were obtained 
after overnight fasting.
	 Regarding assessment of insulin secretion, HOMA-β 
was calculated using the following formula:

HOMA-β = 360 × fasting insulin (µU/mL)/(FPG (mg/
dL) − 63)

	 Regarding assessment of insulin resistance, HOMA-
IR was calculated using the following formula:

HOMA-IR = FPG (mg/dL) × fasting insulin (µU/mL)/ 
405

	 Endocrinologically, anterior pituitary hormones 
and related hormones (adrenocorticotropic hormone 
(ACTH), cortisol, thyroid-stimulating hormone (TSH), 
free thyroxine 4 (T4), luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), and testosterone 
[male]/estradiol [female]) were measured at the time of 
switching, and at 1 and 2 years after switching. ACTH 
deficiency was diagnosed by a combination of reduced 
ACTH and cortisol levels in the morning and no or 
inadequate changes in ACTH or cortisol levels after a 
corticotropin-releasing hormone test. TSH deficiency 
was diagnosed on the basis of a combination of reduced 
TSH levels, no or inadequate changes in TSH levels 
after a thyrotropin-releasing hormone test, and existing 
secondary hypothyroidism. LH or FSH deficiency was 
diagnosed on the basis of a combination of reduced LH 
or FSH levels, no or inadequate changes in LH or FSH 
levels after an LH-releasing hormone test, and existing 
secondary hypogonadism. Central diabetes insipidus was 
diagnosed by a combination of increased urinary volume, 
low urinary osmolarity, low antidiuretic hormone (ADH) 
levels compared with serum osmolarity, no or inadequate 
changes in ADH levels after a water restriction test or 
5% NaCl loading test, and increased ADH levels with 
decreased urinary volume after 1-desamino-8-D-arginine 
vasopressin administration (13-15).
	 No medical treatments other than GH replacement 
therapy were changed during the study period.

(222)
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mg/week, respectively (Table 2).
	 Table 3 shows the changes achieved in clinical, 
metabolic, and endocrinological parameters. In terms 
of glucose tolerance, FPG was significantly improved 
at 1 year after switching compared with values at the 
time of switching (102.8 ± 19.5 vs. 97.3 ± 20.3 mg/dL, 
P = 0.024). HbA1c, fasting insulin, HOMA-IR, and 
HOMA-β did not improve from the time of switching to 
1 year after switching (HbA1c: 6.2 ± 0.5 vs. 6.2 ± 0.6 %, 
P = 0.403, fasting insulin: 11.6 ± 7.5 vs. 8.3 ± 7.2 µU/
mL, P = 0.028, HOMA-IR: 2.8 ± 1.6 vs. 2.0 ± 1.7 , P = 
0.029, HOMA-β: 137.8 ± 132.3 vs. 105.4 ± 92.3, P = 
0.080). Meanwhile, HOMA-IR and FPG significantly 
improved from the time of switching to 2 years after 
switching (HOMA-IR: 2.8 ± 1.6 vs. 2.1 ± 1.1, P = 0.024, 
FPG: 102.8 ± 19.5 vs. 97.5 ± 18.9 mg/dL, P = 0.010). 
HbA1c, fasting insulin, and HOMA-β did not improve 
from the time of switching to 2 years after switching 
(HbA1c: 6.2 ± 0.5 vs. 6.2 ± 0.6 %, P = 0.330, fasting 

2.4. Statistical analyses

Data are presented as mean ± standard deviation (SD). 
Statistical analyses were performed using Stata SE 
v.16 (StataCorp 2019, Stata statistical software Release 
16. [College Station, TX: Stata Corp LLC]). A paired 
t-test with Dunnett's correction was used to compare 
the means of laboratory measurements between the 
time of switching and 1 year after switching, as well 
as between the time of switching and 2 years after 
switching. P-values < 0.025 were considered significant. 
Associations between improvements in HOMA-IR 
and other parameters were examined using univariate 
regression analysis, and P-values < 0.05 were considered 
statistically significant.

3. Results

Table 1 presents the baseline characteristics of the 
patients enrolled in the present study. All patients had 
AGHD and were receiving daily GH replacement 
therapy. The mean age was 60.3 ± 18.9 years, and 
nine patients were female. The BMI was 26.4 ± 5.1. 
Endocrinologically, 75.0%, 58.3%, 50.0%, and 50.0% 
of the patients exhibited ACTH, TSH, LH, and FSH 
deficiencies, respectively. A total of 8.3% of patients had 
central diabetes insipidus. In addition, hydrocortisone, 
levothyroxine, human chorionic gonadotrophin/
human menopausal gonadotropin (HCG/HMG), and 
testosterone/estrogen, and desmopressin replacement 
therapy were administered in 75.0, 66.7, 8.3, 0.0, and 
8.3% of patients, respectively (one patient had primary 
hypothyroidism rather than TSH deficiency and was 
administered levothyroxine). As a result of titration, IGF1 
values at 1 and 2 years after switching to somapacitan 
were comparable to those at the time of switching (103.5 
± 43.8 at switching vs. 95.2 ± 43.2 ng/mL at 1 year, P = 
0.121; and 101.2 ± 35.2 ng/mL at 2 years, P = 0.352). 
Moreover, the IGF1 values of all patients at the time 
of switching to somapacitan and at 1 and 2 years after 
switching were between -1 SDS and +1 SDS. The mean 
dose of daily GH replacement at the time of switching 
was 0.20 ± 0.07 mg/day, and the dose of somapacitan at 
1 and 2 years after switching was 1.60 ± 0.49/1.88 ± 0.61 

Table 1. Summary of patient characteristics

Age (years, ± SD)
Sex (Female/Male)
BMI (kg/m2, ± SD)
Hormonal deficiencies
     ACTH (%)
     TSH (%)
     LH (%)
     FSH (%)
     Central diabetes insipidus (%)
     GH (%)
Replacement therapies
     Hydrocortisone (%)
     Levothyroxine (%)
     HCG/HMG (%)
     Testosterone/Estrogen(%)
     Desmopressin (%)
     GH (%)
Periods of GH replacement therapy 
(years, ± SD)

Number of patients = 12

60.3 ± 18.9
9/3

26.4 ± 5.1

75.0
58.3
50.0
50.0
8.3
100

75.0
66.7#

8.3
0

8.3
100

7.2 ± 2.9

#One patient received levothyroxine for primary hypothyroidism. 
ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating 
hormone; GH, growth hormone; TSH, thyroid-stimulating hormone; 
HCG, human chorionic gonadotropin; HMG, human menopausal 
gonadotropin; LH, luteinizing hormone; SD, standard deviation.

Table 2. Details of GH replacement therapy in our study

IGF-1 (ng/mL, ± SD)
Daily dose of GH before switching
(mg/day, ± SD)
Weekly dose of GH 1 year after switching
(mg/week, ± SD)
Weekly dose of GH 2 years after switching
(mg/week, ± SD)

Significant differences between mean values were estimated using a paired t-test with Dunnett's correction. P < 0.025 was considered significant. GH, 
growth hormone; IGF1, insulin-like growth factor-1; SD, standard deviation.

At switching
(0)

103.5 ± 43.8
  0.20 ± 0.07

  -

  -

1 year after switching
(1)

95.2 ± 43.2
-

1.60 ± 0.49

-

P-value
(0 vs. 1)

0.121
-

-

-

2 years after switching
(2)

101.2 ± 35.2
  -

  -

  1.88 ± 0.61

P-value
(0 vs. 2)

0.352
-

-

-
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insulin: 11.6 ± 7.5 vs. 8.6 ± 4.7 µU/mL, P = 0.045, 
HOMA-β: 137.8 ± 132.3 vs. 108.8 ± 74.3, P = 0.112).
	 TG, a marker of lipid metabolism, significantly 
improved from the time of switching compared with 1 
and 2 years after switching (136.5 ± 39.2 at switching vs. 
101.3 ± 74.3 at 1 year, P = 0.006; and 95.6 ± 29.3 at 2 
years, P < 0.001).
	 Regarding liver function, AST levels significantly 
improved from the time of switching to 1 and 2 years 
after switching (23.1 ± 3.4 at switching vs. 21.3 ± 4.0 at 
1 year, P = 0.019; and 20.3 ± 3.1 at 2 years, P = 0.006). 
Meanwhile, ALT improved from the time of switching to 
1 year after switching but with no significant difference 
(19.3 ± 5.5 vs. 16.7 ± 5.1, P = 0.044), although it 
improved significantly from the time of switching to 
2 years after switching (19.3 ± 5.5 vs. 15.7 ± 6.1, P = 
0.024).
	 In addition, with regard to clinical parameters, BMI 
significantly improved from the time of switching to 1 
and 2 years after switching (26.4 ± 5.1 at switching vs. 
25.8 ± 5.3 kg/m2 at 1 year, P = 0.015; and 25.7 ± 5.3 
kg/m2 at 2 years, P = 0.009). In addition, SBP and DBP 
improved from the time of switching to 1 and 2 years 

after switching. Furthermore, significant changes were 
observed from the time of switching to 2 years after 
switching (SBP: 139.4 ± 17.2 vs. 130.2 ± 16.4 mmHg, 
P = 0.023; DBP: 80.5 ± 11.1 vs. 73.6 ± 9.6 mmHg, P = 
0.022).
	 Regarding endocrinological parameters,  no 
differences were observed between values at the time of 
switching and those at 1 and 2 years after switching for 
all anterior pituitary hormones and related hormones.
	 Bes ides ,  regress ion  ana lys i s  showed tha t 
improvement in AST levels was significantly associated 
with improvement in HOMA-IR (P = 0.026), whereas 
improvement in BMI, SBP, DBP, ALT, γ-GTP, and 
the period of daily GH replacement therapy were not 
significantly associated with improvement in HOMA-IR 
(Table 4).

4. Discussion

AGHD is a pituitary hormonal deficiency, including 
anterior pituitary hormonal deficiency and diabetes 
insipidus. Patients with severe AGHD exhibit different 
types of metabolic disorders (3-10). AGHD is associated 

Table 3. Comparison of changes in metabolic and endocrinological parameters at switching from daily to weekly GH 
replacement therapy with somapacitan and at 1 and 2 years after switching

BMI (kg/m2, ± SD)
SBP (mmHg, ± SD)
DBP (mmHg, ± SD)
FPG (mg/dL, ± SD)
HbA1c (%, ± SD)
Fasting insulin (µIU/mL, ± SD)
HOMA-IR (± SD)
HOMA-β (± SD)
AST (U/L, ± SD)
ALT (U/L, ± SD)
γ-GTP (U/L, ± SD)
LDL-C (mg/dL, ± SD)
HDL-C (mg/dL, ± SD)
TG (mg/dL, ± SD)
eGFR (mL/min/1.73m2)
Na (mmol/L, ± SD)
K (mmol/L, ± SD)
Cl (mmol/L, ± SD)
ACTH (pg/mL, ± SD)
Cortisol (µg/dL, ± SD)
TSH (µIU/mL, ± SD)
Free T4 (ng/dL, ± SD)
PRL (ng/mL, ± SD)
LH (mIU/mL, ± SD)
FSH (mIU/mL, ± SD)
Testosterone (ng/mL, ± SD) (Male only)
Estradiol (pg/mL, ± SD) (Female only)

Significant differences between mean values were estimated using a paired t-test with Dunnett's correction. *P < 0.025 was considered significant. 
ACTH, adrenocorticotropic hormone; AST, aspartate transaminase; ALT, alanine aminotransferase; BMI, body mass index; DBP, diastolic blood 
pressure; eGFR, estimated glomerular filtration rate; FSH, follicle-stimulating hormone; FPG; fasting plasma glucose; γ-GTP, γ-glutamyl transferase; 
HbA1c, glycated hemoglobin; HOMA-β, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin 
resistance; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; LH, luteinizing hormone; PRL, prolactin; SBP, 
systolic blood pressure; SD, standard deviation; T4, thyroxine 4; TG, triglycerides; TSH, thyroid-stimulating hormone.

at switching
(0)

  26.4 ± 5.1
139.4 ± 17.2
  80.5 ± 11.1
102.8 ± 19.5
    6.2 ± 0.5
  11.6 ± 7.5
    2.8 ± 1.6
137.8 ± 132.3
  23.1 ± 3.4
19.3 ± 5.5
  24.0 ± 16.1
111.2 ± 23.5
  59.8 ± 8.5
136.5 ± 39.2
  66.8 ± 23.9
141.5 ± 2.7
    3.9 ± 0.3
105.0 ± 2.1
  18.0 ± 21.6
    5.3 ± 4.0
    1.9 ± 1.4
    0.9 ± 0.1
  14.6 ± 13.3
    2.5 ± 1.6
    4.8 ± 3.7
    4.7 ± 3.0
  25.5 ± 61.0

1 year after switching
(1)

  25.8 ± 5.3
132.7 ± 15.9
  75.9 ± 9.9
  97.3 ± 20.3
    6.2 ± 0.6
    8.3 ± 7.2
    2.0 ± 1.7
105.4 ± 92.3
  21.3 ± 4.0
  16.7 ± 5.1
  21.5 ± 14.0
104.8 ± 21.6
  55.8 ± 8.7
101.3 ± 24.7
  66.2 ± 22.7
141.9 ± 2.0
    4.0 ± 0.7
104.8 ± 2.1
  20.1 ± 24.5
    5.9 ± 4.4
    1.9 ± 1.4
    1.0 ± 0.2
  12.3 ± 10.5
    3.7 ± 2.9
    4.7 ± 3.6
    6.1 ± 4.8
  60.2 ± 136.0

P
(0 vs 1)

0.015*
0.036
0.053
0.024*
0.403
0.028
0.029
0.080
0.019*
0.044
0.033
0.167
0.042
0.006*
0.355
0.313
0.255
0.219
0.155
0.229
0.416
0.064
0.060
0.058
0.305
0.175
0.207

2 years after switching
(2)

  25.7 ± 5.3
130.2 ± 16.4
  73.6 ± 9.6
  97.5 ± 18.9
    6.2 ± 0.6
    8.6 ± 4.7
    2.1 ± 1.1
108.8 ± 74.3
  20.3 ± 3.1
  15.7 ± 6.1
  21.7 ± 11.7
104.3 ± 22.2
  60.3 ± 10.6
  95.6 ± 29.3
  66.6 ± 23.1
141.8 ± 3.1
    3.8 ± 0.4
105.3 ± 1.9
  19.0 ± 23.8
    5.3 ± 4.5
    1.8 ± 1.1
    1.0 ± 0.2
  11.4 ± 9.5
    3.2 ± 2.6
    5.2 ± 3.9
    2.1 ± 1.7
  33.6 ±77.2

P
(0 vs 2)

   0.009*
   0.023*
   0.022*
   0.010*
   0.330
   0.045
   0.024*
   0.112
   0.006*
   0.024*
   0.143
   0.142
   0.427
< 0.001*
   0.452
   0.376
   0.276
   0.369
   0.215
   0.481
   0.370
   0.053
   0.068
   0.102
   0.028
   0.203
   0.092
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with obesity, dyslipidemia, MASH/MASLD, increased 
insulin resistance, and increased risk of coronary heart 
disease (17-19). Considering the improvements in BMI, 
weekly GH replacement therapy with somapacitan may 
be more beneficial than daily GH replacement therapy. 
Regarding liver dysfunction, AST and ALT levels were 
significantly improved by switching from daily GH 
replacement therapy to weekly GH replacement therapy 
with somapacitan, and levels at 2 years after switching 
showed more effective results than those at 1 year after 
switching. AGHD is well-known to cause MASH/
MASLD (3,18,19). Similarly, TG levels significantly 
improved after switching from daily GH replacement 
therapy to weekly GH replacement therapy with 
somapacitan. and levels at 2 years after switching were 
lower than those at 1 year after switching. Besides, SBP 
and DBP at 2 years after switching were significantly 
improved compared with values at the time switching, 
whereas SBP and DBP at 1 year after switching were 
improved compared with those at the time of switching 
treatment, but were not significantly improved. These 
results are consistent with those of a previous report, 
which revealed that GH replacement therapy could 
decrease SBP and DBP in patients with AGHD (6). 
Considering that improvements in the lipid profile and 
blood pressure reduce the risk of coronary heart disease, 
weekly GH replacement therapy with somapacitan 
may be more beneficial than daily GH replacement 
therapy. Furthermore, FPG levels significantly improved 
after switching from daily GH replacement therapy to 
weekly GH replacement therapy with somapacitan, and 
levels at 2 years after switching showed more effective 
results than those at 1 year after switching. In addition, 
HOMA-IR values at 2 years after switching were 
significantly improved compared with those at the time 
switching. Although HOMA-IR values at 1 year after 
switching were improved compared with those at the 
time of switching treatment, but were not significantly 
improved.
	 Considering these data and the lack of change in 

HOMA-β levels, the improvement in FPG might be due 
to the improvement in insulin resistance. Previously, 
we reported that HOMA-IR significantly improved 
from the time of switching treatment to the 6-month 
follow-up. However, no significant differences in 
glucose intolerance were observed between daily GH 
replacement therapy and weekly GH replacement 
therapy with somapacitan, which contrasted with the 
data from a phase 3 clinical trial (20). The differences 
between the trial findings and our results could be 
because the medical treatment of all patients in the 
present study did not change during this period, aside 
from GH formulations, although it is quite possible that 
medical treatment may have changed in some patients in 
the phase 3 trials of somapacitan (16,21,22). However, a 
post hoc analysis of one of the phase 3 studies indicated 
that the group receiving somapacitan had significantly 
lower HOMA-IR and FPG levels than those receiving 
daily GH formulations 32 weeks after treatment 
initiation, which was similar to the results of our present 
and previous studies. Nevertheless, several factors 
regulate insulin resistance. Regression analysis revealed 
that an improvement in AST levels was significantly 
associated with an improvement in HOMA-IR (P 
= 0.026). In contrast, an improvement in BMI was 
not significantly associated with an improvement in 
HOMA-IR. In addition, a previous clinical trial showed 
no significant differences in the body composition 
of patients following daily GH formulations and 
somapacitan treatment (22). Patients with AGHD may 
exhibit excessive hepatic insulin resistance caused by 
fatty liver, MASH, or MASLD (23). Hence, the present 
study revealed that weekly GH replacement therapy 
with somapacitan may confer more beneficial effects 
on improving insulin resistance by ameliorating hepatic 
insulin resistance than daily GH replacement therapy. In 
our previous study, albeit over a short follow-up period, 
the results indicated that improvement in HOMA-IR 
was significantly associated with the duration of daily 
GH replacement therapy before switching to weekly GH 

Table 4. Relationship between improvement in HOMA-IR and other parameters

Regression analysis

Improvement in BMI
Improvement in SBP
Improvement in DBP
Improvement in AST
Improvement in ALT
Improvement in γ-GTP
Periods of daily GH replacement therapy

Significant associations between mean values were estimated using a univariate regression analysis. *P < 0.05 was considered significant. AST, 
aspartate transaminase; ALT, alanine aminotransferase; β, regression coefficient; BMI, body mass index; CI, confidence interval; DBP, diastolic blood 
pressure; GH, growth hormone; HOMA-IR, homeostasis model assessment of insulin resistance; CI, confidence interval; ACTH, adrenocorticotropic 
hormone; TSH, thyroid-stimulating hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; SBP, systolic blood pressure; SE, 
standard error.

β (SE)

 2.260 (2.560)
 0.487 (0.764)
 0.452 (0.629)
 1.195 (0.456)
 0.465 (0.327)
 0.554 (0.432)
-3.461 (2.755)

95% CI

-3.525-8.045
-1.215-2.189
-0.949-1.853
 0.178-2.212
-0.263-1.194
-0.408-1.516
-9.198-2.276

P-value

0.405
0.538
0.489

  0.026*
0.185
0.228
0.209

Improvement in HOMA-IR
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replacement therapy with somapacitan. These findings 
suggest that daily GH replacement formulations could 
be less efficient, at least for glucose intolerance, than 
weekly GH replacement therapy with somapacitan. 
Switching to weekly GH replacement therapy with 
somapacitan should be considered as soon as possible 
if patients with AGHD are currently being treated with 
daily GH replacement therapy. However, in the present 
study, no significant association was observed between 
an improvement in HOMA-IR and the period of daily 
GH replacement therapy before switching to weekly GH 
replacement therapy with somapacitan. This discrepancy 
indicated that a longer period of weekly GH replacement 
therapy with somapacitan could reduce increased insulin 
resistance in patients who receive prolonged daily GH 
replacement therapy.
	 In the present study, we demonstrated that 
switching to GH replacement therapy did not affect 
endocrinological parameters, similar to our previous 
real-world pilot study (13). Hence, somapacitan can be 
used without impairing the endocrinological condition of 
patients.
	 Meanwhile, the present study has some limitations 
that should be acknowledged. First, the sample size 
was small because AGHD is a rare and intractable 
condition. Furthermore, we excluded patients whose 
medical treatments, aside from GH replacement 
therapy, changed during the study period. This could 
be the reason that the levels of HbA1c at 1 year and 2 
years after switching were not significantly improved 
compared to those at switching. However, considering 
the levels of HOMA-IR were significantly improved at 
2 years after switching, the levels of HbA1c could be 
improved with longer examination. Therefore, future 
studies with a larger cohort comparing groups receiving 
weekly GH replacement therapy with somapacitan 
and those receiving daily GH replacement therapy for 
a longer period are required. Similarly, to confirm the 
observed univariate association between improvements 
in AST and HOMA-IR, future studies with large cohort 
are also required. Second, we used HOMA-IR and 
HOMA-β as surrogate markers of insulin resistance, 
and insulin secretion as a substitute for an oral glucose 
tolerance test or hyperglycemic/hyperinsulinemic–
euglycemic clamps.
	 Therefore, future studies with a larger cohort 
comparing groups receiving weekly GH replacement 
therapy with somapacitan and those receiving daily GH 
replacement therapy are required to confirm the results 
of the present study.
	 In conclusion, this study revealed that weekly GH 
replacement therapy with somapacitan may achieve more 
beneficial effects on metabolic parameters than daily 
GH replacement therapy alone. Furthermore, the present 
study indicated that weekly GH replacement therapy 
with somapacitan could improve glucose intolerance by 
reducing hepatic insulin resistance compared with daily 

GH replacement therapy.
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1. Introduction

Pregnancy and childbirth are major physical , 
psychological, and social experiences for many women. 
Although it can bring great joy to their families, women 
may experience anxiety and stress as predicting the 
future course of events is difficult. Hence, they often 
require medical help, education, social support, and 
self-help strategies. However, the fear of childbirth 
among some women exceeds the usual anxiety and 
leads to tokophobia, a severe fear of pregnancy and 
childbirth (1).
	 Knauer first described tokophobia in 1897 (2). Its 
prevalence rates in Western countries were over 20% 
(3,4). Meta-analyses and systematic reviews estimated 
that 14% of pregnant women had tokophobia (5). The 
Wijma Delivery Expectancy/Experience Questionnaire 
(W-DEQ) (3) is an evaluation tool to assess the fear 
of childbirth. Originally in Swedish, it has now been 
validated in several other languages and widely used 

(6-10).
	 Low birth satisfaction among women with a severe 
fear of childbirth is a pressing issue for healthcare 
providers. Negative birth experiences can lead to 
postpartum depression and post-traumatic stress 
disorder (11). The prevalence of postpartum depression 
was approximately 14% (12). Furthermore, 3.2% of 
women reported post-traumatic stress disorder after 
childbirth (13).
	 Although vaginal delivery is recommended 
internationally owing to its advantages, women who 
suffer from a severe fear of childbirth can request a 
caesarean section instead of vaginal delivery (14). 
Labor pain, uncertainty of the delivery process, 
and uncontrollable situations, among other factors, 
strengthened the fear of childbirth (15). The fear of 
childbirth was also associated with childbirth with 
epidural analgesia (CwEA) and emergency caesarean 
section (16). Thus, we hypothesized that epidural 
analgesia would be associated with more positive 
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SUMMARY: The relationship between fear severity and satisfaction after vaginal delivery was examined with a 
focus on its association with epidural analgesia. Postpartum cross-sectional questionnaire survey was conducted 
among 201 healthy women after vaginal delivery in Japan. The participants completed the Japanese Wijma Delivery 
Experience Questionnaire (JW-DEQ) Version B and the short version of the Childbirth Experience Self-Rating 
Scale, and were grouped by use of epidural analgesia and/or fear severity. Data were analyzed using Spearman 
correlation, Mann–Whitney U, and chi-square tests. No significant association between fear and satisfaction was 
found in the women without epidural analgesia. The proportion of women with severe fear of childbirth, defined 
as a JW-DEQ Version B score ≥ 85, was 39%. In the postpartum-recalled severe fear group, epidural analgesia was 
associated not only with higher overall satisfaction but also higher scores in its sub-factors: "labor pain coping" and 
"trust in medical staff". In contrast, epidural analgesia was associated only with "labor pain coping" score in the light 
fear group. Epidural analgesia induced higher childbirth satisfaction among women with severe fear. Although this 
study is limited by its cross-sectional design, potential recall bias, and the focus on a specific patient population, 
which may affect the generalizability of the findings, the factors of "labor pain coping" and "trust in medical staff " 
seem to be important to avoid fear of childbirth for giving childbirth satisfaction.

Keywords: Fear of childbirth, epidural analgesia, labor pain, trust
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childbirth experiences, particularly among women with 
a severe fear of childbirth. This study aimed to examine 
the relationship between fear severity and satisfaction 
after vaginal delivery, with a focus on its association 
with epidural analgesia across different levels of fear of 
childbirth.

2. Patients and the Method

2.1. Patients

This study was conducted at a clinic and hospital in 
Japan between October and December 2017. A total 
of 138 and 204 pregnant women visited the clinic and 
hospital, respectively, for their birth care during the 
recruitment period. Inclusion criteria were healthy 
women after vaginal delivery with or without epidural 
analgesia. Exclusion criteria included women who 
were younger than 20 years old, could not complete the 
questionnaire, and underwent a caesarean section.

2.2. Research protocol

This study was designed as a postpartum cross-
sectional questionnaire survey with prospective 
recruitment. The study was conducted and reported in 
accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
guidelines. Healthy women who had undergone vaginal 
delivery were recruited by a midwife or nurse at the 
clinic or hospital. Each participant received a detailed 
explanation of the study protocol and provided written 
informed consent. Participants completed self-reported 
questionnaires, which included the Japanese W-DEQ 
(JW-DEQ) Version B (17), the Short Version of 
Childbirth Experience Self-Rating Scale (CESRS) (18), 
and a sociodemographic information questionnaire, 
which included age, height, pre-pregnancy body 
weight, body weight at delivery, parity, gestational 
weeks at delivery, and birth weight, among others. 
They answered the questionnaires and placed them in 
the collection box in front of the nurses' station prior 
to discharge. Participants were grouped by epidural 
use (CwEA vs childbirth without epidural analgesia 
[Cw/oEA]) and fear severity (JW-DEQ ≥ 85 = severe). 
To ensure sufficient data for analysis in the smallest 
subgroup, recruitment was continued until 30 women 
with CwEA and severe fear of childbirth were enrolled. 
Since no prior studies had established an effect size for 
this specific population, a formal power analysis was 
not conducted, and this study was instead positioned 
as an exploratory investigation. The total CESRS score 
was pre-specified as the primary endpoint to assess 
childbirth satisfaction. The study was reviewed and 
approved by the Ethics Committee of Kyoto University 
School of Medicine (No. R1170) in accordance with the 
Declaration of Helsinki.

2.3. Measurements

2 .3 .1 .  Japanese  Wi jma  Del ive ry  Exper ience 
Questionnaire Version B

The W-DEQ has been widely used to measure the 
fear of childbirth (3). The W-DEQ had two versions: 
Versions A and B measured expectations regarding 
fear of childbirth in the antenatal and postnatal period, 
respectively. Both versions compared fear levels 
between primiparous and multiparous women (3). 
Each scale comprised 33 items rated on a 6-point scale 
that ranged from 0 (not at all) to 5 (extremely). The 
total score ranged from 0 to 165 points. Higher scores 
indicated a greater degree of fear, with scores over 85 
indicating severe fear of childbirth (3).
	 The W-DEQ Versions A and B were translated 
into Japanese and their validity and reliability were 
examined among pregnant and postpartum Japanese 
women (9,17). Cronbach's alpha (α) of the JW-DEQ 
Versions A and B was 0.90 and 0.95, respectively (9,17).

2.3.2. Childbirth Experience Self-Rating Scale (Short 
Version)

The CESRS evaluated childbirth experiences (19). 
This scale comprised four factors and 35 items rated 
on a 5-point scale that ranged from 1 (not at all) to 5 
(extremely). The total score ranged from 35 to 175 
points. Cronbach's α of the four factors ranged from 0.91 
to 0.80.
	 Since the 35-item original CESRS was burdensome, 
Tokiwa created the CESRS (Short Version) (18). This 
scale comprised three factors: "labor pain coping score," 
"trust in medical staff score," and "childbirth process 
score." Furthermore, 18 items were rated on a 5-point 
scale, ranging from 1 (not at all) to 5 (extremely). The 
total score ranged from 18 to 90 points. Cronbach's α of 
the three factors ranged from 0.79 to 0.85 (18).

2.4. Statistical analyses

Spearman's rank correlation coefficient between 
the JW-DEQ and CESRS was examined (Figure 2). 
Statistical analyses were performed to compare each 
fear severity group (Tables 1 and 2) via a Mann-
Whitney U-test and Pearson's chi-square test. Statistical 
Package Social Sciences (SPSS) version 26.0 (Japan 
Inc.) was used for all analyses. Two-tailed p-values of < 
0.05 were considered statistically significant.

3. Results

3.1. Fear severity and satisfaction during natural vaginal 
childbirth

Among the 138 and 204 postpartum women in the 
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3.2. Association of epidural analgesia with childbirth 
satisfaction across fear severity levels

In the light postpartum-recalled fear group, no 
statistically significant differences were observed in the 
median age, height, pre-pregnancy body weight, body 
weight at delivery, rate of primipara, gestational weeks 
at delivery, and birth weight between the 40 women 
who chose CwEA and the 83 who did not (Table 2). No 
statistically significant difference in total CESRS scores 
was observed between the groups (p = 0.148). Only one 
sub-factor, "labor pain coping," in CwEA was higher 
than that in Cw/oEA (p = 0.002).
	 In the severe postpartum-recalled fear group, no 
statistically significant differences were observed in 
the median height, pre-pregnancy body weight, body 
weight at delivery, rate of primipara, gestational weeks 
at delivery, and birth weight between the 30 women 
who chose CwEA and the 48 women who did not. The 
age of the women who chose CwEA was significantly 
higher than those who chose Cw/oEA (p < 0.001). The 
women who chose CwEA had significantly higher total 
CESRS scores (p = 0.026) than those who had Cw/
oEA. The two sub-factors of "labor pain coping" (p < 
0.001) and "trust in medical staff " (p = 0.024) were 
significantly different between the groups.

4. Discussion

We demonstrated differences in childbirth experiences 
associated with epidural analgesia among Japanese 
women with postpartum-recalled severe fear of 
childbirth. Among women who chose Cw/oEA, those 
with severe fear of childbirth had lower CESRS scores 
than those with light fear. Our results suggest an 

clinic and hospital, respectively, 112 (81.2%) and 138 
(67.6%) agreed to participate. Hence, 250 postpartum 
women (73.1%) were included. Of these, 24 who gave 
birth via caesarean section and 25 with missing data 
were excluded. Finally, data from 201 women were 
analyzed. We classified participants in the following 
way: 131 women experienced Cw/oEA and 70 CwEA 
(Figure 1).
	 Although a weak correlation tendency was observed 
between the postpartum-recalled fear (JW-DEQ Version 
B) and CESRS (r = − 0.203, p = 0.020) among the 131 
women who experienced natural vaginal delivery (Cw/
oEA) (Figure 2), no statistically significant association 
was observed. Subsequently, differences in postpartum-
recalled fear severity during childbirth were examined 
across JW-DEQ Version B scores (Table 1). In total, 
83 women had < 85 points in the JW-DEQ Version B 
(light fear group) and 48 women had ≥ 85 points (severe 
fear group). No statistically significant differences 
were observed between the light and severe fear groups 
in terms of median age, height, pre-pregnancy body 
weight, body weight at delivery, rate of primipara, 
gestational weeks at delivery, and birth weight. Women 
in the light fear group had significantly higher total 
CESRS scores than women in the severe group. Among 
the sub-factors, "labor pain coping" (p < 0.001) and 
"trust in medical staff " (p = 0.017), were significantly 
different between the groups.

Figure 1. Flow diagrams. Abbreviations: Cw/oEA, Childbirth 
without epidural analgesia; CwEA, Childbirth with epidural 
analgesia.

Figure 2. A correlation between the Japanese W-DEQ (JW-DEQ) 
and Short Version of Childbirth Experience Self-Rating Scale 
(CESRS) among the 131 women who experienced natural vaginal 
delivery (n = 131, Spearman's r = − 0.203, p = 0.020). Abbreviations: 
JW-DEQ, Japanese Wijma Delivery Experience Questionnaire; 
CESRS, Childbirth Experience Self-Rating Scale.
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association between CwEA and improved childbirth 
experiences in this specific population. The CESRS 
(Short Version) comprises three subfactors: "labor pain 
coping", "trust in medical staff" and "childbirth process". 
Significant differences were observed in the "labor pain 
coping" and "trust in medical staff" scores.
	 Severe fear of childbirth has been defined using 
various measures and cutoffs. In this study, participants 
were divided into two groups based on their JW-DEQ 
Version B scores, with scores ≥ 85 indicating severe 
fear of childbirth, because the research was conducted 
during the postpartum period. It should be noted that 
scores on Version B may be influenced by the actual 
birth experience, potentially resulting in recall bias. 
The JW-DEQ Version B has been reported to have the 
same factor structure as Version A, including fear, lack 

of positive anticipation, isolation, and riskiness, in both 
primiparous and multiparous women (17).
	 In this study, the proportion of women with severe 
fear of childbirth, defined as a JW-DEQ Version B 
score ≥ 85, was 39%. Although this figure does not 
represent the true prevalence in the general population 
because of the non-epidemiological sampling design, 
it is notably higher than both the pooled prevalence of 
12% reported using the W-DEQ Version A score ≥ 85 
(5) and the 19% reported in a previous Japanese study 
using the JW-DEQ Version B score ≥85 (20). Three 
factors may explain these differences in prevalence. 
First, cultural and geographical backgrounds differ 
substantially; the 12 studies reviewed by O'Connell et 
al. (5) were conducted across 11 European countries 
and Australia. Further international research using 

Table 1. Characteristics of the women with Cw/oEA

Items

Age (years old)
Height (cm)
Pre-pregnancy body weight (kg)
Body weight at delivery (kg)
Primipara (n)
Gestational weeks at delivery (weeks)
Birth weight (g)
JW-DEQ score
CESRS
Total score
Labor pain coping score
Trust in medical staff score
Childbirth process score

Abbreviations: JW-DEQ, Japanese Wijma Delivery Experience Questionnaire; Cw/oEA, Childbirth without epidural analgesia; CESRS, Childbirth 
Experience Self-Rating Scale. aIQR: interquartile range; bMann-Whitney-U test; cPearson's chi-square test.

                Light fear group (n = 83)
         Median (IQRa)

31.0 (29.0, 34.5)
158.0 (155.5, 162.0)

49.8 (46.8, 56.4)
61.9 (56.1, 67.5)

41
39.0 (39.0, 40.0)

3076 (2912, 3378)
76.0 (72.0, 80.5)

68.0 (62.0, 77.0)
24.0 (20.0, 27.0)
26.0 (23.0, 30.0)
20.0 (17.0, 24.0)

             Severe fear group (n = 48)
              Median (IQRa)

31.0 (28.0, 33.3)
158.0 (156.0, 162.0)

52.0 (46.9, 57.1)
61.7 (58.0, 68.0)

27
39.0 (39.0, 40.0)

3155 (2951, 3361)
90.5 (87.0, 95.3)

61.5 (56.0, 70.0)
19.5 (16.8, 24.0)
24.0 (23.0, 27.0)
19.5 (16.5, 21.0)

P value

0.600b

0.716b

0.380b

0.607b

0.377c

0.793b

0.492b

< 0.001b

< 0.001b

< 0.001b

0.017b

0.105b

Cw/oEA (n = 131)

Table 2. Characteristics of women in each severity group divided by JW-DEQ score

Items

Age (years old)
Height (cm)
Pre-pregnancy body weight (kg)
Body weight at delivery (kg)
Primipara (n)
Gestational weeks at delivery 
(weeks)
Birth weight (g)
JW-DEQ score
CESRS
Total score
Labor pain coping score
Trust in medical staff score
Childbirth process score

Abbreviations: JW-DEQ, Japanese Wijma Delivery Experience Questionnaire; Cw/oEA, Childbirth without epidural analgesia; CwEA, Childbirth 
with epidural analgesia; CESRS, Childbirth Experience Self-Rating Scale. a IQR: interquartile range; bMann-Whitney-U test; cPearson's chi-square 
test.

Cw/oEA (n = 83)
Median (IQRa)

31.0 (29.0, 34.5)
158.0 (155.5, 162.0)

49.8 (46.8, 56.4)
61.9 (56.1, 67.5)

41
39.0 (39.0, 40.0)

3076 (2912, 3378)
76.0 (72.0, 80.5)

68.0 (62.0, 77.0)
24.0 (20.0, 27.0)
26.0 (23.0, 30.0)
20.0 (17.0, 24.0)

P value

 0.455b

0.649b

0.304b

0.703b

0.399c

0.893b

0.595b

0.226b

0.148b

0.002b

0.123b

0.145b

Light Fear Group (n = 123)

CwEA (n = 40)
Median (IQRa)

32.0 (29.0, 35.0)
158.0 (155.8, 162.0)

52.0 (47.9, 57.3)
62.0 (56.8, 68.0)

23
39.0 (39.0, 40.0)

3040 (2885, 3325)
74.5 (72.0, 79.0)

72.5 (66.8, 78.0)
26.0 (24.8, 30.0)
27.0 (24.8, 29.0)
20.0 (16.0, 22.0)

Cw/oEA (n = 48)
Median (IQRa)

31.0 (28.0, 33.3)
158.0 (156.0, 162.0)

52.0 (46.9, 57.1)
61.7 (58.0, 68.0)

27
39.0 (39.0, 40.0)

3155 (2951, 3361)
90.5 (87.0, 95.3)

61.5 (56.0, 70.0)
19.5 (16.8, 24.0)
24.0 (23.0, 27.0)
19.5 (16.5, 21.0)

P value

< 0.001b

0.467b

0.177b

0.746b

0.085c

0.781b

0.101b

0.897b

0.026b

< 0.001b

0.024b

0.433b

CwEA (n = 30)
Median (IQRa)

35.5 (32.0, 38.0)
160.0 (155.5, 163.0)

49.3 (46.3, 54.0)
61.5 (57.5, 65.0)

23
39.5 (38.3, 40.0)

3049 (2750, 3270)
90.5 (87.0, 94.0)

69.5 (59.5, 75.5)
25.0 (21.3, 27.8)
26.0 (24.0, 28.0)
19.0 (15.0, 21.0)

Severe Fear Group (n = 78)
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globally standardized criteria is needed to clarify these 
cross-cultural differences. Second, methodological 
differences between W-DEQ Versions A and B should be 
considered, as Version A assesses antenatal expectations, 
whereas Version B evaluates postnatal recall. Third, the 
discrepancy between this study (39%) and the previous 
Japanese study (19%) (20), despite both using JW-
DEQ Version B, may be attributable to selective access 
to childbirth options. According to a 2020 national 
survey (33), CwEA was available at only 505 facilities 
(26% of all birthing facilities in Japan) and accounted 
for only 8.6% of all deliveries (33). Because 24-hour 
analgesic services remain limited in Japan, pregnant 
women with severe fear of childbirth may proactively 
seek specialized facilities offering these services. This 
concentration of women with severe fear of childbirth 
at specific institutions likely explains the notably high 
prevalence observed in our sample.
	 The CESRS (Short Version), developed by Tokiwa, 
is an original scale created in Japan. A previous 
study reported scores of 65.8 ± 11.1 for primiparous 
women and 70.2 ± 9.2 for multiparous women (34). 
Unfortunately, the present study did not classify 
participants according to parity; however, the score 
range was similar. Because this scale was developed 
only in Japanese, international comparisons may be 
difficult. The Birth Satisfaction Scale-Revised (BSS-R) 
(35), developed in the UK to assess women's childbirth 
experiences, has been translated into several languages, 
including Italian, Dutch, Czech, and Japanese. Its 
validity and reliability have been confirmed previously 
(36-40). The BSS-R was adopted by the International 
Consortium for Health Outcome Measurement (ICHOM) 
as a standard measure for pregnancy and childbirth 
outcomes (41). Future research should therefore use the 
Japanese version of the BSS-R.
	 In the light fear group, although the "labor pain 
coping" score in the CwEA group was higher than that in 
the Cw/oEA group, no statistically significant difference 
was observed in the total CESRS score. In contrast, 
in the severe fear group, a statistically significant 
difference was observed in the total CESRS score, with 
both the "labor pain coping" and "trust in medical staff" 
scores being higher in the CwEA group than in the Cw/
oEA group. Because labor-inducing agents are often 
used during CwEA, midwives and nurses frequently 
visit patients, typically every 30 minutes, to monitor 
fetal heart rate and provide pain relief support. Physical 
contact during abdominal monitoring may function as 
an important form of nonverbal communication that 
alleviates maternal anxiety and stress, complemented 
by verbal encouragement in the labor, delivery, and 
recovery rooms. Consequently, the frequent contact with 
midwives and nurses associated with CwEA protocols 
may have contributed to the higher "trust in medical 
staff" scores. Although the cross-sectional design of 
this study precludes causal inference, these findings 

suggest that the intensive monitoring and supportive 
touch inherent in CwEA protocols may be positively 
associated with the psychological well-being of women 
with severe fear of childbirth.
	 This study has several limitations. First, the cross-
sectional design precludes definitive conclusions 
regarding causality. Second, because the JW-DEQ 
Version B was administered postnatally, the actual birth 
experience may have influenced the scores. Although 
previous studies have reported a significant correlation 
between prenatal (Version A) and postpartum (Version 
B) assessments, the postpartum-recalled fear measured 
in this study may partially reflect the actual delivery 
experience; therefore, the potential for recall bias and 
reverse causality should be considered. Third, the 
voluntary nature of participation may have introduced 
selection bias, as participants may have been more 
sensitive to pain than the general population. Fourth, 
our purposive sampling strategy was designed to 
ensure a minimum subgroup size rather than to provide 
population-level epidemiological estimates. Therefore, 
the 39% prevalence observed in this study likely reflects 
the specific clinical characteristics of our institution, 
where a 24-hour epidural service may attract women 
with severe fear of childbirth, and should not be 
generalized to the broader population. Fifth, a major 
limitation was the relatively small sample size after 
stratification, particularly the subgroup of 30 women 
with both CwEA and severe fear of childbirth. This 
limited the statistical power of the comparisons, and the 
findings should therefore be interpreted cautiously as 
exploratory results. Sixth, the cutoff value of ≥ 85 for 
severe fear of childbirth was not derived from a Japanese 
population. Finally, detailed analgesia-related variables, 
such as labor pain scores assessed using a Visual Analog 
Scale and the exact timing of analgesia initiation, were 
not evaluated, although CwEA was clinically initiated 
upon maternal request during the active phase of labor.
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1. Introduction

In Japan's psychiatric healthcare system, the average 
length of hospitalization exceeds 200 days (1). With an 
aging inpatient population, prolonged hospitalization 
of older adult patients in psychiatric wards poses a 
significant challenge. This extended period of care 
often leads to deconditioning and a decline in physical 
function, which can reduce patients' quality of life 
(QOL) and increase their risk of mortality. Beyond 
physical decline, temporal fluctuations in psychiatric 
symptoms present another critical challenge. Extensive 
research has shown significant annual seasonality in 
cognitive function among older adults and patients with 
dementia, an effect comparable to several years of age-
related cognitive change (2). Seasonality can exacerbate 
schizophrenia symptoms (3,4), mood episodes in bipolar 
disorder (5), and depression (6). Strelnik et al. (7) 
suggested the need for more complex temporal factors 
and individualized predictive models beyond simple 
seasonality. Existing reports have limitations, including 
inconsistent definitions of seasons. Particularly, the 
detailed annual periodicity patterns exhibited by 
specific symptoms, such as agitation/aggression and 

hallucinations/delusions, in chronic-phase patients in 
long-term psychiatric care wards, which is the focus of 
the present study, have yet to be thoroughly clarified.
	 In Japanese psychiatric long-term care wards, patients 
often reside for extended periods with standardized 
schedules for meals, sleep, and activities. This unique 
controlled setting minimizes lifestyle-related confounders, 
allowing for a clearer observation of biological 
seasonal rhythms driven by environmental cues such as 
photoperiod. Elucidating these patterns in a controlled 
long-term care setting provides an objective basis for 
chronobiological optimization of pharmacotherapy. 
Understanding these seasonal "windows of vulnerability" 
is valuable for clinicians to identify periods requiring 
closer clinical monitoring and timely medication review. 
Anticipating potential symptomatic peaks, such as the 
observed spring fluctuation, may help healthcare providers 
optimize patient care and carefully evaluate need for 
psychotropic interventions. However, prospective studies 
are warranted before these seasonal patterns can be 
used to guide proactive dosage adjustments or prevent 
polypharmacy in this frail older population.
	 Beyond pharmacotherapy, non-pharmacological 
approaches also play a vital role; for instance, increasing 
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SUMMARY: The annual periodicity of psychiatric symptoms in older adults within long-term care remains under-
explored. This exploratory, single-center, retrospective pilot study investigated seasonality in agitation/aggression, 
depressive symptoms, and hallucinations/delusions among 28 older Japanese inpatients (mean age 74.1 ± 9.1 years) 
over a one-year period to inform the chronobiological optimization of pharmacotherapy. Generalized Linear Mixed-
effects Models (GLMMs) with trigonometric terms were used to assess periodicity based on daily clinical records. 
A possible seasonal pattern, with the model-estimated peak in March and nadir in September, was observed for 
agitation/aggression (Incidence Rate Ratio [IRR] = 1.50, p = 0.037) and depressive symptoms (IRR = 1.08, p = 
0.041). Hallucinations/delusions showed no significant periodicity. These findings suggest that older adults in long-
term care retain sensitivity to seasonal environmental changes, with spring representing a potential period of circadian 
vulnerability. These findings may help identify periods requiring closer clinical monitoring and medication review, 
although prospective studies are needed before seasonally guided dosage adjustments can be recommended.
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physical activity has been shown to potentially reduce 
the requirement for psychotropic medications (8). 
However, identifying periods of symptomatic stability 
is essential for the safe and effective implementation 
of active interventions. Therefore, this exploratory 
pilot study aimed to quantitatively investigate the 
presence and detailed patterns of annual periodicity in 
specific major psychiatric symptoms, namely agitation/
aggression, depressive symptoms, and hallucinations/
delusions, among older adult inpatients in long-term 
psychiatric care wards, using daily clinical records. As 
a single-center, retrospective study, it was specifically 
designed to generate hypotheses for future large-scale 
studies. By elucidating these patterns, we aim to provide 
a foundation for seasonally tailored pharmacological 
and non-pharmacological care strategies, including 
proactive psychiatric rehabilitation and active exercise 
interventions during stable periods (9-11). These findings 
can be useful for patients, healthcare staff, and family 
members involved in their care.

2. Materials and Methods

2.1. Study design

An analytical time-series design was used in this 
exploratory, single-center, retrospective observational 
pilot study. The study population included patients who 
were hospitalized in the long-term psychiatric care wards 
of a psychiatric hospital in Japan between January 1, 
2023, and March 31, 2025, for whom 12 consecutive 
months of observational data were available.

2.2. Ethical considerations

This study was conducted in accordance with the 
principles of the Declaration of Helsinki (as revised in 
2013) and approved by the Institutional Review Board 
(IRB) of a psychiatric hospital in Japan (approval 
number: 20250302). Informed consent was obtained 
via an opt-out method approved by the IRB. Details 
of the study were published on the hospital's official 
website to ensure that participants had the opportunity 
to decline participation at any time. Additionally, a 
notice was posted within the hospital informing potential 
participants of their right to opt out.

2.3. Participants

The participants in this study were older adult inpatients 
in the long-term psychiatric care ward of a psychiatric 
hospital in Japan. Initially, a pool of potential participants 
(n = 50) was identified from those who were hospitalized 
during the data collection period (January 1, 2023, to 
March 31, 2025) and met the basic eligibility criteria 
(length of stay of six months or longer, ability to 
move independently within the ward with or without a 

wheelchair, and receiving rehabilitation therapy). From 
this initial pool (n = 50), participants were selected for 
the present analysis (n = 28) if they met the following 
inclusion criteria: (1) availability of medical records 
for the number of days of symptom occurrence in each 
month over 12 consecutive months corresponding to 
a calendar year (January to December). This 1-year 
observation period was necessary for the statistical 
analysis of the annual periodicity; and (2) a total length 
of hospitalization of one year or longer, including a 
12-month observation period. This 1-year observation 
period was selected from the overall data collection 
period (January 1, 2023, to March 31, 2025).
	 This criterion was highlighted to exclude the 
influence of the highly variable acute phase of illness 
and specifically assess the underlying symptom 
patterns in patients during a chronic, more stable phase. 
Furthermore, this population represents a significant 
challenge in Japanese psychiatric long-term care, making 
the elucidation of their symptom patterns clinically 
important. The hospital ward consisted entirely of private 
(single-occupancy) rooms, and all participants resided in 
these rooms during the observation period. Participants 
who did not meet the two key inclusion criteria were 
excluded. For instance, if their 1-year data were not fully 
available because the observation period commenced 
mid-year or ward transfer during the observation period. 
The detailed participant selection process, including the 
number of individuals excluded at each stage, specific 
reasons for exclusion, and distribution of observation 
years, is illustrated in the Strengthening the Reporting of 
Observational studies in Epidemiology (STROBE)-style 
flow diagram (Figure 1). Owing to this rigorous selection 
procedure, the dataset used in this analysis contained no 
missing data.

2.4. Measurements

2.4.1. Baseline characteristics

Baseline patient characteristics were extracted from 
medical records. These included age, sex, height, 
body weight, Body Mass Index (BMI), number of 
antipsychotic drugs administered, total number of 
prescribed medications, Mini-Mental State Examination 
(MMSE) score, history of falls, Functional Independence 
Measure (FIM) scores, duration of hospitalization, and 
Charlson Comorbidity Index (CCI) score.

2.4.2. Outcomes

The occurrence of key psychiatric symptoms (agitation/
aggression, depressive symptoms, and hallucinations/
delusions), defined as the number of days per month 
in which each symptom was present, was recorded 
for 1-year period. This information was obtained 
through a systematic chart review of daily nursing and 
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determined by reviewing medical chart entries for 
explicit mentions of "hallucinations" or "delusions" or 
descriptions suggestive of such symptoms (e.g., talking 
to someone who was not there, seeing, or hearing things 
that were not actually present). The number of days on 
which symptoms were observed was recorded monthly.

2.6. Statistical analysis

2.6.1. Descriptive statistics and trend visualization

First, descriptive statistics, including means, standard 
deviations (SD), medians, and ranges, were calculated 
for patient characteristics (age, sex, and duration of 
hospitalization) and each outcome variable (monthly 
number of days of agitation/aggression, hallucinations/
delusions, and depressive symptoms). Subsequently, 
monthly trends for each symptom were plotted at the 
individual and group average levels to visually examine 
data patterns.

2.6.2. Temporal dependence analysis

To evaluate the temporal dependence patterns, 
autocorrelation functions (ACFs) and partial autocorrelation 
functions (PACFs) were generated for agitation/aggression, 
depressive symptoms, and hallucinations/delusions. 
Additionally, the Ljung-Box test was used to assess the 
presence of overall autocorrelation in each time series.

2.6.3. Assessment of annual periodicity

Annual periodicity was assessed using a trigonometric 
function model to evaluate seasonality as a continuous 

rehabilitation progress notes by a physical therapist 
assigned to the ward who possessed longitudinal 
familiarity with the patients.

2.5. Definition of variables

2.5.1. Agitation/aggression

Agitation/aggression was assessed as a chart-derived 
indicator based on the Overt Aggression Scale (OAS) 
concepts (12). Specifically, agitation/aggression was 
considered present if medical records documented 
behaviors corresponding to the OAS "Verbal Aggression" 
items (e.g., shouting, loud voice, abusive language, 
reviling) or "Physical Aggression" items (e.g., hitting, 
kicking, and throwing objects). The number of days on 
which symptoms were observed was recorded monthly.

2.5.2. Depressive symptoms

To capture the behavioral manifestations of depression in 
this long-term care setting, symptoms were operationalized 
as chart-derived indicators based on the Patient Health 
Questionnaire-2 (PHQ-2) concepts (13). Depressive 
symptoms were considered present if the medical records 
indicated observations corresponding to either "little 
interest or pleasure in doing things" (anhedonia) or 
"feeling down, depressed, or hopeless" (depressed mood). 
The number of days on which these behavioral indicators 
were observed was recorded monthly.

2.5.3. Hallucinations/delusions

The presence of hallucinations or delusions was 

Figure 1. STROBE-style flow diagram of the participant selection process.
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fluctuation pattern with a 1-year cycle rather than 
defining categorical seasons (e.g. ,  "spring" or 
"autumn"). The monthly number of days of agitation/
aggression, depressive symptoms, and hallucinations/
delusions were the dependent variables. Given that these 
outcome variables represent over-dispersed count data, 
Generalized Linear Mixed Models (GLMMs) were 
fitted assuming a negative binomial distribution using 
the glmmTMB package (version 1.1.7) in R software. 
The model included fixed effects for the intercept, 
month (coded 1–12, treated as a continuous variable 
to control for linear trends), and trigonometric terms 
(sine and cosine) to capture seasonal patterns. A random 
intercept for the participant ID was included to account 
for baseline inter-patient variability. The presence of 
a seasonal pattern was primarily determined based on 
the p-values from Wald tests for the coefficients of the 
trigonometric terms (βsin for the sine term and βcos for 
the cosine term). If either βsin or βcos was statistically 
significant (p < 0.05), a seasonal pattern was considered 
present at the group level. Model fit was assessed using 
information criteria, including the Akaike information 
criterion (AIC) and Bayesian information criterion 
(BIC), and a simulated residual analysis appropriate 
for GLMMs. All data were analyzed using R statistical 
software (version 4.4.2; R Foundation for Statistical 
Computing, Vienna, Austria). Statistical significance was 
set at a two-sided p-value of < 0.05.

2.6.4. Power analysis

To address the limitations of the sample size (n = 28), 
a simulation-based power analysis was performed. 
Informed by effect sizes reported in previous research 
on seasonal cognitive fluctuations in older adults (2) and 
preliminary trends observed in our dataset (target effect 
sizes: sine coefficient = 0.6, cosine coefficient = 0.3), we 
performed a custom simulation using a negative binomial 
GLMM with a likelihood ratio test (1,000 iterations). The 
estimated power to detect the specified effect sizes was 
100% (95% CI: 0.955–1.000). These results confirmed 
that the longitudinal design (T = 12 observations per 
participant), despite the modest sample size, provided 
adequate statistical power to detect the target seasonal 
patterns.
	 To address the potential for type I errors and 
evaluate the robustness of the observed findings, we 
performed a 2-degree-of-freedom joint likelihood ratio 
test (LRT) comparing the full model, which included 
sine and cosine terms, with a nested null model without 
seasonality terms. Furthermore, because multiple 
symptom outcomes were analyzed, the p-values obtained 
from the joint tests were adjusted using the Benjamini–
Hochberg False Discovery Rate (FDR) method. Finally, 
sensitivity analyses were conducted by incorporating 
baseline age and sex as fixed effect covariates within the 
GLMM framework.

3. Results

3.1. Participant characteristics

The final sample for the periodicity analysis consisted 
of 28 participants (Table 1). The mean age of the 
participants was 74.1 years (SD = 9.1); 11 (39%) were 
male, and 17 (61%) were female (Table 1). During the 
observation period, the average number of days per 
month with agitation/aggression symptoms was 0.6 (SD 
= 1.7), with depressive symptoms was 7.2 (SD = 11.6), 
and with hallucination/delusion symptoms was 0.5 (SD = 
1.7) (Table 2).
	 Regarding the baseline medication profile, the mean 
total number of prescribed medications was 5.3 (SD = 
2.2). Psychotropic medications included antipsychotics 
in 17 participants (61%), antidepressants in four 
participants (14%), and antiepileptics in four participants 
(14%). As documented in Supplementary Figure S1 
(https://www.ddtjournal.com/supplementaldata/308), the 
psychotropic medication burden remained highly stable 
throughout the 1-year observation window, with more 
than 85% of the participants maintaining an unchanged 
regimen across all months. Medication changes observed 
during spring symptom peaks were predominantly 
reactive adjustments (dose enhancements) rather than 
preemptive dose reductions.

3.2. Descriptive statistics and monthly symptom trends

The descriptive statistics for the mean monthly number of 
days for each major psychiatric symptom are presented 
in Table 2. The group-average monthly trends for days 
with agitation/aggression and depressive symptoms 
visually suggested a pattern of increase in spring 
and decrease in autumn (Figures 2 and 3). However, 
considerable variability was observed in the individual 
trajectories. Figure 4 shows the monthly progression 
of hallucinations and delusions. For these symptoms, a 
clear annual pattern at the group-average level was less 
evident.

3.3. Exploratory analysis of temporal structure

Exploratory analyses, including the ACF, partial 
autocorrelation function (PACF), and Ljung-Box tests, 
were performed on group-average monthly data for each 
symptom. At the group-average level, these analyses 
did not reveal a clear significant autocorrelation within 
a 6-month lag (agitation/aggression: Ljung-Box Q(6) = 
6.30, p = 0.391; depressive symptoms: Ljung-Box Q(6) 
= 5.22, p = 0.516; hallucinations/delusions: Ljung-Box 
Q(6) = 7.63, p = 0.266). However, considering that this 
finding might have been influenced by the averaging of 
individual data, a more detailed periodicity analysis was 
conducted using GLMMs that can analyze individual-
level data.

https://www.ddtjournal.com/supplementaldata/308
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	 When the overall seasonal effect was evaluated using 
the 2-degree-of-freedom joint LRT, the periodic trends 
for agitation or aggression (joint χ²= 3.74, df = 2, raw p 
= 0.154) and depressive symptoms (joint χ² = 4.80, df = 
2, raw p = 0.091) did not reach statistical significance. 
After the FDR multiple-comparison correction was 
applied, the adjusted p-values were 0.231 for both the 
symptoms. Sensitivity analyses adjusting for age and 
sex yielded consistent directional patterns, although 

statistical significance was similarly attenuated, except 
for the individual cosine term in the depressive symptom 
model, which remained significant (β = 0.077, p = 0.043). 
Although statistical significance was not maintained after 
these rigorous adjustments, the individual trigonometric 
terms initially demonstrated an exploratory signal 
(Table 3), suggesting a potentially clinically meaningful 
seasonal trend characterized by a spring peak in this 
exploratory pilot study.

3.4. GLMM analysis of seasonal pattern

To evaluate the seasonal pattern of each psychiatric 
symptom (agitation/aggression, hallucinations/delusions, 
and depression), negative binomial GLMMs were fitted 
using 1 year of monthly symptom-day data from 28 
patients admitted to a psychiatric long-term care ward. 
These models included participant ID as a random 

Table 1. Baseline characteristics of subjects (n = 28)

Characteristic

Age (y)
Sex
     female
     male
Height (m)	
Weight (kg)
BMI (kg/m²)
Length of stay (d)
MMSE
Stroke
Hypertension
Diabetes mellitus
Dyslipidemia
Cancer
Pulmonary disease / Respiratory disease
Cardiac disease / Heart disease
Osteoarthritis
CI score (Charlson Comorbidity Index score)
GAF score (Global Assessment of Functioning score)
Mobility status (Ambulatory, Wheelchair-bound)
     Independent ambulation
     Wheelchair
     Rollator
     cane
Mental illness diagnosis
     Depressive disorder
     Schizophrenia
     Organic mental disorder
     Alcohol dependence
     Late-life psychosis
     Othersa

Total number of prescribed medications
Patients using antipsychotics
Patients using antidepressants
Patients using antiepileptics
Falls in the past year
Baseline FIM-Motor score (Functional Independence Measure - Motor)
Baseline FIM-Cognitive score (Functional Independence Measure - Cognitive)
Baseline FIM-Total score (Functional Independence Measure - Total)

ND: Mean (SD) [Median (Q1-Q3)]; n (%). aThe 'Others' category includes one patient each with the following: delusional disorder, somatic 
symptom disorder, symptomatic psychosis, emotionally unstable personality disorder, delirium, late-life psychosis, and Korsakoff's syndrome.

N = 28

    74.1 (9.1) [72.5 (68.0–80.5)]

    17 (61%)
    11 (39%)
      1.5 (0.1) [1.6 (1.5–1.6)]
    50.3 (11.2) [50.5 (40.9–55.1)]
    21.0 (3.7) [21.0 (18.0–24.9)]
1158.0 (1476.2) [867.0 (192.8–1638.5)]
    17.1 (7.9) [18.5 (14.2–22.2)]
      8 (29%)
      7 (25%)
      9 (32%)
      4 (14%)
      6 (21%)
      5 (18%)
      7 (25%)
      3 (11%)
      6.4 (2.5) [6.0 (5.0–7.5)]
    31.0 (7.1) [30.0 (27.5–35.0)]

      5 (18%)
    18 (64%)
      3 (11%)
      2 (7.1%)

      2 (7.1%)
      9 (32.1%)
      3 (10.7%)
      3 (10.7%)
      4 (14.3%)
      7 (25.0%)
      5.3 (2.2) [5.0 (4.0–7.0)]
    17 (61%)
      4 (14%)
      4 (14%)
    15 (53%)
    63.9 (23.3) [69.0 (48.0–84.0)]
    23.5 (6.5) [24.5 (19.0–27.5)]
    87.4 (28.5) [96.5 (67.0–110.0)]

Table 2. Descriptive statistics for monthly symptom days

Characteristic

Agitation/Aggression Symptoms
Depressive Symptoms
Hallucination/Delusion Symptoms

n = 336

0.6 (1.7) [0.0 (0.0, 0.0)] (0–17)
7.2 (11.6) [0.0 (0.0, 9.0)] (0–31)
0.5 (1.7) [0.0 (0.0, 0.0)] (0–9)

ND: Mean (SD) [Median (Q1, Q3)] (Min - Max).
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intercept and trigonometric terms (sine and cosine) 
representing seasonal patterns as a fixed effect. The 
key results for the fixed effects of these models, which 
summarize the findings for the three symptoms, are 

shown in Table 3.

3.5. Agitation/aggression symptoms

A possible seasonal trend was observed in the number 
of days with agitation/aggression symptoms (Table 3). 
Specifically, the sine term was significant (Incidence 
Rate Ratio [IRR] = 1.50, 95% confidence interval [CI] 
1.02–2.20, p = 0.037), whereas the cosine term was not 
(IRR = 1.18, 95% CI 0.79–1.77, p = 0.414). This IRR 
of 1.50 indicates that the rate of agitation/aggression 
symptom days increased by 50% at the peak of the cycle 
compared to the baseline. While a visual inspection of 
the monthly box plots (Figure 2) might suggest that 
symptoms are most prominent in January, the GLMM, 
which accounts for inter-individual variability and intra-
individual correlations, identified an underlying periodic 
pattern in the data. The model estimated that this pattern 
peaked in spring (March) and reached its nadir in autumn 
(September) (Figure 5). The amplitude of this seasonal 
variation (on a log-incidence rate scale) was estimated 
to be approximately 0.439. Considerable inter-patient 
variability in baseline symptom levels was observed 
(variance in random intercept for ID = 5.023). The 

Figure 3. Monthly box plots of depressive symptom days. The box 
represents the interquartile range (IQR, 25th–75th percentiles) and the 
line within the box indicates the median. Whiskers extended to the 
minimum and maximum values within 1.5 × IQR from the box edges. 
Outliers are denoted by filled circles.

Figure 4. Monthly box plots of hallucination/delusion symptom 
days. The box represents the interquartile range (IQR, 25th–75th 
percentiles) and the line within the box indicates the median. Whiskers 
extended to the minimum and maximum values within 1.5 × IQR from 
the box edges. Outliers are denoted by filled circles.

Table 3. Generalized Linear Mixed Model (GLMM) analysis of seasonal patterns for psychiatric symptoms (n = 28)

Symptom

Agitation/Aggression Symptoms

Depressive Symptoms

Hallucination/Delusion Symptoms

ND: CI = Confidence Interval; IRR = incidence rate ratio. The p-values presented here are unadjusted values for the individual trigonometric terms 
reflecting initial exploratory signals. For the results of the 2-degree-of-freedom joint LRTs, multiple-comparison corrections using the FDR method 
(adjusted p = 0.231 for both agitation/aggression and depressive symptoms), and sensitivity analyses, please refer to the Results section.

Predictor Variable

sine
cosine
sine
cosine
sine
cosine

IRR

1.50
1.18
1.08
1.05
1.11
1.02

95% CI

1.02–2.20
0.79–1.77
1.00–1.15
0.98–1.12
0.67–1.81
0.63–1.65

p-value

0.037
0.414
0.041
0.177
0.692
0.939

Figure 2. Monthly box plots of agitation/aggression symptom days. 
The box represents the interquartile range (IQR, 25th–75th percentiles) 
and the line within the box indicates the median. Whiskers extended 
to the minimum and maximum values within 1.5 × IQR from the box 
edges. Outliers are denoted by filled circles.
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model accounted for overdispersion in the data (negative 
binomial dispersion parameter θ = 0.530). The goodness-
of-fit statistics for the model were AIC = 548.85 and BIC 
= 571.75.

3.6. Depressive symptoms

A possible seasonal trend was also identified in the 
number of days with depressive symptoms (Table 3). 
The sine term was significant (IRR = 1.08, 95% CI 
1.00–1.15, p = 0.041), whereas the cosine term was 
not (IRR = 1.05, 95% CI 0.98–1.12, p = 0.177). This 
corresponds to an estimated 8% increase in the rate of 
depressive symptom days during the peak period. As 
with agitation/aggression, although the monthly box plots 
(Figure 3) show a median value peaking in February, 
the GLMM, which models the entire continuous annual 
cycle, revealed a statistically significant periodicity. 
The estimated periodic pattern showed a slight increase 
in spring (March) and a slight decrease in autumn 
(September) (Figure 6). The estimated fixed effect for 
the sine term, which represents the magnitude of this 
periodic variation (on a log-incidence rate scale), was 
0.072. This magnitude was smaller than that observed 
for agitation and aggression symptoms (Figure 6). An 
exceptionally large inter-patient variability in baseline 
symptom levels was evident (variance of the random 
intercept for the ID = 91.857). The model accounted for 
overdispersion in the data (negative binomial dispersion 
parameter θ = 75.480). The model fit was confirmed with 
an AIC of 1001.35 and a BIC of 1024.25.

3.7. Hallucination/delusion symptoms

In contrast, no statistically significant seasonal pattern 
was detected in the number of days with hallucination or 

delusion symptoms (Table 3, Figure 7). Neither the sine (p 
= 0.692) nor cosine (p = 0.939) terms were statistically 
significant. An exceptionally large inter-patient 
variability in baseline symptom levels was evident 
(variance in the random intercept for ID = 78.370). The 
model accounted for overdispersion in the data (negative 
binomial dispersion parameter θ = 0.796). The goodness-
of-fit statistics were AIC = 328.06 and BIC = 350.97.

4. Discussion

In this study, we assessed the seasonal pattern of 
key psychiatric symptoms using 1-year data on the 
monthly symptomatic days of 28 patients in a long-
term psychiatric care setting in Japan. Although rigorous 

Figure 5. Predicted annual periodic pattern for Agitation/
Aggression symptoms (from GLMM). The lines and black dots 
represent the model-predicted monthly expected number of symptom 
days (group average) from GLMM. The grey triangles indicate the 
observed mean monthly number of days with symptoms (for reference).

Figure 6. Predicted annual periodic pattern for depressive 
symptoms (from GLMM). The lines and black dots represent the 
model-predicted monthly expected number of symptom days (group 
average) from GLMM. The grey triangles indicate the observed mean 
monthly number of days with symptoms (for reference).

Figure 7. Predicted annual periodic pattern for hallucination/
delusion symptoms (from GLMM). The lines and black dots 
represent the model-predicted monthly expected number of symptom 
days (group average) from GLMM. The grey triangles indicate the 
observed mean monthly number of days with symptoms (for reference).
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joint testing and multiple-comparison corrections 
reduced statistical significance, exploratory analyses 
using GLMMs suggested a possible seasonal trend in 
agitation/aggression and depressive symptoms. These 
two symptoms shared an annual pattern, with the number 
of symptomatic days increasing in spring (March–
April) and decreasing in autumn (October–November). 
While these results have highlighted the seasonality 
of depressive symptoms in individuals with chronic 
mental illness, they also indicate periodicity in agitation/
aggression symptoms, which have previously received 
limited attention regarding their seasonal patterns.
	 Although prolonged psychiatric hospitalization in 
Japan is a unique systemic characteristic, it provides 
a highly controlled longitudinal environment that is 
ideal for chronobiological research. Unlike community-
dwelling outpatients, the participants in this study 
followed standardized schedules for light exposure, 
meals, and sleep, effectively minimizing lifestyle-related 
confounders. Consequently, while our findings offer 
preliminary insights into the possible seasonal patterns of 
older adults in a highly controlled environment because 
this was an exploratory, single-center, retrospective 
study, the findings should be interpreted cautiously, and 
overgeneralization to all long-term care facilities should 
be avoided. Further multi-center studies are required to 
determine whether these patterns apply to other facilities 
with varying environmental structures.
	 Previous research on seasonal depression has shown 
mixed patterns. While winter depression in older adults 
has been attributed to insufficient light exposure, our 
finding of spring-symptom peaks suggests a different 
mechanism. This finding aligns with the observations 
of Sato et al. (14), who reported that spring can trigger 
depressive mixed states distinct from classic winter 
depression. A key factor is the phase advance in the 
circadian rhythm of older adults (15,16). In spring, 
the timing of dawn advances rapidly. For individuals 
with an internal clock that is already running early, 
this accelerated advance of morning light can act as a 
powerful yet disruptive stimulus, potentially leading 
to instability in emotional regulation. Furthermore, 
this vulnerability may be amplified by the diminished 
amplitude of the circadian signal common in aging 
(15,16). While Lim et al. (2) found that cognitive 
function in older adults peaked in late summer and early 
autumn, our findings suggest that psychiatric symptoms 
follow a different trajectory, peaking in spring. The 
interaction between a phase-advanced, low-amplitude 
circadian system and the dynamic light environment in 
spring provides a plausible neurobiological mechanism 
for the observed peaks. This hypothesis is supported 
by recent sensor-based research demonstrating that 
environmental triggers directly precede agitation 
episodes (17).
	 Beyond biological mechanisms, we must consider 
psychosocial factors specific to long-term care 

environments. As is common in Japanese healthcare 
institutions, personnel rotation typically occurs in April. 
It could be argued that this social stressor solely explains 
spring exacerbation. However, our analysis suggests 
a more complex mechanism. While staff rotations 
occurred, the scale was minimal, and the symptom 
upward trend began as early as February–March. 
We propose that the spring peak likely results from a 
"synergistic interaction" between biological vulnerability 
(circadian mismatch) (18,19) and psychosocial stressors. 
This "double hit" of biological and social cues renders 
spring a period of heightened vulnerability.
	 Regarding agitation/aggression symptoms, for which 
periodicity was observed in this study, direct reports on 
their seasonality are limited. Although the involvement 
of serotonin has been suggested (20), this relationship 
remains unclear (21). In contrast, this study did not 
find any significant seasonal patterns in hallucinations 
or delusions. Given that the mean monthly occurrence 
of hallucinations/delusions was nearly identical to 
that of agitation/aggression, this null finding is highly 
informative. This highlights the specificity of seasonal 
effects, suggesting that psychotic symptoms are more 
strongly influenced by individual pathology or internal 
neurobiological factors rather than environmental cues 
such as seasons.
	 The clinical significance of the observed seasonal 
fluctuations warrants careful consideration. Although 
the identified 8% increase in the number of days with 
depressive symptoms (IRR = 1.08) might appear 
numerically modest, its impact on a frail population 
is substantial. Given that depressive symptoms are 
highlighted as predictors of falls (22), this fluctuation 
translates to an extended "window of vulnerability" 
during spring (March–April). Furthermore, the 50% 
increase in agitation/aggression days (IRR = 1.50) 
represented a more overt and immediate risk to patient 
safety. For older adults living on the threshold of 
physical frailty (23-25), even a marginal elevation in the 
symptom baseline can act as a "tipping point," pushing 
them from a state of precarious balance to functional 
decline or behavioral incidents. Therefore, the spring 
peak should not be dismissed as statistical noise but 
recognized as a critical period where the safety margin 
is significantly eroded. To address this, care strategies 
must be proactively adjusted, for instance, by increasing 
the frequency of behavioral monitoring from standard 
routines to more intensive checks during March and 
April. Such targeted, seasonally tailored interventions not 
only enhance patient safety but also offer a cost-effective 
approach by preventing severe incidents that necessitate 
resource-intensive medical care. Furthermore, clinicians 
must remain vigilant, as these spring behavioral 
exacerbations often align with other seasonal health risks 
common in older adults, such as cardiovascular events, 
potentially compounding the overall clinical management 
challenges.
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	 Several limitations warrant consideration. First, 
because this was an exploratory, single-center, 
retrospective pilot study, the sample size (n = 28) was 
modest, thereby limiting the generalizability of the 
findings to other long-term care settings. However, our 
simulation-based power analysis (estimated at 100%) 
confirmed that the dense repeated-measures design (12 
observations per participant) provided adequate statistical 
power to detect the target seasonal pattern. Second, the 
1-year observation period limits our ability to confirm 
the multi-year reproducibility of these cycles; further 
longitudinal studies are required to establish the stability 
of seasonal patterns. Third, the reliance on daily nursing 
and rehabilitation records, while offering high ecological 
validity, lacks the precision of prospective structured 
diagnostic interviews, and inter-rater reliability was not 
formally assessed. Furthermore, we could not determine 
whether the documented symptoms represented new 
onset, exacerbation of existing symptoms, or improved 
detection, as nursing documentation practices may have 
varied during the observation period. Finally, while we 
accounted for major confounders such as medication 
adjustments and infectious outbreaks, other unmeasured 
environmental or psychosocial factors inherent to long-
term care may have influenced our findings. Despite 
these constraints, this study provides critical preliminary 
evidence for the chronobiological management of 
psychiatric symptoms in older adults in Japan.
	 These findings offer an objective rationale for 
tailoring interventions based on seasonal risks. The risk 
of worsening spring symptoms could prompt healthcare 
teams to adjust their staffing or pre-emptively review care 
strategies. Specifically, agitation and aggression increase 
the risk of hazardous actions (26), whereas significant 
depressive symptoms increase fall likelihood (22). 
Therefore, we recommend tailoring interventions based 
on symptomatic states: facilitating de-escalation through 
non-activating engagement during periods of high 
excitability (spring), and fostering activity-enhancing 
interactions when negative symptoms are prominent. 
Moreover, these findings provide vital preliminary 
information for planning home discharge and community 
re-entry, as families can be educated about seasonal 
periods of instability. Clinically, these patterns suggest 
the need for proactive measures; for instance, increasing 
the frequency of monitoring or preventive rehabilitation 
during the high-risk months of March and April could 
help mitigate these risks. Future research should aim to 
elucidate how these seasonal variations correlate with 
physical functioning (activities of daily living, ADL) and 
QOL to further refine these interventions.
	 Although preliminary, our findings suggest that in 
older adult patients with chronic conditions residing in 
long-term psychiatric care facilities, the symptoms of 
agitation/aggression and depression tended to peak in 
spring and were least prevalent in autumn. These findings 
underscore the importance of considering seasonal 

factors in the development of preventive approaches and 
individualized care plans for these symptoms.
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1. Introduction

Ferulic acid (FA), a phenolic compound is known to act 
as a scavenger and possesses strong absorption in UV 
(1-3). The structure of FA is shown in Supplementary 
Figure S1 (https://www.ddtjournal.com/action/
getSupplementalData.php?ID=307). With the growing 
interest in health and beauty, much attention has been 
paid to the other functions of FA, such as antioxidant, 
anti-inflammatory, and anti-bacterial activity (1,4,5).
	 Dull skin is one of the most common skin problems 
among various racial and cultural backgrounds. In 
addition to intrinsic factors, such as darkening of skin 
tone due to melanin accumulation and changes in the 
blood flow, dullness might be related to extrinsic factors, 
such as reduced light reflectance and roughness of the 
skin. Furthermore, the visual impression of dullness is 
exacerbated by the loss of skin transparency with aging 
(6,7).
	 Advanced glycat ion end-products  (AGEs) 

accumulated in the skin with aging and amplified by 
exogenous factors, such as UV, cause dull and yellowish 
skin (8). The Japan Cosmetic Industry Association 
states that one of the causes of dullness is a decrease in 
transparency due to thickening of the stratum corneum.
	 Common treatments for dull skin include arbutus 
and vitamin C derivatives for whitening and exfoliation 
treatment such as peeling (9,10). Although these 
methods have shown certain effects, they tend to rely on 
a single mechanism of action and there are issues, such 
as variation in effects among individuals and irritation 
and deterioration of the barrier function of the skin 
with long-term use (11). In this study, we examined the 
effects of a cream containing 1% FA (FA cream) and 
a placebo cream in a human clinical trial. Moreover, 
using human epidermal keratinocytes (HEKn cells) 
and dermal fibroblast cells (Hs68 cells), the expression 
levels of genes related to melanin production and 
glycation were examined by quantitative real-time PCR 
(qRT-PCR).

DOI: 10.5582/ddt.2026.01024Original Article
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SUMMARY: Ferulic acid (FA) from rice bran is known to possess strong antioxidant properties. Furthermore, its 
multifunctional properties, such as skin whitening, anti-glycation, and anti-inflammatory effects, have attracted 
attention. We undertook an exploratory study to examine whether FA might be associated with improvements in skin 
dullness. A single-blind study was conducted on 24 healthy women, in which a cream containing 1% FA was applied 
to one side of the face and a placebo cream was applied to the other side to verify the effects.  To explore the molecular 
mechanism, RNA-seq was performed on HEKn keratinocyte and Hs68 fibroblast, followed by qRT-PCR. In the human 
clinical trial, the melanin index significantly decreased in the area where the FA cream was applied, and a questionnaire 
also subjectively confirmed the improvement of dark and yellowish dullness by FA cream. RNA-seq analysis of HEKn 
cells treated with FA revealed significant changes in the expression of FGF-2 (basic fibroblast growth factor) promoting 
melanocyte proliferation, and CD36 (cluster of differentiation 36), related to the removal of advanced glycation end-
products (AGEs). qRT-PCR confirmed that FA significantly downregulated FGF-2 and upregulated CD36 expression.   
These results suggest that FA may exert its effects by regulating the expression of genes involved in melanogenesis and 
glycation, contributing to the suppression of melanin production and the reduction of AGEs for the improvement of dull 
skin.

Keywords: Dull skin, ferulic acid, glycation, melanin, thickened stratum corneum
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2. Materials and Methods

2.1. Reagents

The FA used in this study was provided by Tsuno Food 
Industry Co., Ltd. (Wakayama, Japan), and its purity was 
more than 98% (Lot number: F09883).

2.2. Stability tests of FA

Placebo and FA creams were formulated with FA 
concentrations of 0, 0.5, 1.0, 1.5, and 2.0%.   The 
composition is shown in Supplementary Table S1 (https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=307). These formulations were stored at 
40°C for 30 days.   After the storage, the creams were 
evaluated for discoloration and odor in Supplementary 
Figure S2 (https://www.ddtjournal.com/action/
getSupplementalData.php?ID=307).

2.3. Human clinical trial

This clinical trial was approved by the ethics committee 
of Tsuno Food Industry Co., Ltd. (Rin 24-002) and 
conducted in accordance with the Declaration of 
Helsinki. This trial was registered in the UMIN Clinical 
Trials Registry (UMIN000058687) and performed from 
fall to winter. Twenty-four healthy Japanese women 30 
to 50 years old received a cream containing 1% FA and 
placebo cream to apply twice a day for 12 weeks. They 
were distributed to subjects once a month for the three 
months. Each subject applied FA cream to one side of 
the face and placebo cream to the other. The number of 
subjects applying the test product to the right side and the 
number of subjects applying the product to the left side 
were assigned equally. Assignments as to which cream 
was applied to which side were kept confidential until 
all subjects had completed the study (single-blind study). 
Prior to the measurement, subjects were acclimatized for 
30 min in a constant temperature and humidity chamber 
(22°C, 50% humidity) after washing their faces. Using 
a Mexameter MX18 (Courage+Khazaka electronic 
GmbH, Cologne, Germany), the melanin index was 
measured on both sides of the face at week 0 and every 
4 weeks thereafter, for a total of four measures.   We 
used the VISIA Evolution system (Canfield Scientific, 
Parsippany, NJ, USA) to photograph subjects' faces. 
At least three measures were performed on both sides 
of faces.   Imaging was conducted under standardized 
and reproducible conditions in accordance with the 
manufacturer's guidelines. Lighting conditions were 
controlled using the system's built-in cross-polarized 
and UV illumination modes. Camera settings were kept 
constant across all measurements. In addition, subject 
positioning was standardized using chin and forehead 
stabilizers to ensure consistency with previously 
analyzed images. We utilized VISIA Evolution system 

to measure the spots in their faces and analyzed using 
the included software.   Using Corneometer CM825 
(Courage+Khazaka electronic), the stratum corneum 
water content was measured. This was based on the 
capacitance measurement of a dielectric medium and the 
hydration level could be detected in this system. At least 
three measurements were performed on both sides of 
each subject's face.
	 We performed the Visual Analog Scale (VAS) 
to obtain subjective evaluation of skin changes and 
feeling including touch and appearance after utilization. 
Subjects were asked to answer a questionnaire using a 
VAS at week 0 and 12. The degree of skin condition that 
they felt was recorded on a 10 cm (0 cm = very bad, 10 
cm = very good). This allowed participants to express 
their perception on a continuous scale between two 
extremes.
	 In this study, the handling of participants' personal 
information and the protection of privacy regarding the 
publication of study results were thoroughly explained 
during a pre-study briefing. Signed informed consent 
was obtained from each participant to ensure respect for 
their privacy. We obtained additional informed consent 
regarding the publication of the facial images. To protect 
the participants' privacy, all images were anonymized.

2.4. Cell culture

Normal human epidermal keratinocytes isolated from 
neonatal foreskin (HEKn) were cultured in EpiLife™ 
Medium containing 10% Human Keratinocyte Growth 
Supplement (HKGS) (Gibco™, Thermo Fisher 
Scientific, Waltham, USA), 100 U/mL penicillin and 
60 μM CaCl2 at 37°C under 5% CO2. Human dermal 
fibroblast cells (Hs68) were also cultured in Dulbecco's 
modified Eagle's medium (DMEM) containing 10% heat-
inactivated fetal bovine serum, 100 U/mL penicillin, and 
10 mg/mL streptomycin (Fujifilm Wako Pure Chemical, 
Osaka, Japan). HEKn and Hs68 cells were suspended in 
24-well plates (WATSON, Tokyo, Japan) at 1 × 105 and 2 
× 105 (cells/well), respectively, and precultured overnight 
at 37oC.

2.5. Measurement of cell viability

FA was added to HEKn and Hs68 cells at 0 - 5 mM, 
followed by incubation for 24 h at 37°C.  After treatment, 
the culture medium was removed and replaced with 
serum-free DMEM containing 10% tetrazolium salt 
reagent (cell counting kit-8, Dojindo Laboratories, 
Kumamoto, Japan). Cells were then incubated for 2 h 
and cell viability was assessed by the absorbance at 450 
nm (Tecan, Kanagawa, Japan). Relative viability was 
calculated by normalizing to the untreated group.

2.6. RNA sequencing (RNA-seq) for profiling of gene 
expression
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change in discoloration was observed, but no change in 
odor was observed at 40°C. Consequently, 1% FA cream 
was utilized and new creams were provided to subjects 
once a month in the human clinical trial.

3.2. Subject grouping in the human clinical trial

Subjects were assigned to two groups to ensure that the 
mean baseline values of the primary outcome (melanin 
content) and the secondary outcomes (stratum corneum 
water content and spot score) were equivalent (Figure 
1A and 1C). No significant differences were observed 
in the baseline values of these parameters between FA-
treated and placebo groups. The study design for the 
topical application of FA was summarized in Figure 2. 
Twenty-nine subjects were evaluated for eligibility, but 
as one of them did not meet the selection criteria of spot 
score, only the remaining 28 subjects were randomized 
into two groups. One group applied FA cream to the right 
side of the face, while the other applied FA cream on the 
left side. During the trial, four subjects withdrew due to 
personal reasons.  Finally, 24 subjects, ranging in age 
from 30 to 50 years old, with a mean age of 41 years, 
completed the 12-week treatment.

3.3. Human clinical trial

The primary end-point of the change in the melanin 
index was shown in Figure 3 as zero before placebo 
and FA application. In the area where FA cream was 
continuously applied, the melanin index significantly 
decreased eight weeks after the start of application, with 
a change of − 8.6 ± 1.53 compared to week 0. Although 
there was no statistically significant difference between 
FA and placebo groups at week 8, the reduction in 
melanin index in the FA group was approximately 1.35 
times greater than in the placebo group.
	 As shown in Supplementary Figure S4A (https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=307), the amounts of stratum corneum water 
content in the placebo group decreased significantly 
between week 4 and week 12 from −6.11 ± 2.04 to 
−11.44 ± 1.95 (week 12, p < 0.0001). In contrast, in the 
FA group, the stratum corneum water content decreased 
significantly between week 8 and week 12 from −10.14 
± 1.82 to −8.75 ± 1.88 (week 8, p < 0.0002; week 12, p = 
0.0014). As shown in Supplementary Figure S4B (https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=307), spot score in the placebo group and the 
FA group at week 4 after the application were −1.50 ± 
0.71 (week 4, p = 0.159) and −1.28 ± 0.90 (week 4, p = 
0.335), respectively. From week 4 to week 8, the score 
of the placebo group continued to improve, while that of 
the FA group increased and returned to pre-application 
levels. At week 12, the spot scores of the two groups 
crossed.
	 The VAS questionnaire survey that was conducted 

HEKn and Hs68 cells were incubated with FA at 0.2 
and 1 mM, and 0.4 and 2 mM, respectively, for 24 h at 
37°C and total RNA was extracted. A TruSeq Stranded 
mRNA LT Sample Prep Kit (Illumina, San Diego, CA) 
was utilized to construct the library. For RNA-seq, next-
generation sequencing (NGS) was performed using 
NovaSeq6000 (Illumina).

2.7. Expression levels of melanogenesis-related genes

HEKn cells were incubated with FA (0.5, 1, and 1.5 mM) 
for 4 h at 37°C and total RNA was obtained. cDNA was 
synthesized from total RNA (250 ng) using PrimeScript 
RT reagent (TAKARA BIO, Shiga, Japan). Using TB 
GreenR Premix Ex TaqTM II, qRT-PCR was performed. 
Each gene expression level was calculated relative to 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 
The primer sequences for GAPDH, basic fibroblast 
growth factor (FGF-2), hepatocyte growth factor (HGF), 
stem cell factor (SCF), and neuregulin 1 (NRG1) were 
designed from the following literature (12-16) and shown 
in Supplementary Table S2 (https://www.ddtjournal.com/
action/getSupplementalData.php?ID=307).

2.8. Expression levels of glycation-related genes

Expression levels of CD36 were measured by qRT-
PCR, as well as that of melanogenesis-related genes. 
HEKn cells were incubated with FA (0.5, 1, and 1.5 
mM) for 24 h and treated with Isogen II to obtain total 
RNA. cDNA was obtained using the PrimeScript RT 
reagent. The primer sequences for CD36 and GAPDH 
were designed following the cited literature and shown 
in Supplementary Table S2 (https://www.ddtjournal.com/
action/getSupplementalData.php?ID=307) (12,17).

2.9. Statistical analysis

Statistical analyses were performed using JMP software 
(SAS Institute Inc., Cary, NC, USA). A paired t-tests 
were used for the VAS questionnaire, while Dunnett's 
test was applied to the melanin index measurements, cell 
viability, and gene expression. All data were shown as 
means ± SEM. The significance level for each test was 
set at 5% or less.

3. Results

3.1. Changes in color and smell of FA cream

In Supplementary Figure S2 (https://www.ddtjournal.
com/action/getSupplementalData.php?ID=307), obvious 
discoloration and odor change were observed in creams 
containing more than 1.5% FA compared to placebo 
cream. Neither odor nor color change were observed 
for creams containing 0, and 0.5% FA creams, as well 
as placebo cream. In creams containing 1% FA, a slight 
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Figure 1. Box plot. A box plot for each measurement item after allocation is shown. The white bar shows the values of sides that were treated with 
placebo cream, while the gray bar shows the values of sides that were treated with FA creams. (A) Vertical axis is melanin value (A.U.). (B) Vertical 
axis is spot score (in arbitrary units) relative to number of spots. (C) Vertical axis is stratum corneum water content (A.U.).

Figure 2. A total of 29 subjects were assessed for eligibility. One subject was excluded for not meeting the inclusion criteria based on spot score. 
The remaining 28 subjects were randomly assigned to two groups: one group (n = 14) applied FA cream to the right side of the face, and the other 
group (n = 14) to the left side. During the study period, four subjects withdrew due to personal reasons or health-related issues. A total of 24 subjects 
(mean age: 41 years) completed the 12-week treatment.
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as an evaluation of the application experience was 
performed from week 0 to week 12 and these results 
of the evaluation items were shown in Figure 4. In the 
item related to evaluating the brownish dullness caused 

by melanin production, the FA result was 0.44 ± 0.51 
points at week 12, a slight increase compared to that 
of the placebo group (Figure 4A). In the categories 
of moisture and dark dullness, the FA group showed 
significant improvements, with changes of 0.75 ± 0.42 
and 0.73 ± 0.50 points, respectively (Figure 4B and 4C). 
The evaluation item related to yellowish dullness caused 
by glycation at week 12 in the FA group was observed to 
change to 1.16 ± 0.49 points (Figure 4D). There were also 
significant improvements in the overall ratings for skin 
dullness and skin translucency in the FA group that were 
also observed at week 12, with changes of 0.78 ± 0.24 
and 0.65 ± 0.24 points, respectively (Figure 4E and 4F).
	 Figure 5A and 5B showed facial images of two 
subjects at pre- (week 0) and post-application (week 12) 
taken with the VISIA Evolution. In both subjects, there 
was an overall improvement in skin lightness compared 
to pre-application, with a reduction in dullness, 
particularly in the cheek area.

3.4. Measurement of cell viability

FA at various concentrations was administered to 
HEKn and Hs68 cells, and cell viability was assessed. 
For HEKn cells, FA up to 0.5 mM promoted cell 
proliferation. In contrast, 5 mM FA significantly reduced 
cell viability to 42.9%, consistent with cytotoxicity. From 

Figure 3. Effects of FA on dull skin. The dotted line shows placebo 
treatment sides, and the straight line shows the FA treatment sides 
(FA group, n = 24; placebo group, n = 24).  Amount of change of skin 
melanin index from prior to cream application (week 0) is shown. The 
vertical axis is the skin melanin index, and the horizontal axis is the 
number of weeks from the start of the application. Data are shown as 
mean ± SEM and were analyzed by paired t-tests between the FA and 
placebo groups and by Dunnett's test to compare week 0 in each group. 
No significant difference was observed between the placebo and FA 
groups (week 8, p = 0.320). In the FA group, significant decreases were 
observed at week 8 (p = 0.0149) and week 12 (p = 0.0314) compared to 
week 0. *p < 0.05.

Figure 4. Self-assessment of skin condition throughout the treatment period. (A) Subjective improvement in brown dullness. (B) Subjective 
improvement in moisture. (C) Subjective improvement in dark dullness. (D) Subjective improvement in yellowish dullness. (E) Subjective 
improvement in overall dullness of the skin. (F) Subjective improvement in skin translucency. Data are expressed as means ± SEM (n = 24). Data 
were analyzed by paired t-tests. *p < 0.05, **p < 0.01 vs. significantly different from FA week 0. AU, arbitrary units. At week 12, paired t-tests were 
used to compare the placebo group and FA group (brownish dullness, p = 0.093; moisture, p = 0.134; dark dullness, p = 0.242; yellowish dullness, p 
= 0.197; skin dullness, p = 0.83; translucent skin, p = 0.215).
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these findings, the upper limit of a safe concentration of 
FA was determined to be 1.5 mM, maintaining at least 
90% cell viability (Supplementary Figure S3A, https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=307). In contrast, for Hs68 cells, cell viability 
was maintained at about 90% with 2.5 mM treatment 
while a decrease in cell viability to 76.4% was observed 
with 5 mM FA (Supplementary Figure S3B, https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=307).

3.5. Suppression of melanin production-related genes

The main pathways in melanogenesis are thought to 
involve G protein-coupled receptors (GPCRs) and 
tyrosine kinase receptors (18). Using HEKn and Hs68 
cells, we performed RNA-seq analyses and observed 
little change in gene expression related to melanin 
production with FA treatment in Hs68 cells at all 
concentrations. In contrast, a significant decrease 
in expression of FGF-2 gene was observed with FA 
treatment in HEKn cells. Since we wanted to examine 
the relationship between FA treatment and the tyrosine 
kinase signaling pathway involving FGF-2, SCF, HGF, 
and NRG1, we quantitatively analyzed their gene 
expression in HEKn cells by qRT-PCR (Figures 6A-
6C). The expression of FGF-2, SCF, and NRG1 were 
significantly reduced after 1.0 and 1.5 mM FA treatment 
for 4 h, while HGF gene could not be detected. In the 
case of FGF-2, 60% inhibition was observed at 1.5 mM 
FA. For SCF and NRG1, 65% and 21% inhibition were 
observed at 1 mM FA, respectively.

3.6. Increased expression of genes that remove glycation

The accumulation of AGEs is thought to be due to 
glycative stress. It also affects the skin and contributes 
to a dull, yellowish appearance that is mediated by 
multiple AGEs receptors, such as RAGE (receptor for 
advanced glycation end products), AGE-R1, AGE-R2, 
and AGE-R3. RAGE and AGE-R2 particularly cause 
inflammation (19). In contrast, AGE-R1 and AGE-R3 
are thought to be involved in the degradation and 
removal of AGEs, as also are CD36 and SR-A (scavenger 
receptor class A) (20). We performed RNA-seq analysis 
using HEKn cells treated with FA, examined the genes 
related to glycation, and observed only a change in 
CD36 gene expression. No significant changes in the 
expression of other genes related to glycation were 
observed. Therefore, we quantitatively analyzed the 
gene expressions of CD36 in HEKn cells by qRT-PCR 
and found an approximately three-fold increase in CD36 
gene expression with 1.5 mM FA treatment (Figure 6D).

4. Discussion

Several human clinical trials of FA have been reported 
previously. When FA, vitamin C, and vitamin E were 
combined, an increase in solution stability, reduction of 
UV-induced skin damage, and the photoprotective effects 
of FA were observed (21). Similarly, in a human clinical 
trial of FA alone on patients with photoaging symptoms, 
there was a significant improvement observed in melanin 
levels, erythema, and skin moisture content (22). To the 
best of our knowledge, human clinical trials examining 
the effect of FA on dull skin have not been reported. 
Therefore, we performed human clinical trials using FA 
by itself and exhibited the effectiveness of FA on dull 
skin in this study. In addition, the mechanism of FA on 

Figure 5. Facial images of two subjects (A and B) at pre- (week 0) and post-application (week 12), were taken with the VISIA Evolution. (A) 
Upper left: before application (week 0); upper right: after 12 weeks of FA cream application. (B) Lower left: before application (week 0); lower right: 
after 12 weeks of FA cream application.
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skin dullness at the genetic level was investigated.
	 Although FA has been widely noted as a cosmetic 
ingredient, there are stability issues due to high 
sensitivity to light and oxygen (23). These issues limit 
the range of FA applications in beauty and skin care 
products. In this study, stability tests were conducted for 
FA (Supplementary Figure S2, https://www.ddtjournal.
com/action/getSupplementalData.php?ID=307) and the 
FA concentration for the clinical study was set at 1%. 
In Figure 3, a decrease in melanin levels was observed 
in both groups after week 4. One factor contributing to 
this might be that this examination was conducted from 
September to December when UV radiation was greatly 
reduced. Previous studies have reported that reduced 
UV exposure leads to a natural reduction in melanin 
production (24). Even in such an environment, our 
results suggest that the amount of melanin, one of the 
main causes of dull skin, was reduced in the group of 
subjects who continuously applied FA cream for 8 weeks, 
compared to week 0. However, a comparison between 
groups showed no statistically significant differences. 
This is presumably due in part to the relatively low 
concentration of 1% used in this study. On the other 
hand, from week 8 to 12, a phenomenon was observed 
in which the melanin indexes of the FA and placebo 
groups crossed. One reason for this might be winter-

specific environmental factors such as low temperature 
and moisture in addition to the decrease in UV exposure. 
It has been reported that the skin barrier function tends 
to be impaired in winter environments such as low 
humidity and cold temperatures, and that external stimuli 
such as dryness and friction can cause inflammation 
(25). Such inflammation may cause post-inflammatory 
hyperpigmentation (PIH), which may slightly alter 
melanin levels (26).
	 A melanin suppression effect of FA was supported 
not only by objective indicators but also by subjective 
evaluation (VAS questionnaire). In the subjective 
evaluation, the improvement effect was confirmed in the 
subjects' perception of their own skin for all the other 
evaluation items, except for the brownish dark category. 
Specifically, improvement was recorded in the evaluation 
items of moisture, dark dullness resulting from skin 
dryness and stratum corneum thickening, yellowish 
dullness due to glycation, as well as skin dullness 
and translucent skin. Significant improvements were 
observed at week 12 in the FA group compared to week 0 
(Figure 4B-4F). The results of the assessment of subjects 
were consistent with the changes in facial images in 
two representative subjects shown in Figure 5A and 5B. 
After the application of FA cream, the evaluation and 
VISIA Evolution of both subjects showed a significant 

Figure 6. Results of the gene expression analysis. In HEKn cells, FA inhibited FGF2, SCF, and NRG1 expression, while FA facilitated CD36 
expression. (A) Evaluation of FGF2 gene expression levels. (B) Evaluation of SCF gene expression levels. (C) Evaluation of NRG1 gene expression 
levels. (D) Evaluation of CD36 gene expression levels. The horizontal axis is the gene expression level and the vertical axis is the concentration of 
FA treatment. The expression level of each gene is given as a ratio to that of GAPDH. Data are expressed as means ± SEM (n = 4) and were analyzed 
by Dunnett's test. *p < 0.05, **p < 0.01 ***p < 0.001 (vs. FA-untreated samples). (FGF-2 in 1 mM FA, p = 0.002; FGF-2 in 1.5 mM FA, p = 0.001; 
SCF in 0.2 mM FA, p < 0.00001; SCF in 0.2 mM FA, p < 0.00001; SCF in 1 mM FA, p < 0.00001; SCF in 1.5 mM FA, p < 0.00001; NRG1 in 1 mM 
FA, p = 0.009; NRG1 in 1.5 mM FA, p = 0.039; CD36 in 1 mM FA, p < 0.00001; CD36 in 1.5 mM FA, p < 0.00001).

https://www.ddtjournal.com/action/getSupplementalData.php?ID=307


Drug Discoveries & Therapeutics. 2026; 20(3):245-253.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(3):245-253.                                  www.ddtjournal.com

(252)

improvement in the overall dullness of the skin and an 
improvement in the brightness of the skin tone. These 
results suggested that FA might be effective in improving 
skin tone by acting in a complex manner against various 
causes of dark spots.
	 Melanogenesis, the cause of brownish dullness, is 
thought to be regulated by multiple signaling pathways, 
involving primarily MITF (microphthalmia-associated 
transcription factor) which regulates the expression and 
activity of melanogenic enzymes. Main signaling routes 
include GPCRs (e.g. melanocortin receptor, endothelin 
receptor B and frizzled receptor), tyrosine kinase 
receptors (e.g. SCF/KIT, FGF-2, and HGF signaling 
pathways) (18). To analyze the efficacy of FA at the 
molecular level, we performed RNA-seq using HEKn 
and Hs68 cells. The results indicated fluctuations in 
gene expression of FGF-2. We further investigated the 
effects of FA on the melanogenic pathway involving 
tyrosine kinase signaling such as SCF, FGF-2, HGF, 
and NRG1 using qRT-PCR. Although the HGF gene 
was not detected, decreases in gene expression of the 
SCF, FGF2, and NRG1 genes were observed. FA may 
inhibit the melanogenic pathway via tyrosine kinase-
type receptors (Figure 6A-6C). Furthermore, FGF-2 has 
been shown to activate the MAPK/ERK and PI3K/Akt 
pathways via the FGF receptor and promote keratinocyte 
proliferation. This proliferation might thicken the 
epidermis and stratum corneum thereby contributing to 
the dark appearance of the skin by increasing diffuse 
light reflection (27,28). Decrease in FGF2 gene 
expression by FA may be involved in the suppression 
of stratum corneum thickening through regulation 
of keratinocyte growth and survival. These changes 
at the molecular level were also consistent with the 
improvement in darkening caused by stratum corneum 
thickening observed in human clinical trials.
	 AGEs were thought to cause dull, yellowish skin, 
and other skin problems (8). As shown in Figure 6D, 
FA treatment significantly enhanced gene expression of 
CD36, a receptor that degrades and removes AGEs. This 
result was consistent with the previous studies, indicating 
that FA may remove AGEs produced in glycation 
reactions and prevent the development of yellowish 
dullness (29).
	 In summary, FA demonstrates multifunctional 
potential in both the prevention and amelioration of 
different forms of dull skin, brownish dullness, yellowish 
dullness, and dark dullness. Thus, it may be that FA 
would be extremely useful as a comprehensive skincare 
material for improving dull skin and enhancing skin 
clarity. Future studies on the practical use of FA will 
be needed to improve the stability of the formulation 
for higher concentrations of FA, combined with other 
whitening ingredients and anti-glycation/anti-aging 
ingredients. Further studies should be done in different 
season (spring, summer). The applicability to different 
skin types and age groups should also be investigated.
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1. Introduction

Population aging is a global issue that not only leads to 
a decline in the labor force but also increases the risk 
of various diseases. With advanced age, the likelihood 
of becoming bedridden increases owing to fractures 
and muscle weakness. Among central nervous system 
disorders, dementia is a major concern and is often 
accompanied by behavioral and psychological symptoms, 
such as wandering and delusions, which contribute to 
increasing healthcare costs.
	 Diseases associated with memory impairment include 
Alzheimer's disease and Lewy body dementia. Although 
their etiologies differ, one leading hypothesis is the loss 
of cholinergic neurons projecting to the limbic system, 
including the hippocampus. This neuronal loss reduces 
the amount of acetylcholine released into the synaptic 
clefts. Consequently, drugs inhibiting cholinesterase, the 
enzyme responsible for breaking down acetylcholine, 
are widely used to treat dementia. Nerve cells typically 
degenerate with age; however, a decrease in acetylcholine 
has been reported to increase oxidative stress in neurons 
(1), thereby accelerating neuronal degeneration.

	 Mouse models are essential for evaluating the 
efficacy of compounds against memory impairment. 
While SAMP8 mice exhibit age-related decline, 
scopolamine-induced models enable rapid and 
reproducible impairment through cholinergic blockade, 
making them valuable for pharmacological studies. 
In addition, numerous studies have used memory 
impairment models induced by scopolamine, a 
muscarinic receptor antagonist (2-4). In a previous 
study, we demonstrated that scopolamine administration 
caused memory impairment in the Barnes maze test 
and reported the involvement of oxidative stress 
associated with increased Nos2 levels (5). Considering 
the increasing medical costs associated with the growing 
number of patients, it is important to focus not only on 
the pharmacological treatment of dementia but also on its 
prevention through the daily intake of functional foods 
and bioactive ingredients.
	 Lactoferrin (LF) has multiple biological functions, 
including anti-inflammatory, antibacterial, and 
antiviral activities, as well as beneficial effects on lipid 
metabolism (6-8). LF has been widely utilized as a 
functional food ingredient in Japan (9) and is included 
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SUMMARY: Population aging is increasing worldwide, accompanied by a rising prevalence of cognitive decline and 
dementia, imposing substantial healthcare and socioeconomic burdens. This study evaluated the effects of lactoferrin 
on scopolamine-induced memory impairment in 5-week-old ddY mice using the Barnes maze test and the novel object 
recognition assay to assess cognitive function. Additionally, gene expression levels in the hippocampus were analyzed 
using reverse transcription-quantitative PCR to explore the underlying mechanisms. Scopolamine impaired spatial and 
object recognition memory, whereas lactoferrin markedly improved these deficits, with effects comparable to those of 
donepezil. Scopolamine also increased inflammatory and oxidative stress markers (Tnf and Nos2) and the apoptosis-
related factor (Casp3), all of which were attenuated by lactoferrin. These findings indicate that lactoferrin improved 
scopolamine-induced memory impairment, potentially by suppressing inflammation and oxidative stress, thereby 
inhibiting neuronal apoptosis. Therefore, lactoferrin may represent a promising functional food component for the 
prevention of cognitive decline.
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as a functional component under the Food with Function 
Claims system regulated by the Consumer Affairs 
Agency. In addition to its role in immune regulation (10), 
LF has attracted attention owing to its potential effects 
on the central nervous system. Previous studies have 
shown that LF enhances analgesic responses and exhibits 
antidepressant-like effects (11,12). Furthermore, our 
group has demonstrated that it ameliorates suppression 
of the serotonergic system in ovariectomized mouse 
models (13). At the cellular level, LF has been shown to 
promote neuronal cell growth by activating extracellular 
signal-regulated kinase signaling in PC12 cells (14). 
Moreover, accumulating evidence suggests that LF exerts 
protective effects against tissue damage by suppressing 
inflammation and oxidative stress, as demonstrated 
in a model of nonalcoholic steatohepatitis (NASH) 
(15). Given that oxidative stress is a key contributor to 
memory impairment, including scopolamine-induced 
memory impairment, these findings suggest that LF may 
exert protective effects against cognitive dysfunction.
	 Therefore, we hypothesized that LF would attenuate 
scopolamine-induced cognitive impairment through 
neuroprotective mechanisms that suppress oxidative 
stress, neuroinflammation, and neuronal cell death–
related signaling pathways. To test this hypothesis, we 
investigated the effects of LF on cognitive function and 
markers associated with neuroprotective pathways in a 
scopolamine-induced mouse model.

2. Materials and Methods

2.1. Animals

We employed 5-week-old ddY male mice purchased 
from SLC Inc. (Shizuoka, Japan). The animals were 
housed under controlled conditions (24 ± 1℃ and 55% 
humidity) and maintained on a 12-h light/12-h dark 
cycle (light period, 07:00-19:00, dark period, 19:00-
07:00). The animals were fed a standard rodent diet (Labo 
MR Stock; Nosan, Kanagawa, Japan) and provided tap 
water ad libitum. All experiments were conducted in 
accordance with the Guidelines for the Proper Conduct 
of Animal Experiments (Science Council of Japan) and 
were approved by the Yokohama University of Pharmacy 
(2023-014).
	 The mice were allocated to four experimental groups: 
control (n = 24), scopolamine hydrobromide trihydrate 
(SCOP; n = 24), SCOP + LF (n = 24), and SCOP + 
donepezil hydrochloride (DNP; n = 14). Behavioral 
experiments were conducted in three independent 
experimental batches owing to limitations in the number 
of animals that could be assessed simultaneously. The 
control, SCOP, and SCOP + LF groups were included in 
all three batches, whereas the SCOP + DNP group was 
included only in the second and third batches. As a result, 
the number of animals in the SCOP + DNP group was 
lower than that in the other groups. RT-qPCR analysis 

was performed using hippocampal tissues obtained from 
animals in the second and third experimental batches. 
This strategy enabled all samples to be analyzed under 
identical experimental conditions and minimized inter-
assay variability.
	 After a 7-day acclimation period, behavioral training 
was initiated when the mice were approximately 6 weeks 
old. Following the 3-day training period, mice received 
the assigned treatments for 21 days. Behavioral testing 
and tissue collection were subsequently performed at 
9–10 weeks of age (Figure 1).

2.2. Administration of experimental compounds

SCOP and DNP were purchased from Tokyo Chemical 
Industry Co., Ltd. (Tokyo, Japan). Bovine LF was 
obtained from NRL Pharma, Inc. (Tokyo, Japan). SCOP 
was diluted in physiological saline (0.9% w/v NaCl), 
and LF and DNP were diluted in tap water. Animals 
were administered SCOP (5 mg/kg) via intraperitoneal 
injection, and LF (300 mg/kg) and DNP (3 mg/kg) were 
administered orally. Administration was performed for 
21 consecutive days, beginning the day after completion 
of the Barnes maze training period. On the day of 
behavioral testing or necropsy, experimental compounds 
were administered 1 h before the respective procedure. 
The doses were selected based on our previous 
experimental findings and published evidence (5).

2.3. Barnes maze test

The Barnes maze test was performed as described 
in our previous study (5). The Barnes maze test was 
conducted using an MB-10 apparatus (SHINFACTORY, 
Fukuoka, Japan). The apparatus consisted of a circular 
platform measuring 455 mm in diameter and 920 mm 
in height, with 20 holes (25 mm diameter) located 30 
mm from the edge. The escape box measured 130 mm 
× 95 mm × 50 mm (width × depth × height). The light 
intensity was maintained at 600–700 Lx as a weakly 
aversive stimulus. To prevent interference with learning, 
the maze was enclosed by partitions, and three visual 
cues (stars, triangles, and double-circle shapes) were 
attached to the partitions. To prevent the use of olfactory 
cues and maze orientation for task performance, the 
platform was rotated 90° after each trial. The maze and 
associated apparatus were cleaned with 70% ethanol 
after each trial. All procedures were recorded using a 
high-definition digital camera (HC-W580M; Panasonic, 
Tokyo, Japan). The Barnes maze test consisted of three 
phases: habituation, repeated learning training, and 
probe testing.

2.3.1. Habituation

The habituation phase was conducted one day prior 
to the repeated learning test. During habituation, the 
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The probe test was conducted 21 days after completion of 
repeated learning training. During the probe test, visual 
cues were present, whereas the escape box was removed. 
The mice were confined in the start box at the center 
of the maze for 20 s, after which they were allowed to 
explore the maze freely for 120 s. Behavior was recorded 
using a camera positioned directly above the maze. This 
procedure was performed once for each mouse. Only the 
first 60 s of the recorded behavior were included in the 
analysis. The maze board was divided into four zones: 
the area around the escape box and associated star-shaped 
visual cue was designated ZONE1; the area surrounding 
the triangle-shaped visual cue was designated ZONE2; 
the area surrounding the double-circle visual cue was 
designated ZONE3; and the area without visual cues was 
designated ZONE4. The time spent in each zone and the 
proportion of total distance traveled within each zone 
were measured to evaluate spatial memory.

2.4. Novel object recognition test (NORT)

The NORT was performed as previously described 
(16,17). This experiment was conducted in an open-field 
apparatus (50 × 50 × 30 cm high) under a light intensity 
of 25–50 lx. Two objects of similar height were selected: 
object A (8.2 cm in diameter, 9.7 cm in height; white 
cylinder) and object B (6.5 cm in diameter, 8.9 cm in 
height; gray cylinder), which differed in color and shape. 
The object was placed along the diagonal axis within the 
central 25 × 25 cm area of the open field. To minimize 
the influence of olfactory or positional cues, object 
positions were swapped for each mouse. The maze and 
objects were cleaned with 70% ethanol between trials. 
All procedures were recorded using a high-definition 

maze board was used without visual cues or an escape 
box, allowing the mice to explore freely for 120 s. 
Subsequently, each mouse was placed in the center of 
the maze and confined within a transparent beaker for 
20 s, after which the escape box was introduced. The 
mouse was then guided into the escape box, with the 
hole blocked with an opaque weight, and remained there 
for 60 s. This procedure was performed once for each 
mouse.

2.3.2. Repetitive learning training

Repeated learning training was conducted for three 
consecutive days beginning the day after the habituation 
phase. During repeated learning training, the visual 
cues were displayed, and the escape box was positioned 
beneath the target hole. Mice were confined for 20 s 
in a start box (a light-proof white cylinder; 9.7 cm in 
diameter and 13.2 cm in height) positioned at the center 
of the maze. The start box was then removed, and each 
mouse was allowed to freely explore the maze for up to 
120 s. During this time, the latencies to locate and enter 
the escape box were recorded independently. If a mouse 
did not enter the escape box within the allotted time, it 
was guided to the escape box. Upon entering the escape 
box, the mouse was confined for 60 s. After completion 
of the training period, the learning rate was calculated by 
dividing the mean escape box arrival latency on day 3 by 
that on day 1. Prior to treatment allocation, animals were 
assigned to four groups (control, SCOP, SCOP + LF, and 
SCOP + DNP), and no significant differences in learning 
rate were observed among the groups.

2.3.3. Probe test

Figure 1. Experimental timeline of the study. Timeline of the experimental procedures, including behavioral assessments, experimental compound 
administration, and tissue collection. Following a 1-week acclimation period, 6-week-old male ddY mice were evaluated using the Barnes Maze 
test. The Barnes maze protocol consisted of a 1-day habituation phase followed by 3 days of repeated learning training. Mice were assigned to 
experimental groups based on their performance during the training period. Experimental compound administration began the day after completion of 
the Barnes maze training period and continued for 21 days. A probe test was conducted after the treatment period to assess spatial memory retention, 
followed by the NORT the following day. Hippocampal tissues were subsequently collected for molecular analyses. NORT, novel object recognition 
test; SCOP, scopolamine hydrobromide trihydrate (5 mg/kg); SCOP + LF, SCOP plus lactoferrin (300 mg/kg); SCOP + DNP, SCOP plus donepezil 
hydrochloride (3 mg/kg).
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digital camera. The NORT consisted of three phases: 
habituation, familiarization (T1), and testing (T2), with 
experimental compounds administered 1 h before each 
phase.
	 During habituation, mice were allowed to freely 
explore the open field for 10 min in the absence of 
objects. Familiarization (T1) was conducted the day 
after habituation. During T1, two identical objects 
were placed, and each mouse was released into the 
center of the arena and allowed to explore freely for 10 
min. T2 was conducted 1 h after T1. During T2, one 
of the identical objects used in T1 was placed at the 
same location as during T1, whereas the other object 
was replaced with a novel object and positioned at the 
corresponding location. Mice were released into the 
center of the open field and allowed to explore freely for 
10 min. Only the first 5 min of the exploration period 
were included in the analysis. The duration and frequency 
of object exploration were recorded for each object. For 
the novel object, the exploration duration and exploration 
frequency were each divided by the corresponding total 
value for the familiar and novel objects combined, and 
the resulting values were expressed as percentages. Two 
animals in the SCOP + DNP group died during the oral 
administration period owing to an inadvertent gavage-
related technical error and were excluded from the 
NORT analysis.

2.5. Reverse transcription-quantitative PCR (RT-qPCR)

The hippocampus was dissected from mouse brains, and 
total RNA was extracted using ISOGEN (Nippon Gene, 
Tokyo, Japan). Tissue homogenization was performed 
using a Polytron PT 1300 D homogenizer (Kinematica 
AG, Lucerne, Switzerland). Complementary DNA 
(cDNA) was synthesized using PrimeScript™ RT 
Master Mix (Takara Bio Inc., Shiga, Japan) with the 
extracted RNA as a template. The reaction mixture was 
incubated at 37°C for 15 min, followed by incubation at 
85°C for 5 s.

	 RT-qPCR was performed using the LightCycler® 96 
System (Hoffmann-La Roche, Basel, Switzerland) with 
SYBR GREEN I MASTER Mix (Hoffmann-La Roche, 
Basel, Switzerland), and amplification was monitored 
using the intercalation method. The qPCR cycling 
conditions consisted of an initial denaturation step at 
95°C for 10 min, followed by 40‒50 amplification cycles 
of 95℃ for 10 s (denaturation) and 60℃ for 20‒30 s 
(annealing/extension).
	 Gene expression levels were calculated relative to 
those of Gapdh. The PCR primer sequences are listed in 
Table 1.

2.6. Statistical analysis

For group comparisons, data from repeated learning 
training were analyzed using a linear mixed-effects 
model (LMM), whereas other data were analyzed using 
Dunnett's test. Statistical analysis was performed using 
the free statistical software EZR (v.1.68; Jichi Medical 
University, Tochigi, Japan) (18). Significance levels were 
set at p < 0.001, p < 0.05, and p < 0.01.

3. Results

3.1. Barnes maze test

The Barnes maze test was used to evaluate hippocampus-
dependent spatial learning and long-term memory. 
Figure 2 shows the latency to enter the target hole 
during repetitive learning training (Figure 2). LMM 
analysis revealed no significant differences among the 
experimental groups, indicating comparable baseline 
performance prior to treatment allocation.
	 Three weeks after the initiation of experimental 
compound administration, a probe test was conducted. 

Figure 2. Baseline learning performance during the 3-day repeated 
learning training period used for group allocation. Linear mixed-
effects model (LMM) analysis shows no significant between-group 
differences in learning rates during the repeated learning test. Data are 
presented as mean ± SEM (control, SCOP, and SCOP + LF: n = 24, 
SCOP + DNP: n = 14). SCOP, scopolamine hydrobromide trihydrate 
(5 mg/kg); SCOP + LF, SCOP plus lactoferrin (300 mg/kg); SCOP + 
DNP, SCOP plus donepezil hydrochloride (3 mg/kg).

Table 1. Primer sequences

Gene

Gapdh

Tnf

Il1b

Ccl2

Nos2

Trp53

Casp3

Bdnf

Sequences (5'→3')

Forward: AGCTTGTCATCAACGGGAAG
Reverse: TTTGATGTTAGTGGGGTCTCG
Forward: CCTCTTCTCATTCCTGCTTGTG
Reverse: GCCATTTGGGAACTTCTCATCC
Forward: AGTTGACGGACCCCAAAAG
Reverse: AGCTGGATGCTCTCATCAGG
Forward: GGGACACTGGCTGCTTGT
Reverse: GTTGTTAAGCAGAAGATTCACGTC
Forward: CTTTGCCACGGACGAGAC
Reverse: TCATTGTACTCTGAGGGCTGAC
Forward: CCAGGATGTTGCAGAGTTGTT
Reverse: GCAGGAGCTGACACTTGGA
Forward: GAGGCTGACTTCCTGTATGCTT
Reverse: AACCACGACCCGTCCTTT
Forward: AGTCTCCAGGACAGCAAAGC
Reverse: TGCAACCGAAGTATGAAATAACC
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The time spent in each zone and the percentage of 
distance traveled are presented in Figures 3A–3C. In 
ZONE1, where the target hole was located, the time 
spent was significantly decreased in the SCOP group 
(13.4 ± 1.3%) compared with the control group (23.9 
± 1.5%), whereas it was significantly increased in the 
SCOP + DNP group (22.0 ± 2.9%) compared with the 
SCOP group (Figure 3B). These findings support the 
successful establishment of the scopolamine-induced 
memory impairment model. The SCOP + LF group (22.5 
± 2.1%) also exhibited a significant increase compared 
with the SCOP group. In ZONE3, which is located 
diagonally opposite ZONE1, the control and SCOP + 
LF groups spent significantly less time than the SCOP 
group.
	 In ZONE1, the percentage of distance traveled 
was significantly reduced in the SCOP group (25.0 ± 
2.3%) compared with the control group (36.7 ± 2.1%), 
whereas it was significantly increased in the SCOP + 
LF group (35.6 ± 3.0%) compared with the SCOP group 
(Figure 3C). Furthermore, consistent with the findings 
for time spent in each zone (Figure 3B), both the control 
and SCOP + LF groups showed a significantly lower 

percentage of distance traveled in ZONE3 than the 
SCOP group.

3.2. NORT

The NORT was conducted to evaluate short-term 
object recognition memory (Figure 4A). During the 
familiarization phase (T1), in which two identical objects 
were presented, both the object exploration duration 
(%) (Figure 4B) and object exploration frequency (%) 
(Figure 4C) were approximately 50% across all groups, 
indicating no object preference (Figure 4B and 4C). 
These results confirmed that the experimental conditions 
for NORT were appropriately established.
	 During the test phase (T2), conducted 1 h after T1, 
one of the familiar objects was replaced with a novel 
object. The novel object exploration duration (%) was 
significantly lower in the SCOP group than in the control 
group and significantly higher in the SCOP + DNP group 
than in the SCOP group (Figure 4B). In addition, the 
SCOP + LF group exhibited a significant increase in the 
novel object exploration duration (%) compared with 
the SCOP group (Figure 4B). In contrast, novel object 

Figure 3. Effect of 3-week experimental compound administration on Barnes maze performance. (A) Representative movement trajectories 
during the probe test for each group (control, SCOP, SCOP + LF, and SCOP + DNP), illustrating differences in spatial exploration patterns. ZONE1 
(red frame) corresponds to the area surrounding the former location of the escape box. (B) Time spent and (C) percentage of distance traveled in 
each zone during the Barnes maze probe test across experimental groups. Data are presented as box-and-whisker plots. The center line indicates the 
median, the box represents the interquartile range (25th–75th percentiles), and the whiskers indicate the minimum and maximum values (control, 
SCOP, and SCOP + LF: n = 24, SCOP + DNP: n = 14). Statistical analysis was performed using Dunnett's test. *p < 0.05, **p < 0.01, and ***p < 0.001 
versus SCOP. SCOP, scopolamine hydrobromide trihydrate (5 mg/kg); SCOP + LF: SCOP plus lactoferrin (300 mg/kg); SCOP + DNP, SCOP plus 
donepezil hydrochloride (3 mg/kg).
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exploration frequency (%) did not differ significantly 
among the groups (Figure 4C).

3.3. Effects of experimental compound administration on 
hippocampal gene expression

To evaluate the effects of the experimental compounds 
on hippocampal gene expression, mRNA expression 
levels of inflammatory mediators Tnf, Il1b, and Ccl2, as 
well as Nos2, a key enzyme involved in inflammation-
associated nitric oxide production, were analyzed. 
Furthermore, Bdnf, a key regulator of neuronal survival 
and synaptic plasticity, and the apoptosis-related factors 
Trp53 and Casp3 were examined.
	 Tnf expression was significantly elevated in the 
SCOP group compared with the control group, and this 
increase was significantly attenuated in the SCOP + LF 
and SCOP + DNP groups (Figure 5A). In contrast, Il1b 
and Ccl2 expression levels did not differ significantly 
among the groups (Figures 5B and 5C). Similarly, Nos2 
expression was significantly elevated in the SCOP group, 
and this increase was significantly attenuated in the 
SCOP + LF and SCOP + DNP groups (Figure 5D). No 
significant differences were observed in Bdnf expression 
levels among the groups (Figure 6A). In addition, no 
significant differences in Trp53 expression levels were 
observed between the SCOP, control, and SCOP + DNP 

groups. However, Trp53 expression was significantly 
reduced in the SCOP + LF group (Figure 6B). 
Conversely, Casp3 expression was significantly elevated 
in the SCOP group, and this increase was significantly 
attenuated in the SCOP + LF and SCOP + DNP groups 
(Figure 6C).

4. Discussion

Our findings demonstrate that oral LF administration 
ameliorated scopolamine-induced memory impairment. 
This study was performed using a murine model 
of memory impairment induced by scopolamine, a 
muscarinic receptor antagonist. Our previous study 
demonstrated that scopolamine administration after 
repeated training induced memory impairment in the 
Barnes maze test (5). Moreover, we previously reported 
that SAMP8 mice, a model of accelerated aging, exhibit 
impaired performance during repeated learning in the 
Barnes maze test (19). Therefore, in the present study, 
mice were assigned to experimental groups based on 
their performance during the 3-day training period 
to ensure comparable baseline learning ability and 
minimize differences in memory consolidation among 
the groups. Following the 3-day training period, mice 
received scopolamine alone, scopolamine plus donepezil, 
or scopolamine plus LF for three weeks. In the probe test 

Figure 4. Effects of experimental compound administration on short-term object recognition memory assessed 1 h after administration. (A) 
Representative movement trajectories during the T2 in each group (control, SCOP, SCOP + LF, and SCOP + DNP), illustrating differences in spatial 
exploration behavior. Red circles indicate the novel object, while black circles indicate the familiar object used in T1. (B) Novel object exploration 
(%) and (C) novel object exploration frequency (%) in T1 and T2 of the novel object recognition test. Data are presented as box-and-whisker plots. 
The center line indicates the median, the box represents the interquartile range (25th–75th percentiles), and the whiskers indicate the minimum and 
maximum values (control, SCOP, and SCOP + LF: n = 24, SCOP + DNP: n = 14). Statistical analysis was performed using Dunnett's test. *p < 0.05, 
**p < 0.01, and ***p < 0.001 versus SCOP. SCOP, scopolamine hydrobromide trihydrate (5 mg/kg); SCOP + LF: SCOP plus lactoferrin (300 mg/
kg); SCOP + DNP, SCOP plus donepezil hydrochloride (3 mg/kg).
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conducted after the treatment period, the control group 
demonstrated sustained memory retention, spending 
approximately 24% of the test time in ZONE1 even 
two weeks after training. In contrast, the scopolamine-
only group spent only 13% of the test time in ZONE1, 
indicating impaired memory retention.
	 Cholinergic neurons projecting from the Meynert 
basal nucleus to the hippocampus and other brain regions 
are involved in memory processes, and scopolamine 

induces memory impairment by blocking muscarinic 
receptors (20). Accordingly, we postulated that the 
scopolamine-induced memory impairment was mediated, 
at least in part, through this pathway. In this study, 
donepezil, a cholinesterase inhibitor widely used for the 
treatment of Alzheimer's disease, markedly improved 
memory impairment, suggesting that restoration of 
cholinergic neurotransmission can counteract the effects 
of scopolamine-induced muscarinic receptor blockade. 

Figure 5. Effects of experimental compound administration on hippocampal mRNA expression of Tnf, Il1b, Ccl2, and Nos2. Hippocampal 
mRNA expression of inflammation- and oxidative stress-related genes. (A) Tnf, (B) Il1b, (C) Ccl2, and (D) Nos2, as quantified by RT-qPCR. Data 
are presented as box-and-whisker plots. The center line indicates the median, the box represents the interquartile range (25th–75th percentiles), and 
the whiskers indicate the minimum and maximum values (control, SCOP, and SCOP + LF: n = 24, SCOP + DNP: n = 14). Statistical analysis was 
performed using Dunnett's test. *p < 0.05, **p < 0.01, and ***p < 0.001 versus SCOP. SCOP, scopolamine hydrobromide trihydrate (5 mg/kg); 
SCOP + LF: SCOP plus lactoferrin (300 mg/kg); SCOP + DNP, SCOP plus donepezil hydrochloride (3 mg/kg).

Figure 6. Effects of experimental compound administration on hippocampal mRNA expression of Bdnf, Trp53, and Casp3. Hippocampal 
mRNA expression levels of (A) Bdnf, a gene associated with neuronal survival and synaptic plasticity, and the apoptosis-related genes (B) Trp53 
and (C) Casp3, as quantified by RT-qPCR. Data are presented as box-and-whisker plots. The center line indicates the median, the box represents 
the interquartile range (25th–75th percentiles), and the whiskers indicate the minimum and maximum values (control, SCOP, and SCOP + LF: n = 
24, SCOP + DNP: n = 14). Statistical analysis was performed using Dunnett's test. *p < 0.05, **p < 0.01, and ***p < 0.001 versus SCOP. SCOP, 
scopolamine hydrobromide trihydrate (5 mg/kg); SCOP + LF: SCOP plus lactoferrin (300 mg/kg); SCOP + DNP, SCOP plus donepezil hydrochloride (3 
mg/kg).
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Although LF does not possess cholinesterase-inhibitory 
activity, it produced a comparable improvement in 
memory impairment. Analysis of trajectories in each 
region during the probe test revealed that activity in the 
region opposite to the target region was significantly 
reduced in the LF group. In contrast, the donepezil group 
exhibited a more uniform distribution of activity across 
the three non-target regions, suggesting that donepezil 
may improve memory performance through distinct 
underlying mechanisms.
	 In the NORT (T2), the scopolamine-only group 
demonstrated a novel object exploration duration (%) 
of approximately 50%, suggesting impaired short-term 
recognition memory. In contrast, the LF and donepezil 
groups exhibited novel object exploration durations 
of ≥ 70%, suggesting that these treatments improved 
short-term memory impairment. Notably, no significant 
differences were observed in novel object exploration 
frequency (%) among the groups, supporting the validity 
of the object recognition memory test. To investigate 
the mechanisms underlying the LF-mediated effects 
on memory, hippocampal gene expression levels were 
analyzed by RT-qPCR. Scopolamine administration 
has been shown to induce inflammation via muscarinic 
receptor blockade (21,22). In addition, scopolamine 
administration has been reported to markedly increase 
Nos2 levels, which are associated with oxidative stress 
(5). LF has been reported to exert anti-inflammatory 
effects in immune cells (23), and our previous study 
using a NASH mouse model demonstrated its ability 
to suppress hepatic inflammation (15). In addition, LF 
has been reported to possess antioxidant properties 
(24). To investigate the effects of scopolamine-induced 
inflammation in the hippocampus, we examined 
the expression of Tnf, Il1b, and Ccl2. Scopolamine 
administration markedly increased Tnf expression, 
whereas LF and donepezil significantly suppressed this 
increase, suggesting anti-inflammatory effects. TNF-α 
is a proinflammatory cytokine produced primarily by 
macrophages. Liu et al. (2022) reported that LF exerts 
anti-inflammatory effects by modulating macrophage 
function (25), raising the possibility that a similar 
mechanism may also operate in the hippocampus. In 
the central nervous system, microglia perform functions 
analogous to those of macrophages; therefore, LF may 
exert anti-inflammatory effects through the modulation 
of microglial activity. Our previous study using a 
NASH mouse model demonstrated that LF suppresses 
inflammation through effects on hepatic macrophages, 
and the findings of the present study further support 
the anti-inflammatory properties of LF. In contrast, 
although Il1b demonstrated a trend similar to that of 
Tnf, no statistically significant difference was observed. 
Likewise, no significant differences were observed 
in the expression of Ccl2, a chemokine involved in 
macrophage migration. One possible explanation for 
this finding is that hippocampal tissue was collected 24 

h after the final dose. Next, we examined the expression 
of Nos2, which encodes inducible nitric oxide synthase 
(iNOS), a key enzyme involved in inflammation-
associated oxidative stress. iNOS catalyzes the 
production of nitric oxide, which activates soluble 
guanylate cyclases. In turn, reactive oxygen and nitrogen 
species induce Nos2 expression, establishing a positive 
feedback loop. Thus, Nos2 upregulation may contribute 
to the exacerbation of oxidative stress. Scopolamine 
markedly increased the expression of Nos2, whereas 
LF or donepezil substantially inhibited this increase. 
Likewise, our previous study demonstrated that 
scopolamine increases oxidative stress (5). Furthermore, 
scopolamine has been reported to enhance oxidative 
stress by inhibiting superoxide dismutase activity (26); 
however, the mechanisms underlying scopolamine-
induced oxidative stress remain to be fully elucidated. 
Because LF suppressed the scopolamine-induced 
increase in oxidative stress, we next examined the 
expression of Bdnf, a key regulator of neuronal survival 
and synaptic plasticity, as well as the apoptosis-related 
genes Trp53 and Nos2. Although Bdnf expression did 
not differ significantly among the groups, it tended 
to increase in the scopolamine group and decrease 
following LF treatment. Elevated BDNF levels promote 
nerve growth, whereas oxidative stress is generally 
thought to inhibit this process. However, despite the 
increase in oxidative stress induced by scopolamine, 
Bdnf expression tended to increase in the present study. 
One possible explanation is that the relatively young 
age of the mice (approximately 10 weeks old) elicited 
a feedback mechanism. Wu et al. (2020) reported 
that BDNF suppression contributed to neuronal loss 
in 24-week-old mice (27), suggesting that age may 
influence the relationship between oxidative stress 
and Bdnf expression. The scopolamine-treated group 
exhibited a trend toward increased Trp53 expression and 
a significant increase in Casp3 expression. This suggests 
that scopolamine induces inflammation by activating 
macrophages and promotes neuronal cell death by 
increasing oxidative stress. Because LF markedly 
suppressed these changes, it may reduce oxidative 
stress in neurons and exert anti-inflammatory effects by 
modulating microglial activity.
	 The beneficial effects of LF on cognitive function 
have previously been reported in aged mice and APP/
PS1 transgenic mouse models (28,29). Consistent with 
these findings, the present study demonstrated that 
LF improves memory performance. However, unlike 
previous studies, we employed a scopolamine-induced 
cognitive impairment model, which is widely used to 
mimic cholinergic dysfunction–associated memory 
deficits. Furthermore, the beneficial effects of orally 
administered LF were associated with the reduced 
expression of Tnf, Nos2, Trp3, and Casp3. Accordingly, 
LF may ameliorate cognitive impairment by modulating 
neuroinflammatory, oxidative stress-related, and 
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apoptosis-related pathways during cholinergic 
dysfunction.
	 These results indicate that LF improves scopolamine-
induced memory impairment by inhibiting neuronal loss 
via its anti-inflammatory and antioxidant effects.
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Docosahexaenoic acid increases tyrosine hydroxylase phosphorylation 
at Ser40 without increasing tyrosine hydroxylase protein expression 
in differentiated NG108-15 cells
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1. Introduction

Tyrosine hydroxylase (TH) catalyzes the hydroxylation 
of tyrosine to L-3,4 dihydroxyphenylalanine and is the 
rate-limiting enzyme in catecholamine synthesis (1,2). 
The catecholamines dopamine, noradrenaline, and 
adrenaline play roles in many brain functions as well as 
in neuronal diseases and disorders (3-5).
	 TH contains serine (Ser) residues at Ser8, Ser19, 
Ser31, and Ser40 that can be phosphorylated by a variety 
of protein kinases. It is thought that the phosphorylation 
of Ser8 and Ser19 has no direct effect on TH enzymatic 
activity (6,7), whereas the phosphorylation of Ser31 and 
Ser40 directly regulates TH activity (8).
	 Polyunsaturated fatty acids are important constituents 
of mammalian phospholipids. Docosahexaenoic acid 
(DHA) is abundant in the central nervous system as a 
component of phospholipids and is reportedly involved 
in various brain functions including neuronal outgrowth, 
synaptic plasticity, mood regulation, learning, and 
memory (9-14). In the striatum of rats treated with 
6-hydroxydopamine (6-OHDA), Ser40 phosphorylation 
and TH expression levels decrease; however, DHA 

treatment suppresses this decrease (15). By contrast, 
DHA does not alter Ser40 phosphorylation or TH 
expression in rats not treated with 6-OHDA (15).
	 NG108-15 cells are a neuroblastoma–glioma hybrid 
cell line that exhibit neuronal-like morphology and 
properties when differentiated (16,17). In the present 
study, we used NG108-15 cells to examine the effects of 
adding DHA to differentiation-inducing medium on TH 
protein expression and TH phosphorylation at Ser31 and 
Ser40.

2. Materials and Methods

2.1. Materials

NG108-15 cells were purchased from the American 
Type Culture Collection (Manassas, VA, USA). Cell 
culture medium and dexamethasone were purchased 
from Fujifilm Wako (Osaka, Japan). Dibutyryl cyclic 
adenosine monophosphate was purchased from 
Sigma (St. Louis, MO, USA). Fetal bovine serum 
was purchased from Gibco (Grand Island, NY, USA). 
Penicillin and streptomycin were purchased from Nacalai 
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SUMMARY: Tyrosine hydroxylase (TH) is the rate‑limiting enzyme in catecholamine biosynthesis, and its activity 
is regulated by its phosphorylation at specific serine (Ser) residues. In the present study, we investigated the effects 
of docosahexaenoic acid (DHA) supplementation on TH protein expression and phosphorylation at Ser31 and 
Ser40 during differentiation in the neuroblastoma–glioma hybrid cell line NG108-15. TH protein expression and 
phosphorylation levels were analyzed on day 0 (undifferentiated) and on days 5 and 6 (differentiated). Differentiation 
increased TH protein expression on days 5 and 6, and DHA supplementation did not affect these increases. 
Phosphorylation at Ser31 showed no significant change with differentiation. By contrast, phosphorylation at Ser40 
exhibited a significant increase with increasing days of differentiation, and this was further augmented by DHA 
treatment. Collectively, these findings suggest that DHA enhances TH phosphorylation, particularly at Ser40, without 
affecting TH protein expression. DHA may therefore influence brain function not through changes in TH expression 
levels, but rather through the phosphorylation of TH at Ser40.

Keywords: DHA, n-3 polyunsaturated fatty acids, neuronal cell, tyrosine hydroxylase, tyrosine hydroxylase 
phosphorylation at Ser 40



Drug Discoveries & Therapeutics. 2026; 20(3):264-268.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(3):264-268.                                  www.ddtjournal.com

Tesque (Kyoto, Japan). Hypoxanthine, aminopterin, 
and thymidine (HAT) supplement (50×) was purchased 
from MP Biomedicals (Santa Ana, CA, USA). DHA was 
purchased from Cayman (Ann Arbor, MI, USA).

2.2. Cell culture

NG108-15 cells were grown and maintained in high-
glucose Dulbecco's modified Eagle's medium containing 
10% fetal bovine serum, HAT (0.1 mM hypoxanthine, 
0.4 µM aminopterin, and 16 µM thymidine), 100 U/mL 
penicillin, and 100 µg/mL streptomycin at 37°C with 5% 
CO2. Figure 1 shows the study design. Cells were seeded 
in 12-well plates at 5000 cells/cm2. After 24 hours, the 
medium was replaced with Dulbecco's modified Eagle's 
medium supplemented with 1% fetal bovine serum, 
HAT, 100 U/mL penicillin, 100 µg/mL streptomycin, 10 
µM α-tocopherol, 0.2 mM dibutyryl cyclic adenosine 
monophosphate, and 100 nM dexamethasone, which was 
added to induce differentiation (16,17). Additionally, 
DHA (2 µM) bound to 0.05% fatty acid–free bovine 
serum albumin (BSA) was added to medium in the 
DHA(+) group. The medium for the DHA(−) group 
contained 0.05% fatty acid–free BSA without DHA. The 
cells were then cultured for 5 or 6 days.

2.3. Preparation of samples for western blot analysis

Cells were harvested in ice-cold lysis buffer (20 
mM Tris-HCl, pH 7.5, 150 mM NaCl, 1 mM Na2 
ethylenediaminetetraacetic acid, 1 mM egtazic acid, 1% 
Triton X-100, 2.5 mM sodium pyrophosphate, 1 mM 
β-glycerophosphate, 1 mM Na3VO4, 1 µg/mL leupeptin, 

and 1 mM phenylmethylsulfonyl fluoride), and the 
samples were sonicated. The protein concentration was 
determined with a bicinchoninic acid protein assay kit 
(Pierce, Rockford, IL, USA) using BSA as the standard 
(18).
	 Aliquots were then mixed with concentrated sodium 
dodecyl sulfate (SDS) polyacrylamide gel electrophoresis 
sample buffer (final concentrations: 62.5 mM Tris-HCl, 
pH 6.8, 2% 2-mercaptoethanol, 10% glycerol, 2% SDS, 
and 0.01% bromophenol blue)).

2.4. Western blot analysis

For SDS polyacrylamide gel  electrophoresis , 
samples containing equal amounts of protein were 
loaded onto 10% SDS-polyacrylamide gels and 
subsequently transferred to polyvinylidene fluoride 
membranes (19,20). The membranes were blocked 
with polyvinylidene fluoride blocking reagent (Toyobo, 
Tokyo, Japan) before being incubated overnight at 4°C 
with the following primary antibodies: TH (#2792, 
Cell Signaling Technology, Danvers, MA, USA), 
phosphorylated-TH (Ser31) (#13041, Cell Signaling 
Technology), phosphorylated-TH (Ser40) (#2791, Cell 
Signaling Technology), and β-actin (A5441, Sigma). 
The membranes were then incubated with horseradish 
peroxidase–conjugated secondary antibodies (Dako, 
Glostrup, Denmark) and developed using SuperSignal 
West Pico (Thermo Fisher Scientific, Waltham, MA, 
USA) or ImmunoStar LD reagents (Fujifilm Wako). 
Signal detection and band intensity quantification were 
performed using an Amersham Imager 680 (Cytiva, 
Tokyo, Japan).

(265)

Figure 1. Cell culture and treatment. The day after seeding cells (day 0), differentiation medium (including dbcAMP and DEX) and/or DHA were 
added. On days 0, 5, and 6, cells were collected. dbcAMP, dibutyryl cyclic AMP; DEX, dexamethasone; DHA, docosahexaenoic acid.
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	 Figure 4 shows TH phosphorylation at Ser40 in 
NG108-15 cells after incubation for 5 or 6 days in 
differentiation-inducing medium. TH phosphorylation 
at Ser40 was increased with increasing days of 
differentiation (P < 0.005), and the level was greater in 
the DHA(+) group than in the DHA(−) group. The level 
of TH phosphorylation at Ser40 in the DHA(+) group was 
increased by approximately 1.4-fold on day 5 and 2.2-fold 
on day 6 compared with the DHA(−) group.
	 It has been reported that TH is phosphorylated at 
Ser31 by both extracellular signal-regulated kinase1/2 
and cyclin-dependent kinase 5 in vitro and in vivo 
(21,22). By contrast, TH is reportedly phosphorylated 
at Ser40 by cyclic AMP–dependent protein kinase 
(protein kinase A; PKA), protein kinase C, or protein 
kinase G in vitro and in situ, or by PKA in vivo (21). 
However, TH is reportedly dephosphorylated by protein 
phosphatase PP2A in vitro and in vivo (23). Additionally, 
N-docosahexaenoylethanolamine, a metabolite of DHA, 
is reported to be synthesized in the brain and activates 
PKA via GPR110 (24). In the present study, it is therefore 
possible that PKA was activated via this pathway, 
resulting in the increased phosphorylation of TH at Ser40.
	 Differentiation led to increased TH protein expression 
on days 5 and 6 compared with day 0. These increases 
were not affected by the addition of DHA (Figure 

2.5. Statistical analysis

Statistical analysis was performed using two-way 
analysis of variance (ANOVA). Differences were 
considered significant at P < 0.05. Excel-Toukei software 
(2012, Social Survey Research Information Co., Ltd., 
Tokyo, Japan) was used for the statistical analysis.

3. Results and Discussion

We inves t iga ted  TH pro te in  express ion  and 
phosphorylation on day 0 (undifferentiated) and days 5 
and 6 (differentiated) to determine the effects of DHA on 
NG108-15 cells.
	 Figure 2 shows TH protein expression in NG108-15 
cells after incubation for 5 or 6 days in differentiation-
inducing medium. In the DHA(−) and DHA(+) groups, 
TH protein expression was increased with increasing days 
of differentiation. There was no significant difference 
between the groups with and without DHA addition.
	 Figure 3 shows TH phosphorylation at Ser31 
in NG108-15 cells after incubation for 5 or 6 days 
in differentiation-inducing medium. There were no 
significant effects of days of differentiation, DHA 
treatment, or their interaction. However, in the DHA(+) 
group, a trend toward an increase was observed compared 
with the DHA(−) group.

Figure 2. Western blot analysis of TH protein levels in NG108-15 
cells on days 0 (undifferentiated), 5, and 6 of differentiation. (A) 
Representative western blots of TH and β-actin. (B) Semiquantitative 
analysis of TH/β-actin. Each column and bar represent the mean and 
standard error of the mean of four individual experiments. Using two-
way ANOVA, there was an effect with days of differentiation (P < 
0.0005). ANOVA, analysis of variance; DHA, docosahexaenoic acid; 
TH, tyrosine hydroxylase.

Figure 3. Western blot analysis of TH with Ser31 phosphorylation 
in NG108-15 cells on days 0 (undifferentiated), 5, and 6 of 
differentiation. (A) Representative western blots of TH with 
Ser31 phosphorylation and β-actin. (B) Semiquantitative analysis 
of TH with Ser31 phosphorylation/β-actin. Each column and bar 
represent the mean and standard error of the mean of four individual 
experiments. DHA, docosahexaenoic acid; p, phosphorylated; TH, 
tyrosine hydroxylase.
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2). Differentiation did not significantly increase TH 
phosphorylation at Ser31 on days 5 and 6 compared with 
day 0; however, a trend toward an increase was observed 
with the addition of DHA (Figure 3). Phosphorylation at 
Ser40 was increased with differentiation, and this was 
enhanced by the addition of DHA (Figure 4).
	 Under the conditions used in the present study, 
DHA did not affect TH protein levels; however, TH 
phosphorylation at Ser31 tended to increase, and 
TH phosphorylation at Ser40 increased significantly. 
Although our experiments were performed on cells in 
vitro, the addition of DHA into the medium increased 
the phosphorylation of TH at Ser40 in neuron-like 
differentiated NG108-15 cells. Previous studies have 
suggested that phosphorylation at Ser31 modulates 
phosphorylation at Ser40 (25). Moreover, phosphorylation 
at Ser40 is more directly involved in the activation of TH 
compared with the other phosphorylation sites (8).
	 In the striatum of Parkinson's disease model rats 
treated with 6-OHDA, Ser40 phosphorylation and 
TH expression levels decrease, and DHA treatment 
suppresses this decrease (15). However, this previous 
study did not examine Ser31 phosphorylation. 
Furthermore, DHA treatment in animals not treated 

with 6-OHDA does not increase Ser40 phosphorylation 
or TH expression levels (15). By contrast, our study 
indicates that Ser40 phosphorylation, which increases 
during differentiation induction, is further increased 
by DHA. Similarly, other studies have demonstrated 
that adding DHA to NG108-15 cells increases choline 
acetyltransferase expression, activity, and muscarinic 
receptors, although they did not examine TH protein 
expression or its phosphorylation (16,17).
	 In the present study, we examined the effects of 
DHA on TH expression and phosphorylation during the 
differentiation of NG108‑15 cells. DHA did not alter TH 
protein levels; however, it increased TH phosphorylation, 
particularly at Ser40, which is a site that is directly linked 
to TH activation. Phosphorylation at Ser31 also showed 
an increasing trend. Together, these findings suggest 
that DHA may enhance TH activity through intracellular 
signaling pathways, thereby potentially promoting 
catecholamine synthesis. Decreased catecholamines are 
associated with various diseases and disorders including 
depression, attention deficit hyperactivity disorder, 
and pure autonomic failure (3-5). It has been reported 
that an increase in Ser40 phosphorylation, induced by 
phosphodiesterase inhibition and guanylate cyclase‑C 
activation, leads to an improvement in motor deficits 
in a 6-OHDA-induced Parkinson's disease model (26). 
In summary, the present study provides evidence that 
DHA selectively promotes the Ser40 phosphorylation 
of TH without altering the total amount of TH protein 
in differentiated NG108-15 cells, thereby revealing 
a possible mechanism by which DHA modulates 
dopaminergic capacity. We believe that further studies 
may help to elucidate the relationship between DHA and 
these diseases and ultimately support their prevention or 
mitigation.
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1. Introduction

Pregabal in  i s  a  l igand of  the  α2δ subuni t  of 
voltage‑gated calcium channels and attenuates excitatory 
neurotransmitter release. It is widely prescribed for 
neuropathic pain and fibromyalgia and is often considered 
among first‑line options in chronic pain management (1,2). 
Its pharmacokinetic profile comprises rapid absorption 
(Time to maximum concentration: Tmax of approximately 
1 h), negligible plasma protein binding (< 1%), and 
predominantly renal elimination, with most of the dose 
excreted unchanged in urine (1,2).
	 Older adults frequently experience age‑related 
declines in renal function, increasing the risk of 
accumulation and central nervous system adverse effects 
such as dizziness and somnolence, which contribute to 
falls, fractures, and functional decline; because exposure 
is strongly influenced by renal function, these risks merit 
particular attention (1,2). Although initiation at low doses 
and gradual titration are recommended, inter‑individual 
variability limits dose‑based safety assessments alone.
	 Therapeutic drug monitoring (TDM) may therefore 

improve safety. However, blood‑based TDM is invasive 
and difficult to implement in home‑care or community 
settings. Saliva has emerged as a non‑invasive alternative 
matrix: good saliva–plasma correlations have been 
reported for several drugs, including lithium and 
phenytoin, and recent reviews have synthesized broader 
evidence supporting saliva as a TDM matrix when the 
unbound fraction is clinically relevant (3-5).
	 Given its small molecular size and extremely low 
protein binding, pregabalin is mechanistically expected 
to diffuse into saliva (2). Nonetheless, human evidence 
remains limited and derives largely from Jordanian 
patients (6); no data have been reported in Asian 
populations. Generating preliminary data in Japanese 
individuals is therefore an essential first step toward 
evaluating whether salivary pregabalin concentrations 
can be used for monitoring in broader clinical settings. 
As an initial investigation, this pilot study focuses on 
feasibility and analytical behavior. We quantified salivary 
and plasma pregabalin concentrations in healthy Japanese 
volunteers and examined their relationship to assess the 
analytical feasibility of salivary pregabalin monitoring as 

DOI: 10.5582/ddt.2026.01015Brief Report

(269)

SUMMARY: This pilot study evaluated whether salivary pregabalin concentrations reflect plasma levels in Japanese 
volunteers to support non‑invasive therapeutic drug monitoring (TDM). Four healthy adults received a single 
75‑mg orally disintegrating tablet; unstimulated saliva and venous blood were collected 1 hour post‑dose using a 
standardized passive‑drool protocol with pre‑collection rinsing. Pregabalin was quantified by a high-performance liquid 
chromatography with fluorescence detection. The assay met bioanalytical performance criteria across both matrices 
(excellent linearity, recovery > 94.2%, precision ≤ 10%, stability within 5.2%). At 1 hour, median concentrations 
were 1.96 µg/mL (plasma) and 0.466 µg/mL (saliva). In paired analysis (n = 4), saliva and plasma showed a positive 
trend (r = 0.838, p = 0.298). Given the small sample size, these results are considered exploratory and demonstrate the 
feasibility of the analytical approach rather than providing definitive clinical evidence. Under standardized collection 
conditions, salivary pregabalin concentrations appear to yield clinically interpretable estimates of systemic exposure, 
warranting validation in larger, multi‑time‑point cohorts to establish actionable saliva‑to‑plasma conversion thresholds 
and evaluate clinical utility.

Keywords: Therapeutic drug monitoring, saliva, plasma, high-performance liquid chromatography, fluorescence 
detection, noninvasive sampling
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a non‑invasive approach.

2. Materials and Methods

2.1. Study design

This pilot study assessed whether salivary pregabalin 
concentrations can serve as a surrogate for plasma 
levels. To coincide with the expected Tmax, saliva 
and plasma were collected 1 hour post‑dose (1). The 
protocol was approved by the Ethics Committee of 
Tokyo Metropolitan Bokutoh Hospital (Approval No. 
05‑112); written informed consent was obtained from 
all participants. This study was conducted in accordance 
with the Declaration of Helsinki (revised in 2013).

2.2. Participants and dosing

Four healthy adults (21-41 years; mean 27.5 ± 9.1 
years; 2 males, 2 females) received a single 75‑mg dose 
of pregabalin as orally disintegrating tablets (ODT). 
To mitigate oral‑cavity contamination, participants 
avoided food and beverages (except water) for ≥ 1 h 
before dosing, swallowed without chewing, and rinsed 
the mouth with water immediately after complete 
disintegration (7,8). Saliva sampling was performed 60 
min post‑dose; a pre‑collection water rinse was repeated 
10 minutes before sampling.

2.3. Reagents and chemicals

Pregabalin, gabapentin (internal standard, IS), and 
4‑chloro‑7‑nitrobenzofurazan (NBD‑Cl) were from 
Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). A 
high-performance liquid chromatography (HPLC)‑grade 
acetonitrile, methanol, and distilled water were from 
Kanto Chemical Co., Inc. (Tokyo, Japan). Potassium 
dihydrogen phosphate (KH₂PO₄; FUJIFILM Wako, 
Osaka, Japan) was used in the mobile phase.

2.4. Analytical procedures

Pregabalin in plasma and saliva was quantified using 
a HPLC system (JASCO Corporation, Tokyo, Japan) 
consisting of a vacuum degasser, pump, gradient unit, 
and autosampler, with an FP-2020 spectrofluorometer 
(excitation/emission wavelengths [Ex/Em] of 470/530 
nm). Separation was achieved on a C18 column (Capcell 
Pak C18 MG II, 250 × 4.6 mm, 5 µm; Osaka Soda Co., 
Ltd., Osaka, Japan) at 0.75 mL/min using 0.5% KH₂PO₄ 
(pH 4.5) and methanol. Samples (50 µL) were protein-
precipitated, derivatized with NBD-Cl, and injected 
using gabapentin as the internal standard.

2.5. Sample preparation

Stock solutions of pregabalin and gabapentin (1 mg/

mL each) were prepared in distilled water. To 50 µL of 
plasma or saliva, 10 µL of IS (0.2 µg gabapentin) and 
140 µL of methanol were added. Following vortexing 
(60 s) and centrifugation (15,000× g, 10 min, 4°C), 100 
µL of supernatant was mixed with 25 µL of borate buffer 
(0.25 mol/L, pH 10.5) and 100 µL of NBD-Cl (10 mg/
mL). The mixture was reacted at 60°C for 15 min. A 20-
µL aliquot was then injected.

2.6. Saliva collection

Unstimulated whole saliva was collected with 
participants seated and the head slightly tilted forward. 
After the standardized water rinse, saliva was collected 
by the passive drool method into polypropylene tubes for 
3 min, targeting ≥ 1 mL.

2.7.1. Calibration and method validation

Calibration ranges were 0.1, 0.5, 1, 5, 10, and 20 µg/
mL for plasma and 0.0125, 0.025, 0.050, 0.10, 0.50, and 
1.0 µg/mL for saliva. Method validation followed FDA 
bioanalytical guidelines (9). Recovery and accuracy were 
determined at 0.1-20 µg/mL (plasma) and 0.0125-1.0 
µg/mL (saliva). Precision was evaluated using five sets 
of control samples intra‑day and on five different days 
inter‑day at 0.1, 0.5, 1, 5, 10, and 20 µg/mL (plasma) and 
0.0125, 0.025, 0.050, 0.10, 0.50, and 1.0 µg/mL (saliva).

2.7.2. Sample stability

Stability in plasma (0.1, 1.0, and 20 µg/mL) and saliva 
(0.0125, 0.10, and 1.0 µg/mL) was evaluated under 
bench‑top (20°C, 6 h), processed sample (4°C, 24 h), 
long‑term (−60°C, 4 weeks), and freeze‑thaw (three 
cycles from −60°C) conditions (n = 5 for all conditions).

2.8. Statistical analysis

Pearson's correlation and Bland–Altman analyses were 
used to assess the plasma–saliva relationship, conducted 
with EZR (10) and JMP.

3. Results and Discussion

The assay demonstrated excellent linearity for plasma 
(0.1-20 µg/mL, R² = 0.9994) and saliva (0.0125-1.0 
µg/mL, R² = 0.9997). Recovery exceeded 94.2%, with 
intra- and inter-day coefficient of variation (CV) s ≤ 
10%. Stability tests under all conditions showed < 5.2% 
degradation, aligning with FDA bioanalytical guidance 
(9). While Idkaidek et al. (6) reported a TDM study 
in 44 Jordanian patients using capsules and proposed 
therapeutic ranges, the novelty of this study lies in 
its focus on the Japanese population using an ODT 
formulation and a standardized passive-drool collection 
protocol.

(270)
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patients, trough and peak sampling at steady state 
showed good saliva–plasma correlations (0.71-0.83), 
and preliminary therapeutic ranges were proposed for 
both matrices, supporting feasibility while highlighting 
population characteristics, formulation (capsule vs 
ODT), and procedural differences as potential sources of 
variance (6).
	 Beyond pregabalin, strong saliva–serum relationships 
have been reported for lithium and for phenytoin; recent 
reviews underscore saliva's value as a non‑invasive TDM 
matrix when the unbound fraction is clinically relevant 
(3-5). To enhance comparability across cohorts, future 
work should pre‑specify formulation and sampling 
protocols (e.g., capsule rather than ODT when feasible, 
standardized pre‑rinse and timing).
	 From a clinical pharmacology perspective, 
pregabalin's pharmacokinetic profile renders exposure 
monitoring particularly relevant in individuals with 
impaired renal function. This profile also makes 
saliva—reflecting the diffusible, unbound fraction—
mechanistically plausible as a surrogate matrix (1,2). 
However, older adults commonly exhibit reduced salivary 
flow, which may influence concentration measures; given 
our cohort's mean age (27 years), generalizability to 
elderly patients is limited (11-13). Future studies should 
incorporate multi‑time‑point paired sampling around 
and beyond Tmax, capture salivary physiology (flow 
rate, pH) at collection and define clinically meaningful 
saliva–plasma thresholds for pregabalin TDM. Given 
the pilot nature of this investigation, the small sample 
size limits statistical power; accordingly, the observed 

	 At 1 h after a single 75‑mg oral dose, median 
concentrations were 1.96 µg/mL (CV 11.91%) in 
plasma and 0.466 µg/mL (CV 21.92%) in saliva (Table 
1). Despite the risk of oral-cavity residue from the 
ODT formulation (7,8), the standardized passive-drool 
collection protocol was designed to mitigate potential 
contamination. The four paired observations showed a 
strong positive relationship (Pearson's r = 0.838) (Figure 
1). However, this association did not reach statistical 
significance (p = 0.298), primarily due to the limited 
sample size (n = 4). These findings, along with the 
calculated saliva-to-plasma (S/P) ratios (median: 0.241; 
range: 0.185-0.275), suggest that salivary pregabalin 
concentrations may reflect systemic exposure, although 
confirmation in a larger cohort is required.
	 Bland–Altman analysis  was performed for 
exploratory visualization (Figure 1). While all data 
points fell within the limits of agreement, these limits are 
highly unstable with n = 4 and should not be interpreted 
as a definitive demonstration of agreement. In Jordanian 

Table 1. Plasma and salivary pregabalin concentrations in 
healthy volunteers

Volunteer No

1
2
3
4
Median
(Range)

Plasma (µg/mL)

1.94
2.23
1.66
1.98
1.96

(1.66-2.23)

Salivary (µg/mL)

0.359
0.551
0.389
0.544
0.466

(0.359-0.551)

S/P ratio

0.185
0.247
0.234
0.275
0.241

(0.185-0.275)

Figure 1. Correlation between plasma and salivary pregabalin concentrations.  (A) Scatter plot showing the association between plasma and 
salivary pregabalin concentrations in healthy volunteers (n = 4), with Pearson's correlation coefficient indicating a positive relationship between the 
two matrices (r = 0.838).  (B) Bland–Altman plot of paired plasma–saliva measurements (n = 4), showing the mean difference (1.49 µg/mL) and 
standard deviation (SD: 0.177 µg/mL), and the upper and lower limits of agreement (1.84 and 1.15 µg/mL), with all data points falling within the 
limits. This plot is intended for exploratory visualization of the differences between the two matrices.
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correlation should be interpreted as exploratory rather 
than confirmatory. Nevertheless, the internal consistency 
of plasma concentrations across participants supports the 
feasibility of paired plasma–saliva assessment under a 
controlled protocol.
	 The lack of statistical significance (p = 0.298) and 
the potential for oral-cavity residue from the ODT 
formulation are the primary limitations of this feasibility 
study. The ODT formulation was selected to reflect its 
increasing use in Japanese clinical practice, particularly 
for patients with dysphagia. Although mouth rinsing 
was implemented to mitigate contamination, ODT 
residue remains a potential confounding factor. Future 
confirmatory studies should ideally use capsules to 
eliminate this risk or incorporate early post-dose rinse-
fluid testing to verify the absence of residue.
	 These findings provide initial evidence that structured 
saliva collection can yield clinically interpretable 
pregabalin concentrations. Future studies should establish 
actionable saliva‑to‑plasma conversion thresholds using 
larger, multi–time‑point cohorts— particularly in older 
adults and patients with renal impairment — to define 
decision‑making targets and to assess clinical outcomes.

Acknowledgements

We thank all volunteers for their participation.

Funding: None.

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

References

1.	 Bockbrader HN, Radulovic LL, Posvar EL, Strand JC, 
Alvey CW, Busch JA, Randinitis EJ, Corrigan BW, Haig 
GM, Boyd RA, Wesche DL. Clinical pharmacokinetics of 
pregabalin in healthy volunteers. J Clin Pharmacol. 2010; 
50:941-950.

2.	 Patsalos PN. Pregabalin. In: Antiseizure Medication 
Interactions. Springer, Cham, Switzerland, 2022; pp. 133-
136.

3.	 Resztak M, Czyrski A, Sobiak J. Saliva as a matrix for 
therapeutic drug monitoring and disease biomarkers in 
children and adolescents. Pharmacol Rep. 2025; 77:921-
961.

4.	 Parkin GM, McCarthy MJ, Thein SH, Piccerillo HL, 
Warikoo N, Granger DA, Thomas EA. Saliva testing 
to monitor therapeutic lithium levels: identification of 
clinical and environmental covariates and incorporation 
into a prediction model. Bipolar Disord. 2021; 23:679-
688.

5.	 Rather MY, Farhat S, Rather MY. Use of saliva as an 
alternative matrix to serum/plasma for therapeutic drug 
monitoring using reverse-phase HPLC. Clin Ther. 2021; 
43:2127-2135.

6.	 Idkaidek N, Hamadi S, El-Assi M, Al-Shalalfeh A, Al-
Ghazawi A. Saliva versus plasma therapeutic drug 
monitoring of pregabalin in Jordanian patients. Drug Res 
(Stuttg). 2018; 68:596-600.

7.	 Klancke J, Gajendran J, Guillot A, Schichtel J, Tuereli A. 
Dissolution testing of orally disintegrating tablets. J Pharm 
Pharmacol. 2012; 64:911-918.

8.	 Almukainzi M, Araujo GLB, Löbenberg R. Orally 
disintegrating dosage forms. J Pharm Investig. 2018; 
48:19-30.

9.	 U.S. Food and Drug Administration. Bioanalytical Method 
Validation: Guidance for Industry. May 2018. https://www.
fda.gov/media/70858/download (accessed 15 January 
2026)

10.	 Kanda Y. Investigation of the freely available easy-to-
use software "EZR" for medical statistics. Bone Marrow 
Transplant. 2013; 48:452-458.

11.	 Xu F, Laguna L, Sarkar A. Ageing-related changes in 
quantity and quality of saliva: Where do we stand in our 
understanding? J Texture Stud. 2019; 50:27-35.

12.	 Vandenberghe-Descamps M, Labouré H, Prot A, Septier 
C, Tournier C, Feron G, Sulmont-Rosse C. Salivary 
flow decreases in healthy elderly people independently 
of dental status and drug intake. J Texture Stud. 2016; 
47:353-360.

13.	 Morita I, Morioka H, Abe Y, Nomura T, Nakashima S, 
Sugiura I, Inagawa Y, Kondo Y, Kameyama C, Kondo K, 
Kobayashi N. Discordance between hyposalivation and 
xerostomia among community-dwelling older adults in 
Japan. PLoS One. 2023; 18:e0282740.

Received March 7, 2026; Revised May 10, 2026; Accepted 
June 12, 2026.

*Address correspondence to:
Takeo Yasu, Department of Clinical Pharmacodynamics and 
Toxicology Analytics, Meiji Pharmaceutical University.; 2-522-
1, Noshio, Kiyose, Tokyo 204-8588, Japan.
E-mail: yasutakeo@my-pharm.ac.jp

Released online in J-STAGE as advance publication June 21, 
2026.



Drug Discoveries & Therapeutics. 2026; 20(3):273-279.                                  www.ddtjournal.comDrug Discoveries & Therapeutics. 2026; 20(3):273-279.                                  www.ddtjournal.com

Associations between wound exudate amino acid profiles and 
microbial dissimilarity in wound and peri-wound skin in healing 
wounds

Mao Kunimitsu1, Makoto Tsunoda2, Tomoko Akase3, Mikio Kinoshita4, Gojiro Nakagami1,5,*

1 Department of Gerontological Nursing/Wound Care Management, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
2 International Christian University, Tokyo, Japan;
3 Department of Biological Science and Nursing, Graduate School of Medicine, Yokohama City University, Kanagawa, Japan;
4 TOWN Home Care Clinic, Tokyo, Japan;
5 Global Nursing Research Center, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan.

1. Introduction

Wound infection is characterized by bacterial 
proliferation within the wound bed, resulting in tissue 
damage and disruption of the healing process (1). Such 
infections impose a significant economic burden on 
healthcare systems, reduce patient quality of life (2), 
and increase the risk of mortality (3). The relationship 
between the host and bacteria in wounds is continuous 
and progresses through various stages of microbial 
presence, from contamination to colonization, local 
infection (covert and overt), and eventually to spreading 
and systemic infection (4). In particular, covert local 
wound infections are difficult to detect, as delayed 
healing often occurs before the appearance of overt 
signs and symptoms, resulting in delayed initiation of 
appropriate treatment. Therefore, early prevention of 
covert local wound infections is essential to promote 

timely wound healing.
	 The wound microbiota composition is associated 
with wound healing outcomes (5). In particular, 
dysbiosis,  defined as the formation of wound 
microbiota that differs markedly from the patient's 
own peri-wound skin commensal microbiota, has been 
implicated in the development of covert local wound 
infections (6). Excessive inflammation and delayed 
wound healing have been observed in animal models 
that mimic dysbiotic wound microbiota without overt 
signs of infection. Furthermore, compared to wounds 
colonized by commensal skin microbiota, these models 
showed a reduced number of Forkhead box P3-positive 
cells, a marker of regulatory T cells (Tregs) with anti-
inflammatory functions (7). Conversely, even when 
commensal skin microbiota are colonized, delayed 
healing is observed if Treg induction is suppressed (8). 
These findings suggest that dysbiosis induces covert 
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SUMMARY: Dysbiotic wound microbiota, which is dissimilar to that of the peri-wound skin, delays healing in 
hard-to-heal wounds. However, rapid and practical methods for detecting wound dysbiosis are lacking and the 
characteristics of the wound environment in which dysbiosis occurs remain unclear. Consequently, microbiota-
targeted care to prevent delayed healing has not yet been established. This study investigated the association between 
amino acid profiles in wound exudates and the degree of microbial dissimilarity between the wound and peri-
wound skin microbiota. Nine wounds from eight patients receiving home care were analyzed. The concentrations 
of 18 amino acids were measured using high-performance liquid chromatography, and the microbiota were detected 
using 16S rRNA gene amplicon sequencing. The microbial dissimilarity was assessed using the weighted UniFrac 
dissimilarity index, and correlations between the relative abundances of amino acids, amino acid ratios, and 
microbial dissimilarities were evaluated using Spearman's rank correlation. Most of the wounds were in the healing 
phase. The relative abundance of arginine showed a strong correlation with microbial dissimilarity (ρ = – 0.80, p = 
0.01). Additionally, eight amino acid ratios (arginine/asparagine and arginine/tyrosine) were significantly correlated 
with microbial dissimilarity. These findings support the development of point-of-care tools for assessing wound 
microbiota and improving wound management.

Keywords: Commensal skin microbiota, wound microbiota, hard-to-heal wounds, wound fluid, wound healing
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local wound infections by impairing Treg-mediated 
immune tolerance. Accordingly, the wound and peri-
wound skin microbiota must be assessed in daily care, 
and interventions aimed at preventing or correcting 
dysbiosis must be implemented based on the assessment 
results. However, next-generation sequencing (NGS), 
which is commonly used to identify microbiota, is time-
consuming and costly, making it impractical as a point-
of-care diagnostic tool. Moreover, the characteristics 
of the wound environment during dysbiosis remain 
unclear.
	 Host-related factors, such as immune status, 
underlying diseases, and local wound characteristics, 
play major roles in the formation of wound microbiota 
(9). In the present study, we focused on amino acids 
in wound exudates as key components of the wound 
environment. Amino acids serve as essential nutrients 
for bacterial growth (10) and are known to vary 
according to wound conditions (11-13). Therefore, the 
amino acid profile of wound exudate may be associated 
with the composition of the wound microbiota. In the 
present study, we tested this hypothesis using wound 
exudates and microbiota samples obtained from patients 
with hard-to-heal wounds. Specifically, amino acid 
profiles were analyzed using high-performance liquid 
chromatography (HPLC), and the wound and peri-
wound skin microbiota were identified using NGS. We 
then investigated the association between amino acid 
profiles and microbial dissimilarity in the wound and 
peri-wound skin in detail.

2. Materials and Methods

2.1. Ethical considerations

The study protocol was approved by the ethics 
committee of the Graduate School of Medicine, The 
University of Tokyo (Approval No. 2022182NI-(3)) 
and performed in accordance with the Declaration of 
Helsinki. Written informed consent was obtained from 
all participants prior to their enrollment in the study.

2.2. Study design and participants

This prospective cohort study was conducted between 
January and March 2023. Participants were recruited 
from a home care clinic specializing in wound 
management that provides services in the Kanagawa 
and Tokyo prefectures, Japan. The inclusion criteria 
were as follows: individuals aged 20 years or above; 
those with hard-to-heal wounds extending into the 
subcutaneous tissue; and patients who received home 
care from the clinic and were followed up with a 
second visit 2 weeks later. Patients whose wounds were 
deemed difficult to swab according to the attending 
physician were excluded. Following baseline data 
collection, patients were followed-up until their next 

scheduled visit to assess their wound healing status. 
A complete enumeration method was used, which 
included all patients with hard-to-heal wounds who 
underwent home visits to the clinic during the study 
period.

2.3. Sample collection

To assess the microbiota, samples were collected by a 
trained wound researcher using flocked swabs (Puritan, 
Guilford, ME, USA) pre-soaked in sterilized saline 
containing 0.1% Tween-20 (Nacalai Tesque, Kyoto, 
Japan). To minimize contamination, both the wound 
bed and peri-wound skin were cleansed with a skin 
cleanser before sampling. Wound microbiota samples 
were obtained by swabbing a 1 cm2 area at the center 
of the wound bed using Levine's technique (14). Peri-
wound skin microbiota samples were collected from 
the surrounding skin on the cranial side of the wound 
(the area not covered by the wound dressing) using 
the Z-stroke technique, with the area swabbed twice 
for consistency (15). All swab samples were stored 
at −80°C until DNA extraction to preserve microbial 
integrity.
	 For amino acid analysis of the wound exudate, 
additional wound swab samples were collected using 
the same Levine technique, with flocked swabs soaked 
in 80 µL of sterilized saline (16). Exudate was extracted 
by centrifuging the swabs at 3,000× g for 1 min, and 
the supernatant was stored at −80°C until analysis.

2.4. Data collection

Wound healing status was evaluated by comparing 
the total DESIGN scores at baseline and follow-up 
(17). Wounds were classified as "deteriorated" if the 
DESIGN total score remained unchanged or increased, 
indicating worsening of the wound, and as "healing" if 
the total score decreased compared to baseline. Trained 
nurses independently evaluated the scores.
	 Wound images were captured using a digital camera 
(RX100II; Sony Corporation, Tokyo, Japan) combined 
with a color calibration chart (CASMATCH; Bear 
Medic Co., Tokyo, Japan) to ensure standardized image 
analysis. Patient demographic data (age, sex, physical 
function level, and underlying diseases) and wound-
related data (type, location, duration, and treatment) 
were extracted from medical records.

2.5. Microbiome analysis

Bacterial DNA was extracted from swab samples using 
the QIAamp DNA Mini Kit (Qiagen N. V., Venlo, 
Netherlands) following previously described methods 
(18). The 16S rRNA gene amplicon sequencing 
was performed to characterize the wound and peri-
wound skin microbiota. Polymerase chain reaction 
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wound duration was 10 months. The DESIGN scores at 
baseline and two weeks later are shown in Table 2. The 
median change in the total DESIGN score over 2 weeks 
was −3 points (IQR: −4–−3). In eight out of nine cases 
(88.9%), the score decreased, and in the remaining 
case, the score remained unchanged. Thus, this cohort 
predominantly comprised wounds in the process of 
healing.
	 The composition of the wound and peri-wound 
skin microbiota is shown in Figure 1. The bacterial 
genus with the highest median relative abundance 
in the wound samples was Staphylococcus [median 
2.8% (IQR: 0.7–64.4)]. In the peri-wound skin, 
Staphylococcus [median 36.6% (IQR: 6.7–61.5)] was 
also the predominant bacterial genus. The median 
weighted UniFrac dissimilarity index in the wound and 
peri-wound skin was 0.27 (IQR: 0.22–0.35). Similar 
findings have been reported in a previous study of 
pressure injuries showing a healing trend, in which 
both the weighted UniFrac dissimilarity index and 
the predominant bacterial genera were comparable to 
those observed in the present study (6). Together, these 
findings suggest that the microbiota observed in this 
cohort may represent a wound environment undergoing 
healing rather than dysbiosis.

amplification was conducted using a 16S Barcoding Kit 
1-24 [SQK-16S024; Oxford Nanopore Technologies 
(ONT), Oxford, UK] targeting the near-full-length 
bacterial 16S rRNA gene. Sequencing was performed 
using a MinION portable sequencer (ONT) equipped 
with an FLO-MIN106D flow cell (ONT). Basecalling 
was conducted using the EPI2ME online platform 
(ONT), and microbial diversity analysis was performed 
using QIIME 2.
	 Microbiota composition was evaluated based on 
relative abundance, representing the proportion of each 
bacterium within the sample. To assess the microbial 
dissimilarity between the wound and peri-wound skin of 
the same individual, the weighted UniFrac dissimilarity 
index was calculated. This index ranged from 0 to 1, 
with higher values indicating greater dissimilarity in the 
microbiota.

2.6. Amino acid analysis

In this study, 18 amino acids were examined in the 
wound exudate. Sample preparation and HPLC analysis 
were performed according to previously described 
methods (19). The relative abundance of amino acids, 
defined as the ratio of their concentration to the total 
amino acid content, was calculated to evaluate the 
amino acid composition. In addition, the ratio of 
concentrations (amino acid ratio) was calculated for all 
combinations of the 18 amino acids.

2.7. Statistical analysis

Continuous variables are presented as median 
[interquartile range (IQR)], and categorical variables are 
presented as the number of cases (%). The Spearman's 
rank correlation coefficient was used to evaluate the 
association between the weighted UniFrac dissimilarity 
index in the wound and peri-wound skin microbiota 
and the relative abundance of individual amino acids 
and their ratios. To evaluate the influence of the 
repeated observation from one wound, a sensitivity 
analysis was performed by excluding one of the 
repeated measurements and recalculating the Spearman 
correlation coefficients using one observation per 
wound. All statistical analyses were performed using 
the EZR software (20). Statistical significance was set 
at p < 0.05.

3. Results and Discussion

Eight patients (eight wounds) were included in this 
study. Among the eight wounds, one wound was 
sampled at two time points separated by two weeks. 
Consequently, the analysis included nine observations 
derived from eight wounds. Patient and wound 
characteristics are summarized in Table 1. The median 
age of the participants was 74.5 years, and the median 

Table 1. Characteristics of participants and wounds (n = 8)

Age
Sex (male)
Degree of independence
     Rank A (Independent, but may show
     occasional forgetfulness)
     Rank B (Needs supervision or help with
     some daily tasks)
     Rank C (Completely dependent on
     others for daily care)
Disease
     Cardiovascular diseases
     Endocrine disorders
     Nervous diseases
     Gastrointestinal diseases
     Respiratory diseases
Braden scale
Treatment
     Steroid drug
     Dialysis
Wound area
     Sacrum
     Lower leg
     Toe
     Foot
     Ischium
Wound type
     Pressure injury
     Amputation wound
     Venous leg ulcer
     Arterial ulcer
     Skin ulcer in rheumatoid arthritis
Duration (month)

% or IQR

(68.8–80.0)
(50.0)

(25.0)

(37.5)

(37.5)

(50.0)
(62.5)
(25.0)
(62.5)
(25.0)
(10.0–20.8)

(37.5)
(25.0)

(25.0)
(25.0)
(25.0)
(12.5)
(12.5)

(37.5)
(25.0)
(12.5)
(12.5)
(12.5)
(4.5–18.0)

n or 
median

74.5
  4

  2

  3

  3

  4
  5
  2
  5
  2
18.5

  3
  2

  2
  2
  2
  1
  1

  3
  2
  1
  1
  1
10

IQR, interquartile range.
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	 Correlation coefficients between the relative 
abundance of  each amino acid and microbial 
dissimilarity were calculated (Figure 2A). Among 

the 18 amino acids, arginine showed a significant 
strong negative correlation (ρ = –0.80, p = 0.01). A 
higher relative abundance of arginine in the wound 
exudate was associated with increased microbial 
similarity between the wound and peri-wound skin. The 
biological significance of this association is supported 
by previous reports demonstrating that higher arginine 
concentrations are associated with skin microbiota 
profiles more closely resembling those of healthy 
individuals, even in patients with atopic dermatitis, in 
whom the pathogenic bacterium Staphylococcus aureus 
typically predominates (21). Furthermore, in non-
inflammatory healthy skin, microbial composition has 
been linked to metabolites in the arginine biosynthesis 
pathway, suggesting that bacterial-derived arginine 
contributes to skin health (22). On the other hand, 
in infected chronic wounds, the concentrations of 
citrulline, ornithine, and arginase in the wound exudate 
were significantly higher than those in non-infected 
chronic wounds, despite the lack of a significant 
difference in arginine levels (12). Therefore, identifying 
biomarkers of microbial dissimilarity in infected 
wounds may require the examination of arginine as well 
as arginine metabolism.
	 Correlations between the ratios of all possible pairs 
among the 18 amino acids and the weighted UniFrac 
dissimilarity index were examined (Figure 2B). 
Significant correlations with microbial dissimilarity 
were observed for the following amino acid ratios 
(median [IQR]): arginine/histidine [ρ = −0.76, p = 0.04; 

Table 2. DESIGN score (n = 9)

Components

Depth

Exudate

Size

Infection/inflammation

Granulation

Necrotic tissue

Pocket
Total score

Baseline

5 (55.6)
4 (44.4)
0 (0.0)
9 (100.0)
3 (33.3)
2 (22.2)
1 (11.1)
1 (11.1)
1 (11.1)
1 (11.1)
2 (22.2)
4 (44.4)
3 (33.3)
0 (0.0)
4 (44.4)
3 (33.3)
2 (22.2)
0 (0.00)
8 (88.9)
1 (11.1)
9 (100.0)
9 (8–13)

The number of wounds (%) per score is shown for each component 
of the DESIGN tool. The total score is also shown as the median 
(interquartile range) at each time point. Of the eight subjects, one 
patient (one wound) could be followed a total of two times every 2 
weeks.

Score

D3
D4
e1
e2
s1
s2
s3
s4
s5
S6
i0
i1
I2
g1
g2
G3
G4
n0
N1
N2
p0

Two weeks later

5 (55.6)
4 (44.4)
2 (22.2)
7 (77.8)
3 (33.3)
2 (22.2)
2 (22.2)
1 (11.1)
0 (0.0)
1 (11.1)
5 (55.6)
4 (44.4)
0 (0.0)
5 (55.6)
4 (44.4)
0 (0.0)
0 (0.0)
3 (33.3)
6 (66.7)
0 (0.0)
9 (100.0)
7 (6–8)

Figure 1. Wound and peri-wound skin microbiota composition. The top 20 bacterial genera present in the microbiota are shown. Bacterial 
genera with lower relative abundances were grouped under the category "Others." The relative abundance is represented in the vertical axis. 
Weighted UniFrac dissimilarity index values are shown at the top of the graph. W, wound samples; PS, peri-wound skin samples.
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Figure 2. Associations between wound exudate amino acid profiles and microbial dissimilarity. (A) Scatter plots of the relative abundance 
of amino acids and the weighted UniFrac dissimilarity index. Data for each sample are plotted with the relative abundance of amino acids on 
the vertical axis and the weighted UniFrac dissimilarity index value on the horizontal axis. The numbers shown in the upper right of each scatter 
plot represent Spearman's rank correlation coefficients (p-value). Among the 18 amino acids, only arginine showed a statistically significant 
correlation (ρ = –0.80, p = 0.01). (B) Summary of Spearman's rank correlation coefficients between amino acid ratios derived from the 18 
amino acids in wound exudate and the weighted UniFrac dissimilarity index. Amino acid ratios showing statistically significant correlations 
are highlighted in bold within shaded grey cells. Each amino acid ratio was calculated by dividing the concentration of the amino acid listed in 
the columns by that listed in the rows. For histidine (His), methionine (Met), and tryptophan (Trp), some wounds had concentrations of 0 mM, 
resulting in different correlation coefficients depending on whether these amino acids were used as the numerator or denominator of the ratio. (C) 
Scatter plots of amino acid ratios and microbial dissimilarities. The data for each sample are plotted with the amino acid ratio on the vertical axis 
and the weighted UniFrac dissimilarity index value on the horizontal axis. The numbers shown in the upper right of each scatter plot represent 
the correlation coefficients (p-value). Correlation coefficients shown in this figure are based on the primary analysis including nine observations 
derived from eight wounds. His, histidine; Arg, arginine; Asn, asparagine; Gln, glutamine; Cit, citrulline; Ser, serine; Asp, aspartic acid; Thr, 
threonine; Glu, glutamic acid; Gly, glycine; Tyr, tyrosine; Ala, alanine; Met, methionine; Trp, tryptophan; Val, valine; Phe, phenylalanine; Ile, 
isoleucine; Leu, leucine.
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1.17 (1.00–1.53)], arginine/asparagine [ρ = −0.83, p 
= 0.01; 2.44 (1.88–3.63)], arginine/glutamic acid [ρ = 
−0.72, p = 0.04; 0.91 (0.77–1.01)], arginine/tyrosine 
[ρ = −0.85, p = 0.01; 1.87 (1.24–2.36)], arginine/
phenylalanine [ρ = −0.80, p = 0.01; 1.77 (1.22–2.53)], 
arginine/isoleucine [ρ = −0.73, p = 0.03; 1.70 (1.09–
2.13)], asparagine/valine [ρ = −0.77, p = 0.02; 0.26 
(0.24–0.27)], and tyrosine/leucine [ρ = 0.82, p = 0.01; 
0.56 (0.52–0.66)] (Figure 2C). These findings suggest 
that specific amino acids and their concentration ratios 
in wound exudates may serve as potential biomarkers 
reflecting the degree of microbial similarity between 
the wound and peri-wound skin in healing wounds. 
Currently, microbiota identification is primarily 
performed using NGS techniques based on bacterial 
DNA sequencing (23). However, the substantial cost 
and time required for this method render it unsuitable 
for point-of-care testing, thereby limiting the integration 
of microbiota data into clinical decision-making for 
wound management. Therefore, future validation 
studies are warranted to establish these amino acids 
as clinically applicable biomarkers by evaluating 
their discriminative ability through receiver operating 
characteristic analysis and determining appropriate 
cutoff values based on sensitivity and specificity.
	 To evaluate the influence of the repeated observation, 
a sensitivity analysis was performed by excluding one 
of the repeated measurements and recalculating the 
Spearman correlation coefficients using one observation 
per wound (n = 8). In this analysis, the correlation 
between arginine abundance and microbial dissimilarity 
was attenuated (ρ = −0.60, p = 0.13) and was no longer 
statistically significant. In contrast, all eight amino acid 
ratios that were significantly associated with microbial 
dissimilarity in the primary analysis remained statistically 
significant. These findings suggest that amino acid 
ratios may represent more robust indicators of microbial 
dissimilarity than individual amino acids.
	 Among the significant amino acid ratios, the 
asparagine/valine and tyrosine/leucine ratios were 
low in most samples and exhibited a narrow range. 
In contrast, amino acid ratios with arginine as the 
numerator were generally higher. Together with the 
findings on arginine abundance, these results suggest 
that an arginine-rich wound environment may be 
associated with the formation or maintenance of a 
wound microbiota similar to that of the commensal skin 
microbiota.
	 Beyond its potential role as a microbiota-related 
biomarker, arginine may also influence the local 
immune environment. Arginine plays a role in immune 
tolerance mediated by Tregs. Tregs express arginase 2, 
which metabolizes arginine to enhance their suppressive 
capacity (24). These findings suggest that an arginine-
rich microenvironment allows Tregs to function more 
effectively. Therefore, experimental studies using 
animal models are warranted to investigate the effects 

of arginine supplementation on wound microbiota and 
its local interaction with Tregs.
	 In conclusion, this study demonstrated that specific 
amino acids and their concentration ratios in wound 
exudates, particularly arginine, are associated with 
microbial similarity between the wound and peri-
wound skin in wounds showing a trend toward 
healing. These findings suggest the potential utility 
of amino acid profiles as surrogate markers of wound 
microbiota dysbiosis. Given the limitations of the 
current sequencing-based microbiota analyses in 
clinical practice, amino acid–based biomarkers may 
serve as feasible alternatives for point-of-care wound 
assessment. Further studies involving larger cohorts and 
patients with delayed-healing wounds are warranted to 
validate their clinical applicability and specificity.
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Guide for Authors

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 (ICMJE, 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 (DOAJ, 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 ICMJE (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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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/mm2/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 

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).
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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.pdf). 
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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