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ABSTRACT

Objective: Anorexia nervosa (AN) is a metabolic-psychiatric disorder characterized by severe weight loss, hypercortisolemia,
and hypothalamic-pituitary-adrenal (HPA) axis activation. In this study, we investigated the effect of inhibiting cortisol regen-
eration via the enzyme 113-hydroxysteroid dehydrogenase type 1 (113-HSD1) on the pathophysiology of AN.

Method: Female C57BL/6J mice underwent a 7-day activity-based anorexia (ABA) paradigm, involving 3h daily feeding and
free access to wheels, until 25% body weight loss or experiment completion. Mice were orally treated once daily with a potent 113-
HSD1 inhibitor, DSOK-0011, or vehicle. Body weight, food intake, and activity transitions were recorded; plasma corticosterone
and cholesterol levels were measured using a fluorometric assay; gut microbiota were analyzed using 16S rRNA sequencing; and
hippocampal glial cells were analyzed using immunohistochemistry.

Results: DSOK-0011-treated mice exhibited a modest but significant increase in postprandial wheel-running activity com-
pared to baseline (4-5p.m., p=0.018; 5-6p.m., p=0.043), whereas vehicle-treated mice showed higher preprandial activity
(9-10a.m., p=0.0229). Gut microbiota analysis revealed increased alpha diversity in ABA mice, with a specific enrichment of
the Lachnospiraceae family in the DSOK-0011 group. However, DSOK-0011 did not significantly affect body weight, food intake,
corticosterone, and lipid levels, or hippocampal glial cell populations.
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Conclusion: Inhibition of 118-HSD1 by DSOK-0011 was associated with microbiota alterations and subtle shifts in activity

timing under energy-deficient conditions. These findings suggest that peripheral glucocorticoid metabolism may influence mi-

crobial and behavioral responses in the ABA model, although its metabolic impact appears limited in the acute phase.

1 | Introduction

Anorexia nervosa (AN) is a metabo-psychiatric disorder char-
acterized by an intense fear of weight gain and voluntary food
restriction (FR), leading to life-threatening weight loss (Watson
et al. 2019; Schalla and Stengel 2019). Most patients with AN
exhibit excessive exercise, which hinders weight recovery by
increasing energy expenditure (Zipfel et al. 2013). Due to se-
vere underweight and poor treatment response, AN has one of
the highest mortality rates among mental illnesses (Treasure
et al. 2020; Iwajomo et al. 2021). Currently, there are no estab-
lished psychopharmacological treatments to effectively manage
the clinical course of AN.

Notably, the hypothalamic-pituitary-adrenal (HPA) axis
plays a central role in both stress response and energy ho-
meostasis (Zhang and Dulawa 2021; Haines 2023). Starvation
and physical activity, the major characteristics of AN, are
known to activate the HPA axis and induce hypersecretion of
corticotropin-releasing hormone (CRH) (Fediuc et al. 2006;
Droste et al. 2007), which in turn triggers the release of adrenal-
derived glucocorticoids (GC), primarily cortisol in humans and
corticosterone in rodents (Joseph and Whirledge 2017). Previous
studies have reported the anorexigenic effect of CRH, and its
central injection has been shown to increase physical activity
(Lawson et al. 2013; Krahn et al. 1988). Moreover, central CRH
antagonism has been demonstrated to reverse appetite and
weight loss in animals (Menzaghi et al. 1994; Spina et al. 2000;
Kawaguchi et al. 2005; Mogami et al. 2016). Furthermore, hyper-
cortisolemia, a typical indicator of HPA axis dysregulation, can
alter the neuroendocrine signaling pathways involved in energy
balance and feeding behavior (Balsevich et al. 2019). Clinical
findings suggest that hypercortisolemia can be a predictor of
treatment resistance in patients with AN and mood disorders
(Fischer et al. 2017; Het et al. 2020; Markopoulou et al. 2021).
CRH and cortisol hypersecretion are often considered as a com-
pensatory mechanism and a physiological adaptive response to
chronic malnutrition (Amorim et al. 2023). While cortisol levels
normalize following weight restoration in many cases, several
findings indicate that HPA axis dysregulation, including cortisol
responsiveness to stress stimuli, persists even after weight recov-
ery and may be involved in the pathophysiology of the disease
itself (Herpertz-Dahlmann and Remschmidt 1990; Schmalbach
et al. 2020; Kinzig and Hargrave 2010; Lee and Kinzig 2017).

11B-hydroxysteroid dehydrogenase type 1 (113-HSD1) is a key
metabolic enzyme that amplifies intracellular GC activation
by generating cortisol from its biologically inactive precursor
cortisone (11-dehydrocorticosterone in rodents) (Gathercole
et al. 2013). This enzyme contributes to tissue-specific corti-
sol production in the periphery (Stomby et al. 2014; Podraza
et al. 2024), functions as an exclusive activator of GC in the cen-
tral nervous system (Rajan et al. 1996), and acts as a regulator
of basal activity of the HPA axis (Sandeep et al. 2004; Bisschop

et al. 2013). In metabolic stress conditions, 118-HSD1 also in-
fluences cholesterol metabolism through increased local GC
generation (Chapman et al. 2013). Notably, 118-HSD1 is highly
expressed in the hippocampus and modulates local levels of cor-
ticosterone, which in turn affects integrative approach aimed
(Yau, Noble, et al. 2015). In addition, 113-HSD1 activity has been
shown to affect gut microbiota composition in a diet-dependent
manner, highlighting its involvement in both brain function
and gut homeostasis (Johnson et al. 2016). Considering that gut
dysbiosis is strongly implicated in AN pathophysiology (Fan
et al. 2023), interactions between microbiota and neuroendo-
crine regulation via 118-HSD1 may represent a key mechanistic
link. Gutbacteria are capable of modulating host neuroendocrine
systems through microbial metabolites, immune signaling, and
vagal pathways, thereby influencing stress responsiveness and
feeding behavior (van de Wouw et al. 2017; Wiklund et al. 2021).
AN patients often exhibit adaptive hypercholesterolemia, par-
ticularly during refeeding, which associates with increasing the
risk of cardiovascular complications (Garcia-Rubira et al. 1994;
Abuzeid and Glover 2011). Given that 118-HSD1 is implicated
in both GC metabolism and cholesterol regulation, it emerges
as a potential therapeutic target in addressing the metabolic and
neuroendocrine dysregulation of AN.

Although the therapeutic effects of113-HSD1 inhibitor have
been widely studied in metabolic disorders such as obesity
and Type II diabetes mellitus (Anagnostis et al. 2013; Hu
et al. 2013; Park et al. 2014; Othonos et al. 2023), their po-
tential application in eating disorders remains largely unex-
plored. Despite the abundance of evidence implicating GC as
a significant contributor to psychiatric symptoms, studies on
the potential therapeutic benefits of 11-HSD1 inhibitors are
limited to dementia (Dodd et al. 2022). Importantly, several
studies have shown that 118-HSD1 inhibition may act as a
potential HPA axis stabilizer without triggering compensa-
tory activation (Berthiaume et al. 2007; Courtney et al. 2008;
Hermanowski-Vosatka et al. 2005). However, no studies to
date have assessed the effects of 11-HSD1 inhibition in the
context of AN.

To address this gap, we investigated the therapeutic poten-
tial of a novel 113-HSD1 inhibitor, DSOK-0011 (described in
WO0-2011059021 as a potent inhibitor of 113-HSD1 (Horiuchi
et al. 2011)), in the activity-based anorexia (ABA) mouse
model, which recapitulates key features of AN, including HPA
axis dysregulation and excessive physical activity (Zhang and
Dulawa 2021). We evaluated its impact on body weight, ap-
petite, physical activity, and circulating corticosterone and
cholesterol levels. Furthermore, to elucidate the mechanisms
linking GC metabolism, gut function, and neuroinflamma-
tion, we examined changes in gut microbiota composition
and hippocampal glial cells—both microglia and astrocytes—
known to respond to stress and GC exposure (Yau, Wheelan,
et al. 2015). This integrative approach aimed to uncover the

International Journal of Eating Disorders, 2025

85UB017 SUOWILIOD 3A[Fe81D) 3|qedljdde ayp Aq paueAob ae Sa e YO 88N JO s3I 10y Areiq 1 8UIUO AB|IM UO (SUORIPUOD-PUE-SWISHW0D" A3 1M ARIq 1 U1 UO//SANY) SUORIPUOD pUe SWB L 38U 89S *[G202/TT/8T] U0 ARiqiauliuo AB|IMm ‘AsieAun eweAex0 Aq LSS1Z 189/200T 0T/I0p/wod: A3 | 1M AIq 1 Ul IUO//SARY WOy papeo|umoq ‘0 ‘X80T860T



Summary

+ Gut microbiota alpha diversity significantly increased
in the ABA mice; the DSOK-0011 group showed an in-
crease in the Lachnospiraceae family.

+ DSOK-0011 treatment was associated with shifts in
wheel-running activity timing, particularly, increased
postprandial activity.

« No significant effects were observed on body weight,
food intake, or corticosterone levels following DSOK-
0011 administration.

potential of 113-HSD1 inhibition as a novel therapeutic strat-
egy that targets both neuroendocrine and gut-mediated path-
ways in AN.

2 | Materials and Methods
2.1 | Animals

For all experiments, female C57BL/6J mice (n =194, 7weeks
old, referred to as adolescents) were purchased from CLEA
Japan Inc., Japan. Depending on the experiment, mice were
randomly assigned as follows: 66 for in vivo pharmacoki-
netics test; 72 for restraint stress model experiment; 56 for
ABA model experiment. Mice were housed individually for
the ABA model experiment or four to five mice together for
other experiments in a controlled environment (temperature,
23°C +0.5°C; relative humidity, 50% + 10%) under an inverted
12/12h light-dark cycle (dark phase at 10a.m. to 10p.m.).
During the study, the animals were fed regular chow (MF diet
containing 4.9% fat, Oriental Yeast Co. Ltd., Japan) and had
ad libitum access to water. Considering that AN is more prev-
alent in women than in men, this study was conducted using
female mice according to other neuroscience research (van
Eeden et al. 2021; Nguyen et al. 2025). All procedures were
approved by the Animal Care and Use Committee, Okayama
University (approved No. OKU-2023359), and conducted ac-
cording to the Guidelines for Proper Conduct of Animal
Experiments (Science Council of Japan).

2.2 | InVivo Pharmacokinetics Test

The pharmacological compound DSOK (Lot# R12003) was
provided by Sumitomo Pharma Co. Ltd. (Japan) under a ma-
terial transfer agreement. To evaluate drug pharmacokinet-
ics, DSOK was administered orally (per os, p.o.) to 7-week-old
female C57BL/6 mice (n=3 per time point) at doses of DSOK
3, 10, 30, 100, and 1000 mg/kg (see below for the details of
preparing suspension). For the pharmacokinetic analysis,
blood and brain samples were collected at the following time
points: for the 3 mg/kg group, at 0.25, 0.5, 1, 2, 4, and 6h; and
for the 10mg/kg group, at 0.5, 1, 2, and 4h. These sampling
schedules were designed based on preliminary data to capture
dose-specific pharmacokinetic profiles. Mice were initially
anesthetized with 2% isoflurane and then deeply anesthetized
with 5%, and blood samples were collected from the inferior

vena cava into tubes containing sodium heparin (final hepa-
rin concentration: 100 U/mL). Plasma was separated from the
whole blood by centrifuging at 3000 rpm. For brain collection,
a craniotomy was performed to access the brain, followed by
transcardial perfusion with PBS. Brains were immediately
dissected after decapitation, weighed, and homogenized in
PBS at a ratio of 1:9 (w/v). For quantitative DSOK analysis,
plasma and brain homogenates were first deproteinized with
methanol. Following centrifugation of the precipitated sam-
ples, the supernatants were collected and analyzed by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) to
determine DSOK concentrations.

2.3 | Preparation of DSOK-0011 Suspensions

A 100mg/mL master suspension (final volume, 10.0mL) was
prepared by weighing 1.00g of DSOK on an analytical balance,
triturating the powder in an agate mortar, and gradually add-
ing sterile 0.5% methyl cellulose 400 (MC; FUJIFILM Wako
Pure Chemical Corporation, Japan) with continuous mixing
to bring the suspension to 10.0mL; the mixture was then vor-
texed for 15min to ensure homogeneity. From the 100mg/mL
stock, the following working suspensions (10.0mL each, in 0.5%
MC) were prepared: 10mg/mL, 1.0mL stock +9.0mL MC; 3mg/
mL, 3.0mL of the 10mg/mL suspension+7.0mL MC; 1mg/
mL, 1.0mL of the 10mg/mL suspension+9.0mL MC; 0.3mg/
mL, 3.0mL of the 1mg/mL suspension+7.0mL MC. For the
ABA model, a fresh 10mg/mL DSOK suspension in 0.5% MC
was prepared immediately before each daily administration and
dosed at 100mg/kg; per-animal volumes were calculated from
body weight and dosing concentration (e.g., 0.155mL for a 15.5g
mouse).

2.4 | Physical Restraint Stress Model
and DSOK-0011 Treatment Experiment

Briefly, we used a mouse model of restraint stress for 1h
(n=72) to induce blood corticosterone elevation (Layé
et al. 2001; Ding et al. 2021). Four to five mice were housed
in individual cages at 22°C+2°C and 50% + 5% relative hu-
midity under an inverted 12/12h light-dark cycle for 5days.
Thereafter, the animals were moved to the experiment room
at 10am and acclimated for 1h, just before the transition from
the light phase to the dark phase (light: 5801x; dark: 81x),
followed by DSOK administration (3, 10, or 30 mg/kg, p.o.)
or vehicle. After 30 min, a 1h restraint was performed from
11:30a.m. in a plastic tube with adequate ventilation holes for
preventing excessive movement under the dark conditions,
minimizing light-induced corticosterone elevation. At the
end, the animals were anesthetized, and blood samples were
taken as described above in the method of in vivo pharmaco-
kinetics test.

2.5 | ABA Model and DSOK-0011 Treatment
Experiment

ABA mice were individually housed in cages equipped with a
running wheel (wheel diameter 23 cm; cat # BIO-ACTIVW-M;
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FIGURE1 | Outline of ABA protocol and drug administration.

Bioseb, France) connected to the Spontaneous Activity Wheel
software (Bioseb, France) to continuously record physical
activity during the entire protocol (experimental timeline is
shown in Figure 1). Notably, the running wheel was freely ac-
cessible for 24 h a day until the end of the experiment. Body
weight and food intake were measured daily at the end of the
light phase. We first verified whether ABA mice showed el-
evated corticosterone levels with increasing severity of body
weight loss. Following confirmation of elevated corticosterone
levels, an acclimation period for the ABA cohort of the treat-
ment experiment was initiated. After 5days of acclimation,
mice were randomly split into two groups: vehicle or DSOK-
0011 (DSOK) group (n =10 and 11, respectively). Beginning on
Day 0, all food was removed from the cage and returned only
for 3h daily (free access to food from 10a.m. to 1 p.m.). Food
intake was recorded at the end of feeding time. Mice in the
DSOK group were orally administered the DSOK suspension
(dose, 100mg/kg) at 9:30a.m., 30 min before the start of the
dark phase, once daily for 8 consecutive days (cumulative dose
of 800 mg/kg). Mice in the vehicle group received an equal vol-
ume of 0.5% MC via a disposable zonde. Animals were removed
from the ABA protocol when body weight reduced to less than
75% of the baseline body weight (defined as body weight at
the start of the dark phase on Day 0). On Day 8, animals were
anesthetized with 2% isoflurane and deeply anesthetized with
5% isoflurane to ensure euthanasia. Blood was collected as de-
scribed above in the method of in vivo pharmacokinetics test
and stored at —80°C until analysis. Following blood collec-
tion, transcardial perfusion was performed with phosphate-
buffered saline (PBS), and cecal contents were harvested
and immediately frozen at —80°C. Then mice were perfused
transcardially with 4% of paraformaldehyde (PFA) in PBS for
brain fixation and excised. Whole brains were postfixed for
12h at 4°C, transferred to 30% sucrose solution for 48 h at 4°C
for cryoprotection, embedded in Tissue-Tek Optimal Cutting
Temperature Compound (Sakura Finetek, Japan), and stored
at —80°C until use.

2.6 | Enzyme-Linked Immunosorbent Assay
(ELISA) and Fluorometric Assay

Corticosterone levels were measured using a corticosterone en-
zyme immunoassay kit (cat # ADI-900-097; Enzo Life Sciences,
USA). Additionally, cholesterol levels, including high-density li-
poprotein (HDL) and low-density and very low-density lipopro-
tein ratios (LDL/VLDL), were determined using a cholesterol
assay kit (cat # ab65390; Abcam, UK). Samples were analyzed

9:30am/day 10am
DSOK or sample
vehicle p.o. r v2 v3 v4 v5 6 y7 y8 clollectlon
|
I - 0 I - ] I
D5 acclimation DO food restriction D8

V : oral administration

in duplicate via a single fluorometry assay using a Multiskan FC
microplate photometer (Thermo Fisher, USA) according to the
manufacturer's guidelines.

2.7 | Gut Microbiota Analyses

DNA was extracted from mouse cecal content using the
QIAamp Fast DNA Stool Mini Kit (QIAGEN, Japan) according
to the manufacturer's manual, with the lysis temperature set to
80°C. DNA libraries were prepared based on hypervariable re-
gions V3-V4 of the 16S rRNA gene. Thereafter, the amplicons
were purified, quantified, and sequenced with primers 341F
and 805R (Klindworth et al. 2013) by Fasmac Co. Ltd., Japan,
using an MiSeq (Illumina, USA). Sequencing was performed
using the SILVA 16S rRNA gene reference alignment database,
processed using denoising algorithms, and clustered into ampli-
con sequence variants (ASVs). To identify chimeras in the reads,
the nonchimeric 16S rRNA database from QIIME2 (v2023.9)
was used. Alpha diversity was assessed using the Shannon and
Chaol indices. Beta diversity was analyzed using Bray—Curtis
dissimilarity, weighted and unweighted unique fraction metric
(UniFrac) distances.

2.8 | Immunohistochemistry and Image Analysis

Briefly, brain tissue was cut into 30 um sections, permeabilized
in 0.2% Triton-X100 in PBS, and blocked with 10% donkey serum
(FUJIFILM Wako Pure Chemical Corporation, Japan) for 1h.
Thereafter, the sections were incubated overnight at 4°C with
anti-glial fibrillary acidic protein (GFAP) antibody (dilution
1:400; cat # 80788 T, Cell Signaling Technology, USA) for reactive
astrocyte staining or anti-ionized calcium binding adapter pro-
tein 1 (Ibal) antibody (dilution 1:500; cat # 019-19741, FUJIFILM
Wako Pure Chemical Corporation, Japan) for microglia stain-
ing. After three washes with PBS (5min each), the sections were
incubated with Alexa Fluor 647 anti-rabbit IgG secondary anti-
body (dilution 1:400, cat # A32795, Thermo Fisher, USA) at 22°C
for 2h. Finally, DAPI (4,6-diamidino-2-phenylindole) staining
was performed using Fluoro-KEEPER Antifade Reagent with
DAPI (cat # 12745-74, Nacalai tesque, Japan).

Imaging and quantification were performed, and stained coronal
slices were captured using the BZ-X700 All-in-one Fluorescence
Microscope (Keyence Corp., Japan). Briefly, the CA1 region of
the hippocampus was used as a region of interest (ROI) and
analyzed. Each ROI was captured using a xX60 objective lens,

4
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avoiding large blood vessels. To quantify the number of GFAP*
and Ibal* cells, we used the “grid” line overlay function in Fiji
to randomly place multiple 0.01 mm? subregions in the ROL We
counted only cells following the criteria: (1) positive staining for
GFAP or Ibal, (2) clearly visible cell bodies, and (3) identifiable
nuclei stained with DAPI. Counting was performed manually
using the “multipoint” function in Fiji. The number of cells was
calculated as the average counts permm?, according to other
studies (Chaaya et al. 2023; Luijerink et al. 2024). This analy-
sis was conducted on three coronal sections per animal, corre-
sponding to bregma levels —1.95 to —2.04 mm. The results were
verified by an independent researcher.

2.9 | Statistical Analysis

All data are presented as mean +standard error of the mean
(SEM). The normality of data distributions was assessed using
the Shapiro-Wilk test, and all subsequent statistical analyses
were conducted using nonparametric methods. The Mann-
Whitney U test was applied for comparisons between two in-
dependent groups. When comparing three or more groups, the
Kruskal-Wallis test and post hoc multiple comparison tests were
performed, and p-values were corrected using the Benjamini
and Hochberg method to control the false discovery rate (FDR)
(Benjamini and Hochberg 1995), with FDR g-values <0.05
considered statistically significant. The difference in microbial
community structure among the groups was tested using per-
mutational multivariate analysis of variance (PERMANOVA)
with the “adonis” function in the R “vegan” package with 9999
permutations. Effect sizes are reported as r values (range: 0-1),
with values greater than 0.5 typically interpreted as large ef-
fects. Correlation analyses were performed using Spearman'’s
rank correlation coefficient reported as r. Statistical analy-
sis and graph generation were performed using the R (v4.4.3),
GraphPad Prism (v10.4.1), and QIIME2 (v2023.9).

3 | Results

3.1 | DSOK-0011 Suppressed the Plasma
Corticosterone Elevation Induced by Physical
Restraint Stress

In vivo pharmacokinetic analysis was performed to confirm
the safe/effective dose of DSOK in ABA mice. Figure 2A shows
the chemical structure of DSOK. First, to examine the periph-
eral concentration-time profile under minimal systemic ex-
posure, a low-dose test of DSOK (3mg/kg) was administered
(Figure 2B). Following administration, plasma concentration of
DSOK peaked within 0.5h, reaching a maximum concentration
(C,,.x the highest DSOK concentration observed in the blood)
of 711.34+2.12ng/mL. In addition, a higher dose of DSOK
(10mg/kg) was used to measure total and free concentrations
of DSOK in plasma and brain from 0 to 4h postadministration,
as this dose was necessary to ensure detectable levels of DSOK
in the brain. Total concentration includes both protein-bound
and unbound (free) DSOK, while the free concentration rep-
resents only the unbound, pharmacologically active form of
DSOK. The area under the concentration-time curve from 0 to
4h (AUC,_,,, an indicator of overall drug exposure over time)

was 5522.09ngh/mL and 4347.03ngh/mL in plasma and brain
(Figure 2C). The unbound fractions of DSOK in the serum and
brain were 0.032 and 0.016, respectively, indicating high protein
binding efficiencies (96.8% in serum and 98.4% in brain). The
unbound brain-to-plasma partition coefficient (Kp’uu’brain, which
reflects the extent to which the free drug distributes into the
brain) (Gupta et al. 2006) ranged from 0.35 to 0.42. To assess the
pharmacodynamic efficacy of DSOK, we evaluated its ability
to suppress plasma corticosterone levels in a physical restraint
stress model (Figure 2D). DSOK dose-dependently reduced cor-
ticosterone levels, confirming its in vivo activity as a corticoste-
rone suppressor. The effect sizes compared to the vehicle group
were 0.801 (30mg/kg), 0.530 (10mg/kg), and 0.218 (3mg/kg),
respectively. To evaluate the duration for which DSOK remains
in systemic circulation, we next examined the time course of
its plasma concentration (Figure 2E). After a 30mg/kg dose,
DSOK was almost completely cleared from the plasma within
24h. Based on these results, we confirmed the optimal dose for
ABA mice and estimated the duration over which DSOK main-
tains a total plasma concentration of 159ng/mL, corresponding
to its in vitro half-maximal inhibitory concentration (IC,,, the
concentration at which the drug inhibits 50% of 113-HSD1 ac-
tivity) of 4.8 nM. According to simulation data (not shown), the
effective plasma concentration of DSOK can be sustained for
approximately 9 and 16h with doses of 30 and 100 mg/kg, re-
spectively. Taken together with the pharmacokinetic and phar-
macodynamic data, a twice-daily administration of 30mg/kg
would be expected to maintain therapeutic levels (as shown in
Figure 2D,E). However, to minimize the stress associated with
repeated dosing in animals, a once-daily administration of
100mg/kg was selected for the ABA mouse model.

3.2 | DSOK-0011 Affects Daily Activity Patterns,
but Does Not Prevent Exercise-Induced Body
Weight Loss

To evaluate the effects of DSOK in the ABA mouse model, we
assessed body weight, food intake, and physical activity pat-
terns. Plasma corticosterone levels were significantly elevated
in the ABA mice compared to controls (p =0.0002, effect size
(r)=0.699) (Figure 3A), and this increase was correlated with
the percentage of body weight loss (Spearman’s rank correla-
tion coefficient (r)=-0.52, p=0.0474) (Figure 3B). We next
examined the effects of DSOK on activity rhythms. Compared
to the vehicle-treated mice, DSOK-treated mice showed a sig-
nificant reduction in mean hourly running distance during
the penultimate hour before food access (9a.m.-10a.m.),
corresponding to food anticipatory activity (FAA), and a sig-
nificant increase in activity 6h after the onset of the dark
phase (Figure 3C). During the early phase of the ABA para-
digm (Days 0 and 1), the DSOK group exhibited significantly
higher mean activity during the dark phase, whereas the ve-
hicle group showed a significant increase in activity during
the light phase (Figure 3D). Although these group differences
were not statistically significant on subsequent days, DSOK-
treated mice tended to show consistently higher mean daily
activity levels throughout the rest of the ABA period. To fur-
ther characterize these trends, we analyzed running activity
separately for the light phase, dark phase, and FAA (3 h before
food access) across Days 1-7 of the ABA period (Figure 3E).
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Chemical structure of DSOK-0011. (B) Total plasma concentration of DSOK following oral administration of 3 mg/kg over a 6 h period. The y axis is
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FIGURE 3 | Effects of 118-HSD1 inhibitor DSOK-0011 on body weight, food consumption, and physical activity in ABA mice. (A) Plasma corti-
costerone levels in control and ABA groups (n=10 and 15, respectively; control: 173.25+20.62ng/mL; ABA: 439.38 +47.76 ng/mL). ***p=0.0002;
effect size r=0.699. (B) Correlation between plasma corticosterone levels and body weight in ABA mice. Line represents linear regression with 95%
confidence band. Spearman's correlation coefficient (r)=—0.52, p=0.0474. (C) Diurnal activity patterns of vehicle- and DSOK-treated mice during
ABA. Acclimation phase activity used as baseline (n =10 and 11). #Significant difference versus baseline, p <0.05; a, vehicle group versus baseline,
p=0.0229; b, DSOK group versus baseline; 4 p.m.-5p.m., p=0.018; 5p.m.-6 p.m., p=0.043. (D) Mean activity levels during ABA period in vehicle and
DSOK groups (n=10 and 11, gray bars indicate dark phase). Day 0: Dark phase, p=0.0029; light phase, p=0.0018; Day 1: Dark phase, p=0.010; light
phase, p=0.0083. ns: not significant. (E) Activity levels in light phase, dark phase, and FAA (3h before feeding) on Days 1-7. Significant increase in
dark phase activity on Day 3 in DSOK group (p=0.031). (F) Body weight and food intake changes during ABA in control, vehicle, and DSOK groups
(n=10, 10, and 11, respectively). #DSOK and vehicle versus control, p <0.001; *vehicle versus DSOK. Day 6, p=0.022. (G) Plasma corticosterone lev-
els in the control, vehicle, and DSOK groups (n=10, 7, and 9; control: 167.22 +21.93ng/mL, vehicle: 378.48 + 66.25ng/mL, DSOK: 294.11 + 38.17ng/
mL). **p=0.0065; effect sizes (r): control versus vehicle, r=0.639; control versus DSOK, r=0.56; Vehicle versus DSOK, r=0.224. (H) Correlation
between plasma corticosterone levels and body weight in vehicle and DSOK groups. r,=—0.19, p=0.47. Statistical analysis: (A, C-F): Mann-Whitney
U test; (B, H): Spearman’s rank correlation test; (G): Kruskal-Wallis test with FDR correction. All data are presented as the mean + standard error
of mean (SEM).

No significant differences were observed between the DSOK in body weight loss was observed between the vehicle and
and vehicle groups on most days across these time periods; DSOK groups (Figure 3F, left). Similarly, food intake was sig-
however, dark-phase activity was significantly elevated in nificantly reduced in both groups compared to controls, with
the DSOK group on Day 3 (p=0.031). As shown in Figure 3F, no significant differences between the vehicle and DSOK
both vehicle- and DSOK-treated groups showed significant groups throughout most of the experimental period, except
reductions in body weight compared to the control group on Day 6, when the DSOK group consumed significantly less
during the ABA period. However, no significant difference food (p=0.022) (Figure 3F, right). During the ABA period, 7
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out of 11 DSOK-treated mice and 5 out of 10 vehicle-treated
mice met the dropout criterion due to >25% body weight loss.
However, there was no statistically significant difference in
dropout rates between the groups (Log-rank test: y*=1.060,
p=0.303). Among the three groups, plasma corticosterone
levels were significantly higher in the vehicle group compared
to controls (p=0.0065; r=0.639). Although corticosterone
levels were numerically elevated in the DSOK group relative
to controls (r=0.561), this difference did not reach statistical
significance. Likewise, no significant difference was observed
between the vehicle and DSOK groups (r=0.224) (Figure 3G).
Finally, we examined potential associations between plasma
corticosterone levels and body weight; no significant correla-
tions were identified (Figure 3H). In summary, DSOK treat-
ment did not significantly affect body weight, food intake, or
plasma corticosterone levels in ABA mice. However, DSOK
potentially modulates daily activity rhythms, particularly by
increasing postprandial activity and reducing FAA in the cer-
tain times during the early phase of treatment.

3.3 | Effect of DSOK-0011 Treatment on the Gut
Microbiota in ABA Mice

To assess the impact of DSOK on the gut bacteria, we analyzed
the microbiota alterations in vehicle- or DSOK-treated ABA
mice compared to the control group. The composition of gut
microbiota at both the family and genus levels was presented
using stacked bar plots, displaying the top 10 most abundant
taxa based on relative abundance in control mice (Figure 4A).
Taxa with < 1% relative abundance were grouped as “Others,”
and unidentified bacteria were labeled as “Unclassified.”
Notably, the relative abundance of the Lachnospiraceae fam-
ily showed a stepwise increase across the groups (Figure 4B
left). While the difference between the control and vehicle
groups was not statistically significant (p=0.106, effect size
r=0.44), a significant increase was observed in the DSOK
group (vs. control: p=0.0004, r=0.82; vs. vehicle: p=0.05,
r=0.54). Consistent with this result, a genus-level analysis
of Lachnospiraceae_ NK4A136_group also significantly in-
creased in the DSOK group (control vs. DSOK: p=0.0001,
r=0.82; vehicle vs. DSOK: p=0.05, r=0.54; control vs. ve-
hicle: p=0.12, r=0.42), but no other genera belonging to
the Lachnospiraceae family showed significant differences.
Conversely, the Anaerovoracaceae family showed a stepwise
decrease across the groups (Figure 4B right). Although the re-
duction from control to vehicle was not statistically significant
(p=0.244, r=0.4), the abundance was significantly lower
in the DSOK group compared to other groups (vs. control:
p=0.0003, r=0.73; vs. vehicle: p=0.029, r=0.67). These find-
ings suggest that the bidirectional changes in Lachnospiraceae
and Anaerovoracaceae reflect treatment-dependent modula-
tion of specific microbial taxa in ABA mice. Furthermore, we
conducted the differential abundance analysis based on log,
fold change to broadly assess changes in ABA mice compared
to controls (Figure 4C, left: vehicle; right: DSOK; presented
families shown FDR-corrected p<0.05). Several families,
including Lachnospiraceae and Anaerovoracaceae, exhibited
significant changes in both ABA groups, indicating a potential
microbial response to ABA-induced FR and/or physical activ-
ity. Moreover, to assess alpha diversity (within-sample), we

calculated the Shannon and Chaol indices (Figure 4D). Both
indices were significantly higher in the vehicle and DSOK
groups compared to controls (Shannon: vehicle, p=0.012;
DSOK, p <0.0001; Chaol: vehicle, p=0.001; DSOK, p =0.018),
suggesting increased microbial richness and evenness.
However, no significant differences were observed between
the vehicle and DSOK groups for either index. This contrasts
with previous studies, which have reported either no change
or only slight increases in alpha diversity in patients with AN
(Di Lodovico et al. 2021; Yuan et al. 2022), and similarly in
ABA rodent models (Breton et al. 2021; Trinh et al. 2021). This
discrepancy suggests that the oral administration of vehicle or
DSOK may have influenced microbial diversity independently
of the ABA condition. Beta diversity (between-sample) was
evaluated using principal coordinate analysis (PCoA) based
on UniFrac distances (Figure 4E). PERMANOVA with
Bray-Curtis dissimilarity and weighted UniFrac distances
(Figure 4E left and center) revealed significant separation
between the controls and both ABA groups (Bray-Curtis: vs.
vehicle, p=0.0001, F=11.37, R?=0.43; vs. DSOK, p=0.0001,
F=15.98, R>=0.48; weighted UniFrac: vs. vehicle, p=0.001,
F=231.41, R?=0.67; vs. DSOK, p=0.001, F=46.58, R>=0.73),
but no significant difference between the vehicle and DSOK
groups (Bray-Curtis: p=0.092, F=1.34, R?=0.087; weighted
UniFrac: p=0.095, F=2.22, R?=0.13). In contrast, un-
weighted UniFrac distances showed significant differences
among all groups (control vs. vehicle: p=0.0001, F=5.57,
R?=0.27; control vs. DSOK, p=0.0001, F=7.45, R>=0.30; ve-
hicle vs. DSOK, p=0.038, F=1.42, R?=0.092). These findings
suggest that while the ABA paradigm could alter the overall
community structure, DSOK treatment further altered the
composition of low-abundance or rare taxa. Finally, we ex-
amined whether the two bacterial families that showed sig-
nificant differences between the vehicle and DSOK groups,
Lachnospiraceae and Anaerovoracaceae, were associated with
plasma corticosterone levels. Lachnospiraceae abundance
positively correlated with corticosterone levels (Spearman's
r,=0.433, p=0.027; Figure 4F), whereas Anaerovoracaceae
showed no significant correlation (r,=-0.2, p=0.307; data
not shown). These results suggest that Lachnospiraceae may
play a role in promoting corticosterone synthesis, potentially
via the 113-HSD1 activity under ABA conditions.

3.4 | DSOK-0011 Has No Effect on Plasma
Cholesterol Levels in ABA Mice

Although studies on HDL and LDL levels in the ABA model
remain limited, 118-HSD inhibition has been shown to im-
prove lipid profiles in metabolic disorders, indicating that this
enzyme may be a potential therapeutic target for dyslipidemia
(Hu et al. 2013; Berthiaume et al. 2007). To investigate the ef-
fect of DSOK on lipid profile in ABA mice, we examined plasma
cholesterol levels, focusing on HDL levels and the LDL/VLDL
ratio. Compared with those in the control group, there was a
decrease in plasma total cholesterol level in the vehicle group
(Figure 5A) and a significant decrease in HDL levels in the ve-
hicle and DSOK groups (Figure 5B). In contrast, there were no
significant differences in LDL/VLDL ratios among the groups
(Figure 5C). Furthermore, we found no significant correla-
tions between body weight and cholesterol levels in vehicle- or
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FIGURE4 | Effects of DSOK-0011 treatment on gut microbiota composition in ABA mice. (A) Stacked bar plots of the mean relative abundance of

the Top 10 bacterial taxa at the family and genus levels of control, vehicle, and DSOK groups (n =10, 7, and 9). (B) Comparisons of relative abundances
of Lachnospiraceae and Anaroevocaraceae families between control, vehicle, and DSOK groups (n=10, 7, and 9; *p <0.05, Kraskal-Wallis test with
FDR correction). (C) Differential abundance analysis of bacterial families between control (n =10) and ABA (vehicle on the left, n=7; DSOK on the
right, n=9). Log, fold change was calculated based on the control group's relative abundance. Only taxa with FDR-corrected p <0.05 are shown. (D)
Alpha diversity calculated by Shannon and Chaol indices between control, vehicle, and DSOK groups (n =10, 7, and 9; *p <0.05, Kraskal-Wallis test
with FDR correction). (E) Beta diversity of control, vehicle, and DSOK groups (n =10, 7, and 9). PCoA with Bray-Curtis dissimilarity (left): control ver-
sus vehicle, p=0.0001, F=11.37, R?=0.43; control versus DSOK, p=0.0001, F=15.98, R>=0.48; vehicle versus DSOK, p=0.092, F=1.34, R?=0.087;
weighted UniFrac distance (center): control versus vehicle, p=0.001, F=31.41, R*=0.67; control versus DSOK, p=0.001, F=46.58, R’ =0.73; vehicle
versus DSOK, p=0.095, F=2.22, R?=0.13; unweighted UniFrac distance (right): control versus vehicle: P=0.0001, F=5.57, R?=0.27; control versus
DSOK, p=0.0001, F=7.45, R?=0.30; vehicle versus DSOK, p=0.038, F=1.42, R?=0.092. Ellipses indicate 95% confidence intervals of each group.
PERMANOVA “adonis” with 9999 permutations in “vegan”. (F) Correlation between Lachnospiraceae relative abundance and plasma corticosterone

levels (Spearman’s rank correlation coefficient (r)) =0.433, p=0.027). All data are presented as the mean +standard error of the mean (SEM).
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DSOK-treated ABA mice (Figure 5D,E). Overall, these results
indicate that DSOK may not significantly alter lipid metabolism
in mice with ABA.

3.5 | Glial Cells in the CA1 Region of DSOK-0011-
and Vehicle-Treated ABA Mice

Recent evidence suggests that glial cells may play an import-
ant role in the regulation of feeding behavior associated with
AN (Frintrop et al. 2021). In the ABA model, structural and
functional alterations have been observed in the hippocam-
pus, accompanied by reduced expression of GC receptors
(Mottarlini et al. 2024). Moreover, changes in both astrocytes
and microglia have been reported under anorexic conditions,
including the ABA model, highlighting the potential involve-
ment of glial cells in the neuropathology of AN (Reyes-Haro
et al. 2016; Ragu-Varman et al. 2019). Despite these findings,
the impact of 118-HSD1 inhibition, a key regulator of local
GC regeneration, on glial cell populations in the hippocam-
pus under the ABA paradigm has not been investigated.
Given that 118-HSD1 is abundantly expressed in the hippo-
campus (Yau, Noble, et al. 2015; Yau, Wheelan, et al. 2015),

particularly in the dorsal CA1 region, and contributes to both
diurnal and stress-induced increases in hippocampal corticos-
terone levels (Yau, Noble, et al. 2015), we focused our analysis
on glial cell populations in this region. To address this gap, we
examined the glial cells in the dorsal CA1 region using im-
munohistochemistry (Figure 6A, bregma —1.95 to —2.04 mm).
Notably, there were no significant differences in the num-
ber of GFAP-positive astrocytes (vehicle: 375 +20 cells/mm?,
DSOK: 435 + 32 cells/mm?) and Ibal-positive microglia (vehi-
cle: 230 + 16 cells/mm?, DSOK: 237 + 21 cells/mm?) in the CA1
regions between the vehicle and DSOK groups (Figure 6B-E).
Overall, these results suggest that DSOK administration
does not significantly affect glial cell populations in mice
with ABA.

4 | Discussion

In this study, we investigated the effects of DSOK-mediated
11B-HSD1 inhibition on physical parameters, circulating GC
and lipid regulation, hippocampal glial cells, and gut microbi-
ota composition in ABA mice. Although DSOK did not signifi-
cantly prevent exercise-induced weight loss, it affected physical
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FIGURE 6 | Glial cell population in the CA1 regions of mice in the DSOK and vehicle groups. (A) Yellow line area indicates DAPI (cyan)-stained

hippocampal CA1 region, at bregma —1.95 to —2.04 mm. White scale bar indicates 500 um. (B, C) Each picture showed 1 mm? of the representa-
tive region of the CA1. The images were labeled with anti-GFAP antibody (red) and DAPI (cyan) (B) or anti-Ibal antibody (red) and DAPI (cyan)
(C). Arrowheads indicate counted cells. White scale bar indicates 10 um. (D, E) The number of GFAP* cells (ns; p=0.288) (D) and Ibal™* cells (ns;
p=0.776) (E) between vehicle and DSOK group (n=7 and 9, respectively) in the CA1 region. Statistical analysis: Mann-Whitney U test. Data are

presented as mean +standard error of mean (SEM).

activity at specific time points of pre- and postprandial periods.
Additionally, DSOK administration significantly altered specific
intestinal bacteria and alpha diversity.

The selective inhibition of 113-HSD1 via DSOK treatment may
produce a paradoxical interplay between metabolic and behav-
ioral effectsin ABA. Chronic caloric restriction and excessive ex-
ercise are known to dysregulate the HPA axis (Doerr et al. 1980;
Schweitzer et al. 1990; Duclos et al. 2005). In this study, the
persistence of ABA-induced corticosterone elevation despite
inhibiting its regeneration via 113-HSD1 suggests that central
HPA axis drivers such as CRH and arginine vasopressin may
override peripheral mechanisms or elicit compensatory upreg-
ulations. Conversely, the absence of changes in circulating cor-
ticosterone levels (Figure 3H) without any adjustments in food
intake or weight loss (Figure 3F) suggests that elevated corticos-
terone levels were not accompanied by the upregulation of CRH,
a potent anorexigenic factor (Glowa et al. 1992). Consistent with
previous findings in metabolic diseases (Berthiaume et al. 2007;
Courtney et al. 2008; Hermanowski-Vosatka et al. 2005), our
study showed that pharmacological inhibition of 113-HSD1
may function as a potential stabilizer without activating the
HPA axis.

In addition, DSOK-treated mice exhibited altered activity pat-
terns. Specifically, there was a significant decrease in wheel-
running activity in the penultimate hour preceding feeding
in the DSOK group (Figure 3C). This behavior, commonly re-
ferred to as FAA, is a hallmark of rodents under scheduled-FR
paradigms such as ABA. In rodents, corticosterone secretion
basically follows circadian rhythms regulated by the suprachi-
asmatic nucleus (SCN), peaking at the transition from the light
(rest) phase to the dark (active) phase (Mohawk et al. 2007;
Windle et al. 1998). However, scheduled-FR can decouple the
corticosterone rhythms from the light-dark cycle and synchro-
nize them with the feeding cycle (Sheward et al. 2007; Namvar
et al. 2016; Patton and Mistlberger 2013). GC may play a dual
role in FAA: while it facilitates energy-sensing and dopaminer-
gic signaling pathways (Gonzalez-Vila et al. 2023; de Lartigue
and McDougle 2019; Yoshimura et al. 2023), it can also disrupt
behavioral rhythms depending on circadian context (Namvar
et al. 2016; Silver and Balsam 2010). Dulcos et al. revealed that
FAA was lost in adrenalectomized ABA rats, whereas prepran-
dial acute corticosterone injection further increased plasma
FAA levels in a concentration-dependent manner, underpinning
a strong relationship between them (Duclos et al. 2009). Overall,
the observed relationship between FAA and feeding behavior
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may partly explain the reduced food intake in the DSOK group
on Day 6. However, no significant difference was observed be-
tween groups during the light phase on Day 5 (Figure 3E). While
average activity during the entire dark phase did not differ be-
tween groups (data not shown), DSOK-treated mice exhibited a
marked increase in physical activity during postprandial hours
(Figure 3C,E). A recent study indicates that elevated activity
during the light phase in ABA mice is associated with greater
weight loss (Aston et al. 2023). As circadian misalignment ex-
acerbates energy deficits, increased activity during the dark
phase, when rodents are naturally active, might be less detri-
mental to their natural metabolic state. DSOK-treated mice
might have shown a partial attenuation of energy wasting, as
suggested by lower corticosterone levels compared to the vehicle
group (Figure 3G). However, this physiological adjustment did
not translate into changes in cholesterol levels (Figure 5A-C),
possibly because catabolic processes under severe energy deficit
override the lipid-modulatory effects of 113-HSD1 inhibition.
This is consistent with previous findings that the metabolic effi-
cacy of 118-HSD1 inhibitors is highly dependent on nutritional
and hormonal context (Loerz et al. 2017).

Gut microbiota analysis revealed notable alterations in microbial
composition in ABA mice. Specifically, we observed a signifi-
cant increase in the relative abundance of the Lachnospiraceae
family after DSOK administration. Although previous stud-
ies have implied that gut microbiota and GC metabolism are
linked via 118-HSD1 activity, causal relationships remain un-
clear (Johnson et al. 2016). Lachnospiraceae, a family within
the Firmicutes phylum, has been reported to fluctuate in GC-
related metabolic disorders such as Cushing's syndrome (Zhang,
Guan, et al. 2024; Zhang, Shi, et al. 2024). Notably, a previous
study using the ABA mice reported no significant change in
Lachnospiraceae abundance (Breton et al. 2021). Conversely,
our results demonstrated a significant increase in this family
in DSOK-treated ABA mice compared to both control and ve-
hicle groups (Figure 4B), with a positive correlation to plasma
corticosterone levels (Figure 4F). These findings suggest that
Lachnospiraceae may play a role in peripheral corticosterone
synthesis through 118-HSD1-dependent mechanisms (Zhang,
Guan, et al. 2024; Zhang, Shi, et al. 2024). Interestingly, the
genus Lachnospiraceae_ NK4A136_group, a member of this
family, has been reported to decrease in GC-induced glyco-
lipid metabolism disorders (Zhang, Guan, et al. 2024). In our
study, however, this genus was significantly increased in both
vehicle- and DSOK-treated ABA mice. This divergence suggests
that under conditions of starvation and excessive physical activ-
ity, hallmarks of the ABA model, its response may differ from
that observed in overnutrition or GC-induced metabolic dys-
function. These contrasting patterns may highlight the context-
dependent nature of GC-responsive microbiota. In addition to
taxonomic shifts, we observed changes in microbial diversity.
Both Shannon and Chaol indices were significantly increased
in ABA mice compared to controls. This contrasts with previ-
ous studies reporting minimal or no changes in alpha diversity
in AN patients or ABA models (Breton et al. 2021; Andreani
et al. 2024; Schulz et al. 2021). However, a study by Kooij et al.
revealed that alpha diversity gradually increased in ABA rats
following fecal microbiota transplantation from AN patients
(Kooij et al. 2025), suggesting that gut microbial richness may
shift in response to nutritional status and/or physical activity.

The increase in the Chaol index, alongside significant shifts
in beta diversity (Figure 4D,E), indicates an expansion of low-
abundance or rare taxa under ABA conditions. This may reflect
microbial adaptation to severe caloric restriction, which alters
nutrient availability in the gut. Nonetheless, procedural fac-
tors, including the oral gavage of MC as vehicle or DSOK sus-
pension, may independently influence gut microbial diversity.
Such variables, along with dietary differences, could account for
discrepancies between our findings and previous other studies
(Breton et al. 2021; Andreani et al. 2024; Schulz et al. 2021).
While our data suggest that DSOK may modulate specific mi-
crobial taxa, potentially through inhibition of 118-HSDI, the
causal relationships among DSOK treatment, GC metabolism,
and gut microbiota composition have yet to be fully elucidated.
To our knowledge, no studies have specifically examined the ef-
fects of chronic ABA exposure on gut microbial diversity. The
increased alpha diversity observed here might represent an
adaptive response of the microbiota to severe caloric restriction
and hyperactivity. Our findings, therefore, suggest that DSOK
may influence microbial composition through GC-regulated im-
mune and bile acid pathways. However, whether these microbial
changes facilitate or impair physiological adaptation to the com-
bined stresses of the acute ABA model, including starvation and
circadian disruption, remains unresolved.

Furthermore, no significant changes were observed in astrocytes
and microglia population in the CA1 region after 1 week of FR in
ABA mice (Figure 6D,E). GC has been shown to affect glial cells
in response to various neuroinflammatory factors (Jauregui-
Huerta et al. 2010). Particularly, the hippocampus is sensitive
and vulnerable to fluctuations in corticosterone level (Zhang
et al. 2015; Moisan et al. 1990; Bridges et al. 2008; Saavedra
et al. 2018). Previous studies have demonstrated that acute-ABA
with 7days FR does not always lead to marked changes in glial
cells; however, the chronic-ABA paradigm with over 2weeks FR
affects the corpus callosum and SCN (Zimmermann et al. 2023,
2025). Our findings suggest that glial cells in the CA1 region
might exhibit resilience or delayed responses to short-term star-
vation stress, potentially reflecting the transient nature or a pro-
tective adaptation to maintain the central homeostasis during
the early phase of ABA. Overall, it is crucial to investigate the
effects of 113-HSD1 inhibition on GC metabolism in brain glial
cells using a chronic ABA paradigm.

In conclusion, our findings provide valuable preclinical in-
sights into the role of GC metabolism in AN pathophysiology,
potentially mediated by the 118-HSD1. DSOK may exert pro-
tective effects against ABA-induced stress and inflammation.
However, we did not directly confirm the in vivo inhibition of
11B-HSD1 activity in the ABA model, so the involvement of this
enzyme should be interpreted with caution. Elevated GC levels
in AN or ABA may reflect an adaptive response to starvation,
which could explain the limited success of pharmacological
approaches targeting peripheral GC synthesis. Corticosterone
levels are highly variable, influenced by circadian rhythms, es-
trous cycles (Atkinson and Waddell 1997), daily handling, and
individual differences in HPA axis reactivity, thereby compli-
cating the data interpretation. These factors likely contributed
to interindividual and intergroup differences observed in corti-
costerone concentrations. Additionally, our study is limited by
a small sample size and uncertainty regarding optimal dosing
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and administration timing. Lack of data on different doses
(e.g., 100mg/kg dose of DSOK in the restraint stress model and
30mg/kg dose of DSOK in the ABA model) was also a limita-
tion of this study. Although DSOK reduced corticosterone in
acute restraint stress, this may not fully translate to its effects
in the 7-day ABA model. Therefore, the in vivo corticosterone-
suppressing efficacy of DSOK must be interpreted with caution.
Given our findings that DSOK does not appear to trigger com-
pensatory HPA axis activation, further research is warranted.
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