
Clin Transl Sci. 2024;17:e13744.	﻿	     |  1 of 8
https://doi.org/10.1111/cts.13744

www.cts-journal.com

Received: 9 September 2023  |  Revised: 29 January 2024  |  Accepted: 1 February 2024

DOI: 10.1111/cts.13744  

A R T I C L E

Effects of meal type on the bioavailability of vutiglabridin, a 
novel anti-obesity agent, in healthy subjects

Heejae Won1,2   |   Deok Yong Yoon1   |   Sangmi Lee1,3   |   Joo-Youn Cho1,2   |   
Jaeseong Oh1,4   |   In-Jin Jang1  |   Sang-Ku Yoo5   |   Kyung-Sang Yu1,2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Clinical and Translational Science published by Wiley Periodicals LLC on behalf of American Society for Clinical Pharmacology and Therapeutics.

1Department of Clinical Pharmacology 
and Therapeutics, Seoul National 
University College of Medicine and 
Hospital, Seoul, Korea
2Department of Biomedical Sciences, 
Seoul National University College of 
Medicine, Seoul, Korea
3Integrated Major in Innovative Medical 
Science, Seoul National University 
Graduate School, Seoul, Korea
4Department of Pharmacology, 
Jeju National University College of 
Medicine, Jeju, Republic of Korea
5Glaceum Inc., Suwon, Korea

Correspondence
Kyung-Sang Yu, Department of Clinical 
Pharmacology and Therapeutics, 
Seoul National University College of 
Medicine and Hospital, 101 Daehak-ro, 
Jongno-gu, Seoul 03080, Korea.
Email: ksyu@snu.ac.kr

Abstract
Vutiglabridin, which affects the pharmacokinetics (PKs) of food, is currently 
under clinical development for the treatment of obesity. This study aimed to eval-
uate the effects of low- and high-fat meals on PKs of vutiglabridin in healthy male 
subjects. A randomized, open-label, single-dose, three-period, six-sequence cross-
over study was conducted. The subjects received a single oral dose of vutiglabridin 
480 mg in a fasted state, 30 min after the intake of a low-fat meal (total 500–
600 kcal, fat content 100–125 kcal) and high-fat meal (total 800–1000 kcal, fat con-
tent 500–600 kcal), with a 21-day washout period. Geometric mean ratios (GMRs) 
and 90% confidence intervals (CIs) for maximum plasma concentration (Cmax) 
and area under the plasma concentration-time curve to the last measurable time-
point (AUClast) were calculated. After intake of low- and high-fat meals, systemic 
exposure to vutiglabridin was increased, and the time to reach Cmax (Tmax) was 
delayed compared to that in the fasted state. The GMRs (90% CIs) of low-fat meal 
to fasted state for Cmax and AUClast were 2.14 (1.76–2.60) and 2.15 (1.92–2.42), 
respectively, and those of high-fat meal to fasted state were 3.07 (2.53–3.72) and 
3.00 (2.67–3.37), respectively. The median Tmax was delayed by 1.5 h in both fed 
states compared with that in the fasted state. The study drug was well-tolerated 
after administration in both the fed and fasted states. Food ingestion substantially 
increased the extent of oral vutiglabridin absorption in healthy subjects, and this 
enhancement increased with the fat content of the meal.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Vutiglabridin, a synthetic glabridin derivative, is under clinical development for 
the treatment of obesity. Single oral doses of vutiglabridin up to 720 mg were safe 
and well-tolerated, and showed a biphasic distribution profile in a previous phase 
I study. The effect of food on the pharmacokinetics (PKs) of the drug was also 
observed with a single dose of vutiglabridin 240 mg.
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INTRODUCTION

Obesity is the excessive accumulation of body fat due 
to an energy imbalance between the calories consumed 
and expended. Obesity has become a major public health 
issue that increases the risk of metabolic diseases and 
might lead to a reduced quality of life.1,2 In addition to 
diet, therapy, and exercise, many different approaches 
to treat and control obesity have been suggested, such 
as drugs, dietary supplements, and bariatric surgery. 
Among these approaches, drug use (i.e., phentermine/
topiramate, naltrexone/bupropion, liraglutide, and 
semaglutide) is regarded as the most effective option for 
weight loss by controlling appetite when patients fail 
to maintain body weight using only lifestyle modifica-
tions.3 However, drugs that control appetite to restrict 
calorie intake may cause the loss of lean body and mus-
cle mass, as well as total weight loss, which can increase 
the risk of sarcopenia and may disturb metabolic home-
ostasis.4–7 Therefore, a treatment with multifunctional 
effects that enhances energy expenditure and reduces 
energy intake is needed.7

Glabridin, extracted from Glycyrrhiza glabra L. (lic-
orice) roots, is a prenylated isoflavonoid that has anti-
oxidative properties.8 Glabridin has been shown to have 
other pharmacological functions in improving metabolic 
abnormalities, such as obesity, diabetes, and cardiovas-
cular diseases.9,10 The anti-obesity effect of glabridin was 
reported that resulted in reducing body weight by ~25% in 
an obese mouse model and significantly decrease body fat 
mass in overweight human subjects.11,12

Vutiglabridin (2-(8,8-dimethyl-2,3,4,8,9,10-hexahydrop
yrano[2,3-f]chromen-3-yl-5-ethoxyphenol)) is a synthetic 
glabridin derivative that has been shown to improve on 
the low stability and bioavailability of glabridin and also 
has anti-obesity effects by increasing energy expendi-
ture.13 According to a preclinical study, vutiglabridin 

caused dose-dependent effects on obesity-related parame-
ters, including reduced body weight and increased energy 
expenditure, in a high-fat diet-induced obese C57BL/6J 
mouse model.14

A previous first-in-human study concluded that sin-
gle oral doses of vutiglabridin up to 720 mg were safe 
and well-tolerated in healthy male subjects.7 After a sin-
gle oral administration of vutiglabridin, the maximum 
plasma concentration (Cmax) was reached within 1.5–3 h 
and showed a biphasic distribution profile. It increased 
at a rate lower than the dose proportionality owing to the 
saturation of the oral absorption process at 720 mg dose. 
The effect of food on the pharmacokinetics (PKs) of the 
drug was also observed with a single dose of vutigla-
bridin 240 mg. After the intake of a high-fat meal (total 
≥ 900 kcal, fat content ≥ 35%), the systemic exposure to 
vutiglabridin was increased by 2.5 times compared to the 
fasted state. However, the drug dosage used in that case 
(240 mg) would be too low for clinical use, expecting fur-
ther evaluation of higher effective doses. Considering that 
patients with obesity could administer vutiglabridin under 
various meal conditions to manage calorie intake and that 
the lipophilicity of vutiglabridin could affect its oral ab-
sorption, the effect of meal types containing different fat 
contents on the bioavailability of vutiglabridin needs to be 
evaluated. Therefore, we conducted a consecutive food ef-
fect study to evaluate the effects of low- and high-fat meals 
on PKs of vutiglabridin in healthy male subjects.

METHODS

Study introduction

This study was approved by the Institutional Review 
Board (IRB) of Seoul National University Hospital and 
was conducted in accordance with the Declaration of 

WHAT QUESTION DID THIS STUDY ADDRESS?
This study evaluated the effect of meal types containing different fat contents on 
the bioavailability of vutiglabridin.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Food ingestion substantially increased the extent of oral vutiglabridin absorption 
in healthy subjects and this enhancement increased with the fat content of the 
meal.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
This study provided the impact of food on the PKs of vutiglabridin at an effective 
dose, and to determine if dosage modification is necessary based on the varying 
meal types that increase systemic exposure.
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Helsinki and Korean Good Clinical Practice (IRB no: H-
2005-014-1121). The trial was registered on the Clinical 
Research Information Service of Ministry of Health and 
Welfare of Republic of Korea (KCT0005208) on July 8, 
2020, and on the Clini​calTr​ials.​gov (NCT04733001) on 
February 1, 2021. The first subject was enrolled on July 
12, 2020, and the last subject finished the schedule on 
February 10, 2021. Written informed consent was ob-
tained from all participants prior to any study-related 
procedures.

Study design and procedures

Healthy male subjects aged 19–50 years, with a body mass 
index (BMI) of 18–25 kg/m2 were enrolled in the study. 
The medical history, results of a physical examination, 
vital signs, 12-lead electrocardiogram (ECG), and clinical 
laboratory tests were performed to determine the subjects' 
health status. Subjects with a history of hypersensitivity 
to drugs including licorice were excluded. Additionally, 
semen analysis was used to assess whether the subjects 
had testosterone levels less than 2.49 ng/mL or greater 
than 8.36 ng/mL, due to the reproductive toxicity observed 
in preclinical studies. Subjects with testosterone levels 
falling outside this range were also excluded.

This study used a randomized, open-label, single-dose, 
three-period, six-sequence crossover design (Figure  1). 
Subjects were randomly assigned to each treatment se-
quence. Subjects received a single oral dose of vutiglabri-
din 480 mg in the fasted state, 30 min after the intake of 
a low-fat meal, and 30 min after the intake of a high-fat 
meal, with a 21-day washout period between the treat-
ments. This washout period was chosen because it is more 
than five times the half-life of vutiglabridin (~80 h).7 The 
low-fat meal contained 500–600 kcal with 100–125 kcal of 
fat content, and the high-fat meal contained 900 kcal with 
500–600 kcal of fat content. Subjects were asked to finish 

their meals within 20 min. These meal conditions were de-
signed according to the US Food and Drug Administration 
guidelines for food effect studies.15,16

Plasma drug concentration analysis

Serial blood samples were obtained at 0 (predose), 0.5, 1, 
2, 3, 4, 6, 8, 10, 12, 24, 36, 48, 72, 96, 144, and 192 h after 
dosing to evaluate PK characteristics. Approximately 
6 mL of blood was collected from each sampling point in 
heparinized tubes. The plasma obtained by centrifuga-
tion at 1910 g for 10 min at 4°C was then aliquoted into 
Eppendorf tubes and stored at −70°C until analysis.

Vutiglabridin is a racemic mixture containing a 1:1 
ratio of (R)- and (S)-forms. The total plasma concentration 
of vutiglabridin was calculated by adding the concentra-
tions of (R)- and (S)-vutiglabridin. Plasma concentrations 
of vutiglabridin were determined by liquid chromatogra-
phy with tandem mass spectrometry using a Waters Xevo 
TQ-S mass spectrometer (Waters). Lower limit of quantifi-
cation was 1.0 ng/mL for (R)-vutiglabridin and 2.0 ng/mL 
for (S)-vutiglabridin. The methods used for the bioanalysis 
of plasma concentrations were the same as those used in a 
previous phase I study.7

Pharmacokinetic assessments

The PK assessment was conducted in subjects who com-
pleted the study with quantifiable blood concentrations 
of vutiglabridin. PK parameters were estimated by non-
compartmental methods using Phoenix WinNonlin (ver-
sion 8.3; Certara). The primary PK parameters were Cmax 
and area under the plasma concentration-time curve to 
the last measurable timepoint (AUClast), calculated by 
the linear-up/log-down trapezoidal method. The second-
ary PK parameters were the AUC from time 0 to 24 h and 

F I G U R E  1   Study design. Fasted, vutiglabridin 480 mg administration in fasted state; Low-Fat, vutiglabridin 480 mg administration after 
the intake of low-fat meal (total 500–600 kcal, fat content 100–125 kcal); High-Fat, vutiglabridin 480 mg administration after the intake of 
high-fat meal (total 800–1000 kcal, fat content 500–600 kcal); PK, pharmacokinetic.
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AUC extrapolated to infinity, time to reach Cmax (Tmax), 
terminal elimination half-life, clearance, and volume of 
distribution.

Safety and tolerability assessments

Safety and tolerability were evaluated for all subjects who 
received at least one dose of the study drug throughout 
the study period. These included monitoring adverse 
events (AEs), vital signs, physical examinations, 12-lead 
ECG, clinical laboratory tests, and semen analysis. Semen 
analysis was performed to evaluate possible reproductive 
toxicity and included the evaluation of semen volume, pH, 
number of white blood cells, sperm number, concentra-
tion, motility, and morphology.

Statistical analysis

SAS (version 9.4, SAS Institute) was used for statistical 
analysis. PK for the log transformed Cmax and AUClast, 
the geometric mean ratios (GMRs), and 90% confidence 
intervals (CIs) were calculated from the analysis of vari-
ance model. The sequence, period, and treatment were 
included as fixed effects and subjects nested within the 
sequence were included as a random effect in the model.

RESULTS

Study population

Twelve healthy male subjects were randomized into six 
sequences and included in the PK and safety analyses. 
Demographic characteristics were similar among the se-
quences. The mean ± standard deviation of age, height, 
weight, and BMI across all subjects were 31.0 ± 4.1 years, 
175.3 ± 2.2 cm, 73.5 ± 7.0 kg, and 23.9 ± 2.2 kg/m2, respec-
tively (Tables S1–S3).

The effect of food on the PK of 
vutiglabridin

After administering vutiglabridin with low- and high-fat 
meals, systemic exposure to vutiglabridin increased and 
Tmax was delayed compared to that in the fasted state 
(Figure 2). The GMRs (90% CIs) of low-fat meal to fasted 
state for Cmax and AUClast were 2.14 (1.76–2.60) and 2.15 
(1.92–2.42), respectively, and those of high-fat meal to 
fasted state were 3.07 (2.53–3.72) and 3.00 (2.67–3.37), 
respectively (Table  1). The median Tmax was delayed by 

1.5 h in both fed states compared with that in the fasted 
state. The individual Cmax and AUClast of vutiglabridin in-
creased as fat content increased (Figure 3).

Safety and tolerability

All AEs were mild, and all subjects recovered without 
sequelae (Table S3). A total of seven AEs were reported 
in five of the 12 subjects (41.7%). Under the conditions 
of fasting, low-fat meal intake, and high-fat meal intake, 
three AEs (in 2 subjects), one AE (in 1 subject), and three 
AEs (in 3 subjects) occurred, respectively (Table  S2). 
Five adverse drug reactions (ADRs) in three subjects 
(25.0%), consisting of gastrointestinal and nervous sys-
tem disorders (nausea and headache), were assessed as 
related to vutiglabridin (Table S3). These findings were 
also observed in a previous study.7 There were no clini-
cally significant changes observed in vital signs, physi-
cal examinations, 12-lead ECG, clinical laboratory tests, 
and semen analysis.

DISCUSSION

This study was conducted to evaluate the effects of 
low- and high-fat meals on the PKs of vutiglabridin. In 
contrast to a previous exploratory study, which was con-
ducted to determine the presence of the food effect,7 in 
this consecutive study, we quantified the effect of food 
on the PK of vutiglabridin by asking subjects to consume 
meals with different fat contents. It is important to eval-
uate the effect of low-fat meals separately from that of 
high-fat meals, because the magnitude of fat content can 
affect the PKs of lipophilic drugs by altering their solu-
bility. Additionally, low-fat meals are recommended for 
long-term weight management and are expected to be 
consumed in obese populations.17 Therefore, our results 
can be applied in actual clinical environments, where 
obese patients are likely to consume low-fat meals to re-
duce their calorie intake.

The dose level for this study was determined by consid-
ering the anticipated efficacy of the drug, which is higher 
than the dose administered in the previous food effect 
study.7 However, to address safety concerns related to in-
creased systemic exposure of vutiglabridin in the presence 
of high-fat meals, the selected dose level is still lower than 
the maximum tolerated dose observed in a previous single 
ascending dose study.7 A single 480 mg dose of vutiglabri-
din was selected as a safe and effective dose for evaluating 
the effect of low- and high-fat meals.

The determination of the sample size did not follow 
a formal statistical calculation due to the exploratory 
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nature of the study. However, the present study included 
a minimum of 12 subjects in adherence to food effect bio-
availability study guidelines16 to thoroughly evaluate the 
impact of food on the drug's PKs. This aligns with the 
recommended threshold necessary for a statistical assess-
ment of food effects on drug behavior, as outlined in the 
guidelines.

Food can affect drug absorption by decreasing the pro-
cess of gastric emptying, raising gastrointestinal pH, in-
creasing hepatic blood flow, or physically interacting with 
the drug.18,19 Fat contents can increase biliary secretion, 
leading to increased micelle solubility and can further 
delay gastric emptying.20 In this study, the systemic expo-
sure of vutiglabridin increased threefold under high-fat 
meal condition. Because of the lipophilicity of vutiglabri-
din, the fat content resulted in increased drug solubility 

and extended absorption time to high exposure.18,20,21 
Additionally, the exposure increased twofold even in the 
low-fat meal condition compared to the fasted state. These 
results indicate that the effect of food on the PKs of vuti-
glabridin and the increase in systemic exposure depend 
on the fat content of the meals. Therefore, dose adjust-
ments should be considered when planning further clin-
ical studies or practical applications of this drug, as the 
target exposure at an effective dosage can be changed by 
meal conditions. Food delays the absorption of vutiglabri-
din, which in the present study, resulted in a delay in Tmax 
under both low- and high-fat meal conditions.

Vutiglabridin shows high lipophilicity and limited 
solubility, which is consistent with Biopharmaceutics 
Classification System (BCS) Class II. The increase in 
systemic exposure of vutiglabridin under fed conditions 

F I G U R E  2   Mean plasma concentration-time profiles of vutiglabridin after a single oral administration in high-fat, low-fat and fasted 
states. (a) linear scale (plasma concentration-time profiles until 24 h are inserted as inset figures), (b) semi-log scale.

T A B L E  1   Pharmacokinetic parameters of vutiglabridin after a single oral administration in low-fat, high-fat and fasted states.

Parameter
Low-fat  
(N = 12)

High-fat  
(N = 12)

Fasted 
(N = 12)

GMRa (90% CI) 
Low-fat/fasted

GMRb (90% CI) 
High-fat/fasted

Cmax (μg/L) 1880 ± 565 2700 ± 880 961 ± 539 2.1417 (1.7646–2.5994) 3.0661 (2.5263–3.7213)

AUClast (h∙μg/L) 17,700 ± 4400 24,700 ± 6750 8410 ± 2970 2.1514 (1.9165–2.4152) 2.9991 (2.6716–3.3667)

AUC0–24 (h∙μg/L) 9810 ± 2410 14,000 ± 3410 4470 ± 1880 – –

AUCinf (h∙μg/L) 20,800 ± 5430 29,000 ± 9130 9760 ± 3280 – –

Tmax (h) 3.0 [2.0–4.0] 3.0 [2.0–4.0] 1.5 [1.0–4.0] – –

t1/2 (h) 93.5 ± 28.2 93.5 ± 18.5 85.2 ± 13.8 – –

CL/F (L/h) 24.5 ± 6.2 17.7 ± 4.0 53.8 ± 15.7 – –

Vd/F (h) 3320 ± 1450 2330 ± 524 6610 ± 2200 – –

Note: Data are presented as mean ± standard deviation, except for Tmax, which is presented as median [minimum − maximum].
Abbreviations: AUC0-24, area under the concentration-time curve from 0 to 24 hours; AUCinf, AUC from 0 to infinity; AUClast, area under the concentration-
time curve from 0 to last measurable timepoint; CI, confidence interval; CL/F, total apparent clearance; Cmax, maximum plasma concentration; GMR, 
geometric mean ratio; t1/2, half-life; Tmax, time to reach Cmax; Vd, volume of distribution.
aGMR of low-fat meal to fasted state.
bGMR of high-fat meal to fasted state.

 17528062, 2024, 3, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.13744 by Seoul N

ational U
niversity, W

iley O
nline L

ibrary on [04/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 of 8  |      WON et al.

aligns with behaviors commonly seen in BCS Class II 
drugs. In these instances, food, particularly high-fat meals, 
can enhance solubility and delay gastric emptying, lead-
ing to increased drug absorption and systemic exposure, 
consistent with the observed food effects in this study.

A single oral dose of vutiglabridin 480 mg was safe and 
well-tolerated in both low- and high-fat meal-fed states, 
even though drug exposure was increased by food intake. 
The incidence of AEs did not increase as meal conditions 
changed; this dose-independent occurrence of AEs was 
also recorded in a previous study.7 Moreover, the ADRs ob-
served in the present study were consistent with those pre-
viously reported.7 The previous study also reported mean 
values of Cmax and AUClast after a single dose of 720 mg 
in fasted state of 1030 μg/L and 13,700 h∙μg/L, respec-
tively.7 The systemic exposure observed at a single dose of 
480 mg in fed states in the present study was higher than 
that of the 720 mg single dose in fasted state and was safe 
and well-tolerated. This suggests that future studies can 
be considered at higher doses if the target exposure for 
achieving efficacy is not attained at the current dose.

A limitation of this study was that only healthy male 
subjects were included. Preclinical studies, conducted in 
rats and dogs following multiple oral doses, have shown 
that the PKs of vutiglabridin is not significantly affected 
by sex. However, it is important to evaluate the extent 
to which food intake may alter exposure in women. 
Physiological differences between men and women, such 
as organ blood flow, body composition, and endogenous 
hormonal fluctuations may affect the PKs of vutiglabri-
din, particularly in terms of volume of distribution and 
elimination considering the lipophilicity of the drug.22 
Therefore, it is essential to investigate the PKs in women, 
who account for a large proportion of the obese popula-
tion. In obese patients, the pharmacological effect may 

be altered due to a larger volume of drug distribution. 
Vutiglabridin is a lipophilic drug with a biphasic distri-
bution and has a high affinity for adipose tissue, which 
in obese patients may result in an increased volume of 
distribution.23 This may lead to a prolonged half-life of 
the drug. A future trial performed in obese patients to 
evaluate the effect of weight loss through pharmacody-
namic markers would allow the examination of clinically 
relevant changes in exposure to vutiglabridin under dif-
ferent meal conditions. Therefore, to assess the impact of 
food on the PKs of vutiglabridin at an effective dose, and 
to determine if dosage modification is necessary based 
on the varying meal types that increase systemic expo-
sure, further clinical studies in obese patients are needed. 
Moreover, the observed moderate variability in PK param-
eters of vutiglabridin, with coefficient of variations rang-
ing from 25% to 35% in AUClast (Table 1),18 supports the 
importance of conducting subsequent studies in a larger 
sample size.

CONCLUSION

This study investigated the effects of low- and high-fat 
meals on the PKs of vutiglabridin in healthy male sub-
jects. Food ingestion substantially increased the extent of 
oral vutiglabridin absorption in healthy subjects and this 
enhancement increased with the fat content of the meal. 
A single oral dose of vutiglabridin 480 mg in fed states was 
safe and well-tolerated, regardless of meal type.
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F I G U R E  3   Individual pharmacokinetic parameters of vutiglabridin in high-fat, low-fat and fasted states. (a) Cmax, (b) AUClast. Cmax, 
maximum plasma concentration; AUClast, area under concentration-time curve from 0 to last measurable timepoint.
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