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ABSTRACT 
Objective: The objectives of the present study were to evaluate the safety of single oral dose E3030 in healthy 
Japanese male subjects, and to evaluate pharmacokinetics after single oral dose E3030 and food effect on phar-
macokinetic profiles. Methods: This study was conducted in a randomized, double-blind, placebo-controlled, 
ascending single-dose study in 56 healthy Japanese male subjects. Subjects were orally administered E3030 (0.5 - 
40 mg) or placebo. Results: Six of 42 (14%) subjects’ administered E3030 experienced adverse events; however, 
all adverse events were mild and transient, and there was no dose-dependent increase in any adverse event. 
Plasma samples were collected over 96 hours after dosing. After administration in the fasted state, Cmax of E3030 
was achieved between 1.00 and 1.75 hours, indicating rapid absorption. Both Cmax and AUC were dose-propor- 
tional in the range of 0.5 to 40 mg. The average range of elimination half-life was 18.4 - 23.8 hr. CL/F and Vz/F 
also remained nearly constant regardless of dose levels. In addition, food effect was exploratorily evaluated in 
five subjects of administered E3030 (10 mg) in both fasted and fed states. The fed/fasted ratios for the geometric 
mean of the Cmax and AUC were 0.803 and 0.913, respectively. Conclusion: E3030 was safe and well tolerated at 
single doses up to 40 mg. The pharmacokinetic profile showed good linearity, and food effect on pharmacokinet-
ics of E3030 was not significant. 
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1. Introduction 
Type 2 diabetes mellitus is frequently associated with 
abnormal lipid metabolism. Both hyperglycemia and 
dyslipidemia are known as pathogenic factors associated 
with atherosclerosis. Conventional pharmacotherapies for 
type 2 diabetes show little lipid-improving effect, al-
though hypoglycemic effects are shown. Peroxisome 
proliferator-activated receptor (PPAR) α/γ dual agonists 
are considered highly attractive, because they can be 
used to treat both hyperglycemia and dyslipidemia. Piog-
litazone, a PPARγ agonist, reduced the composite of  

all-cause mortality, non-fatal myocardial infarction and 
stroke in patients with type 2 diabetes having a high-risk 
of macrovascular events in the PRO active study [1]. 
Fenofibrate, a PPARα agonist, did not significantly re-
duce the risk of the primary outcome of coronary events, 
but did reduce total cardiovascular events, mainly in few- 
er non-fatal myocardial infarctions and revascularizations 
in the FIELD study [2]. Although the ACCORD study 
reported no overall benefit for fenofibrate in combination 
with simvastatin [3], a meta-analysis suggested that fi- 
brates can reduce the risk of major cardiovascular events 
predominantly by prevention of coronary events [4].  *Corresponding author. 
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Therefore, PPAR α/γ dual agonists are expected theoret-  
ically to be more effective than either pioglitazone or 
fibrates alone in the prevention of cardiovascular events 
in diabetic patients. Until now, no PPAR α/γ dual agon-
ists have been successfully launched into the market. 

E3030 (monocalcium bis((2S)-3-{3-[(2S)-3-(4-chloro- 
2-cyanophenoxy)-2-fluoropropoxy]phenyl}-2-isopropoxy- 
propionate) trihydrate) (Figure 1) is a novel PPAR α/γ 
dual agonist synthesized by Eisai Co., Ltd. [5]. E3030 
activates both human PPARα and PPARγ with EC50 
values of 65 and 34 nmol/L, respectively, in cell-based 
reporter gene assay. In addition to improvement of hy- 
perglycemia and hyperinsulinemia in db/db mice, E3030 
remarkably reduces plasma triglyceride (TG) and non- 
high-density lipoprotein (non-HDL) cholesterol levels in 
beagle dogs in a manner similar to fenofibrate. Therefore, 
E3030 is expected to become a novel anti-diabetic drug 
that can control glucose and lipid levels as a single drug 
for patients with diabetes mellitus. Non-clinical studies 
using rat, dog, and human liver microsomes and recom-
binant human UDP-glucuronyltransferase isozymes sug-
gested that the major metabolic pathway of E3030 was 
glucuronidation at carboxylic group. After a single oral 
administration of radiolabeled E3030 to rats and dogs, 
approximately 99% of radioactivity was excreted in the 
feces. 

The objectives of the present study were to evaluate 
the safety of single oral dose E3030 in healthy Japanese 
male subjects, and to evaluate pharmacokinetics after 
single oral dose E3030 and food effect on pharmacoki-
netic profiles. 

2. Materials and Methods 
2.1. Ethics 
This study was conducted at Sekino Clinical Pharmacol-
ogy Clinic, Tokyo, Japan, in accordance with the ethical 
principles of the Declaration of Helsinki, Good Clinical 
Practice in Japan, and International Conference on Har-
monization guidelines. The clinical study protocol and 
informed consent documents were approved by the In-
stitutional Review Board of Sekino Clinical Pharmacol-
ogy Clinic. Informed consent for all subjects was obtained 
in writing before conduct of any study-related procedures. 
 

 
Figure 1. Molecular structure of E3030, monocalcium bis 
((2S)-3-{3-[(2S)-3-(4-chloro-2-cyanophenoxy)-2-fluoropropo
xy]phenyl}-2-isopropoxypropionate) trihydrate. 

2.2. Study Design 
This study was conducted in a randomized, double-blind, 
placebo-controlled, single-dose manner, using ascending 
multiple doses of E3030. Different groups of eight sub-
jects each were orally administered single doses of 
E3030 (0.5, 1, 2.5, 5, 10, 20, or 40 mg, n = 6) or placebo 
(n = 2) after overnight fast of 10 hours. Of the group ad-
ministered 10 mg or placebo, seven subjects were addi-
tionally orally administered a single dose of 10 mg 
E3030 (n = 5) or placebo (n = 2) at 30 minutes after 
starting normal breakfast (total energy, 800 kcal; fat, 
28%) following a 10-day or longer washout period. One 
subject administered 10 mg in the fasted state did not 
proceed to the administration in the fed state, because the 
subject had creatine phosphokinase (CPK) elevation, 
probably due to living conditions during the washout 
period. The starting dose was selected based on the re-
sults of the toxicity studies in rats and dogs. The no-ob- 
served-adverse-effect level (NOAEL) in both species 
was 1 mg/kg based on the 4-week repeat-dose studies. 
The human equivalent dose (HED) of the NOAEL was 
calculated as 0.16 mg/kg (rats) and 0.54 mg/kg (dogs), in 
accordance with formulas described in the Food and 
Drug Administration (FDA) guidelines for estimating the 
safe starting dose in clinical trials [6]. The HED from the 
more sensitive species (rats) was converted to a dose of 
9.6 mg for a 60-kg person. Using a safety factor of 10, 
this resulted in an approximate dose of 1 mg. The starting 
dose was further lowered to 0.5 mg, representing a more 
conservative estimate. Doses were escalated stepwise 
from the starting dose of 0.5 mg to 1, 2.5, 5, 10, 20 mg, 
and the maximum dose of 40 mg, using multiples of 2 to 
2.5. The dose used to examine the effect of food on the 
pharmacokinetics of E3030 was 10 mg, which was ex-
pected to discriminate plasma concentrations in the 
fasted and fed states. 

E3030 was supplied by Eisai Co., Ltd. E3030 was ad-
ministered in tablets containing 0.1, 1, or 5 mg of E3030. 
Placebo tablets were visually matching tablets. 

2.3. Subjects 
Healthy Japanese male subjects between 20 and 39 years 
of age and with body mass index (BMI) of 18.5 to 25 
kg/m2 were eligible for participation in this study. Sub-
jects were excluded if they had a known history of any 
significant drug or food allergy, a significant organ dys-
function, or any clinically significant deviation from nor- 
mal in medical history, physical examination findings, 
vital signs, electrocardiogram, or laboratory test results. 
Subjects with gastrointestinal, hepatic, renal, respiratory, 
or cardiovascular diseases; congenital metabolic disorder; 
Gilbert’s syndrome; deviations from normal reference 
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range for liver enzymes at screening or baseline; a posi-
tive test result for hepatitis B surface antigen, hepatitis C 
antibody or human immunodeficiency virus; or alcohol 
or drug abuse (or a positive urine drug test result at 
screening) were excluded from participation. Subjects 
were excluded if they had a known history of any ga-
strointestinal surgery that could impact upon the absorp-
tion of study drug. Subjects were also excluded if they 
had experienced a weight change >10% from screening 
to baseline. Furthermore, any subject were excluded who 
had received blood within 3 months or donated blood 
(400 mL within 3 months or 200 mL within 30 days of 
study start), or ingested any investigational medication 
within 4 months before study start. Subjects were prohi-
bited from any prescription drugs or over-the-counter 
(OTC) acid controllers within 30 days prior to and during 
the study, or other OTC medications within 7 days prior 
to and during the study. 

2.4. Procedures 

Screening procedures, including medical history taking, 
physical examination, 12-lead electrocardiography (ECG), 
clinical laboratory evaluations, vital signs measurement, 
and urine drug screening, were performed within 30 days 
before study drug administration along with the assess-
ment of inclusion/exclusion criteria. Eligible subjects 
were admitted to the study site on the day prior to dosing 
for baseline evaluations. Subjects were required to ab-
stain from food and beverages, except water, for at least 
10 hours prior to check-in. After the check-in evaluation 
was completed, subjects were provided with an appropri-
ate meal(s); thereafter, they were required to fast (abstain 
from food and fluids, except water) overnight for at least 
10 hours prior to drug administration the following day. 
Subjects took the study drug with 200 mL of water in 
fasted state, or at 30 minutes after starting breakfast 
when the effect of food on pharmacokinetics was inves-
tigated. Water was allowed ad libitum, except for 2 hours 
before dosing and 1 hour after dosing. Subjects were 
required to fast from food up to 4.5 hours after dosing. 
Lunch and subsequent meals were provided as per the 
regular meal schedule at the site. Subjects were to main-
tain an upright (seated or standing) position for at least 
4.5 hours following administration of study medication. 

2.5. Pharmacokinetic Assessments 
2.5.1. Sample Collection 
Blood samples for measuring plasma E3030 concentra-
tions were collected at 0 (pre-dose), 0.33, 0.67, 1, 1.5, 2, 
3, 4, 6, 8, 10, 12, 24, 36, 48, 60, 72, and 96 hours after 
administration of the study medication. Blood samples (4 
mL each) were collected from a cutaneous vein in the 

forearm into a sodium-heparinized tube and placed on ice 
immediately after mixing by inversion at least 8 to 10 
times. Within 2 hours of collection, samples were centri-
fuged (4˚C at 2500 rpm for 15 minutes) to obtain plasma, 
and at least 1.5 mL of plasma was transferred to a sample 
tube and stored at −70˚C. 

2.5.2. Bioanalytical Methods 
Bioanalysis was performed by the Bioanalysis Section, 
Clinical Research Center at Eisai Co., Ltd (Tokyo, Japan). 
Plasma samples in the study were analyzed for the quan-
titative determination of E3030 by a validated liquid 
chromatographic-tandem mass spectrometric (LC/MS/MS) 
method. The method is based on solid-phase extraction 
using EmporeTM extraction disk plates (3 M, St. Paul, 
MN) in the 96-well format, with 2.5 μL eluent samples 
injected into the LC/MS/MS system. Human plasma 
samples were analyzed in 19 batches. Each batch typi-
cally consisted of a calibration curve generated by use of 
0.1, 0.25, 0.5, 2.5, 5, 20, 50, and 100 ng/mL of E3030, 
one blank plasma sample containing internal standard 
(IS), one blank plasma sample, quality control (QC) 
samples at three concentrations each in duplicate, and 72 
clinical samples from four subjects. 

Sample preparation before loading onto extraction disk 
plate was conducted on ice bath. IS (ER-228063-00, 
(2S)-3-{3-[2-(4-fluorophenoxy)ethoxy]phenyl}-2-isopro
poxypropionic acid) solution (20 μL each) was accurate-
ly added to 220 μL of clinical plasma samples (previous-
ly, 20 μL each of 50% CH3OH/H2O had been accurately 
added to 0.20 mL of clinical samples), calibration sam-
ples and QC samples, and then the samples were mixed 
well. Afterwards, 200 μL of distilled water and 100 μL of 
1 mol/L HCl (both previously placed on ice bath) were 
added, and the samples were mixed well. The extraction 
disk plate had been previously conditioned with 100 μL 
CH3OH followed by addition of 300 μL of distilled water 
and aspiration for 5 seconds. Samples were loaded onto 
the extraction disk plate and aspirated to waste. The ex-
traction disk plate was washed with 400 μL of distilled 
water 3 times, 200 μL of 20% CH3CN/H2O once, and 
200 μL of 40% CH3CN/H2O once by aspiration. Ana-
lytes were eluted with 80 μL of 80% CH3CN/H2O to a 
96-well collection plate by centrifugation at 1500 rpm 
(252 g) for 3 minutes twice. CH3COOH-CH3COONH4 
buffer (50 μL, 50 mmol/L, pH5.0) was added to the ex-
tracts, the samples were mixed well, and a 2.5 μL portion 
was injected into the LC/MS/MS system. 

E3030 and IS were separated by liquid chromatogra-
phy using an Inertsil ODS-3 column (3.0 mm i.d. x 75 
mm) (GL sciences, Inc., Tokyo, Japan) with mobile 
phase consisting of 7.5 mmol/L CH3COONH4 − H2O − 
CH3CN (10:140:450, v/v/v) at a flow rate of 0.3 mL/min. 
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A PE Sciex API 4000 mass spectrometer equipped with 
negative electrospray ionization was used in multiple 
reaction monitoring mode. Low and unit resolution were 
used for Q1 and Q3 detection, respectively. The precur-
sor to product ion transitions of m/z 434.2 → 152.1 for 
E3030, and m/z 361.1 → 119.3 for IS, were monitored. 

The correlation coefficients of calibration curves 
ranged from 0.9988 to 0.9999, and the accuracy of cali-
bration samples ranged from −1.5% to 3.7% at the lower 
limit of quantification (LLOQ), and from −6.1% to 7.9% 
for those values other than the LLOQ. The accuracy for 
E3030 in human plasma was measured at 3 QC sample 
concentrations. The accuracy at 0.300 ng/mL, 3.00 ng/mL, 
and 80.0 ng/mL ranged from −8.7% to 10.7%, from 
−11.4% to 8.5% (−9.8% to 7.0% except for one sample 
of the first batch at the 0.5 mg dose), and from −19.3% to 
7.0%, respectively. The data for calibration curves and 
QC samples concerning in-study validation showed good 
analytical performance. 

2.5.3. Pharmacokinetic Analysis 
Pharmacokinetic parameters were calculated from plas-
ma concentrations of E3030 as a free base by mod-
el-independent analysis using WinNonlin Professional 
version 4.1 (Pharsight Corp., Mountain View, CA). For 
calculation of pharmacokinetic parameters, measured 
concentration values less than the LLOQ (0.10 ng/mL) 
were defined as zero. All calculations of the plasma 
pharmacokinetics were based on actual sampling times. 
Maximum plasma concentrations (Cmax) observed and 
time to Cmax (tmax) were obtained directly from experi-
mental data. The area under plasma concentration-time 
curve from 0 time extrapolated to infinite time (AUC) 
was determined as follows: 

AUC = AUC0-t + last observed concentration/λz 

The area under the plasma concentration-time curve 
from 0 time to time of last quantifiable point (AUC0-t) 
was calculated using the linear-log trapezoidal method. 
The terminal phase rate constant (λz) was estimated by 
linear regression versus time curve. The t1/2 was calcu-
lated as ln(2)/λz; apparent clearance (CL/F), as dose/ 
AUC; Vz/F, as CL/F/λz. 

The dose-proportionality of Cmax and AUC obtained 
from model-independent analysis was assessed both vi-
sually and using a power model (Y = αXβ; X, Dose; Y, 
Cmax or AUC). Dose proportionality was assessed based 
on whether 95% confidence intervals (CIs) of β lay 
within the range from 0.7 to 1.3 [7]. 

To assess the effect of food on the pharmacokinetics of 
E3030, Cmax and AUC in the fed state were compared 
with those in the fasted state, with those in the fasted 
state used as the reference. Evaluation was performed on 

subjects for whom pharmacokinetic data from fasted and 
fed states were available. The geometric mean ratio 
(fasted/fed) and its 90% CI were calculated for the Cmax 
and AUC. Food effect on the pharmacokinetics of E3030 
was assessed based on whether 90% CIs of ratios of 
AUC and Cmax lay within the range from 0.80 to 1.25 [8]. 

2.6. Safety Assessments 
The following data were collected during the study to 
assess safety: physical examination findings, vital signs 
(blood pressure, pulse rate, respiratory rate, and body 
temperature), body weight, 12-lead ECGs, and clinical 
laboratory parameters (hematology, biochemistry and 
urinalysis). In the case of clinically significant abnormal 
results, that evaluation was to be repeated until the values 
were within an acceptable or normal range. Adverse 
events were to be followed to resolution. 

The numbers of subjects with adverse events were ta-
bulated. For clinical laboratory parameters (except uri-
nalysis), vital signs, body weight, and 12-lead ECG pa-
rameters, the values measured and changes from baseline 
at each time were summarized by dose using descriptive 
statistics. For urinalysis, cross tables were prepared. 

3. Results 
3.1. Subject Demographics 

A total of 56 healthy Japanese male subjects were 
enrolled. Subject demographics across dose groups were 
similar (Table 1). The mean age of enrolled subjects was 
24.7 ± 3.8 years (mean ± standard deviation; range, 20 - 
35 years), with an average BMI of 21.38 ± 1.76 kg/m2 
(range, 18.8 - 24.5 kg/m2). Due to CPK elevation (501 
IU/L) at the check-in day after a washout period, one of 
six subjects administered 10 mg did not proceed to the 
fed state to avoid the influence on safety assessment. All 
other subjects completed the study. 

3.2. Safety and Tolerability 
No deaths or serious adverse events were reported fol-
lowing single oral doses of 0.5 to 40 mg E3030. Adverse 
events observed in this study are listed in Table 2. No 
subjective symptoms, objective findings, or abnormal 
changes in vital signs were observed. Although abnormal 
changes occurred in laboratory parameters, i.e. increases 
of amylase, total bilirubin, CPK, aspartate aminotransfe-
rase (AST), and TG, in five of six subjects, all changes 
were mild and recovered spontaneously. One subject 
showed an abnormal 12-lead ECG finding (supraventri-
cular extrasystole). This episode was mild, not associated 
with subjective symptoms or objective findings, and re-
solved spontaneously. All adverse events were mild and  
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Table 1. Demographic characteristics of the study population. 

E3030 dose No. of subjects Age (years) Height (cm) Body weight(kg) BMI (kg/m2) 

0.5 mg 6 23.3 ± 2.9 168.88 ± 7.36 61.68 ± 8.84 21.58 ± 2.28 

1 mg 6 25.3 ± 4.2 171.18 ± 5.00 60.25 ± 5.50 20.53 ± 0.84 

2.5 mg 6 25.0 ± 3.9 168.70 ± 7.56 64.43 ± 7.25 22.60 ± 1.53 

5 mg 6 25.7 ± 3.3 174.98 ± 7.22 64.63 ± 7.84 21.05 ± 1.45 

10 mg 6 29.0 ± 3.7 173.43 ± 6.60 67.62 ± 3.97 22.52 ± 1.19 

20 mg 6 24.3 ± 4.9 176.30 ± 5.44 69.43 ± 7.99 22.30 ± 2.01 

40 mg 6 23.0 ± 1.7 172.60 ± 6.06 58.13 ± 3.68 19.52 ± 0.44 

All E3030-treated 42 25.1 ± 3.9 172.30 ± 6.62 63.74 ± 7.25 21.44 ± 1.76 

All placebo-treated 14 23.4 ± 3.2 169.28 ± 5.96 60.73 ± 4.99 21.21 ± 1.79 

All subjects 56 24.7 ± 3.8 171.54 ± 6.54 62.99 ± 6.84 21.38 ± 1.76 

BMI, body mass index. Mean ± standard deviation. 
 

Table 2. Summary of adverse events after single oral dose of E3030. 

 

E3030 dose 

Placebo 0.5 mg 1 mg 2.5 mg 5 mg 10 mg, fasted 10 mg, fed 20 mg 40 mg 

(n = 16) (n = 6) (n = 6) (n = 6) (n = 6) (n = 6) (n = 5) (n = 6) (n = 6) 

Supraventricular extrasystole 0 0 0 0 0 0 0 1 0 

AST increased 0 0 0 0 0 0 0 0 1 

Amylase increased 0 1 0 0 0 0 0 0 0 

CPK increased 0 0 0 0 0 1a 0 0 1 

TG increased 0 0 0 0 0 0 0 0 1b 

Total bilirubin increased 0 1 0 0 0 0 0 0 0 

AST, aspartate aminotransferase; CPK, creatine phosphokinase; TG, triglyceride. (a) Judged as not related to the study drug, because CPK elevation developed 
20 days after administration of 10 mg in the fasted state: considered probably due to living conditions in the washout period. (b) Judged as not related to the 
study drug, because TG elevation had developed by outpatient visit 6 days after study drug administration: considered probably due to influence of meals after 
check-out. 
 
transient, and there was no dose-dependent increase in 
any adverse event. The maximum tolerated dose was not 
reached, because the highest dose of 40 mg and therefore 
all other doses were considered tolerated. Based on the 
above results, there were no concerns about the safety or 
tolerability of E3030 at doses between 0.5 and 40 mg. 

3.3. Pharmacokinetics 

Pharmacokinetic profiles of E3030 were assessed in 42 
healthy adult male subjects receiving a single oral dose 
of E3030 (0.5, 1, 2.5, 5, 10, 20, or 40 mg) under fasted 
conditions. Mean pharmacokinetic profiles after the sin-
gle dose are presented in Figure 2, and E3030 sin-
gle-dose pharmacokinetic parameters are provided in 
Table 3. E3030 was rapidly absorbed after dosing, with  

tmax of 1 - 1.75 hours; thereafter, concentrations declined 
nearly biexponentially with a terminal half-life of 18.4 - 
23.8 hours. Both Cmax and AUC showed dose-propor- 
tional increases. Following administration of 0.5 to 40 
mg E3030, mean Cmax increased from 58 to 4608 ng/mL, 
and mean AUC increased from 887 to 68,994 ng·hr/mL. 
Mean CL/F ranged between 601 and 716 mL/hr. Mean 
CL/F and Vz/F showed almost same value over the stu-
died dose range. 

Dose-proportionality for Cmax and AUC obtained from 
model-independent analysis was assessed both visually 
and using a power model (Y = αXβ; X, Dose; Y, Cmax or 
AUC). Plots of individual Cmax and AUC against dose are 
presented in Figure 3. The plots illustrate dose-propor- 
tional increases in Cmax and AUC. Point estimates of β in 
Cmax and AUC were 0.976 and 0.985, respectively,    
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Figure 2. Mean plasma E3030 concentrations after single oral dose of E3030 (0.5 - 40 mg) in healthy adult male subjects un-
der fasted conditions. Each plotted point represents mean value and standard deviation (six subjects per group). 
 

Table 3. Summary of pharmacokinetic parameters obtained by model-independent analysis. 

Parameter 
E3030 dose 

0.5 mg 1 mg 2.5 mg 5 mg 10 mg 20 mg 40 mg 

Cmax (ng/mL) 58.3 ± 12.4 123.0 ± 17.0 282.7 ± 41.4 467.2 ± 88.1 1066.7 ± 162.0 2048.4 ± 450.5 4608.0 ± 788.3 

tmax (hr) 1(0.67 - 1.00) 1(0.67 - 1.50) 1(0.67 - 1.50) 1.75(1.00 - 4.00) 1.5(1.00 - 3.00) 1(0.67 - 3.00) 1.5(0.67 - 3.00) 

AUC (ng·hr/mL) 886.8 ± 266.1 1782.0 ± 498.9 3877.3 ± 1457.1 8320.4 ± 4178.1 17163.4 ± 3720.6 29793.1 ± 6516.7 68933.8 ± 21132.0 

t1/2 (hr) 19.7 ± 3.3 18.9 ± 2.8 18.4 ± 5.9 20.6 ± 6.1 22.7 ± 3.2 23.8 ± 3.7 19.5 ± 4.8 

CL/F(mL/hr) 612 ± 199 601 ± 177 708 ± 214 716 ± 310 611 ± 159 700 ± 157 629 ± 197 

Vz/F (L) 16.7 ± 3.2 16.0 ± 3.9 17.6 ± 2.5 20.0 ± 8.2 19.5 ± 3.3 23.6 ± 4.2 16.8 ± 2.7 

Cmax, maximum observed concentration; tmax, time to Cmax; AUC, area under the concentration-time curve from 0 time extrapolated to infinite time; t1/2, terminal 
elimination phase half-life; CL/F, apparent clearance; Vz/F, apparent volume of distribution at terminal phase. Mean ± standard deviation, except tmax. tmax: 
median (minimum−maximum). Six subjects per group. 
 
indicating that both values were approximately 1. The 95% 
CIs of β for Cmax and AUC were 0.936 - 1.016 and 0.920 
- 1.050, respectively. These results suggest that both Cmax 
and AUC following a single oral dose of E3030 (0.5 - 40 
mg) increase dose-proportionally. 

Food effect on pharmacokinetic profiles of E3030 in 
five healthy adult male subjects was assessed by com-
parison of plasma pharmacokinetic profiles after a single 
oral dose of 10 mg under fasted condition and those at 30 
minutes after start of a meal. The mean pharmacokinetic 
profiles under both conditions are shown in Figure 4, 
and intra-subject pharmacokinetic parameters are pro-
vided in Table 4. Plasma E3030 concentrations under fed 
condition were lower than those under fasted condition; 
otherwise, biexponential elimination patterns were simi-
larly observed. The ratio of geometric mean values 
(fed/fasted) of Cmax and AUC were 0.803 and 0.913, re-
spectively. In addition, the 95% CIs of these were 0.738 - 
0.874 and 0.809 - 1.031, respectively. These results sug-
gest that food effect on pharmacokinetics of E3030 ap-
peared to be not significant considering the equivalent 

AUC despite a decrease in Cmax of approximately 20%. 

4. Discussion 
Subjective symptoms, objective findings, and abnormal 
changes in vital signs were not observed after single 
doses of E3030 up to 40 mg. Abnormal changes in labor-
atory values for which a causal relationship with E3030 
could not be excluded were amylase increased in one 
subject in the 0.5 mg group, total bilirubin increased in 
another subject in the same group, and CPK increased 
and AST increased in one subject in the 40 mg group. 
Because the subject with amylase increased in the 0.5 mg 
group did not have subjective symptoms or objective 
findings suggestive of pancreatitis and did not have li-
pase increased as well as white blood cell count in-
creased, the mechanism of his amylase increase was not 
explored but was considered to be specific to the relevant 
subject. Regarding the case of total bilirubin increased 
(from 1.0 mg/dL at baseline to 1.8 mg/dL at 24 hours after 
dose), although that increase was regarded as abnormal,     
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Figure 3. Relationships between dose and (a) Cmax or (b) AUC after single oral dose of E3030 (0.5 - 40 mg) in healthy adult 
male subjects under fasted conditions. Each point: individual value. Solid line: linear regression model from a method of least 
squares. 
 
Table 4. Summary of intra-subject pharmacokinetic parameters obtained by model-independent analysis after single oral 
dose of 10 mg E3030 in the fasted and fed states. 

Parameter 
E3030 10-mg dosing 

Fasted Fed 

Cmax (ng/mL) 1099.1 ± 157.8 888.7 ± 168.5 

tmax (hr) 1 (1.00 - 2.00) 1.5 (0.67 - 2.00) 

AUC (ng·hr/mL) 16647.6 ± 3912.6 15598.4 ± 5370.6 

t1/2 (hr) 22.5 ± 3.5 24.9 ± 5.5 

Cmax, maximum observed concentration; tmax, time to Cmax; AUC, area under the concentration-time curve from 0 time extrapolated to infinite time; t1/2, terminal 
elimination phase half-life. Mean ± standard deviation, except tmax. tmax: median (minimum–maximum). Five subjects per group. 
 
the total bilirubin of this subject was already 1.4 mg/dL 
at screening; therefore it was considered that the subject 
might be a person normally with high total bilirubin le-
vels. In addition, amylase increased and total bilirubin 
increased were observed in one subject in the 0.5 mg 

group, but such increases were not observed in the 1 to 
40 mg groups. And no increase in incidence was ob-
served with an escalating dose of E3030. Therefore, 
these increases might have occurred incidentally. Re-
garding CPK increased (96 hours after dose) and AST      
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Figure 4. Mean plasma E3030 concentrations after single oral dose of E3030 (10 mg) in healthy adult male subjects under 
fasted and fed conditions. Each plotted point represents mean value and standard deviation (five subjects per group). 
 
increased (6 days after dose) in a subject in the 40 mg 
group, although a causal relationship with E3030 could 
not be excluded in view of the time after administration 
of the study drug, both values had returned to the refer-
ence range within 10 days after E3030 administration 
without any treatment. The AUC of this subject was 
101545.76 ng·hr/mL, approximately 1.47 times as high 
as the mean AUC (68933.835 ng·hr/mL) for the six sub-
jects who received 40 mg of E3030; however, it was 
considered difficult to determine on the basis of this one 
subject only whether a relationship existed between in-
crease of CPK/AST and plasma concentration of E3030. 
As abnormal change in 12-lead ECG, supraventricular 
extrasystoles were observed in one subject in the 20 mg 
group. Since the QRS wave was normal and there were 
no subjective or objective findings, this change was not 
considered clinically significant. Supraventricular extra-
systoles are often observed in healthy persons, and the 
reported extrasystoles might have been noticed during 
frequent measurements in the clinical study. Otherwise, 
supraventricular extrasystoles, often occurring during 
rest, might have developed during hospital stay in the 
clinical study. Although a causal relationship with E3030 
could not be excluded in view of the time after adminis-
tration of the study drug, the extrasystoles remitted 
without any treatment. All adverse events were mild and 
transient, and there was no dose-dependent increase in 
any adverse event. The above results suggest that there 
are no problems with safety or tolerability when E3030 is 
administered in a single dose up to 40 mg. 

E3030 was developed for improving the control of 
blood glucose in diabetic patients by improving their 

insulin resistance; therefore, the study drug is less likely 
to induce hypoglycemia, as compared with other drugs, 
including sulfonylurea agents with insulin secretion- 
stimulating activity. No sign or symptom of hypoglyce-
mia was observed during this study. E3030, a PPARα/γ 
dual agonist, can cause such adverse drug reactions 
(ADRs) as those observed after administration of PPARα 
or PPARγ agonists. Thiazolidine derivatives, which are 
PPARγ agonists, have been reported to cause ADRs in-
cluding oedema, anaemia and weight gain [9]. In the 
SYNCHRONY study, a phase II study of the PPARα/γ 
dual agonist aleglitazar, oedema, haemodilution, and 
weight gain occurred in a dose-dependent manner [10]. 
But there were no findings suggesting these ADRs dur-
ing this study, and the possibility that these ADRs might 
occur during this single-dose study was considered to be 
lower than in actual clinical settings. In addition, fibrate 
drugs, which are PPARα agonists, have been reported to 
cause liver transaminases increased, white blood cell 
count decreased, anemia, gallbladder disorders, and 
rhabdomyolysis [11-13]. In the current study, although 
CPK increased and AST increased, both considered to 
originate from muscle, in a subject in the 40 mg group 
were mild and transient, a relationship with rhabdomyo-
lysis could not be excluded. These ADRs related to 
PPARγ- or PPARα-activating activities should also be 
monitored carefully in future studies. 

Pharmacokinetic profiles after a single oral dose of 
E3030 were assessed in healthy adult male volunteers. 
Metabolites of E3030 were not measured in this study, 
because only a glucuronide of E3030 was identified as a 
major metabolite in non-clinical studies, and because it  
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was supposed that the glucuronide did not have pharma-
cological activity. E3030 was rapidly absorbed and was 
eliminated nearly biexponentially after reaching Cmax. 
Among pharmacokinetic parameters calculated using a 
model-independent method, the mean t1/2 was approxi- 
mately 20 hours, remaining relatively constant over the 
dose range examined in this study. Consequently, from a 
pharmacokinetic viewpoint, E3030 was considered a 
drug that can be administered once daily. Similarly, CL/F 
and Vz/F also remained nearly constant regardless of dose 
levels. Clearance and distribution volume after oral admi- 
nistration are affected by bioavailability (F), so that it is 
difficult to describe the two parameters exactly. However, 
assuming that F equals 1, the clearance (CL) is smaller 
than the hepatic blood flow of 1450 mL/min (87,000 
mL/hr) [14], and distribution volume (Vz) is almost 
equivalent to the extracellular fluid volume, suggesting 
low levels of both parameters. The plasma concentration 
profile of administered E3030 exhibited bimodal peaks in 
non-clinical pharmacokinetic studies (rat and dog), sug- 
gesting the presence of enterohepatic circulation. In this 
clinical study, however, the plasma concentration chang- 
ed with prominent bimodal peaks, supporting the absence 
of enterohepatic circulation. After a single oral adminis-
tration of radiolabeled E3030 to rats and dogs, approx-
imately 99% of radioactivity was excreted in the feces. 
The main elimination route is supposed to be fecal excre-
tion also in human, however, further clinical pharmaco-
kinetic study using radiolabeled E3030 is needed to eva-
luate more detailed pharmacokinetics of E3030. 

Investigation of the relationship between Cmax or AUC 
and the dose levels showed that Cmax and AUC values 
from each subject tended to be distributed along a 
straight line passing through origin. After formulating a 
power curve Y = αXβ between dose levels (X) and Cmax 
or AUC (Y), we fitted a linear regression equation log (Y) 
= log(α) + β × log(X) by taking the log of both sides. 
The calculated point estimates for β of Cmax and AUC 
were found to be 0.976 and 0.985 respectively, both be- 
ing close to 1, and the 95% CIs for β were 0.936 - 1.016 
and 0.920 - 1.050, respectively. It has been reported that 
if the 95% CI for β falls into the range of 0.7 - 1.3, the 
relation can be regarded as linear [7]. The results from 
this study lay within this range, suggesting that E3030 
showed a good linear pharmacokinetic profile when oral- 
ly administered in a single dose under fasted condition with- 
in the dose range of 0.5 to 40 mg examined in this study. 

In this study, food effect on plasma pharmacokinetic 
profiles of E3030 was investigated exploratively in five 
healthy adult male volunteers. Instead of the crossover 
method used in general, a parallel comparative method 
was employed, because the investigation was conducted 
in a multi-step dose-escalation manner in the present 
study. The meal provided to subjects was a normal diet 

with total calories of approximately 800 kcal (fat, ap-
proximately 28%). Review of the parameters for each 
subject revealed that Cmax was reduced in all five subjects 
when the drug was administered in the fed state, but the 
change in AUC due to food effect did not show a specific 
tendency. The ratios of geometric mean values (fed/ 
fasted) for Cmax and AUC were 0.803 and 0.913, respec-
tively, and the 90% CI of the ratio for AUC met a crite-
rion for determining the absence of food effect [8], while 
that for Cmax did not meet this criterion. Although Cmax 
was reduced by around 20% after administration under 
fed condition, AUC under fed condition was the same as 
under fasted condition, suggesting that the food effect on 
the pharmacokinetics of E3030 was not significant, and 
there was no necessity to restrict the administration me-
thod of this drug to before meal or after meal. 

5. Conclusion 
In conclusion, no concerns regarding the safety or tolera-
bility were noted after a single oral dose of E3030 in the 
dose range between 0.5 and 40 mg. Both Cmax and AUC 
of E3030 increased dose-dependently, indicating that 
E3030 has a favorably linear pharmacokinetic profile. 
The mean t1/2 of E3030 was approximately 20 hours, and 
pharmacokinetic profiles indicated q.d. administration. 
Since food effect on pharmacokinetics of E3030 was not 
significant, no limitation to before-meal or after-meal 
dosing was suggested. 
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Abbreviations 
ADR, adverse drug reaction;  
AST, aspartate aminotransferase;  
AUC, area under the  concentration-time curve from 0 
time extrapolated to infinite time;  
BMI, body mass index;  
CL/F, apparent clearance;  
Cmax, maximum observed concentration;  
CPK, creatine phosphokinase;  
ECG, electrocardiography;  
FDA, Food and Drug Administration;  
HDL, high-density lipoprotein;  

HED, human equivalent dose;  
IS, internal standard;  
LC/MS/MS, liquid chromatographic-tandem mass spec-
trometry;  
LLOQ, lower limit of quantification;  
NOAEL, no-observed-adverse-effect level;  
OTC, over-the-counter;  
PPAR, peroxisome proliferator-activated receptor;  
QC, quality control;  
t1/2, terminal elimination phase half-life;  
tmax, time to Cmax;  
Vz/F, apparent volume of distribution at terminal phase.  
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