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ABSTRACT
G protein–coupled receptor (GPR) 40 is a free fatty acid
receptor mainly expressed in pancreatic b-cells activated by
medium- and long-chain fatty acids and regulating insulin
secretion via an increase in cytosolic free calcium ([Ca21]i).
Activation of GPR40 in pancreatic b-cells may improve glycemic control in type 2 diabetes through enhancement of
glucose-stimulated insulin secretion. However, the most clinically advanced GPR40 agonist—TAK-875 (fasiglifam)—was
withdrawn from phase III because of its hepatotoxicity resulting from the inhibition of pivotal bile acid transporters. Here,
we present a new, potent CPL207280 agonist and compare it
with fasiglifam in numerous in vitro and in vivo studies.
CPL207280 showed greater potency than fasiglifam in a
Ca21 influx assay with a human GPR40 protein (EC50 = 80 vs.
270 nM, respectively). At the 10 mM concentration, it showed
3.9 times greater enhancement of glucose-stimulated insulin
secretion in mouse MIN6 pancreatic b-cells. In Wistar Han
rats and C57BL6 mice challenged with glucose, CPL207280
stimulated 2.5 times greater insulin secretion without causing
hypoglycemia at 10 mg/kg compared with fasiglifam. In three

diabetic rat models, CPL207280 improved glucose tolerance
and increased insulin area under the curve by 212%, 142%,
and 347%, respectively. Evaluation of potential off-target
activity (Safety47) and selectivity of CPL207280 (at 10 mM)
did not show any significant off-target activity. We conclude
that CPL207280 is a potent enhancer of glucose-stimulated
insulin secretion in animal disease models with no risk of
hypoglycemia at therapeutic doses. Therefore, we propose
the CPL207280 compound as a compelling candidate for
type 2 diabetes treatment.
SIGNIFICANCE STATEMENT
GPR40 is a well-known and promising target for diabetes.
This study is the first to show the safety and effects of
CPL207280, a novel GPR40/free fatty acid receptor 1 agonist, on glucose homeostasis both in vitro and in vivo in different diabetic animal models. Therefore, we propose the
CPL207280 compound as a novel, glucose-lowering agent,
overcoming the unmet medical needs of patients with type
2 diabetes.
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G protein–coupled receptor (GPR) 40 (or FFA1) is a free
fatty acid receptor mainly expressed in pancreatic b-cells
(Itoh and Hinuma, 2005; Schnell et al., 2007). It mediates signaling from free fatty acid (FFA) to modulate glucose-stimulated insulin secretion (GSIS) (Briscoe et al., 2003; Itoh et al.,
2003). GPR40 emerged as an antidiabetic target and was proposed as a novel treatment modality for patients with type 2

ABBREVIATIONS: ADR, adverse drug reaction; AUC, area under the curve; BSA, bovine serum albumin; F, bioavailability; FFA, free fatty
acid; FFA1, free fatty acid receptor 1; FFA2, free fatty acid receptor 2; FFA3, free fatty acid receptor 3; FFAF, free fatty acids free; GK, GotoKakizaki rat; GPCR, G protein–coupled receptor; GPR, G protein–coupled receptor; GSIS, glucose-stimulated insulin secretion; GTT, glucose
tolerance test; HBSS, Hanks’ balanced salt solution; hERG, the human ether-a-go-go related gene; HG, high glucose; KRBH, Krebs-Ringer
bicarbonate HEPES buffer; LG, low glucose; PEG, polyethylene glycol; PPAR, proliferator-activated receptor; SU, sulfonylurea; T2D, type 2
diabetes; ZDF, Zucker diabetic fatty rat; ZDSD, Zucker diabetic Sprague-Dawley rat.
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diabetes (Hara et al., 2011) in whom blood glucose control by
popular drugs (i.e., metformin) is insufﬁcient. Modulation of
GSIS by FFA is perceived as an adaptive mechanism in a
T2D milieu. A high concentration of lipids aggravates insulin
resistance while enhancing insulin secretion to match the
systemic demand (Nagasumi et al., 2009). Glucose dependence of the GPR40 insulinotropic activity is particularly
important from the clinical perspective. Interestingly, it may
allow prevention of the main adverse effect (iatrogenic hypoglycemia) of the currently popular sulfonylureas (SUs), which
stimulates insulin secretion irrespective of glucose levels
(Sola et al., 2015). Consequently, sulfonylureas impart a
constant workload on b-cells instead of ensuring a ﬁne-tuning
of insulin secretion depending on the demand. This, in turn,
leads to a Ca21 overload and propels b-cell dysfunction, leading to cell death (Iwakura et al., 2000).
Impairments of b-cells function and mass decline as the
T2D signs of progress are caused in part by elevated FFAs
described as glucolipotoxicity (Poitout et al., 2010). Although
GPR40 is a receptor for FFAs that might suggest its deleterious effects, aggregating evidence shows that GPR40 is not the
gateway for glucolipotoxicity (Latour et al., 2007; Kebede
et al., 2008; Lan et al., 2008; Alquier and Poitout, 2009). This
fundamental feature permits GPR40 to become a promising
candidate target for a novel secretagogue. Nevertheless, for
successful therapy, the novel GPR40 agonist must also be
safe, which means being structurally different from FFAs, to
circumvent their toxicity. Moreover, to become fully developed,
the drug must show much greater potency than FFAs and
must not induce tachyphylaxis (Sharma and Alonso, 2014).
Meeting all of these three conditions has become particularly
challenging on the pathway of GPR40 synthetic agonist development. For example, fasiglifam (TAK-875; Takeda) was
shown not to cause tachyphylaxis, and it demonstrated 400
times greater potency at GPR40 than the cognate ligand oleic
acid (Tsujihata et al., 2011; Ito et al., 2016). It showed an antidiabetic effect in numerous animal diabetes models by improving glucose control in both acute and chronic administration
(fasting parameters) (Ito et al., 2013, 2016). More importantly,
it improved glucose tolerance and hemoglobin HbA1c levels in
a small phase II clinical study (n > 50) in a cohort of mixedethnicity subjects (Burant et al., 2012). However, in a largepopulation phase III study (n > 5000), it demonstrated safety
alerts in 2.5% of individuals (Marcinak et al., 2017). Although
its structure was profoundly different to that of FFA, it turned
out to be toxic for hepatocytes in the liver (especially through
bile acid inhibition) (Li et al., 2015; Wolenski et al., 2017).
Ever since TAK-875 entered phase III clinical trials, we have
kept it as a benchmark for comparison purposes.
We have developed CPL207280, a new agonist of GPR40,
which is at least three times more potent at human GPR40
and 10 times less toxic on insulinoma cells than TAK-875,
which translates into a broader therapeutic window. Here, we
compare the biologic properties of CPL207280 and TAK-875,
and we have found that the addition of CPL207280 improved
glucose tolerance in MIN6 pancreatic b-cells as well as in
healthy Wistar Han rats and diabetes rat models (GK, ZDSD,
ZDF rats). Incubation of CPL207280 with the rat and mouse
insulinoma (INS-1 and MIN6) cells for 48 hours did not cause
signiﬁcant cell viability changes, whereas TAK-875 reduced rat
and mouse insulinoma cell viability at higher concentrations,
indicative of a narrower safety window.

Materials and Methods
Cells and Compounds. CHO cell line overexpressing human
GPR40 receptor and aequorin was obtained from Perkin Elmer (ES652-AF). Mouse insulinoma (MIN6) (C0018008) and rat insulinoma
(INS-1) cell lines (C0018007) were obtained from AddexBio. GW1100
was obtained from Calbiochem (371830). Cells were routinely tested
for possible mycoplasma contamination.
CPL207280 and TAK-875 molecules were synthesized in-house
with a purity >98% as based on high-performance liquid chromatography (HPLC) area integration with UV detection at a wavelength of
254 nM (Mach, et al., 2019).
Aequorin Assay. CHO cells overexpressing human GPR40 receptor and aequorin were seeded in a T25 ﬂask with a Ham’s F-12 full
medium 24 hours before the experiment. Subsequently, 2.5  106
cells were collected by trypsinization with 0.25% trypsin for 3
minutes, centrifuged (200g, 5 minutes), and resuspended in a 1-ml
HBSS buffer (Gibco). Free fatty acids free (FFAF) 10%-BSA (ﬁnal
concentration 0.015%) and Coelenterazine h (in a methanol solution,
ﬁnal concentration 5 mM) were diluted in an HBSS buffer, added to
the cell suspension, and agitated gently for 2 hours at room temperature (RT). Next, cells were suspended with HBSS and mixed for the
next hour. Then, cells were transferred into a glass cylinder with a
magnetic mixer, mixed, and seeded (ﬁnal density 5000 cells per well)
on a 96-well plate comprising an array of investigated compounds in
dilutions. The measurement of the luminescence signal was carried
out continuously for 1 minute, and the resulting curves were used to
calculate the area under the curve (AUC). CPL207280 activity was
calculated as a percentage of a-linolenic acid activity (used as a control) at 10 mM.
Cell Viability Assay. For the cell viability assay, 20  103 INS-1
or 50  103 MIN6 cells were seeded in 100 ml of RPMI 1640 or Dulbecco’s modiﬁed Eagle’s medium full media (with 0.05 mM b-mercaptoethanol) in a 96-well plate (transparent bottoms) coated with poly(D-lysine)
(Corning). On the following day, 100 ml of the full media containing
500 RT-Glo (Promega) and a 2 concentrated tested compound at 5
concentrations up to 100 mM was added. After 48 hours of incubation at
37 C and 5% CO2, the luminescence was measured using the VICTOR
Nivo Multimode Microplate Reader (Perkin Elmer).
Insulin Secretion Assay. MIN6 or INS-1E cells (50  103 per
well) were seeded in a 96-well plate (transparent bottoms) coated with
poly(D-lysine). After 72 or 48 hours, respectively, cells were washed
twice with Krebs-Ringer bicarbonate HEPES buffer (KRBH) (containing 2.8 mM glucose and 0.1% FFAF BSA) and incubated in this buffer
for 2 hours at 37 C. Before the end of starvation (15 minutes),
GW1100 was added to dedicated wells with INS-1E cells to a ﬁnal concentration of 10 mM. Next the medium was replaced with KRBH supplemented with 20 mM glucose and CPL207280 and TAK-875 at
concentrations up to 40 mM or GW1100 at a concentration of 10 mM,
and cells were incubated for 1 hour. Finally, 100 ml of supernatant was
collected, centrifuged at 1500g for 5 minutes, and frozen at 80 C. On
the next day, the samples were diluted in KRBH, and insulin levels
were determined using a mouse or rat insulin ELISA kit (Mercodia) in
line with the manufacturer’s instructions. Cells remaining in the well
were lysed with a radioimmunoprecipitation assay (RIPA) buffer, and
the total protein concentration, used for insulin concentration normalization, was measured using a BCA kit (Thermo Fisher).
Off-Target Analysis. The selectivity of CPL207280 against representative members of GPCR and PPAR was performed using
GPCR Screening and Proﬁling Services by DiscoverX (Euroﬁns DiscoverX Corporation, Fremont, CA) in line with the service provider’s
protocol. The assays were performed at 10 mM, utilizing the Calcium
No WashPLUS (FFAR2), Path-Hunter b-Arrestin (FFAR3, GPR55,
GPR119, GPR120, GPR142), Hit Hunter cAMP assay (glucagon-like
peptide-1 receptor (GLP1R), and NHR Protein Interaction (PPARa,
PPARc) functional cell-based assays. The compound activity was
analyzed using the chemical and biological information system
(CBIS) data analysis suite (ChemInnovation, CA).
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Safety 47 assay, a panel of 47 potential off-target proteins, was performed by DiscoverX (Euroﬁns DiscoverX Corporation, Fremont, CA) in
line with the service provider’s protocol. The screening was performed at
10 mM using functional cell-based, binding, and enzymatic assays utilizing the Calcium No WashPLUS assay (adenosine A2A receptor
-ADORA2A, ADRA1A, arginine vasopressin receptor 1A - AVPR1A, cholecystokinin A receptor -CCKAR, CHRM1, CHRM3, endothelin receptor
type A -EDNRA, HRH1, HTR2A, HTR2B), NHR Protein Interaction
assay glucocorticoid receptor -(GR), Nuclear Translocation assay androgen receptor -(AR), Ion Chanel Assay [calcium channel, voltage-dependent, L type, alpha 1C subunit -CAV1.2, g-aminobutyric acid type A
receptor -GABAA, hERG, HTR3A, potassium voltage-gated channel
KQT-like member 1/minimal potassium channel -KvLQT1/mink, nicotinic acetylcholine receptors -nAChR(a4/b2), voltage-gated sodium channel subunit a -NAV1.5, N-methyl-D-aspartate receptor -NMDAR (1A/
2B), DAT], Hit Hunter cAMP assay (HTR1B, OPRD1, OPRK1, ADRA2A,
ADRB1, ADRB2, CHRM2, CNR1, CNR2, DRD1, DRD2S, HRH2,
HTR1A), KINOMEscan kinase binding assays (insulin receptor -INSR,
LCK, ROCK1, VEGFR2), Neurotransmitter Transporter Uptake Assay
(DAT, norepinephrine transporter -NET, serotonin transporter -SERT),
and a variety of enzyme inhibition assays (acetylcholinesterase - AChE,
COX1, COX2, monoamine oxidase A - MAOA, PDE3A, PDE4D2).
The compound activity was analyzed using the chemical and biological information system (CBIS) data analysis suite (ChemInnovation, CA). Detailed information about each assay condition is
available at the Euroﬁns DiscoverX Corporation website.
Animal Care. The following animals were used this study: 8- to
9-week-old male C57BL6/cmdb mice (Experimental Center of the
Medical University in Bialystok), 8- to 10-week-old male Wistar Han
rats [Crl:WI (Han); Charles River], 10- to 12-week-old male ZDSD
rats (ZDSD/Pco; Crown Bioscience), 10- to 12-week-old GK rats (GK/
MolTac; Taconic), and 9-week-old ZDF and ZL rats (Vital River Laboratories Research Models and Services; Beijing, China). All animals
(except ZDF rats) were maintained on a standard chow diet (recommended by the supplier) and acclimated to the experimental facility
for a minimum of 7 days before treatment. The ZDF rats were fed
with a diet of Purina Rodent LabDiet 5C08 (equivalent to LabDiet
5008) for the ﬁrst week upon arrival. Next, all rats were put on a
diet regimen in which the animals had access to food for 8 hours during the day and were fasted overnight.
All animals were housed in cages on a ventilated rack. The animals were housed under a 12-hour light/dark cycle (and were allowed
ad libitum access to water). During quarantine, animals were
marked, weighed, and had a blood glucose measurement (adapted to
venous punctures in the tail vein and the experimenter performing
the measurements). The fasting blood glucose level was used for animal randomization to experimental groups (n = 7/8) in the glucose
tolerance test (GTT) study.
All procedures on animals were conducted in accordance with the
relevant national regulatory guidelines, and individual experiments
were approved by the Local Bioethics Committee in Poland (approval
number: 56/2013; 32/2016; 42/2017).
Pharmacokinetic Study. Wistar Han rats (n = 4/5) were fasted
for 12 hours, and at speciﬁc times after oral or intravenous administration of CPL207280 (5% DMSO/40% PEG300/55% PBS) (0.08, 0.25,
0.5, 1, 2, 4, 7, 12, and 24 hours), each animal was bled by venipuncture, and the samples were collected into tubes containing the anticoagulant, K2EDTA. Tubes were placed on wet ice pending processing.
Next, the samples were centrifuged (1200g for 5 minutes at approximately 4 C). The analyte (CPL207208) was extracted from an aliquot
of the animal K2EDTA plasma in line with the protein precipitation
assay. The extracted samples were injected into an ultrahigh-performance liquid chromatography (Inﬁnity II Agilent Technologies 1290)
coupled with tandem mass spectrometry (Sciex QTrap 6500). The
calibration range for this assay spanned from 10.0 to 2000.0 ng/ml.
The mean Cmax and Tmax values from Table 3 are read from a compound concentration plot.
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Glucose Tolerance Test. Male C57BL6/cmdb mice were fasted
for 12 hours and administered intravenously (tail vein) with the 10 mg/
kg of CPL207280, TAK-875, or vehicle (5% DMSO/40% PEG300/55%
PBS); the glucose bolus was administered immediately after that. Just
before and after 0.25, 0.5, 1, 2, 2.5, and 3 hours after administration of
a compound, glucose concentration in blood was measured.
Wistar Han rats were fasted for 12 hours and then administered
orally with 10 mg/kg of CPL207280, TAK-875, or the vehicle (5%
DMSO/40% PEG300/55% PBS), and the ﬁrst glucose bolus was
administered immediately after that. The second glucose bolus was
administered 6 hours later. Prior to the glucose administration and
after 0.08, 0.25, 0.5, 1, 2, 3, 6.25, 6.5, 7, 8, and 9 hours, glucose concentration in blood was measured. Insulin concentration in blood
was measured only during the ﬁrst glucose bolus administration.
ZDSD rats were starved for 6 hours, after which they were orally
administered CPL207280 at 3, 10, 30, and 100 mg/kg b.wt.; TAK-875
at 100 mg/kg; glibenclamide at 30 mg/kg; or the vehicle (0.9% NaCl).
At 1 hour later, a glucose bolus was administered. Blood glucose and
insulin were measured 1 and 0.5 hours prior to glucose administration, as well as during the glucose challenge for up to 4 hours.
GK rats were fasted for 6 hours and next given orally 30 mg/kg
CPL207280, TAK-875, or the vehicle (5% DMSO/55% PEG300/40%
PBS). At 1 hour later, animals were challenged with glucose. Blood
glucose and insulin were measured right before drug and glucose
administration and over the course of the GTT at t = 0.08, 0.25, 0.5,
1, 2, 3, and 6 hours. Because of the high concentration of fasting
blood glucose observed in ZDSD and GK rats, there was a concern
about the physical condition of the animals during the study after
being fasted overnight. Therefore, in line with the animal supplier’s
suggestion, we decided to reduce the fasting time from 12 to 6 hours.
This was sufﬁcient for obtaining glucose level standardization and
did not affect the animals’ condition or the experiment results.
ZDF rats were fasted overnight for 16 hours and orally gavaged at 5
and 15 mg/kg of CPL207280, 15 mg/kg of TAK-875, or the vehicle
(0.9% NaCl), followed by an oral glucose bolus 0.5 hours after the dose.
Blood samples for glucose and insulin measurement were collected
from each animal right before drug administration; just before glucose
loading; and after 0.25, 0.5, 1, and 2 hours after glucose administration. In all in vivo studies, animals (except ZDF rats) were intraperitoneally challenged with a glucose bolus (2 g/kg). At different time
points, one or two drops of blood were directly used for a glucose measurement using a standard Accu-ChekPerforma glucometer. For insulin measurement, blood was sampled from the jugular vein, allowed to
clot for a minimum of 30 minutes at room temperature, and then centrifuged at 4 C, 10,000 rpm, for 10 minutes. The resultant serum was
analyzed using a Rat Insulin ELISA kit (Mercodia).
The time and administration mode of glucose during the GTT study
were changed during the compound development. In the ﬁrst, proof-ofconcept animal studies on healthy animals, glucose was administrated
intravenously immediately after compound administration because of
CPL207280’s good pharmacokinetic properties (Table 3). During the
compound development, to allow for a comparison of CPL207280 results
with other GPR40 agonists, whose pharmacokinetics are different from
ours and the Tmax occurs later e.g. TAK-875 (Negoro et al., 2010), the
time of glucose bolus administration. During the GTT study in ZDSD
and GK diabetic rat models, we observed that insulin concentration
peak occurred 0.5 hours after compound administration. After combining those ﬁndings with the data from the TAK-875 study on ZDF rats
(Ito et al., 2013) in which glucose was administered orally, we decided
to adapt this study to the literature data.
Statistical Analysis. Statistical analysis was performed using
GraphPad Prism software (version 7). All experiments presented in this
manuscript were exploratory, so the null hypothesis has not been stated.
Experimental data are presented as means ± S.D. EC50 value was determined based on logarithm values using nonlinear regression (curve ﬁt)
and four-parameter variable slope equation. Statistical signiﬁcance
between the mean of the treated groups was compared with the mean of
the control group using one-way or two-way ANOVA followed by a post
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with coelenterazine in a complex with aequorin, resulting in
a shift of absorbance at 470 nm. The measurements were
performed in the presence of a low concentration of FFAF
BSA to minimize the effect of albumin binding. CPL207280
demonstrated EC50 of 80 nM and TAK-875 of 270 nM (Fig.
2), which shows three times lesser potency of TAK-875.
CPL207280 tested with the use of the Calcium No WashPLUS
Assay, Path-Hunter b-Arrestin, and NHR Protein Interaction
assays did not demonstrate any activity on the related GPR
receptors, i.e., GPR41 (FFA2), GPR43 (FFA3), GPR55,
GPR119, GPR120, GPR142, PPARa, or PPARc when applied
at 10 mM concentration; this indicates that the activity was
speciﬁc to GPR40 (Table 1).

Fig. 1. Chemical structure of (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid—CPL207280 and TAK-875.

hoc comparison (Dunnet or Sidak). A P value < 0.05 was considered statistically signiﬁcant. Dose dependence between the doses was analyzed
using one-way ANOVA, followed by a post hoc comparison (Tukey’s).

Results
Characteristics of CPL207280 Activity In Vitro
After reviewing the compound library in search of GPR40
agonists, we identiﬁed CPL207280 (Fig. 1) as the lead structure for further development. In contrast to TAK-785 and
other GPR40 agonists, CPL207280, by incorporation into its
structure small acyclic motifs, has signiﬁcantly reduced the
molecular weight and overall lipophilicity at physiologic pH =
7.4 to avoid potential liver toxicity adverse effects (Mach
et al., 2019).
The activity of CPL207280 on GPR40 was characterized
using a variety of biochemical and cell-based assays on cell
lines that expressed GPR40. To compare the efﬁcacy of
CPL207280 and TAK-875 (the best characterized GPR40 agonist so far), we used the Ca21 release assay in CHO cells
expressing a human GPR40. In this assay, Ca21 released
from internal stores of endoplasmic reticulum (ER) competes

Fig. 2. EC50 values of CPL207280 in Ca21 secretion assay on CHO
cells overexpressing human GPR40. The activity of CPL207280 and
TAK-875 is expressed as a percentage of the activity of the naturally
occurring GPR40/FFA1 ligand a-linolenic acid in aequorin Ca21 flux.
Data are presented as means ± S.D. from three independent experiments performed in two technical replicates each.

Potentiation of Insulin Secretion by CPL207280 in Mouse
and Rat Insulinoma Cells
A GPR40 receptor is expressed predominantly in b-cells of the
pancreatic islet, and its activation improves glucose-stimulated
insulin secretion (Itoh and Hinuma, 2005; Schnell et al., 2007).
We studied the insulinotropic effect of CPL207280 and TAK-875
in mouse (MIN6) and rat (INS-1E) insulinoma cells. Cells were
maintained for 2 hours under low-glucose (LG) (2.8 mM) conditions and next were exposed to high glucose (HG) (20 mM) for 1
hour. The addition of compounds to HG cultures increased the
amount of secreted insulin both in MIN6 (Fig. 3A) and INS-1E
(Fig. 3B) cells. A signiﬁcant effect for TAK-875 was observed
only at the highest concentration (40 mM), whereas for
CPL207280, a similar effect was present at all tested concentrations, suggesting greater potency of the latter (Fig. 3A). The
effect for CPL207280 was dose-independent. To study whether
CPL207280s effect is mediated via the GPR40 receptor, we
treated the INS-1E cells with a selective antagonist of the
GPR40 receptor, GW1100. In the presence of GW1100, the glucose-stimulated insulin secretion by CPL207280 was abolished
(Fig. 3B). The fact that GW1100 blocked this action conﬁrmed
that the observed GSIS effect of CPL207280 is mediated via
GPR40.
CPL207280 Treatment Does Not Induce Cytotoxicity
In Vitro
Calcium overload in pancreatic b-cells compromises their
viability through a mechanism known as excitotoxicity (Maedler et al., 2005). This phenomenon is ascribed to SUs as the
adverse effect contributing to its secondary failure. Sulfonylureas hold the plasma membrane in the depolarized state by
inhibition of KATP. This in turn causes a voltage-gated calcium channel–dependent inﬂux and excess of Ca21 in the
cytosol. The activation of GPR40 also leads to rises in [Ca21]i
and hence may aggravate excitotoxicity. Furthermore,
GPR40 was found to activate voltage-gated calcium channels,
which inevitably contributes to elevated intracellular Ca21
levels (Fujiwara et al., 2005). To address potential excitotoxicity, we tested whether long-term treatment with
CPL207280 may reduce the viability of b-cells under stimulatory conditions. INS-1 and MIN6 cells were incubated in
media supplemented with 11.2 mM glucose with the tested
agonists at various concentrations for 48 hours. Next, cell
viability was measured with an RT-Glo assay, which is based
on luciferase activity in the presence of intact cellular metabolism. CPL207280 did not affect the viability of MIN6 cells at
concentrations up to 100 mM. By contrast, TAK-875 reduced
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TABLE 1
Selectivity study results
Compounds were tested at 10 mM in agonist mode with the GPCR and NHR biosensor assays. Data were normalized (as a percentage) to the maximal and minimal response observed in the presence of control ligand and vehicle. For Gi cAMP assays, 15 mM forskolin was used.
Activity [%Ctr]

Assay
CPL207280
TAK-875

FFAR2

FFAR3

GPR119

GPR120

GPR55

GPR142

GLP1R

PPARc

PPARa

Calcium flux

cAMP

b-Arrestin

b-Arrestin

b-Arrestin

b-Arrestin

b-Arrestin

28.5
22.8

9.1
7.3

0.5
6

6.3
14.8

NHR Protein
Interaction
1.2
4.1

NHR Protein
Interaction
0.9
8.7

1
9.1

cell viability by 63% at higher concentrations (Fig. 4A). A
considerably stronger effect occurs in INS-1 cells, for which
reduction of cell viability by 25% was observed after treatment with CPL207280 only at 100 mM. In case of TAK-875,
37% less viability was detected at 5 mM with up to 100% of
dead cells at 10 mM (Fig. 4B).
Safety-related drug failures remain a major challenge during
drug development. Off-target interactions are often the cause
of adverse drug reactions (ADRs) in animal models or clinical
studies. That is why careful characterization and identiﬁcation
of drug candidates’ secondary pharmacology proﬁles early in
the drug discovery process might help reduce the incidence of
ADRs (Bowes et al., 2012). To identify undesirable off-target
activities that could impair the development of CPL207280 (as
was the case with TAK-875), we performed a screening of 47
most common off-targets (Safety47 Panel, Euroﬁns).
Safety47 Panel consists of assays designed to study the
activity of several GPCR, transporters, ion channels, nuclear
receptors, kinases, and nonkinase enzymes. The experiment
was performed at 10 mM, the concentration 125 times higher
than EC50 to the intended therapeutic target. The results of
each test in the panel (both agonist and antagonist mode) are
considered negative if the activation or inhibition of a given
pathway does not exceed 70% of the control.
The obtained results, summarized in Table 2, showed that
CPL207280 neither inhibits nor activates any of the studied
pathways. Therefore CPL207280 shall be regarded as a safe
compound in terms of biomarkers tested in Safety47 Panel.

8.5
13.4

2.6
1.5

Pharmacokinetic Study
The PK proﬁle of CPL207280 was studied in Wistar Han
rats (Fig. 5; Table 3) after administration orally and intravenously at a dose of 3 mg/kg. Compound CPL207280 demonstrated high plasma clearance, resulting in plasma half-life
of 1.4 hours. This could be advantageous compared with
TAK-875, which, when administered at high doses, induced
accumulation of total bile acids in circulation in rats and
dogs and caused liver injury accompanied by elevation of alanine aminotransferease (ALT) and bilirubin (Wolenski et al.,
2017). Additionally, oral administration of CPL207280 exhibited rapid absorption, high Cmax, and high plasma exposure
with high bioavailability (63%) (Table 3).
Efficacy of CPL207280 in Healthy Rodents
The ﬁrst proof-of-concept study consisted of a GTT performed in young C57BL6/cmdb male mice. To ensure maximal
drug exposure, mice were administered intravenously (tail
vein) either the respective compound (10 mg/kg) or the vehicle.
Glucose was administered immediately after the injection.
Next, blood glucose was measured for up to 120 minutes with
a standard glucometer. Both compounds reduced glucose levels in a similar, effective fashion and reduced the AUC 2 times
compared with the vehicle (Fig. 6). No adverse effects, including changes in the animals’ behavior, were observed during
the study.
We further tested whether a single dose of CPL207280 can
improve a postprandial glucose range after consecutive glucose

Fig. 3. The effect of CPL207280 on GSIS in vitro. The dose-response relationship of CPL207280 and TAK-875 on insulin secretion in MIN6 cells (A)
and effect of GW1100 on CPL207280 potentiation of insulin secretion in INS-1E cells (B) were evaluated after 1-hour incubation; Control (CTR)untreated cells at 20 mM glucose. Data are presented as mean fold changes ± S.D. of control (untreated cells at 20 mM glucose) from three independent experiments performed in two technical replicates each (A) and four independent experiments performed in two technical replicates each (B).
Data were analyzed using one-way ANOVA test (Dunnett's post hoc). *P < 0.05; **P < 0.01. LG- low glucose (2.8 mM); HG - high glucose (20 mM).
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Fig. 4. Cytotoxicity of CPL207280 in insulinoma cells. The viability of MIN6 (A) and INS-1 (B) cells after 48-hour incubation with CPL207280
and TAK-875 at concentrations up to 100 mM was evaluated using a luminescence assay. Control cells were treated with 0.5% DMSO, a solvent.
Data are presented as mean fold changes of control cells ± S.D. from three independent experiments performed in two technical replicates each.
Data were analyzed using a two-way ANOVA test (Sidak post hoc). **P < 0.05; ****P < 0.0001 vs. control.

challenges 6 hours apart. CPL207280 displayed excellent pharmacokinetic properties. The compound after a single 3-mg/kg
dose in rats displayed excellent oral bioavailability (%F = 63),
a total plasma Cmax of 1.7 mg/ml, but also a shorter half-life
(1.4 hours versus 4.1 hours for the TAK-875 compound)
(Negoro et al., 2010) (Table 3). To be sure that the concentration of the CPL207280 in the blood allows it to be effective in
glucose lowering 6 hours after administration (during the second GTT), a 10-mg/kg dose was selected for this study.
CPL207280 administration in fasted state did not have any
effect on glucose levels prior to the glucose tolerance test (30
minutes after CPL207280 administration). No adverse effects,
including changes in the animal’s behavior, were observed during the study. Interestingly, both CPL207280 and TAK-875
reduced glucose levels signiﬁcantly after the ﬁrst, but also after
the second, glucose challenge, 6 hours post–drug administration (Fig. 7A). However, only CPL207280 demonstrated a substantial and statistically signiﬁcant reduction of glucose AUC:
by 50% in the ﬁrst (Fig. 7D) and 25% in the second GTT (Fig.
7E). This effect is likely to have resulted from its greater capacity to enhance GSIS, as CPL207280 evoked a substantial elevation of insulin levels in the ﬁrst hour compared with TAK875 (Fig. 7B). In total, CPL207280 increased the insulin level
(presented as AUC) 13.6 times, whereas TAK-875 augmented
AUC 5.5 times (Fig. 7F). The increase of plasma insulin levels
was most evident 15 and 30 minutes after glucose administration. The therapeutic effect durability suggests that administration of CPL207280 once daily may improve postprandial
hyperglycemia in subjects with diabetes throughout the day.
CPL207280 Stimulates Insulin Secretion and Reduces
Postprandial Glucose Levels in Diabetic Rats
Zucker Diabetic Sprague-Dawley Rat Model. To
assess the capacity of CPL207280 to improve glycemia in

diabetic rodent models and compare it with TAK-875, the reference compound, as well as with glibenclamide, a sulfonylurea available on the market, a dose-response study was
performed in a ZDSD rat. A ZDSD rat is a new T2D animal
model that was developed to display polygenic obesity and
diabetes with an intact leptin pathway (Peterson et al.,
2015). Rats aged 12 weeks were fasted for 6 hours, and next
the compounds or the vehicle was administered orally at
doses 3, 10, 30, and 100 mg/kg b.wt. The 100-mg/kg dose was
also chosen to study the potential risk of hypoglycemia. A
glucose bolus was administered 1 hour later. Blood glucose
was measured 1 hour and 0.5 hours prior to the glucose bolus
administration, as well as during a glucose challenge for up
to 4 hours. No adverse effects, including changes in the animals’ behavior, were observed during the study. No hypoglycemia events were observed, even for the highest dose of 100
mg/kg. CPL207280 improved glucose tolerance and reduced
glucose AUC already at the lowest dose by 38%, and the
effect was dose-independent (no signiﬁcant differences
between doses), as the AUC values for all doses were reduced
to a similar degree (Fig. 8, A and B). The improvement in
glucose excursions was a result of an increase of GSIS by
207% (AUC) (Fig. 8D). This effect was also dose-independent
(no signiﬁcant differences between doses were observed), and
the second highest observable effect was recorded at the lowest dose. The results suggest that EC50 for CPL207280
in vivo is less than 3 mg/kg. In contrast to healthy animals,
the glucose-lowering and insulin augmenting effect was
observed before stimulation with a glucose bolus. The
increase of plasma insulin levels was most evident at 0.5
hours after the compound administration (before the glucose
bolus); however, after the glucose load, it is still at a very
high level (signiﬁcantly different from the vehicle) even 3
hours after the glucose load (for dose 30 and 100 mg/kg).
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TABLE 2
The results of the Safety47 Panel
The assays were performed at 10 mM in agonist and antagonist mode, and the data were normalized (and presented as a percentage of response) to the maximal and minimal response observed
in the presence of control ligand and vehicle.
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The effect of insulin secretion before the glucose load was
expected, as in fasted ZDSD rats, hyperglycemia is still
present and permits action of CPL207280 to further propel insulin secretion. Surprisingly, although TAK-875 and
glibenclamide increased GSIS by 211% and 251%, respectively, they failed to improve glucose tolerance or reduce
glucose AUC.
Goto-Kakizaki Rat Model. A GK rat is a lean model for
T2D that accumulates mutations in the pancreas that cause
both b-cell mass cell death and impairment of their function.
In turn, these events cause insufﬁcient insulin secretion and
evoke glucose intolerance, leading to diabetes (Al-Awar et al.,
2016). Because of the lower potential of insulin secretion
expected in this model, although the 3-mg/kg dose was
already effective in the ZDSD rats study, in this study we
decided to choose one of the higher doses to get the maximum
possible antidiabetic effect.
To study the effectiveness of CPL207280, 14-week-old GK
rats were fasted for 6 hours and then were orally administered 30 mg/kg of the test compounds or the vehicle. At 1
hour later, the animals were challenged with glucose. Blood
was sampled from the tail just before drug administration
and over the course of the GTT for up to 6 hours. Samples
were probed for glucose and insulin measurements. No
adverse effects, including changes in the animals’ behavior,
were observed during the study. Rats treated with
CPL207280 showed considerably improved glucose tolerance
as compared with vehicle-treated rats (Fig. 9A). The effect
emerged at 5 minutes after administration and remained signiﬁcant for up to 6 hours. CPL207280 lowered the glucose
AUC by 30% (Fig. 9B). Furthermore, rats treated with
CPL207280 demonstrated elevated levels of insulin 1 hour
after drug administration and after 1 and 2 hours from the
glucose challenge (Fig. 9C), but due to impairment in b-cell
function in GK rats, this effect is not as strong (and signiﬁcant) as in other rat models. In contrast, TAK-875 given at
the same dose demonstrated a moderate effect, which did not
reach statistical signiﬁcance (Fig. 9, A and C). The insulin
AUC (counted from the baseline concentration at t = 1
hour) increased by 143% for CPL207280 compared with the
control AUC (Fig. 9D). TAK-875 demonstrated a weaker
improvement of an insulin AUC and thus lower glucose-normalizing capacity in GK rats.
Zucker Diabetic Fatty Rat Model. A ZDF rat is a popular model for T2D that develops obesity and insulin resistance
at a young age. Hyperglycemia, progressively developing with
age, is associated with impaired pancreatic b-cell function, loss
of pancreatic b-cell mass, and decreased responsiveness of liver
and extrahepatic tissues to the actions of insulin and glucose
(Pal et al., 2016). To study the effectiveness of CPL207280 and
TAK-875 in this model, 16-hour fasting ZDF rats were administered the tested compounds orally at 5 and 15 mg/kg ﬁrst
and then glucose 30 minutes after a primary dosing. Blood glucose and insulin were determined in each animal up to 2 hours
after glucose administration. No adverse effects, including
changes in the behavior of the animals, were observed during
the study. Serum glucose AUC was decreased signiﬁcantly in
all treatment groups (Fig. 10B) by 81%, 77%, and 70% for
CPL207280 at 5 and 15 mg/kg or TAK-875, respectively. The
glucose tolerance in the CPL207280-treated group was even
better than that in the normal ZL rats used as a control (Fig.
10, A and B). Serum insulin AUC was enhanced signiﬁcantly
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Fig. 5. Mean concentration-time profile of CPL207280. The compound
concentration in Wistar Han rats (n = 4/5) plasma was measured after
oral and intravenous administration at 3 mg/kg. Data are presented as
means ± S.D.

and was dose-dependent in the CPL207280-treated group (Fig.
10, C and D). The amount of insulin secreted after CPL207280
administration was elevated signiﬁcantly 15 minutes after glucose load; therefore, despite the maximum insulin concentration
observed 30 minutes after glucose load (Fig. 10C), the blood glucose level decreased already after 15 minutes (Fig. 10A).

Discussion
GPR40 (or FFA1) belongs to the GPCRs family and is
highly expressed in b-pancreas cells. Activation of GPR40 by
medium- and long-chain FFAs or synthetic compounds has
been reported to enhance insulin secretion in a glucosedependent manner and is considered to have potential as a
novel target for the treatment of T2D (Mancini and Poitout,
2015). The present results showed that CPL207280 increased
Ca21 in CHO cells expressing human GPR40 with a higher
potency than TAK-875 (the reference compound; Fig. 2) and
had no impact on cells expressing related receptors: GPR41
(FFA2), GPR43 (FFA3), GPR55, GPR119, GPR120, GPR142
(Table 1). Despite activation of GPR40/FFA1 by some thiazolidinediones acting as PPARc agonists (Kotarsky et al.,
2003), CPL207280 was found to not affect PPARa or PPARc
in a nuclear receptor reporter activation assay (Table 1). Collectively, these data demonstrate that CPL207280 is a potent
and selective GPR40/FFA1 agonist with a mechanism distinct from those of other clinically available oral insulinotropic drugs, including SUs and dipeptidyl peptidase-4
inhibitors (Winzell and Ahren, 2007).
Long-chain FFAs, natural ligands for GPR40, acutely
enhance insulin secretion, and chronic exposure to FFAs
causes toxicity, such as death or dysfunction of b-cells (Sharma
TABLE 3
Pharmacokinetic parameters for CPL207280 in fasted Wistar Han rats

Oral
Intravenous
t1/2, half-life.

Cmax

Tmax

AUC

t1/2

F

ng/ml
1699
17,365

min
60
5

ng h/ml
17,559
27,128

h
0.49

%
63

and Alonso, 2014). Therefore, GPR40/FFA1 has been considered as a potential mediator of lipotoxicity (Steneberg et al.,
2005), but a number of experimental observations do not support the central role of GPR40/FFA1 in lipotoxicity (Latour
et al., 2007; Kebede et al., 2008; Lan et al., 2008; Alquier and
Poitout, 2009). In the present study, we did not observe any
signs of toxicity in insulinoma cells treated for 48 hours, in contrast to TAK-875, which reduced viability of rat and mouse
insulinoma cells at higher concentrations, which suggests a
narrower window of safety (Fig. 4). These data are in contrast
to the previously presented results (Tsujihata et al., 2011) that
showed no evidence of b-cell dysfunction in vitro after the prolonged exposure to TAK-875. Authors showed that TAK-875
did not affect caspase 3/7 activity after prolonged 72-hour incubation. Nonetheless, it must be emphasized that although caspase 3/7 activity is widely accepted as a reliable indicator for
cell apoptosis, it may not reﬂect other types of death potentially
mediated by TAK-875, e.g., necrosis. Additionally, 1% BSA in
culture medium was used in the TAK-875 study. In this paper,
we presented data from experiments in which FBS/BSA-free
media were used to determine the cytotoxicity in each cell line.
It is important to note that TAK-875 is highly bound to plasma
proteins (99.8% in rats) (Otieno et al., 2018), so the addition of
BSA to the caspase 3/7 activity experiment could cause the
TAK-875 binding to BSA, and therefore the cytotoxicity effect
could be attenuated. The mechanism underlining TAK-875driven cell death has yet to be elucidated.
One of the main challenges in decreasing the high attrition
rate in the drug discovery and development process is achieving a good balance between drug efﬁcacy and potential
adverse effects as early as possible (Bowes et al., 2012). The
example of TAK-875, the development of which was terminated during phase III of clinical trials due to hepatotoxicity,
showed that the safety proﬁle should also be carefully studied
as early as at the structure optimization process. Therefore,
early proﬁling against a plethora of targets that are known
to underlie ADRs, such as hERG (which is linked to cardiac
arrhythmias) or the 5-hydroxytryptamine (serotonin) receptor 2B (which is linked to cardiac valvulopathy) was performed in this study and conﬁrmed CPL207280’s selectivity
of and lack of interaction with the tested off-targets (Table 2).
One of the proposed mechanisms of TAK-875 hepatotoxicity after multiple administrations in human is its long halflife and accumulation in the liver at high doses (Wolenski
et al., 2017). Additionally, this half-life is longer in patients
with type 2 diabetes compared with healthy volunteers (51.6
hours vs. 36.6 hours for a 50-mg dose) (Leifke et al., 2012;
Naik et al., 2012). Results obtained from a pharmacokinetic
study on Wistar Han rats demonstrated that in addition to
the high bioavailability and concentration in the blood (Table
3), CPL207280 is characterized by a shorter half-life. This
reduced the risk of accumulation during long-term administration. Despite this shorter half-life for CPL207280, its high
activity still provides an antidiabetic effect, which has been
demonstrated in animal studies.
Because CPL207280 exhibited a favorable effect as an insulin secretagogue in mouse insulinoma cells, subsequently, the
glucose-lowering effects of CPL207280 were evaluated in vivo
during GTT in healthy rodents. A single administration of
CPL207280 reduced plasma glucose levels during GTT in
healthy rats after both the ﬁrst and the second glucose challenge (Fig. 7, A, C, D, and E). Notably, the administration of

CPL207280, a Novel GPR40 Agonist in Diabetic Animal Models

343

Fig. 6. Improvement of glucose tolerance in C57BL6/cmdb mice treated with CPL207280. The effect of intravenous administration of CPL207280
or TAK-875 on blood glucose concentration after a glucose challenge in C57BL6/cmdb mice (A) and corresponding AUCs (B) was evaluated during
GTT. Data are presented as means ± S.D. (n = 7). The results were analyzed using one-way ANOVA (B) or two-way ANOVA (A) with Dunnett’s
post hoc test vs. control; * P < 0.05, **P < 0.01, ***P < 0.001.

CPL207280 in the fasted state did not have any effect on glucose levels prior to the GTT (Fig. 7A) in contrast to diabetic
models, in which we observed stimulation of insulin secretion
and glucose lowering (Figs. 8, A and C, 9, A and C, and 10, A
and C) before the glucose load. Collectively, these observations
indicate glucose dependence of CPL207280 and TAK-875
action. This corresponds with the results of the previous study
demonstrating that TAK-875 did not increase the risk of hypoglycemia in patients with T2D (Leifke et al., 2012).

As postprandial hyperglycemia caused by insufﬁcient insulin secretion in response to blood glucose levels is observed in
patients with T2D (Wajchenberg, 2007; Leahy, 2005), we
tested CPL207280 in GTT in different diabetic rat models
(GK, ZDSD, ZDF). Provided that the T2D rat models used in
this study represent different stages of diabetes or different
phenotypes typically observed in humans, this study allows
us to compare CPL207280 with other T2D drugs available on
the market and meet the expectations of patients with T2D.

Fig. 7. Improvement of glucose tolerance and GSIS in two consecutive GTTs in Wistar Han rats treated with CPL207280. The effect of oral administration of 10 mg/kg CPL207280 or TAK-875 on blood glucose and insulin concentration after two consecutive glucose challenges in fasted Wistar Han
rats was evaluated during GTT. The graphs show glucose concentration (A); insulin concentration (B); glucose AUCs in both (C), first (D), and second
(E) GTTs; and insulin AUC in first GTT (F). Data are presented as mean concentrations ± S.D. (n = 7). The results were analyzed using one-way
ANOVA (C–F) or two-way ANOVA (A and B) with Dunnett’s post hoc test vs. control; * P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Fig. 8. Improvement of glucose tolerance and GSIS in diabetic ZDSD rats treated with CPL207280. The effect of oral administration of
CPL207280 or TAK-875 on blood glucose and insulin concentration after a glucose challenge in fasted ZDSD rats was evaluated during GTT.
Graphs present glucose concentrations (A) and glucose AUC (B), insulin concentrations (C), and corresponding insulin AUC (D). Data are presented as means ± S.D. (n = 7). The results were analyzed using one-way ANOVA (B and D) or two-way ANOVA (A and C) with Dunnett’s post
hoc test vs. control. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

A ZDSD rat model was developed as an alternative to ZDF
rats, which are a gold standard for diabetes studies. However, despite sharing many of the characteristics of the
human condition, ZDF rats have a genetic defect in the leptin
receptor, which is considered a disadvantage, and that makes
them an artiﬁcial model (Peterson et al., 2015). Unlike ZDF
rats, a ZDSD model exhibits type 2 diabetes with a long prediabetic condition in the presence of an intact leptin pathway. Animals demonstrate obesity, impaired glucose
tolerance, insulin resistance, dyslipidemia, and prediabetic
hypertension—symptoms reﬂecting the initial stage of diabetes development very well (Weir and Bonner-weir, 2004). In
ZDSD rats, CPL207280 enhanced insulin secretion and

reduced plasma glucose levels in GTT but also reduced blood
glucose prior to the GTT in all tested concentrations (Fig. 8).
Interestingly, glibenclamide used as a control, representing
sulfonylureas, a class of medicines commonly used in T2D
therapy, also signiﬁcantly increased insulin concentration,
immediately after administration, but was not effective in
lowering glucose concentrations (Fig. 8B). Although a ZDF
rat as a T2D model has some disadvantages, it also has
many advantages and is one of the most popular models
employed to demonstrate the antidiabetic activity of new
compounds. In a ZDF rat, which develops obesity and high
insulin resistance at a young age and then, with aging, progressively develops hyperglycemia, CPL207280 also
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Fig. 9. Improvement of glucose tolerance and GSIS in diabetic GK rats treated with CPL207280. The effect of oral administration of CPL207280
or TAK-875 on blood glucose and insulin concentration after a glucose challenge in fasted GK rats was evaluated during GTT. The graphs show
glucose concentrations (A) and glucose AUC (B), insulin concentrations (C), and corresponding insulin AUC (D). Data are presented as means ±
S.D. (n = 7) and were analyzed using one-way ANOVA (B and D) or by use of two-way ANOVA (A and C) with Dunnett’s post hoc test vs. control.
*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

improved glucose tolerance of the subjects and induced their
insulin secretion in a dose-dependent manner. Our ﬁndings
support the previous results (Ito et al., 2013) showing that
administration of TAK-875 in ZDF rats resulted in an
improvement of glucose tolerance and fasting hyperglycemia
(Fig. 10).
During progression toward diabetes, when the b-cell mass
becomes inadequate at some critical point, glucose levels
increase over a relatively short time (Weir and Bonner-weir,
2004). Some similarities to this diabetes stage are represented
by the GK rat, which is a nonobese T2D model with a defective
b-cell number and function, leading to insufﬁcient insulin
secretion. As GPR40 agonists act as insulin secretagogues, we
explored whether CPL207280 can regulate glucose levels also

in this diabetic phenotype. Interestingly, in this model, we also
observed that a single oral administration of CPL207280
enhanced insulin secretion and reduced plasma glucose levels
during GTT but also has a glucose-lowering effect prior to the
glucose tolerance test (Fig. 9). This ﬁnding conﬁrmed that a
glucose-lowering effect exerted through a GPR40 agonist
occurs only under the condition of an elevated glucose level in
the blood, unlike SUs that act on b-cells to continuously secrete
insulin independently of blood glucose levels, resulting in hypoglycemia. It is worth noting that, among the tested diabetic
models, GK rats showed the least response to CPL207280 in
terms of insulin AUC (Fig. 9). This observation suggests that
treatment with CPL207280 may be less effective in those individuals whose b-cell function is substantially impaired.
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Fig. 10. Improvement in glucose tolerance and GSIS in diabetic ZDF rats treated with CPL207280. The effect of oral administration of
CPL207280 or TAK-875 on blood glucose and insulin concentration after a glucose challenge in fasted ZDF rats was evaluated during GTT. The
graphs show glucose concentrations (A) and glucose AUC (B), insulin concentrations (C), and corresponding AUC (D). Data are presented as
means ± S.D. (n = 8). The results were analyzed using one-way ANOVA with (B and D) or two-way ANOVA (A and C) with Dunnett’s post hoc
test vs. control. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

Glucose-stimulated insulin secretion in vivo typically follows a biphasic time course and consists of a rapid and transient ﬁrst phase followed by a sustained second phase
(Barbosa et al., 1998; Rorsman et al., 2000). The ﬁrst phase
of insulin secretion is mediated by the pool of insulin secretory granules located near the plasma membrane, whereas
the second phase involves the transport of insulin granules
from an intracellular reserve pool to the plasma membrane
(Wang and Thurmond, 2009). It was examined that GPR40
agonists potentiated the second phase of insulin secretion
preferentially in pancreatic islets (Ferdaoussi et al., 2012).

The high and sustained insulin level observed in diabetic animal studies (Figs. 8C, 9C, and 10C) is probably the second
phase of insulin release. The ﬁrst phase of insulin secretion
in response to the elevated blood glucose level in diabetic animal models occurred just after compound administration but
was unnoticed. Therefore, we observed the glucose-lowering
effect even before the insulin peak (Figs. 9A and 10A) or even
before the glucose bolus administration (Fig. 8A).
In conclusion, in the present study, we demonstrate that
CPL207280 exhibited favorable pharmacological effects in
various T2D animal models representing and relevant to
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different diabetes phenotypes without a detectable risk of
hypoglycemia. Additionally, CPL207280 successfully completed a phase I trial and met its primary endpoint with no
adverse safety signals detected (NCT04622111). Therefore,
we propose the CPL207280 compound as a novel, glucoselowering agent that overcomes the unmet medical needs of
patients with T2D.
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