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Abstract

Prostaglandin E2 (PGE)) via its Gas-coupled EP2 receptor protects cerebral cortical neurons from
excitotoxic and anoxic injury, though EP2 receptor activation can also cause secondary
neurotoxicity in chronic inflammation. We performed a high-throughput screen of a library of 292
000 small molecules and identified several compounds that have a 2-piperidinyl phenyl benzamide
or trisubstituted pyrimidine core as positive modulators for human EP2 receptor. The most active
compounds increased the potency of PGE, on EP2 receptor 4-5-fold at 20 £V without altering
efficacy, indicative of an allosteric mechanism. These compounds did not augment the activity of
the other Gag-coupled PGE, receptor subtype EP4 and showed neuroprotection against N-methyl-
D-aspartate (NMDA)-induced excitotoxicity. These newly developed compounds represent
second-generation allosteric potentiators for EP2 receptor and shed light on a promising
neuroprotective strategy. They should prove valuable as molecular tools to achieve a better
understanding of the dichotomous action of brain EP2 receptor activation.
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INTRODUCTION

Cyclooxygenase-2 (COX-2), the inducible form of COX, is dynamically regulated by
synaptic activities,! and is rapidly upregulated in the brain after cerebral ischemia?3 and
other neurological insults.*~12 As a major enzymatic product of COX2 in the cerebral cortex,
prostaglandin E2 (PGEy) can activate four G protein-coupled receptors (GPCRs) named EP1
through EP4, that together regulate a myriad of physiological and pathological signaling
events. For instance, the EP1 receptor is coupled to Gag that mediates the mobilization of
cytosolic Ca2*, resulting in the activation of protein kinase C (PKC); EP2 and EP4 are
associated with Gag that activates adenylyl cyclase, leading to cAMP-dependent signaling;
EP3 is mainly coupled to Gaj and its activation downregulates cytosolic cAMP.13.14
Following excitotoxic and anoxic injury, upregulated PGE; signaling via EP2 receptor can
protect cerebral neurons from neurotoxicity in a cAMP-dependent manner.2:3:15.16
Moreover, activation of the EP2 receptor is protective against hemin-mediated toxicity in
mouse primary cortical neurons also in a cAMP-dependent manner,” and protects middle-
aged brains from intracerebral hemorrhage injury with small hematomas,® but not young
brains with large lesion size.19 These findings support a neuroprotective strategy via
selectively enhancing EP2 receptor activation before or during injury.

On the other hand, EP2 receptor activation can also promote chronic inflammatory processes
within the brain that exacerbate neurotoxicity and neuronal death in models of
neurodegenerative diseases, such as Alzheimer’s disease,20 Parkinson’s disease,?! and
amyotrophic lateral sclerosis.?2 The secondary neurotoxic action of EP2 receptor is
associated with brain innate immunity, particularly microglia-mediated neuroinflammation.
23.24 Indeed, in animal models of status epilepticus delayed pharmacological inhibition of
EP2 receptor is anti-inflammatory, neuroprotective and maintains the bloodbrain barrier
integrity.6:2:25-27 Moreover, intracerebroventricular administration of the EP2 selective
agonist butaprost immediately after status epilepticus provides moderate protection of
hippocampal neurons.* These seemingly contradicting results suggest a dichotomy of action
of EP2 receptor in the central nervous system (CNS), depending on its cell typespecific
(neuronal vs glial) and/or model-specific (acute vs chronic) downstream targets.5>12-14.28
Developing new selective small-molecule modulators provides valuable pharmacological
tools aiming at a better understanding of the dual and opposing consequences of EP2
receptor activation in different disease states.14

Over the past decade, remarkable advances in the development of allosteric modulators for
GPCRs have led to encouraging therapeutic strategies for a variety of CNS conditions,
including neurodegenerative diseases and psychiatric disorders.2? While orthosteric ligands
including agonists and antagonists have traditionally been pursued to target GPCRSs,
allosteric regulators provide multiple mechanistic advantages owing to their ability to
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distinguish among closely associated receptor subtypes and to provide temporal and spatial
context-dependence.2%-33 We previously reported a series of thiophene-carboxylate
compounds as positive allosteric modulators that are selective for EP2 receptor over EP4 and
2-adrenergic receptors.3* In the present study, we report two additional groups of small-
molecule compounds with distinct chemical structures that can augment EP2 receptor
activity only in the presence of its natural agonist PGE,. Moreover, we study the selectivity,
potency, toxicity, and neuroprotection of these compounds and provide insight into the
correlations between their chemical structures and biological activities.

RESULTS AND DISCUSSION

We previously reported high-throughput screening (HTS) of a library of 292 000 small
molecules, in which a cell-based time resolved fluorescence energy transfer (TR-FRET)
CAMP assay was used to monitor the activity of PGE receptor EP2.34 The HTS and a
follow-up systematic medicinal chemistry campaign led to the discovery of a series of novel
positive allosteric modulators for EP2 receptor with a chemical scaffold of thiophene-
carboxylate. From the same screening, we have also identified other two groups of small
molecules that markedly enhanced the response of rat C6 glioma (C6G) cells stably
expressing human EP2 receptor to an ECy5 of PGE; (~0.3 nM) (Figure 1). These
compounds did not show a similar effect on C6G cells expressing other G as-coupled
receptors, such as EP4 and 2-adrenergic receptors. In addition, none of these newly
identified compounds affected the parent C6G cells or the TRFRET cAMP assay itself.
These counter-assay data indicated that the new groups of compounds increased EP2-
mediated cAMP production of the cells but not through directly acting on the downstream
adenylyl cyclase (Figure 1). The results from primary and secondary screens together
suggest that these new primary hits are EP2-selective allosteric potentiators.

The first group of compounds, typified by CID890517 and CID2340325, possesses a 2-
piperidinyl phenyl moiety coupled to a benzamide moiety; the second group of compounds
(C1D2992168 and CID891729) is characterized by a trisubstituted pyrimidine core attached
to a morpholine ring (Figure 1 and Table 1). For confirmation, we purchased and/or
resynthesized these four hit compounds (Scheme 1), and tested response to 0.3 nM PGE;
(~ECjys5). Cellular cAMP level was them in C6G-EP2 cells for their potentiation of the cell
measured by TR-FRET assay as a surrogate for the cell response. Indeed, all four hit
compounds increased the PGEinduced EP2 receptor activity in a concentration-dependent
manner, and 2-piperidinyl phenyl benzamide compounds in general showed higher activities
than trisubstituted pyrimidines. In contrast, the C6G-EP2 cells had no response to
compounds (up to 40 M) in the absence of PGE, (Figure 2A), suggesting an allosteric
mechanism of EP2 receptor activation.

The primary screening assay was designed to identify compounds that can augment the
response of EP2 receptor to a low concentration of PGE,. Therefore, the hit compounds
could enhance EP2 activity by increasing either the efficacy or the potency of PGE,. To
further determine their mechanism of action on EP2 receptor, we treated the C6G-EP2 cells
with compounds for 5 min and then with increasing concentrations of PGE; for 40 min. The
cell response (i.e., CAMP level) to PGE, stimulation was assessed by the TR-FRET cAMP

ACS Chem Neurosci. Author manuscript; available in PMC 2019 January 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jiang et al.

Page 4

assay. We showed that PGE, induced EP2 cell response in a concentration-dependent
manner with an ECs of 1.19 nM. Pretreatment with these compounds did not enhance the
maximum response of PGE, for activating EP2 receptor, arguing against an effect of tested
compounds on efficacy. Instead, they produced a marked leftward-shift in the PGE,
concentration—response curve, suggesting that these compounds enhanced potency of PGE,
(Figure 2B). In line, 2piperidinyl phenyl benzamide compounds on average showed higher
EP2 potentiation than trisubstituted pyrimidines, reflected by their larger fold shift of PGE»
ECgq (Figure 2B and Table 1).

Among the four PGE receptor subtypes, Gas-coupled EP2 and EP4 are the most closely
related, as they share a common endogenous ligand PGE, and much of the downstream
cAMPdependent and independent signaling pathways.1#27:35 PGE; signaling through EP4
receptor has also been shown to exert anti-inflammatory effects in brain innate immunity,36
as well as neuronal and vascular protection in animal models of cerebral ischemia and
hypoxic-ischemic encephalopathy.37:38 Therefore, it is important for these allosteric
modulators to be able to distinguish between the two closely associated PGE, receptor
subtypes. To study their effect on EP4 receptor, we treated C6G cells that express human
EP4 (C6G-EP4) with these newly identified compounds for 5 min and then with PGE; for
40 min. The TR-FRET cAMP assay result revealed that PGE induced EP4 cell response in
a concentration-dependent manner with an ECsg of 0.02 nM and treatment with these
compounds was unable to potentiate the effect of PGE, on EP4 receptor at 20 ¢M (Figure
2C). On the contrary, 2-piperidinyl phenyl benzamide compound CID2340325 inhibited EP4
receptor, as evidenced by a 4-fold rightward-shift of the PGE, concentration—response curve
in the presence of 20 ¢M C1D2340325 (Figure 2C).

We next examined the cytotoxicity of these EP2 allosteric compounds in C6G parent cells
using the CellTiter-Glo luminescent cell viability assay, which measures the cellular ATP
level that is commonly used to indicate the cell viability. The cells were incubated with
tested compounds or doxorubicin as the positive control for 48 h before the measurement for
viability. The CellTiter-Glo assay revealed that all tested compounds had low cytotoxicity,
demonstrated by their high CCsq values (>130 ¢M for 2-piperidinyl phenyl benzamides;
>500 uM for trisubstituted pyrimidines), whereas the positive control treatment with
doxorubicin showed significant toxicity with an anticipated low CCsgq of 0.52 M in the
same assay (Figure 3A).

EP2 receptor activation has been reported to prevent injury of neurons from excitotoxicity
induced by A-methyl-D-aspartic acid (NMDA) and cerebral ischemia both in vitro and in
vivo.2:3:15 We previously also showed that thiophene-carboxylate EP2 allosteric potentiators
provided considerable neuroprotection in NMDA-treated rat primary neurons.3* Thus, we
next examined the effect of these new EP2 allosteric potentiators on NMDA-induced
neuronal excitotoxicity. Rat hippocampal neurons (DIV14) were incubated with tested
compounds for 30 min, followed by 30 M NMDA treatment overnight in the continued
presence of the tested compounds. Lactate dehydrogenase (LDH) release into the culture
medium was used to indicate neuronal injury. NMDA treatment caused a nearly 3-fold
increase of LDH release in the cultured hippocampal neurons (P < 0.001, Figure 3B),
suggesting a substantial neuronal damage induced by NMDA treatment. However, the
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NMDA-triggered neuronal excitotoxicity was partially to largely prevented by coincubation
with these EP2 positive allosteric modulators (£ < 0.05 for CID2992168; £< 0.001 for
CID890517, C1D2340325 and CID891729, Figure 3B). Compared to our previously
reported lead EP2 potentiator of thiophene-carboxylates,3* trisubstituted pyrimidine hit
CID891729 showed a higher reduction of NMDA-induced neuronal injury (63% vs 45%)
when tested at the same concentration (20 M) (Figure 3B).

To obtain information on structure—activity relationship (SAR), we purchased and/or
synthesized analogs based on the 2-piperidine phenyl benzamide hit compounds CID890517
[4-fluoro- N-(2-piperidin-1-ylphenyl)benzamide] and CID2340325 [2-methyl-A-(2-
piperidin-1-ylphenyl)benzamide] (Scheme 1), and the trisubstituted pyrimidine core of
compounds C1D2992168[4-[4-(3, 4-dimethoxyphenyl)-6 (trifluoromethyl)pyrimidin-2-
yl]morpholine] and CID891729 [4-[4-phenyl-6-(trifluoromethyl)pyrimidin-2-
yllmorpholine]. All compounds were evaluated for potentiation on EP2 receptor by
calculating the fold shift of PGE, concentrationdepend curve (Table 1). It appeared that, for
the 2-piperidinyl phenyl benzamides, para-fluorobenzamide is important for EP2
potentiation, as moving fluorine from parato metaor ortho position (as shown by TG6—
127-1 and TG6-127-2) decreased the fold shift of PGE, ECsg. Interestingly, incorporation
of a dioxane ring connecting parato meta positions of the benzene ring and addition of a
chlorine atom next to 2-piperidine (e.g., CID1254488) maintained compound activity. To
further extend SAR around these compounds, we tested with piperazine and morpholine
moieties (TG6-264 and TG6-268, respectively) in the place of piperidine at 2-position
(TG6270). Disappointingly, we did not observe any EP2 potentiation by these derivatives,
reinforcing the notion that the piperidine moiety is essential for the potentiation activity
within this class. For the trisubstituted pyrimidine analogues (Table 1), the morpholine ring
maintains high EP2 potentiation activity compared with piperidine, pyrrolidine and
piperazine rings (cf. CID2992168 vs CID3239428, CID630454, CID2992722, and
CID2987851). Two other closely related isopropylthio pyrimidine derivatives (CID852313
and CID852308) also displayed EP2 potentiation activity similar to the HTS hit CID891729.
Additional SAR studies are necessary to understand the full scope of these two scaffolds
regarding their potency and efficacy of EP2 receptor potentiation.

Finally, eight key characteristics in adsorption, distribution, metabolism, and excretion
(ADME) of these hits and analogs were estimated by QikProp software (Schrodinger
Release 2017-3: QikProp, Schrédinger, LLC, New York, NY, 2017). The predicted ADME
properties of all active EP2 allosteric modulators fall into the projected range of 95% of
known drugs (Table 2). Moreover, the prediction by QikProp also suggests that these newly
developed EP2 compounds should be able to cross the brain-blood barrier and are
anticipated to have positive CNS activity (Table 2).

CONCLUSIONS

We report a series of small-molecule compounds with a 2piperidinyl phenyl benzamide or
trisubstituted pyrimidine core as positive allosteric modulators for the EP2 receptor of
prostaglandin PGE». The most potent compound in this series showed a similar fold shift
(4.3) of PGE, ECs5q in EP2expressing cells to that of the thiophene-carboxylate lead that we
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previously identified. These newly developed compounds did not show any potentiation of
other tested G as-coupled receptors, demonstrating their selectivity to EP2 receptor. Also
importantly, these EP2 allosteric potentiators had negligible cellular toxicity and showed
higher neuroprotection against NMDA-induced neuronal excitotoxicity in rat primary
hippocampal neurons than the thiophene-carboxylate EP2 potentiators. Our results reinforce
the notion that EP2 receptor activation by endogenous PGE, released in an excitotoxic
setting can be neuroprotective. These two new classes of allosteric modulators possess CNS
drug-like ADME properties and are expected to act on EP2 receptor within the brain. Future
study is necessary to better understand the SAR of these two chemical scaffolds, which
might yield novel analogs with improved potency. Future efforts should also be directed at
determining whether these new EP2 allosteric potentiators with sufficient in vivo half-life
and brain-penetration can protect cerebral cortical neurons from excitotoxic and anoxic
injury in animal models. Nonetheless, the newly identified compounds in this work are
already proving valuable as chemical probes for more detailed investigation of the
dichotomous role of the EP2 receptor in the CNS.

METHODS

Cell Culture.

Chemical an

Cell lines stably expressing human EP2 or EP4 receptor were generated by transfecting rat
C6 glioma (C6G) cells with the pcDNA3.1 vector containing receptor cDNA controlled by
the CMV promoter. Cells were grown in Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen, Carlsbad, CA), supplemented with 10% (v/v) fetal bovine serum (FBS)
(Invitrogen), 100 U/mL penicillin and 100 tg/mL streptomycin (Invitrogen), and 0.5 mg/
mL Geneticin (Invitrogen).

d Drugs.

PGE, was purchased from Cayman Chemical (Ann Arbor, MI). Rolipram, doxorubicin, -
methyl-Daspartate (NMDA), and glycine were from Sigma-Aldrich (St. Louis, MO).
Positive hit compounds from HTS and derivatives were either obtained through commercial
sources [ChemBridge (San Diego, CA) and ChemDiv (San Diego, CA)] or synthesized.

Chemical Design and Synthesis.

The synthesis of the 2piperidine phenyl benzamide hit compounds CID89051 and
CID2340325, and their analogues was achieved following Scheme 1. Typically, starting
material 2-(4-methylpiperidin-1-yl)aniline (1) was acetylated with commercially available
para-fluorophenacyl chloride (3) in the presence of a catalytic amount of NV, A-
dimethylamino pyridine to obtain the final products in a single step. Similarly, other
derivatives were synthesized using corresponding starting materials 2 and 4-6. The 1H NMR
data of all compounds was consistent with their structures. For example, TG6-133-1 [4-
fluoro-A-(2-(4-methylpiperidin-1-yl)phenyl)benzamide] displayed 1H NMR (400 MHz,
CDCls): §9.5 (bs, 1H), 8.5 (d, J= 7.6 Hz, 1H), 7.92 (m, 2H), 7.18 (m, 4H), 7.07 (t, J=7.2
Hz, 1H), 2.96 (d, J= 12 Hz, 2H), 2.72 (t, /= 12 Hz, 2H), 1.80 (d, J= 12 Hz, 2H), 1.58 (m,
1H), 1.38 (m, 2H), 1.0 (d, J= 6.4 Hz, 3H). LCMS (ESI): >95% purity at A 254, MS; mlz,
313 [M + H]. Other compounds in this group displayed NMR and mass data consistent with
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the corresponding structures. The trisubstituted pyrimidine hit compound C1D2992168 and
its analogues were procured from commercially available sources. CID2992168 [4-(4(3,4-
dimethoxyphenyl)-6-(trifluoromethyl)pyrimidin-2-yl)morpholine] displayed 1H NMR (400
MHz, CDCl3): §7.65 (d, J= 2.4 Hz, 1H), 7.63 (s, 1H), 7.16 (s, 1H), 6.94 (d, J= 8 Hz, 1H),
3.97 (s, 3H), 3.94 (s, 3H), 3.92 (t, /= 5.2 Hz, 4H), 3.79 (d, /= 5.2 Hz, 4H). LCMS (ESI):
>95% purity at A 254, MS; mlz, 370 [M + H].

Cell-Based cAMP Assay.

Cellular cAMP was measured using a cell-based homogeneous time-resolved fluorescence
resonance energy transfer (TR-FRET) method (Cisbio Bioassays, Codolet, France).34:39.40
The assay is based on the generation of a strong FRET signal upon the interaction of two
fluorescent molecules: FRET donor (cryptate) coupled to anti-cAMP antibody and FRET
acceptor (d2) coupled to cAMP. Endogenous cAMP produced by cells competes with
labeled cAMP for binding to the cAMP antibody and thus reduces the FRET signal. Cells
were seeded into 384-well plates with 30 L of complete medium (4000 cells/well) and
grown overnight. The medium was completely withdrawn, and 10 zL of Hank’s balanced
salt solution (HBSS) (HyClone, Logan, UT) supplemented with 20 zM rolipram was added
into the wells to block phosphodiesterases that would metabolize cAMP. The cells were
incubated at room temperature for 30 min, and then treated with vehicle or test compound
for 5 min before incubation with PGE, for 40 min. The cells were lysed in 10 gz of lysis
buffer containing the FRET acceptor CAMP-d2, and 1 min later another 10 L of lysis buffer
with anti-cAMP-cryptate was added. After incubation for at least 1 h at room temperature,
the FRET signal was measured by using a 2103 Envision Multilabel Plate Reader
(PerkinElmer Life Sciences, Waltham, MA) with an excitation at 340/25 nm and dual
emissions at 665 and 590 nm for d2 and cryptate (100 s delay), respectively. The FRET
signal was expressed as F665/F590 x 104,

Cytotoxicity Assay.

Cytotoxicity of tested compounds was examined with the CellTiter-Glo Luminescent Cell
Viability Assay (Promega, Madison, WI) by measuring cellular ATP level, which is believed
to correlate with cell viability. Briefly, C6G cells were plated in 384-well plates at 2000
cells/well in 25 4L of DMEM plus test compound and incubated for 2 days. CellTiter-Glo
reagent (25 L) was then added to each well. The contents were mixed for 2 min on an
orbital shaker to induce cell lysis and incubated at room temperature for 10 min. Relative
viability is proportional to luminescence intensity as measured by a microplate reader
(Molecular Devices, Sunnyvale, CA) with an integration time of 1 s.

In vitro Analysis of Neuroprotection.

Hippocampal neurons were isolated from embryonic-day 16—18 (E16—E18) embryos of

timed-pregnant Sprague—Dawley rats (Charles River Laboratories, Wilmington, MA), as
previously described.234 Cells were plated onto poly-D-lysine coated 24-well plates at a
density of 150 000 cells/well in Neurobasal medium plus B27 and 5% fetal bovine serum
(Invitrogen). Cultures were incubated at 37 °C in 95% air/5% CO, and half of the culture
medium was replaced every 4-5 days with serum-free medium. After 14 days in culture,
cells were pretreated with tested compounds for 30 min. Excitotoxicity was induced by
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treating neurons with NMDA (30 M) plus glycine (10 ¢M) overnight in the presence of
tested drugs. Excitotoxic damage was assessed by measuring the fraction of lactate
dehydrogenase (LDH) released into the culture medium (Roche Applied Science, Penzberg,
Germany). Released LDH % was calculated as 100 x LDH released/(LDH released + LDH
in the cells), where the LDH in the cells was determined in the cell lysate. Relative LDH
release % was defined as 100 x (LDH drug — LDH control)/(LDH NMDA - LDH control),
where the LDH drug was the released LDH % from wells treated with tested drugs plus
NMDA,; LDH control was the released LDH % without any treatment; and LDH NMDA
was the released LDH % treated by NMDA only. Cultures in which the LDH control was
greater than 5% or the (LDH NMDA - LDH control) was less than 3% were discarded.

Statistical Analysis.

The concentration—response curves were generated and ECgn/CCys values were calculated
using OriginPro software (OriginLab, Northampton, MA). Statistical analyses were
performed using Prism (GraphPad Software, La Jolla, CA) by one-way ANOVA with
posthoc Bonferroni test for multiple comparisons. P < 0.05 was considered statistically
significant. All data are presented as mean + or + SEM.
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Effect on C6G-EP2 cells in the presence of PGE2

!
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Figure 1.

Identification of small-molecule compounds as EP2 allosteric potentiators by high-
throughput screening (HTS). The HTS strategy consisted of a primary screen and a panel of
secondary assays.34 In the primary screen, library compounds were tested at 20 zM in rat C6
glioma (C6G) cells stably expressing EP2 receptor for their potentiation of the cell response
to an EC15 of PGE, (~0.3 nM). The EP2 receptor activity was assessed by measuring
cellular cAMP levels using a cell-based time-resolved fluorescence energy transfer (TR-
FRET) assay. Compounds with at least 50% potentiation in the primary screen were subject
to secondary screens, which contained a series of counter-tests aiming to eliminate false-
positive hits that might also act on other Gas-coupled receptors, such as EP4 and 52-
adrenergic receptors, or their downstream cAMP production components. These counter-
assays also excluded compounds that interfered with the TR-FRET assay itself. Compounds
that survived all screens were grouped into structural clusters, among which are 2-
piperidinyl phenyl benzamide and trisubstituted pyrimidine.
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Figure 2.
Selective allosteric potentiation of EP2 receptor activation. (A) C6G-EP2 cells were treated

by tested compounds with increasing concentrations (0.3-40 4M) and 5 min later by an
EC5 of PGE, (~0.3 nM) for 40 min. The EP2 receptor activity was assessed by measuring
the cellular cAMP production using the cell-based TR-FRET assay. Data were scaled
between responses to 0.3 nM PGE> (= 0%) and a saturating concentration of PGE, (=
100%). Note that all tested compounds increased PGE,-induced EP2 receptor activity in a
concentration-dependent manner, but the cells did not response to compounds in the absence
of PGE,. (B) C6G-EP2 cells were treated by tested compounds (20 M) and 5 min later by
increasing concentrations of PGE, (0.01-30 nM). The PGE, concentration—response curves
were generated and ECsq values were calculated using OriginPro. Note that PGE; induced
EP2 receptor activation in a concentration-dependent manner; treatment with tested
compounds shifted the PGE, concentration—response curve to the left. Control, ECsg = 1.19
nM; CID890517, ECsg = 0.28 nM; C1D2340325, ECsq = 0.36 nM; CID2992168, ECsgg =
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0.44 nM; CID891729, EC5p = 0.50 nM. (C) C6G cells stably expressing EP4 receptor (C6G-
EP4) were treated with tested compounds (20 £M) and 5 min later by increasing
concentrations of PGE, (0.003-10 nM). The EP4 receptor activity was assessed using the
cell-based TR-FRET cAMP assay. Note that PGE, induced EP4 receptor activation in a
concentration-dependent manner; treatment with compounds had no leftward-shift effect on
the PGE, concentration—response curve. Control, ECsg = 0.02 nM; CID890517, ECgq =
0.02 nM; CID2340325, ECgy = 0.08 nM; CID2992168, EC5q = 0.03 nM; CID891729, ECs
= 0.02 nM. Data are shown as mean £ SEM (n= 3).
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Figure 3.
Cytotoxicity and neuroprotection of EP2 positive allosteric modulators. (A) C6G cells were

incubated with tested compounds for 48 h and cell viability was measured by CellTiter-Glo
luminescent assay. Doxorubicin treatment was used as the positive control. The
concentrationdependent cytotoxicity curves were generated and CCsgq values were calculated
using OriginPro. Doxorubicin, CCsq = 0.52 M; CID890517, CCsy = 154 1M; CID2340325,
CCsp = 135 uM; CID2992168, CCsq = 807 uM; CID891729, CCsq = 575 M. Data are
shown as mean = SEM (= 4). (B) Rat primary hippocampal neurons (DI1V14) were
pretreated with EP2 allosteric potentiators (20 M) for 30 min, followed by overnight
incubation with NMDA (30 x#M) and glycine (10 £M). Excitotoxic damage to the cultured
neurons was assessed by measuring the fraction of lactate dehydrogenase (LDH) released
into the culture medium. Note that NMDA-induced neuronal damage was partially to fully
prevented by the pretreatment with tested compounds (*/~ < 0.05; ***P< 0.001, one-way
ANOVA and posthoc Bonferroni test for multiple comparisons with selected pairs
indicated). Data are shown as mean + SEM (7= 4-8).
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o F 2 o
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TG6-127-1 R = CHa: TG6-133-1
R = H: TG6-270

TG6-127-2 @ENH .

)

Scheme 1a.
@Reagents and conditions: 3, para-fluorophenacyl chloride; 4, meta-fluorophenacyl chloride;

5, ortho-fluorophenacyl chloride; (i) DMAP, DCM, RT, overnight. Yield 65-75%.
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Table 1.

Chemical Structure and Activity of EP2 Positive Allosteric Modulators

Compound Chemical structure Potentiation on EP2 receptora

o

2-piperidinyl phenyl benzamides

CID890517 (Synthesized as TG6-270) 4.3

g

34
O

o

CID2340325 33

£
Q

CID953673 (TG6-133-1) 2.5

ClD1254488 2.5

TG6-127-1 1.4

2 5l
37 L0 &
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@U
TG6-127-2 NH F 1.2

OA\©

25

o

TG6-264 1.0
@O

TG6-268 NI H 1.0

Compound Chemical structure Potentiation on EP2 receptor®
Trisubstituted pyrimidines

CID2992168 2.7

CID891729 24

CID852313 24
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GWSY
Ne N
CID852308 2.4
Cl
CID3239428 2.2
CID630454 1.7
CID2992722 15
CID2987851 1.1

aPotentiation on EP2 receptor: the mean fold shift to the left of the PGE2 EC5 in the presence of 20 xM tested compound (/7= 3-6).
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