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Abstract

Augmented vasoconstriction is a hallmark of hypertension and is mediated partly by hyper-
stimulation of G protein couple receptors (GPCRs) and downstream signaling components.
Although GPCR blockade is a key component of current anti-hypertensive strategies, whether
hypertension is better managed by directly targeting G proteins has not been thoroughly
investigated. Here, we tested whether inhibiting Gg11 proteins /n vivoand ex vivo using natural
cyclic depsipeptide, FR900359 (FR) from the ornamental plant, Ardisia crenata, and Y M-254890
(YM) from Chromobacterium sp. QS3666, or it’s synthetic analog, WU-07047 (WU), was
sufficient to reverse hypertension in mice. All three inhibitors blocked G protein-dependent
vasoconstriction, but to our surprise YM and WU and not FR inhibited K*-induced Ca2* transients
and vasoconstriction of intact vessels. However, each inhibitor blocked whole-cell L-type Ca2*
channel current in vascular smooth muscle cells. Subcutaneous injection of FR or YM (0.3 mg/kg,
s.c.) in normotensive and hypertensive mice elicited bradycardia and marked blood pressure
decrease, which was more severe and long lasting after the injection of FR relative to YM (FR1/2
=12 hrvs. YMyy2 2 4 hr). In deoxycorticosterone acetate (DOCA)-salt hypertension mice,
chronic injection of FR (0.3 mg/kg, s.c., daily for seven days) reversed hypertension (vehicle SBP:
149 + 5 vs. FR SBP: 117 + 7 mmHg), without any effect on heart rate. Our results together support

#Corresponding author: Patrick Osei-Owusu, Ph.D., FAHA, Drexel University College of Medicine, Pharmacology and Physiology
Department, Mail stop 488, Philadelphia, PA 19102, po66@drexel.edu, Tel: 215-762-4145, Fax: 215-762-2299.

Author contributions: PO-O conceived and designed the study; MMM, AJE, JX, SAD, IM, MM, SA, OVM, and PO-O performed
experiments and analyzed data; MM and KDM synthesized WU-07047; PO-O drafted and revised the manuscript. All authors
contributed to editing and approval of the final version of the manuscript.

Conflict of interest: The authors declare no conflict of interest.

Chemical Compounds
Chemical compounds studied in this article: FR900359 (PubChem CID: 14101198); YM-254890 (PubChem CID: 9919454);
WU-07047 (PMID: 25875152); Nifedipine (PubChem CID: 63011); Phenylephrine (PubChem CID: 5284443); Endothelin-1
(PubChem CID: 16212950); U46619 (PubChem CID: 5311493); Arginine vasopressin (PubChem CID: 644077); Bay K8644
(PubChem CID: 2303

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Meleka et al. Page 2

the hypothesis that increased LTCC and Gg1; activity is involved in the pathogenesis of
hypertension, and that dual targeting of both proteins can reverse hypertension and associated
cardiovascular disorders.
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Introduction

Signaling via heterotrimeric G protein-coupled receptors (GPCRs) plays a critical role in the
maintenance of normal blood pressure and in the pathophysiology of hypertension and
associated cardiovascular and renal diseases. GPCRs act as signal transducers for vasoactive
substances such as angiotensin 11, norepinephrine, endothelin-1 and vasopressin, regulating
blood pressure largely by two principal mechanisms: modulation of renal control of
extracellular fluid volume, and hence cardiac output, and modulation of total peripheral
resistance by regulating the balance between constriction and dilatation of the resistance
vasculaturel: 2. Upon stimulation by cognate agonists, GPCRs evoke a physiological
response usually by activating intracellular signaling via heterotrimeric G proteins, thereby
increasing intracellular levels of second messengers, including cAMP and calcium. In the
vasculature, a rise in intracellular calcium concentration is a critical co-factor for actomyosin
cross-bridge formation and contraction of smooth muscle3-5, and for the production of
endothelium-derived relaxing factors, including nitric oxide and EDHFS: 7. Most GPCRs
often couple to more than one of four classes of G proteins, including Gj/o, Gs, G12/13 and
Ggy11, and act in concert with other GPCR/G-protein pairs /7 vivoto impinge on a
physiological process such as vascular tone or the control of electrolyte balance by the
kidney. Thus, G proteins act as signaling nexus enabling multiple GPCRs to elicit a common
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physiological response upon stimulation by their cognate agonists. Abnormal GPCR
signaling due to increases in the circulating levels of endogenous agonists, or abnormal
activity at the level of the receptor or downstream effectors can lead to augmented vascular
resistance, increased sodium retention, or a combination of both, contributing to the
development of hypertension2. Accordingly, pharmacological blockade of GPCRSs, or the
prevention of intracellular calcium rise with calcium channel inhibitors are major therapeutic
strategies for controlling blood pressure in human hypertension8. While blocking individual
GPCRs alone is an effective anti-hypertensive strategy, particularly in mild cases of human
hypertension, this approach has not proven to be sufficient in many other cases, particularly
in resistance hypertension. This may be due, at least partly, to the level of complexity of
GPCR/G protein pairs and the downstream signaling mechanisms that could facilitate
adaptation of the signaling mechanisms to blunt the therapeutic effects of GPCR blockers.
Agents that block G proteins could help circumvent such maladaptive mechanisms.
However, such agents have been difficult to find. A few years ago, a group of cyclic
depsipeptides was shown to inhibit Gg11 class G proteins with high specificity®11, These
natural cyclic depsipeptides, including YM-254890 (henceforth referred to as YM) and
FR900359 (also referred to as FR) inhibit Gy/11 by binding to a hydrophobic pocket in the
a-subunit to stabilize the inactive, GDP-bound conformation, thus precluding activation by
stimulated GPCRs and subsequent rise in intracellular calcium via Gg/11-mediated calcium
release from internal stores® 11. FR and YM have been shown to have strong effects in the
cardiovascular system, including the inhibition of aortic constrictionl2, blockade of platelet
aggregation3 and induction of vasodilation and bronchodilation, when given systemically to
anesthetized animals!l 14, Thus FR and YM are versatile tools for in-depth probing of the
physiological and pathophysiological roles of Gg11 class G proteins in the cardiovascular
system. Despite the noted cardiovascular effects of the cyclic depsipeptides, very little is
known about their therapeutic potential as anti-hypertensive agents.

In this study, we have characterized the hemodynamic effects of YM and FR, as well as the
synthetic analog of YM, WU-0704715. We examined the effects of all three inhibitors in an
ex vivo assay for Gg/11-mediated reactivity of the resistance vasculature. In the process, we
have discovered an additional mechanism by which YM and WU elicit their inhibitory
effects in the resistance vasculature. We also demonstrate the mechanism and /n vivo
consequence of the pseudo-irreversible action of FR and YM on blood pressure. Finally, we
use FR to demonstrate the anti-hypertensive potential of chronically blocking G131 in a
mouse model of established hypertension.

Our findings demonstrate the potential therapeutic benefits of pharmacological targeting of
Ggy11 as a novel approach to treating hypertension and associated cardiovascular disorders.
Finally, our results provide a paradigm for future /n vivo studies elucidating the biological
role of Gg/1; in the cardiovascular and other organ systems.

Material and Methods

Animals

The Institutional Animal Care and Use Committee of Drexel University approved the
protocols for all animal experiments performed in this study, in accordance with the U.S.
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animal welfare act. In all experiments involving animals, we used 2- to 4-month-old male
and female mice of the Charles River C57/BI 6 genetic background. The mice were provided
access to food and water ad /libitum in our institution’s animal facility at 22°C and a 12-h
light/dark cycle.

Reagents

YM-254890 (YM) was purchased from Wako Pure Chemical Industries, Ltd. FR900359
(FR) was a kind gift from Professor Kendall Blumer at Washington University School of
Medicine in St. Louis, MO. WU-07047 (WU) was synthesized using our previously
described reaction steps!®. Phenylephrine (PE), U-46619, endothelin-1 (ET-1), arginine
vasopressin (AVP), and Bay K8644 were obtained from Tocris Bioscience. All other
reagents for preparing physiological saline solution (PSS) were obtained from Sigma
Aldrich.

Vascular reactivity studies

We used small resistance arteries from the mouse mesenteric vascular bed for all the
reactivity studies. The mice were euthanized by deep anesthesia with ketamine/xylazine
(ketamine; 43 mg/kg, i.p., and xylazine; 6 mg/kg, i.p.) followed by cervical dislocation. The
gut was harvested and placed in chilled physiological saline solution (PSS) of the following
composition (in mM): 140 NaCl, 5 KC1, 1.2 MgSQy, 2.0 CaCl,, 10 NaAcetate, 10 HEPES,
1.2 NapH»POy, 5 glucose, and pH adjusted to 7.4 with NaOH. Second-order mesenteric
arteries were isolated and transferred into a vessel chamber where they were cannulated at
both ends with glass pipettes and secured with nylon ligature. Intraluminal pressure and
vessel bath temperature were maintained by servo-controlled pressure pump and temperature
control systems, respectively. The vessel lumen and chamber were filled with PSS of the
same composition described above. After 30-min equilibration period at 37°C and 60
mmHg, vessel viability was tested with increasing concentrations (20, 40, 60, 80 mM) of
high potassium-PSS solution. To evoke vasoconstriction, increasing concentrations of
contractile agents (PE, 1079 — 107 M; U-46619, 10711 - 1075 M; AVP, 10711 - 107> M; or
ET-1, 10711 - 10=7 M) were applied after 30-minute incubation of the vessel with vehicle
(0.02% DMSO in PSS) or a Ggyq; inhibitor ligand (FR or YM applied at 1 uM, or WU 50
HM). To determine the inhibitory profile of the Gg11 inhibitors, a series of PE-evoked
vasoconstriction was performed in the presence of FR (0, 0.001, 0.01, 0.1, 1 uM), YM (O,
0.001, 0.01, 0.1, 1 uM) or WU (0, 1, 5, 10, 20, 50 uM) at various concentrations. To induce
L-type calcium channel (LTCC)-mediated vasoconstriction, the artery segments were first
incubated in calcium-free PSS containing vehicle or 1 uM of FR or YM, and then treated
with PSS containing increasing concentrations of calcium (0, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2 mM)
in the presence or absence of the LTCC opener Bay K8644 (0.1 or 1 uM). Percent
vasoconstriction was calculated as we have previously described6: 17,

Cell culture and electrophysiological recording of L-type Ca2* channel currents

Vascular smooth muscle-derived A7r5 cell line was purchased from American Type Culture
Collection (ATCC, Manassas, VA). The cells were cultured in DMEM/F-12 (Dulbecco’s
Modified Eagle Medium/Nutrient Mixture F-12, Gibco) supplemented with 10% fetal
bovine serum, 100 U/ml penicillin and 100 pg/ml streptomycin and incubated at 37°C with
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5% CO,. L-type Ca2* channel currents were recorded using a standard whole-cell voltage-
clamp technique at room temperature(20-24°C) using an EPC 10 amplifier and PatchMaster
software (HEKA Elektronik, Lambrecht, Germany). Currents were recorded from a holding
potential of —80 mV with a 500 ms step-pulse from —60 mV to +40 mV and a pulse
frequency of 0.1 Hz. Ba?* was used as the charge carrier and K* currents were blocked by
Cs* and tetraethylammonium chloride (TEA-CI). The extracellular solution contained (in
mM): 100 NaCl, 10 CsCl, 20 TEA-CI, 10 BaCl,, 1 MgCl,, 10 Hepes, and 10 glucose. The
pH of the solution was adjusted to 7.4 using TEA-OH. The resistance of the patch-glass
pipettes was 3-5 MQ filled with a solution containing (in mM): 140 CsMeSOy, 2 MgCl,, 10
Hepes, 5 EGTA, 3 Na,ATP, 0.3 Na,GTP. The pH of the pipette solution was adjusted to 7.2
with CsOH. L-type Ca2* channel current recording was verified by application of 1 uM
nifedipine. To test the effects of various compounds on L-type Ca2* channel activity, the
cells were pre-incubated with vehicle (0.02% DMSO), YM-254890 (1 uM), FR (1 uM), or
WU-07047 (50 uM) for 15 — 60 min prior to the recording of currents.

Blood pressure and heart rate monitoring by radiotelemetry

Mice were instrumented with pressure-sensing catheters connected to radiotelemetry
transmitters following well-described procedures!’=19. In short, the radiotelemetry catheter
was placed in the left carotid artery of isoflurane (3% mixed with 95% oxygen)-anesthetized
mice and advanced into the ascending aorta, while the transmitter body (TA11PA-CA10,
Data Sciences international) was placed in the intraperitoneal cavity. The mice were allowed
to recover for 7 days after surgery, before the beginning of baseline blood pressure and heart
rate recordings, and administration of drugs. Baseline and drug-induced changes in diurnal
blood pressure and heart rate were recorded and analyzed using Ponemah data acquisition
software (DSI). Averages of continuous systolic blood pressure (SBP) and heart rate
recordings in one-hour intervals over 24 hours were plotted starting at 12-noon until the
same time the following day. Vehicle or drugs were injected subcutaneously after 4 hours of
baseline recordings.

Acute in vivo dose-response in conscious, freely moving normotensive and hypertensive

mice

After 4 hr of baseline radiotelemetry BP and HR recordings, the mice received a bolus,
subcutaneous injection of vehicle (0.01% DMSO in 5% dextrose solution). Twenty-four
hours later, the mice were divided into two groups with one group receiving YM-254890
(0.1, 0.3, or 0.5 mg/kg, s.c.) and the other group receiving FR900359 (0.05, 0.1, or 0.3
mg/Kkg, s.c.). BP and HR were continuously monitored for at least 24 hr post injection. At the
end of the 24-hr recording, a washout period of at least 24 hr was allowed before the
administration of the next dose of each drug. We determined in preliminary studies that
subcutaneous injection of YM and FR above the respective highest dose above caused
extreme hypotension and bradycardia, and eventually death within a few hours (data not
shown). For acute dose-response in hypertensive state, the mice were first made hypertensive
using a previously described method20. Briefly, the mice were provided L-NAME in their
drinking water (0.5 g/L,), which caused 20-30 mm Hg increase in SBP by day 10. The mice
then received subcutaneous injections of YM or FR, as described above. All injections were
performed at 5 pm.
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Chronic in vivo dose-response in conscious, freely moving DOCA-salt hypertensive mice

Adult male and female mice were subjected to uninephrectomy, 2 weeks prior to being
instrumented with radiotelemetry transmitters, as described above. After one week of
recovery, baseline blood pressure and heart rate data were acquired for 3 hours (3—-6 pm)
every day for 5 days. Then, each mouse received subcutaneous implantation of
deoxycorticosterone acetate (DOCA) pellet (50 mg over 21 days) under light isoflurane
anesthesia and returned to their home cages, while on 1% drinking salt (NaCl)-water, for
more data acquisition as described above. Seven days after DOCA pellet implantation, when
systolic blood pressure had plateaued, the mice were divided into two groups; one group
received bolus, subcutaneous injection of vehicle (0.01% DMSO in 5% dextrose solution) or
FR900359 (0.3 mg/kg, s.c.) every day for seven days. Daily data acquisition session was
started 1 hr prior to each injection, administered at 5 p.m., and stopped 1 hour after the
injection. After 7 days of injection, blood pressure and heart rate were monitored further for
7 days.

Assessment of arterial Baroreflex in anesthetized mice

Previously described method, with modifications, was used to examine arterial baroreflex
response in mice acutely treated with vehicle (0.02% DMSO in normal saline), YM (0.1 mg/
kg), or FR (0.1 mg/kg)18. Male and female mice were instrument with arterial and venous
catheters in the left carotid artery and right jugular vein, respectively. After 15 min of
stabilization after surgery, the mice received bolus intravenous injections of phenylephrine
(injected at 1.5 to 24 pg/kg in volumes of 10 pL), followed by injections of the nitric oxide
donor, sodium nitroprusside (injected at 1.5 to 24 pg/kg in volumes of 10 L) via the jugular
vein catheter while blood pressure was continuously recorded. A recovery period of 10 min
was allowed between injections to allow blood pressure to return to baseline and to avoid the
effects of each dose on the subsequent injections. Maximal change in blood pressure and
heart rate response to each dose of phenylephrine and sodium nitroprusside were used to plot
dose-response curves to compare the effects of YM and FR on arterial baroreflex.

Molecular docking studies

All docking experiments were performed using ICM-Pro™ version 3.8—-6a (Molsoft LLC,
San Diego, CA). The chemical structure of YM-254890 was extracted from the x-ray crystal
structure of Ggapy in complex with YM-254890, with Protein Data Bank code 3AH8. The
structure file for FR900359 was retrieved from Pubchem chemical database and the structure
of WU-07047 was manually built using ICM ligand editor module. The ligands were
prepared by using the ligand setup option in ICM-Pro. The crystal structure of bacterial
CayAb protein (PDB code 5KMD) was retrieved from the RCSB protein database. The
protein was prepared for docking by addition of hydrogen atoms, optimizing side chains and
deleting water molecules. The bound amlodipine molecule was removed from the site. A
molecular surface of the DHP binding site was generated by selecting residues surrounding
the bound amlodipine, and the ligand docking was restricted to this pocket. The docking was
performed using the ICM-Pro docking module with effort or thoroughness value of 5. The
stacks with various conformations for each docked ligand were selected based on their
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docking energy scores. The final poses of ligands were chosen based on visual analyses of
the validity of the pose and interactions made within the pocket.

All data are presented as means + standard error of the mean. We performed all statistical
analysis using Prism software (version 2.0). Repeated-measures ANOVA (Analysis of
variance) was used to determine significant interaction within and between groups. Neuman
Keuls post hoc analysis was used to determine significance of differences between groups,
and results were considered significant if the £ value was < 0.05.

Gg1-inhibitor ligands block vasoconstriction evoked by multiple Gg-coupled receptors in
resistance arteries.

Initially, our goal was to compare the inhibitory potencies of three Gg11 inhibitor ligands,
including FR900359, YM-254890 and WU-07047 in the resistance vasculature. We
performed ex vivo concentration-response studies using pressurized resistance arteries from
the mesenteric vascular bed of C57bl/6 wild type mice of both sexes. We used vasoactive
agonists known to evoke vasoconstriction by stimulating GPCRs that couple at least partly to
Gg11 class G proteins, including phenylephrine (a.;-adrenergic receptor), the prostaglandin
H, analogue, U-46619 (thromboxane A, receptor), arginine vasopressin (vasopressin Vq
receptor), and endothelin-1 (endothelin ET 5 receptor). Because the a.1-adrenergic receptor
couples only to G171 in the vascular smooth muscle, we used the cognate agonist,
phenylephrine (PE), to first assess the inhibitory profile of the three Gy, inhibitor ligands.
All three inhibitor ligands effectively blocked PE-evoked vasoconstriction (Fig 1). As little
as 10 nM and FR or YM almost completely blocked PE-evoked constriction, and 1 uM of
YM tended to cause dilatation of the vessel from baseline, though the effect was not
statistically significant (Fig. 1A and1B). In contrast, WU had the least inhibitory effect on
PE-evoked constriction and required 50 times the concentration of FR or YM to elicit a
similar level of marked blockade of vasoconstriction (Fig 1A vs. 1C and 1B vs. 1C). In
addition to blocking vasoconstriction, all three inhibitors also blocked PE-induced calcium
transients in the intact mesenteric artery preparations (supplemental Fig S1). FR, YM and
WU showed similar inhibitory effects on vasoconstriction elicited by other Gg11-coulped
receptor agonists. As shown in Figure 1D-1F, FR completely blocked vasoconstriction
elicited by U-46619, arginine vasopressin (AVP), and ET-1. YM markedly decreased
constriction by U-46619 and completely blocked constriction by AVP and ET-1. In contrast,
WU had a weak inhibitory effect on constriction by U-46619, AVP, and ET-1. Taken
together, the data showed that FR most potently inhibits vasoconstriction involving Gg/11
activation, whereas WU has the weakest inhibitory effect.

YM and WU but not FR block vasoconstriction partly by targeting L-type calcium channels

Calcium influx through voltage-gated L-type calcium channels and receptor-operated
calcium channels is critical to vascular smooth muscle contraction?. Previously, it was
reported that FR induces vasodilation in part by blocking LTCC in aortic rings!2. Therefore,
we determined whether the inhibition of vasoconstriction in resistance arteries by FR, YM,

Pharmacol Res. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Meleka et al.

Page 8

and WU was mediated at least partly by blockade of extracellular Ca2* influx. To this end,
we examined the ability of the Gq/11 inhibitors to block LTCC. We used increasing
concentrations of K* to induce plasma membrane depolarization and influx of Ca2* via
LTCC, in the absence or presence of the Ggy1-inhibitor ligands. As shown in Figure 2A
and2D, incubation of mesenteric arteries with a concentration of FR (1 uM) that completely
blocked PE-induced vasoconstriction (supplemental Fig S1) had no effect on K*-induced
calcium transients or vasoconstriction. In contrast, concentrations of YM and WU that had
similar inhibitory effects on PE-induced constriction caused a marked reduction in K*-
induced calcium transients and vasoconstriction (Fig 2B, 2C, 2E & 2F). To confirm that YM
or WU inhibited K*-induced vasoconstriction by targeting LTCC, we developed an ex vivo
assay in which vasoconstriction was elicited by pharmacologically opening LTCC and
applying increasing concentrations of extracellular Ca2*. Figure 2G shows that abluminal
application of increasing concentrations of Ca2* caused vasoconstriction in the presence of
the LTCC opener, Bay K8644, compared to control. However, pre-incubation of the arteries
with YM almost completely blocked LTCC-mediated vasoconstriction; interestingly, the
inhibitory effect of YM was abolished by incubating the vessel with YM and Bay K
simultaneously (Fig 2H). In contrast, FR had no effect on LTCC-mediated vasoconstriction
(Fig 21). Together, these data suggested that YM and WU elicit their inhibitory effect in part
by targeting LTCC, whereas FR targets only Gg11 to block vasoconstriction.

Structural basis for inhibition of LTCC by Gg/1; inhibitor ligands

As previously reported, Gg/11 inhibitors act as GDlIs to keep the G-alpha subunit in the
inactive GDP-bound state, thereby preventing activation by stimulated GPCRs1: 22,
Conversely, 1,4 dihydropyridines (DHPs) are thought to inhibit LTCC by allosterically
binding to a hydrophobic groove located on the external, lipid-facing surface at the interface
of two pore-forming subunits, inducing an asymmetric conformation of the selectivity filter
to block the channel pore?3. Therefore, we compared the published amino acid residues that
are critical for the binding of YM to the hydrophobic pocket in Gg/1; to the putative, so-
called ‘DHP-sensing residues that facilitate the binding of DHPs to the hydrophobic groove
in the mammalian LTCC ortholog, the bacterial Ca,Ab%2 24, We found that the key residues
in the hydrophobic groove of Ca,Ab that facilitate amlodipine binding (F167, Y168, F171,
Y195, 1199)23 are also present in the hydrophobic pocket of Gga. subunit, where YM binds
(156, K57, R60, Y67, F75, L78, V184, P185, T186, T187, 1189, 1190, Y192, P193)22.
Therefore, using the published model of the crystal structure of the homotetrameric Ca,Ab
channel with amlodipine in the DHP-binding pocket23, we performed molecular docking
experiments to determine whether and/or how Ggy1 inhibitors can bind to LTCC. As shown
in Figure 3, both FR and YM can form docked complexes by binding to the DHP-binding
pocket of Ca, Ab, assuming similar binding modes as amlodipine. Both FR and YM make
extensive hydrophobic interactions in the binding pocket, with the phenyl rings oriented
towards Y168 as in amlodipine binding (Fig. 3A, B, & C). WU can also bind to Ca,/Ab,
however, in contrast to amlodipine, FR and YM, the binding mode of WU is inverted, with
the phenyl ring pointing downward towards residue F203 (Fig. 3D). Together, these results
suggested that Gg1 inhibitors can compete with DHPs and analogs including Bay K8644,
and further supported the hypothesis that Gy, inhibitors block vasoconstriction by directly
inhibiting LTCC.
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Gq11 inhibitor ligands directly block vascular smooth muscle L-type calcium channel

activity

As shown by the results in Figure 2, Gg1 inhibitor ligands block vasoconstriction induced
with high potassium, or with the LTCC opener, Bay K8644 in the presence of increasing
concentrations of extracellular calcium. This result strongly suggested that G protein
inhibitor ligands cause vasodilation in part by blocking Ca?* influx via voltage-gated Ca%*
channels. To directly test this hypothesis, we used whole-cell electrophysiological recording
to examine the effects of the Gg1 inhibitor ligands on LTCC activity in vascular smooth
muscle cells. After establishing a stable whole-cell configuration, Ca2* current was
generated by stepwise application of depolarizing voltages (=60 to +40 mV, in 10 mV
increments) to cultured rat vascular smooth muscle A7r5 cells seeded overnight on
coverslips. To verify that the current being recorded was from LTCC, after recording Ic,.p,
bath application of 1 uM of the dihydropyridine, nifedipine, completely blocked the Ca2*
currents, indicating that the source of the recorded currents was through LTCC (Figure 4A).
To test the effects of G protein inhibitor ligands on ¢, , cells were incubated with vehicle
(0.02% DMSO in extracellular solution) as control, or 1 pM of FR, YM, or WU-07047 for
15-60 min at room temperature followed by recording of CaZ* currents as described above.
As shown in Figure 4B, all three Gg/1; inhibitor ligands markedly decreased Ca2* currents.
Notably, 1 uM of YM and WU had similar inhibitory effect toward the LTCC at 0 mV
(-3.11 £ 0.76 vs. —3.33 = 0.40 pA/pF, YM vs. WU) and =10 mV (-3.21 £ 0.63 vs. —3.82

+ 0.44 pA/pF, YM vs. WU), while a much greater inhibitory effect by WU was achieved
with 50 pM at =10 mV (-3.82 £ 0.44 vs. —1.86 + 0.44 pA/pF, A<0.01; 1 vs. 50 uM of WU).
Taken together, these results are consistent with the hypothesis that the Gy inhibitor
ligands elicit their effect partly by blocking the rise in intracellular Ca2* transients via influx
through the LTCC, thereby facilitating vasodilation.

Subcutaneous administration of FR and YM elicits marked and prolonged depressor
response in normotensive mice

Signaling via Gy class G proteins is key to maintaining normal blood pressure and is also
involved in the development of hypertension2°. Therefore, we determined the hemodynamic
effects of systemically blocking Gg11 with the cyclic depsipeptides, FR and YM, and the
YM analogue WU /n vivo in conscious mice. To this end, we used normotensive and
hypertensive mice instrumented with radiotelemetry devices to monitor changes in
conscious blood pressure and heart rate following acute subcutaneous injection of vehicle or
a Gg11 inhibitor ligand. A bolus administration of WU at 30 mg/kg had no effect on blood
pressure or heart rate (data not shown). In contrast, a bolus administration of a medium- or
high-dose YM or FR caused a rapid drop in blood pressure, reaching a nadir 1-2 hr after
injection (Fig 5A & 5B). Whereas low-dose YM prevented the normal nighttime rise in SBP
in normotensive mice, a similar dose of FR or vehicle had no effect. To determine the half-
life of the depressor effect of FR and YM, we compared the rate of blood pressure return to
baseline after injection of the doses of the inhibitors that produced similar decreases in SBP.
As shown in Table 1 and Fig. 5C, SBP rise was much slower after injection of FR (ty/, ~7
hr) compared to YM (ty2 ~2 hr). Both compounds had minimal effect on heart rate. Only
high-dose FR caused bradycardia, whereas both medium- and high-dose YM decreased
heart rate (Fig 5D & 5E); however, the bradycardic effect of FR and YM were short-lived, as
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heart rate returned to baseline 1 hr after drug injection (Fig 5F). Both inhibitors had a dose-
dependent depressor effect on SBP but not on heart rate (Fig 6A & 6B). In contrast to reflex
tachycardia in response to a fall in blood pressure following systemic administration of
Ggr11-coupled GPCR antagonists such as prazosin2, subcutaneous administration of FR and
YM in conscious mice caused a fall in blood pressure accompanied by bradycardia, which
was visible at 0.3 mg/kg of each inhibitor (Fig 6C & 6D). This result suggested that, in vivo,
FR and YM alter arterial baroreflex control of heart rate.

FR and YM disrupt arterial baroreflex control of heart rate

To test the hypothesis that both LTCC activity and signaling via Gy are involved in
autonomic nervous system control of heart rate, we assessed heart rate control by the arterial
baroreflex in the absence and presence of FR or YM. We induced reflex bradycardia and
tachycardia by intravenous injection of increasing doses of the a.1-adrenergic receptor
agonist, phenylephrine (PE), and nitric oxide donor, sodium nitroprusside (SNP),
respectively, in anesthetized mice. As shown in Figure 7A and7B, intravenous injection of
FR or YM (0.1 mg/kg) caused a marked decrease in blood pressure accompanied by a
precipitous drop in heart rate within 2 minutes of injection. Prior to the administration of FR
or YM, injection of PE and SNP evoked a dose-dependent rise and fall in blood pressure,
respectively (Figure 7C); this was accompanied by corresponding bradycardia and
tachycardia, respectively (Figure 7D). However, the bradycardic response to PE was
completely abolished after the administration of FR or YM. The tachycardic response to
SNP was also abolished following the administration of FR or YM. Together these results
indicated that FR and YM elicit inverse heart rate response to changes arterial blood
pressure.

The duration of the depressor effect of FR increases in L-NAME hypertension mice

To determine the potential therapeutic effect of Gg/11 blockade with FR and YM, we
repeated the acute blood pressure dose-response experiment in two mouse models of
hypertension, L-NAME- and DOCA-salt-induced hypertension. The mice were made
hypertensive using the chronic N®-Nitro-L-arginine methy! ester (L-NAME)20 or DOCA-
salt regimen as previously described?®. In L-NAME hypertensive mice, FR administration
elicited similar depressor effects as in normotensive state, though the onset of the blood
pressure response was delayed (Fig 8A vs. 5A). Additionally, the blood pressure effects of
YM were unchanged in hypertensive mice (Fig 8B vs. 5B), showing a similar half-life and
duration of the depressor effects (Table 1). In contrast, the half-life of the effect of FR
increased, with SBP returning to pre-injection level ~18 hr after injection of the highest dose
(Fig 8C). Under L-NAME hypertension, both FR and YM produced minimal but short-lived
bradycardic effect at the highest dose (Fig 8D — 8F). As in normotensive state, both
inhibitors produced dose-dependent decreases in SBP; however, these depressor responses
were not accompanied by bradycardia (supplemental Fig S2A — D).

Chronic administration of FR reverses DOCA-salt hypertension

To examine whether chronic blockade of Gg11 was sufficient to reverse established
hypertension, we performed daily administration of FR in mice that had been made
hypertensive with DOCA and high-salt drinking water. We chose this hypertension model
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because abnormal Gg1; activity in vascular smooth muscle has been shown to play a causal
role in the pathogenesis of this model of salt-induced hypertension?®. As shown in figure
8A, acute injection of FR produced a dose dependent depressor effect but did not affect
nighttime increases in heart rate (Fig 9C). These effects of FR on SBP in DOCA-salt
hypertensive mice were similar to those seen in L-NAME hypertensive mice (Fig. 8A vs.
9A). In a separate group of mice, we initiated daily subcutaneous administration of FR after
DOCA-salt hypertension was fully established. Each injection was performed at 5 pm, i.e.
just before the beginning of the nighttime rise in blood pressure and heart rate. Blood
pressure and heart rate were assessed daily at 20 hr post injection. Systolic blood pressure at
23 hours post injection was similar to pre-DOCA-salt level and remained normalized
throughout the drug injection period (Fig 9B, gray-shaded area). After FR injection was
terminated, SBP began to rise gradually but remained relatively low compared to vehicle-
treated mice. Despite lowering SBP, daily FR administration did not have any effect on heart
rate (Fig 9D). Together these data indicated that chronic inhibition of Gy/11 by systemic
administration of cyclic depsipeptide inhibitor ligands reverses salt hypertension.

Discussion

G proteins, most notably members of the Gy/11 class, are ubiquitously expressed in
mammalian organ systems. It is well established that aberrant GPCR activity via Gg11
signaling is involved in the pathogenesis of hypertension. However, the effects or
consequences of post-receptor pharmacological blockade of Gg1; on cardiovascular
function, and importantly the maintenance of blood pressure homeostasis, are unclear. Using
natural cyclic depsipeptides and a synthetic analogue that inhibit Gq11 with relatively high
specificity /n vitro, in combination with experimental models of human hypertension, we
have defined the effects of acute and chronic systemic blockade of Gg/11 on blood pressure
and heart rate homeostasis under normotensive and hypertensive conditions. Most
importantly, we have shown that chronic administration of FR is sufficient to quickly and
effectively reduce blood pressure to normal levels in established salt-hypertension, a
commonly diagnosed form of primary human hypertension?’. When administered
subcutaneously, FR and YM elicit transient bradycardia and a prolonged depressor response.
We have found that the blood pressure lowering effect of FR and YM are mediated, largely,
by mechanisms involving the inhibition of Gg/11- and LTCC-mediated vasoconstriction of
resistance arteries. Altogether, our findings provide direct evidence for dual pharmacological
targeting of Gg/11 and LTCC as a potential anti-hypertensive strategy. Moreover, we have
established a dosing paradigm for future studies that employ YM and FR as tool compounds
to investigate the role of Gg/1 and LTCC in various cardiovascular disease models.

Receptors and ion channels that mediate changes in intracellular Ca2* fluxes play key roles
in the pathogenesis of hypertension. A rise in intracellular Ca* concentration is a primary
factor for vascular smooth muscle contraction and also for the production of endothelium-
derived relaxing factors such as nitric oxide and EDHF?8: 29, |n the vascular smooth muscle,
two processes that mediate intracellular Ca2* rise are the release from the sarcoplasmic
reticulum (SR) and influx through the LTCC. Calcium release from the SR is mediated by
the activation of the GPCR-Gg11-PLC signaling pathway leading to IP3 generation and
activation of SR IP5 receptors30. On the other hand, extracellular calcium influx in vascular
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smooth muscle cells is mediated mainly by the opening of voltage-gated LTCC following
membrane depolarization3l: 32, Accordingly, blocking GPCRs and LTCC is a major
therapeutic strategy and have proven to be effective medications, separately, for managing
human hypertension8: 33, However, the use of a single GPCR antagonist may not be
sufficient to manage established hypertension. This could be due partly to post-receptor
adaptive mechanisms that enable G proteins to pair with many receptor types and function in
concert, /in vivo, to impinge on a physiological process such as vascular tone regulation and
renal control of electrolyte balance. By interacting directly with Gq/11 and locking the G
protein in the inactive, GDP-bound state, the natural cyclic depsipeptides FR and YM and
their synthetic analogs can be very effective anti-hypertensive agents by reducing LTCC-
and Gg/q1-mediated intracellular Ca?* rise in vascular smooth muscle, thereby promoting
vasodilation. Indeed, our results show that systemic administration of FR can normalize
blood pressure even after hypertension is well established in a mouse model of salt-
hypertension.

Findings from this study indicate that the mechanisms mediating the anti-hypertensive
effects of cyclic depsipeptides are more complex than previously reported. In addition to the
established mechanism whereby YM, FR, and related synthetic analogs reduce
vasoconstriction and blood pressure by locking the Ga subunit in the inactive, GDP-bound
state10. 11. 22 other studies have suggested that FR reduces vasoconstriction through the
inhibition of LTCC in the vasculaturel2. Our study provides the first line of evidence that
Ggy11 inhibitor ligands block vasoconstriction, at least partly, by directly inhibiting LTCC in
vascular smooth muscle cells. The bacterial Gg11 inhibitor ligand, YM and its synthetic
analog, WU, block vasoconstriction in part by directly inhibiting calcium influx through the
LTCC. Although the plant derived Gg1 inhibitor, FR, failed to block LTCC-induced
vasoconstriction, it showed inhibitory effect on LTCC when applied directly to vascular
smooth muscle cells. This discrepancy in the inhibitory effects of FR could be due to high
selectivity/preference for Ggq; relative to LTCC in the intact tissue. The exact binding
mechanism that mediates the inhibition of mammalian LTCC by Gg1; inhibitors is
unknown. However, results from our docking experiments, using x-ray crystal structure of
the bacterial ortholog, Ca,Ab, gives a good insight into the expected structural basis for the
inhibitory effect of depsipeptides and their synthetic analogs on LTCC. Similar to the
binding pocket in Gq/11 subunit, the binding of the depsipeptides to LTCC is facilitated by
key residues in the dihydropyridine binding site that form hydrophobic contacts with the
phenyl ring of the inhibitors. It is noteworthy that WU interacts with Ca,/Ab in an inverted
pose. This difference could be due to the replacement of the depsipeptide core with a
simplified aliphatic ring, which is known to decrease the potency of WU as an inhibitor of
Gg1®®.

The blockade of LTCC by cyclic depsipeptides may promote vasodilation and blood
pressure decrease by several mechanisms. First, and as previously mentioned, by inhibiting
the activity of LTCC, these cyclic depsipeptides and related analogs could prevent the influx
of extracellular Ca2*, thereby preventing the rise in intracellular CaZ* concentration
necessary for the activation of the contractile signaling cascade in the vascular smooth
muscle. Indeed, we found that YM inhibited potassium-induced vasoconstriction of
mesenteric arteries. Second, cyclic depsipeptides that inhibit LTCC could reduce blood
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pressure by decreasing cardiac output, which is a primary determinant of blood pressure.
Because the activity of LTCC is critical to calcium-induced calcium release in
cardiomyocytes?4, LTCC inhibitors such as YM could reduce cardiac output by decreasing
cardiac chronotropic and ionotropic responses to acute changes in blood pressure. Such an
effect may underlie the reversal of reflex tachycardia leading to a bradycardic response to
acute fall in blood pressure induced with FR or YM.

Non-vascular mechanisms by which Gg/1; inhibition by cyclic depsipeptides reduce blood
pressure were not assessed here but need to be examined in detail because of the ubiquitous
role of this G protein class in various organ systems that are key to the maintenance of blood
pressure homeostasis. Of particular note, sodium reabsorption by the renal tubular system is
the primary determinant of extracellular fluid volume and thus cardiac output and blood
pressure. This function of the kidney depends largely on the expression and activity of key
sodium transporters including Na*/H* exchangers, Na*/K*ATPase, Na*-Cl~ co-transporter,
Na*-K*-2CI~ co-transporter, and epithelial Na* channel (ENaC)3*. Several of these sodium
transporters are regulated by signaling via Gy/11 class G proteins. For instance, Gg/11-
mediated rise in intracellular Ca2* concentration plays a key role in the insertion of ENaC in
the luminal membrane of principal cells of the distal tubule, which is critical for sodium
reabsorption at the distal tubule and collecting duct3®. In addition, sodium reabsorption via
ENaC at the luminal membrane of principal cells is tightly regulated by the ATP/UTP/
P2Y /4 receptor system that couples to the Gg11 signaling pathway36. Previous studies have
established that activation of PLC by Gg/11 upon P2Y 4 receptor stimulation negatively
regulates the open probability (P,) of ENaC to inhibit sodium reabsorption36-38,
Accordingly, P2Y,—/— mice have high ENaC P, and are hypertensive38. With the availability
of these cyclic depsipeptide inhibitors, a more in-depth understanding of the role that Gg/11
plays in long-term blood pressure control through the regulation of renal epithelial sodium
handling by ATP/UTP/P2Y 5,4 receptor and other receptor systems that couple to this G
protein class can be pursued.

In summary, our study comprehensively reveals the hemodynamic effects of systemic Gg/11
inhibition in normotensive and hypertensive states and is the first in-depth assessment of the
potential anti-hypertensive effects of targeting heterotrimeric G proteins. This study also
establishes a paradigm for using FR and YM as tool compounds to investigate the
pathogenesis and progression of cardiovascular and other diseases such as chronic kidney
disease, cardiac arrhythmias, and various forms cancers that involve aberrant activity of
Ggy11 proteins and LTCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Inhibition of Gy-coupled GPCR-induced vasoconstriction of small mesenteric arteries by
cyclic depsipeptide Gg11 inhibitor ligands FR900359 (FR), YM-254890 (YM), and
WU-07047 (WU). Vasoconstrictor responses to phenylephrine (PE) are expressed as mean
percent decrease in diameter (n=3 animals [2 vessels/animal] per group). A - C,
Concentration-dependent blockade of PE-induced vasoconstriction by FR, YM, and WU. D,
E, F, Effects of the highest concentrations of FR (1 pM), YM (1 pM), and WU (50 pM) on
contractile responses to the thromboxane analogue, U-46619, arginine vasopressin (AVP),
and endoethelin-1 (ET-1), respectively. Values are mean + s.e.m. **/< 0,01 vs. control; *
**P< 0,05, 0.01 WU vs. control; # #P< 0.05, 0.01 YM vs. control; *+/< 0.01 FR vs. control
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Figure 2.

Effects of Ggy11 inhibitor ligands on G protein-independent, high-potassium and L-type
calcium channel (LTCC)-mediated Ca2* transients and vasoconstriction. Contractile
responses were elicited by abluminal application of PSS containing increasing
concentrations of potassium to cause membrane depolarization, or the LTCC activator Bay
K 8644 (Bay K), opening LTCC and facilitating the influx of Ca2* into vascular smooth
muscle. A-C, High potassium-induced Ca?* transients in small mesenteric arteries in the
absence or presence of FR (1 uM), YM (1 uM), or WU (50 pM). Ca2* transients were
measured as changes in fluorescence intensity of the Ca2* binding dye, Fluo-4 that was
preloaded in the vessel prior to incubation with an inhibitor or the application of high
potassium PSS. Values are expressed as percent change in fluorescence from baseline.
Vasoconstrictor responses are expressed as mean percent decrease in diameter (n=6 animals
[2 vessels/animal] per group). D — F, High potassium-induced vasoconstriction in the
absence and presence of FR (1 uM), YM (1 uM), or WU (50 pM). YM and WU but not FR
inhibit high potassium-evoked contractile responses. G, Calcium-induced vasoconstriction in
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the absence and presence of the LTCC opener, Bay K8644. Both low and high
concentrations of Bay K have similar facilitative effects on Ca2*-induced vasoconstriction.
H, 1, Effects of YM (1 pM) and FR (1 uM) on Ca?*-induced, Bay K-facilitated
vasoconstriction. YM but not FR blocks LTCC-mediated vasoconstriction. All values are
mean £ s.e.m. *,**£<0.05, 0,01 vs. control.

Pharmacol Res. Author manuscript; available in PMC 2020 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Meleka et al.

Page 20

Figure 3.
Structural comparison of the binding modes of amlodipine (A, green), YM-254890 (B,

pink), FR 900359 (C, yellow), and WU-07047 (D, orange) bound within the 5SKMD
dihydropyridine binding site of bacterial CayAb, viewed from the side of the pore module.
A, 5KMD x-ray crystal structure with amlodipine bound within the bacterial homotetrameric
model Cay channel, CayAb. B — D, docked complexes of YM, FR and WU compounds,
respectively, bound within the amlodipine binding site of CayyAb. Comparison of the binding
modes reveal that the phenyl ring of amlodipine, YM and FR orients in the same direction
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towards amino acid residue Y168. YM and FR make more extensive hydrophobic
interactions within the pocket and have the same binding modes. The binding mode of WU
is distinct from all others with the phenyl ring pointing down towards the hydrophobic
amino acid residue F203. The Cay channel is oriented such that the pore opening is on the
top. The structure orientation is similar to what is shown in Figure 1e/f of the reference
paper (doi:10.1038/nature19102), which reports details on the 5SKMD crystal structure.
Residues T138, Y195, 1199, P200, F203 are part of the S6 helix as previously reported in the
paper?3. Residues E165, F167, F171 and Y168 are part of the P helix. E, ribbon and stick
structure of Ca,Ab with superimposed poses of docked Gg1; inhibitor ligands in side view
in 5KMD protein.
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Figure 4.
Inhibition of A7r5 vascular smooth muscle L-type calcium (Lc,) current by G171 inhibitor

ligands. A, left panel, representative tracings of whole-cell currents (top left panel) recorded
with a 500 ms step-pulse from a holding membrane potential of =80 mV to testing potential
from —60 mV to +40 V at a pulse frequency of 0.1 Hz (bottom left panel). The A7r5 cells
were pre-incubated with vehicle (0.02% DMSO) for 10-60 min prior to establishing whole-
cell patch; right panel, whole cell L, tracings in the presence of the 1,4 dihydropyridine,
nifedipine. The cells were pre-incubated with nifedipine (1 pM) for 15 min prior to the
recording of Lc,. B, Conductance — voltage curves of LTCC derived from peak L, - voltage
relationships in the presence of Gg1 inhibitors. Prior to L, current (Ica-L) recordings, the
cells were incubated with vehicle (control), YM (1 uM), FR (1 pM), or WU (1 or 50 pM) for
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10-60 min. For control and each compound, an average of 10 cells were recorded. All values
are mean + s.e.m. *£<0.05, vs. control.
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Figure 5.
Summary of the acute effects of systemic administration of FR and YM on overnight

systolic blood pressure (SBP) and heart rate (HR) of conscious normotensive mice. Each
dose of the inhibitors was administered subcutaneously as a bolus at the same time (5 pm,
indicated by the dashed line) of the day, after 3 hr of baseline recording. Hemodynamic
parameters were continuously recorded for at least 24 hr. A, FR (n=7) elicits depressor
responses only at medium and high doses. B, YM (n=7) elicits depressor responses at all
doses. Note the blockade of nighttime rise in SBP by the lowest dose of YM. C, Comparison
of the rate of SBP recovery from the nadir following the injection of FR and YM, using the
same data as in A and B. SBP returns to control levels 7 and 20 hr after reaching the nadir
following the injection of YM and FR, respectively. D, FR causes transient decrease in HR
within 2 hr after injection of the highest dose. E, Both the medium and high dose of YM
cause a rapid decrease in HR within 1 hr after injection. F, HR slowly returns to baseline
after FR injection whereas it rapidly returns to control levels after YM injection. All values
are mean £ s.e.m.
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Blood pressure and heart rate responses to systemic administration of Gg/11 inhibitors FR
and YM in normotensive mice. A, B, maximal depressor response to increasing doses of FR
and YM, respectively. Both inhibitors caused a dose-dependent decrease in SBP following a
bolus subcutaneous (s.c.) injection in conscious mice. C, D, maximal bradycardic response
to increasing doses of FR and YM, respectively. Only the highest dose of FR caused a
significant decrease in HR, whereas the medium and high dose Y M significantly decrease
HR following a bolus s.c. injection. All values are mean + s.e.m. **£/<0.01 vs. control;
##p<0.01, 0.05 vs. 0.1 mg/kg of FR or YM; ¥*/<0.01, 0.1 vs. 0.3 mg/kg of FR.
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Figure 7.
Changes in mean arterial pressure (MAP) and heart rate (HR) in response to intravenous

injection of FR900359 (FR) or YM-254890 (YM), or increasing doses of the alpha-
adrenergic receptor agonist, phenylephrine (PE), and the nitric oxide donor, sodium
nitroprusside (SNP) in the absence or presence of FR or YM in anesthetized mice. A, B,
representative time-course tracings of changes in MAP and HR following a bolus
administration (0.1 mg/kg, i.v.) of FR (blue tracings) or YM (orange tracings). The arrow
indicates the time of drug injection. C, D, maximum changes in BP and HR in response to
increasing doses (1.5, 3, 6, 12, 24 ug/kg, i.v.) of phenylephrine (PE) and sodium
nitroprusside (SNP), respectively, before (closed squares) or after intravenous injection of
0.1 mg/kg FR (white triangles) or YM (inverted gray triangles). All values are mean + s.e.m.
**p<0.01 vs. control
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Figure 8.

Summary of the acute effects of FR and YM on overnight systolic blood pressure (SBP) and
heart rate of conscious hypertensive mice. The mice were made hypertensive by placing
them on L-NAME in their drinking water (0.5 g/L) for 10 days. Each dose of FR or YM was
administered subcutaneously as a bolus at the same time (5 pm, indicated by the dashed line)
of the day, after 3 hr of baseline recording. Hemodynamic parameters were continuously
recorded for at least 24 hr. A, B, both FR (n=4) and YM (n=4) elicited depressor responses
only at medium and high doses. Note the lack of effect of the lowest dose of YM on
nighttime SBP. C, a comparison of the rate of SBP recovery from the nadir following the
injection of FR and YM, using the same data as in A and B. Note that a higher dose of YM
was required to reduce SBP to the same nadir as 0.3 mg/kg of FR in hypertensive state. SBP
returned to control levels 5 hr after YM injection; in contrast, SBP reached control levels 16
hr after FR injection. D, E, F, both FR and YM did not affect HR at any dose in hypertensive
mice. All values are mean + s.e.m.
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Figure 9.
Effects of FR900359 on systolic blood pressure (SBP) and heart rate (HR) of conscious,

deoxycorticosterone acetate (DOCA)-salt hypertensive male and female mice. A, C, 24-hour
SBP (A) and HR (C) responses to a single injection of FR (0.1 or 0.3 mg/kg, s.c.). FR was
administered subcutaneously as a bolus at the same time (5 pm, indicated by the dashed line)
of the day, after 3 hr of baseline recording.

Hemodynamic parameters were continuously recorded for at least 24 hr. B, D, SBP and HR
levels before and after DOCA implantation, during daily injection (shaded area) of vehicle
(0.01% DMSO in 0.9% saline) or FR (0.3 mg/kg, s.c.), and during post-injection period. All
values are mean + s.e.m. *,**/<0.05, 0,01 vs. control.

Pharmacol Res. Author manuscript; available in PMC 2020 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Meleka et al. Page 29

Table 1:

Overnight blood pressure response and recovery time in conscious normotensive or hypertensive mice given a
bolus subcutaneous injection of the Gq/11 inhibitor, FR900359 or Y M-254890.

Baseline SBP (mmHg) | Change in SBP @ Time to 50% Time to 100%
SBP 50% recovery of recovery of SBP
Treatment/Measurement (mmHg) recovery SBP (hr) i
(mmHg)
FR900359 (0.3 - o
mglkg, s.C.) 105+3 37+3 87+2 6.9+0.7 145+1.7
Normotension
YM-254890 (0.3
mg/kg, s.C.) 108+2 3743 87+2 24402 5704
FR900359 (0.3 - -
mg/kg, s.C.) 120£1 49+3 961 10.0+ 1.0 1800
L-NAME Hypertension
YM-254890 (0.5
mglkg, s.c.) 121+2 54+2 94 +2 28+0.2 6.3+0.7

Values are mean + s.e.m. from experiments with 3-7 mice under each treatment condition. Statistical differences between paired values (i.e.
FR900359 vs. YM-254890) under normotensive or hypertensive condition are indicated.

Ak
F<0.001

HAA
F<0.0002

SBP - systolic blood pressure; L-NAME - N(‘*’)—nitro—L—arginine methyl ester.
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