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Dantrolene is an inhibitor of intracellular Ca’* release from
skeletal muscle SR (sarcoplasmic reticulum). Direct photoaffinity
labelling experiments using [*HJazidodantrolene and synthetic
domain peptides have demonstrated that this drug targets amino
acids 590-609 [termed DP1 (domain peptide 1)] of RyR1 (ry-
anodine receptor 1), the skeletal muscle RyR isoform. Although
the identical sequence exists in the cardiac isoform, RyR2 (resi-
dues 601-620), specific labelling of RyR2 by dantrolene has not
been demonstrated, even though some functional studies show
protective effects of dantrolene on heart function. Here we test
whether dantrolene-active domains exist within RyR2 and if
so, whether this domain can be modulated. We show that elon-
gated DP1 sequences from RyR1 (DP1-2s; residues 590-628)
and RyR2 (DP1-2c; residues 601-639) can be specifically photo-
labelled by [*H]azidodantrolene. Monoclonal anti-RyR1 anti-

body, whose epitope is the DP1 region, can recognize RyR1 but
not RyR2 in Western blot and immunoprecipitation assays, yet it
recognizes both DP1-2¢ and DP1-2s. This suggests that although
the RyR2 sequence has an intrinsic capacity to bind dantrolene
in vitro, this site may be poorly accessible in the native channel
protein. To examine whether it is possible to modulate this
site, we measured binding of [*H]dantrolene to cardiac SR as
a function of free Ca**. We found that > 10 mM EGTA increased
[’H]dantrolene binding to RyR2 by ~ 2-fold. The data suggest that
the dantrolene-binding site on RyR2 is conformationally sensitive.
This site may be a potential therapeutic target in cardiovascular
diseases sensitive to dysfunctional intracellular Ca*" release.

Key words: [*H]azidodantrolene, calcium, dantrolene, malignant
hyperthermia, photoaffinity labelling, ryanodine receptor.

INTRODUCTION

The RyRs (ryanodine receptors) constitute a major class of intra-
cellular Ca’"-release channels that generally respond to increases
in cytoplasmic Ca®" levels and release Ca?* from internal stores
by a mechanism termed Ca>"-induced Ca’" release [1,2]. In skel-
etal muscle, however, the RyR responds by the mechanism of volt-
age-induced Ca*" release, in which the sarcolemmal L-type,
voltage-dependent Ca?" channel responds to depolarization by
directly contacting the RyR, inducing it to open and release Ca®"
[3]. Three distinct isoforms (RyR1, RyR2 and RyR3) of this
channel have been identified in mammalian tissues by cDNA
cloning studies [4]. RyR1 and RyR2 are abundantly expressed in
skeletal and cardiac muscle cells respectively. RyR3 is expressed
predominantly in smooth muscle and epithelial cells, and at low
levels in a wide variety of cell types, including neurons, skeletal
muscle and cardiac muscle [5].

RyR1 and RyR2 share more than 60 % amino acid sequence
identity, and respond similarly to a number of pharmacological
and physiological effectors, such as Ca**, Mg**, ATP, caffeine,
ryanodine and Ruthenium Red [6]. Among their differences, how-
ever, is their response to the drug dantrolene, an intracellular skel-
etal muscle relaxant. Dantrolene brings about its muscle relaxant
effect by inhibiting Ca’* release from the SR (sarcoplasmic
reticulum) in skeletal muscle [7,8]. It is used clinically to treat
MH (malignant hyperthermia), a pharmacogenetic disorder of
skeletal muscle characterized by an uncontrolled release of Ca**
from the SR in response to volatile anaesthetics, resulting in

hypercontracture and hypermetabolism [9,10]. This drug is being
investigated for potential use in other clinically relevant systems
of intracellular hypercalcaemia. For example, dantrolene has been
reported to be neuroprotective in some models of neuronal cell
death [11,12].

In vitro muscle contractility assays and ligand binding studies
with native and recombinant RyR proteins suggest that dantrolene
interacts specifically with RyR1, not RyR2 [8,13,14]. Direct
photoaffinity labelling experiments using [*H]azidodantrolene,
aphotoactivatable analogue of dantrolene [15], have demonstrated
that while RyR1 is specifically photolabelled, RyR2 is a poor
target of this drug [16]. However, there is accumulating evidence
from studies on isolated cardiac myocytes and heart preparations
demonstrating that dantrolene appears to affect RyR2-mediated,
Ca*"-dependent processes, particularly under conditions of stress,
i.e. ischaemia/reperfusion injury, hyperthyroid cardiomyopathy
and doxorubicin toxicity [17-21]. These results suggest that the
lack of effect of dantrolene on RyR2 could be due either to an
inaccessible dantrolene-binding site in the ‘unstressed’ conform-
ation or the possibility that accessory proteins play a major role
in dantrolene’s interaction with RyRs.

Using synthetic domain peptides as potential conformational
mimics of RyR1-active domains, we previously identified the
RyR1 sequence comprising residues 590-609 [DP1 (domain
peptide 1)] as the dantrolene-binding site by the following criteria:
(1) DP1 is specifically photolabelled by the photoaffinity analogue
of dantrolene, [*H]azidodantrolene; (2) DP1 is recognized by anti-
RyR1 mAb (monoclonal antibody; IgM) raised against RyR1; and
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(3) RyR1 photolabelling by [*H]azidodantrolene is specifically
inhibited by anti-RyR1 mAb [22]. Anti-DP1 antibodies enhance
[*H]ryanodine binding to skeletal SR, sensitize such SR to Ca**
release, and enhance accessibility to a macromolecular fluor-
escence quencher, demonstrating that the dantrolene-binding
sequence is in a conformationally significant region of RyR1 and
is involved in the regulation of channel activity [23]. Significantly,
this sequence is identical among the three known mammalian
isoforms of RyR.

In the present study, we examine whether anti-RyR1 mAb can
be used to detect a dantrolene-responsive site on RyR2 and
whether a synthetic peptide containing the dantrolene-binding
sequence elongated into the RyR2 sequence still maintains a con-
formation that permits dantrolene binding. The implications of
these experiments for therapeutic potential are discussed.

EXPERIMENTAL
Materials

Azumolene sodium - 2H,O was generously donated by Proctor &
Gamble (Norwich, NY, U.S.A.). [*H]Azidodantrolene was syn-
thesized, purified and characterized as described in [15], and
specific radioactivity was determined to be 28 Ci/mmol. Anti-
(rabbit RyR1) mAb (IgM; clone XA7) and polyclonal anti-C-
term [anti-(rabbit RyR1 C-terminus)] antibodies (raised against a
synthetic C-terminal peptide corresponding to amino acids 5023—
5037 of RyR1) were gifts from Dr K. P. Campbell (University of
Towa, Iowa City, IA, U.S.A.). Rabbit fast-twitch skeletal muscle
was supplied by Dr H. Weiss (UMDNIJ-Robert Wood Johnson
Medical School, Piscataway, NJ, U.S.A.). Protein A—agarose
beads, alkaline phosphate-conjugated secondary antibodies, as
well as all other reagents and chemicals of high-purity grade,
were obtained from Sigma.

[*H1Azidodantrolene photolabelling of peptides

RyR domain peptides DP1-2s (skeletal RyR sequence), DP1-2c
(cardiac RyR sequence) and DP3 were synthesized and pu-
rified as described [25]. Synthetic peptides (12.5 M) were photo-
labelled with 50-100 nM [*H]azidodantrolene in binding buffer
(20 mM Pipes, pH 7) containing 10 ug of BSA, in the absence
(T; total binding) or presence (N; non-specific binding) of azumo-
lene (150-300 uM), as described previously [22]. Following
photolabelling, samples were fractionated by SDS/PAGE on a
20 % (w/v) polyacrylamide gel [26], and then electroblotted on to
PVDF membranes (Sequi-Blot; Bio-Rad) [27]. Autoradiography
was performed on these membranes as described [16].

[*HIDantrolene binding assay

Crude SR vesicles were prepared from rabbit fast-twitch skeletal
muscle as described in [24] and kept at 80 °C until use. Pig cardiac
SR membranes were kindly supplied by Dr B. Fruen (University of
Minnesota, Minneapolis, MN, U.S.A.). Binding of [*H]dantrolene
(10.2 Ci/mmol) to cardiac muscle SR was assayed as described
[16]. Briefly, purified pig cardiac SR protein (50-100 ng) was
incubated in triplicate with 200 nM [*H]dantrolene with or
without 150 ©M azumolene in the presence or absence of appro-
priate concentrations of EGTA for 90 min at 37°C in binding
buffer (20 mM Na-Pipes, pH 7, 150 mM KCl, 0.5 mM adenosine
5'-[ B,y -methylene]triphosphate, 0.5 mM MgCl,), before bound
ligand was separated from free ligand by rapid filtration through
Whatman GF/C glass filters. Bound radioactivity was determined
by liquid scintillation counting.

© 2005 Biochemical Society

DP1 590 DKHGRNHKVLDVLCSLCVCE0®
DP1-2s 9L DKHGRNHKVLDVLCSLCVCNGVAVRSNQDLITENLLPGS2#

DP1-2¢ *"'LDKHGRNHKVLDVLCSLCVCHGVAVRSNQHLICDNLLPG®

Figure 1  Synthetic RyR domain peptide sequences

Amino acids that differ between DP1-2s and DP1-2c are in bold, and the italicized R at position
615 in DP1-2s is the site of the canonical R615C mutation conferring MH susceptibility.
s, skeletal; ¢, cardiac.

Immunoprecipitation and Western blotting of RyR proteins

Solubilized skeletal and cardiac SR proteins (100 ng) were im-
munoprecipitated with mAb (1:200 dilution) essentially as de-
scribed [16] and adapted from Zhang et al. [28]. Non-immune IgM
was used as negative control. Immunoprecipitated proteins were
eluted from Protein A—agarose beads by the addition of 80 ul of
5 x Laemmli sample buffer followed by incubation at room tem-
perature for 30 min. The eluted proteins were resolved by SDS/
5 %-PAGE and electroblotted on to PVDF membranes.

Skeletal and cardiac SR proteins (100 pg), transferred on to
PVDF membranes, were probed with either anti-RyR1 mAb
(RyR1-specific) or polyclonal anti-C-term antibody. The latter
antibody recognizes both RyR1 and RyR2. Immunoprecipitated
skeletal and cardiac SR proteins were probed with anti-C-
term antibody, while synthetic peptides (12.5 uM) were probed
with anti-RyR1 mAb. Both primary antibodies were used at a
dilution of 1:1000. Immunoreactive bands were visualized with
5-bromo-4-chloro-3-indolyl phosphate/p-Nitro Blue Tetrazolium,
after incubation with alkaline phosphatase-conjugated secondary
antibodies.

RESULTS AND DISCUSSION

Synthetic RyR domain peptides DP1-2¢ and DP1-2s contain
a dantrolene-binding motif

In our earlier paper, we demonstrated that the DP1 sequence in
RyR1 contains a dantrolene-binding site [22]. The identical se-
quence exists in RyR2, yet this isoform does not seem to be a
target of dantrolene. This perplexing result could mean (a) that the
conformation of DP1 in RyR2 is different from that in RyR1 due
to conformational constraints imparted by sequence differences
in an adjacent domain(s); or (b) that although DP1 in RyR2 is
conformationally competent to bind dantrolene, access to the
site is blocked by an associated molecule or post-translational
modification.

To test an approximation of the first possibility, we synthesized
a 39-amino-acid RyR2 peptide containing DP1 elongated by the
adjacent C-terminal 20 amino acids, i.e. domain 2. This peptide,
designated DP1-2c (amino acids 601-639 of RyR?2), is identical to
the dantrolene-binding sequence DP1-2s (amino acids 590-628
of RyR1) except for four residues within domain 2 (Figure 1).
We photolabelled both DP1-2 peptides with [*H]azidodantrolene
in the absence or presence of excess azumolene and processed
them for autoradiography. The autoradiograph in Figure 2(A)
shows that [*H]azidodantrolene specifically labelled DP1-2c, as
well as DP1-2s (n=35). Another RyR1 domain peptide, DP3
(corresponding to amino acids 324-351), used as a negative con-
trol in these experiments, was not labelled. These results demon-
strate that a synthetic peptide with a RyR2 sequence has the capa-
city to specifically bind dantrolene. We can conclude that DP1-2s
and DP1-2c have similar conformations in solution that allow
dantrolene binding.
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Figure 2 Specific photolabelling and Western blotting of RyR domain
peptides

(A) DP1-2¢, DP1-2s and DP3 were photolabelled with [*H]azidodantrolene in the absence
(T) or presence (N) of azumolene, resolved by SDS/20 %-PAGE, electroblotted on to a PVDF
membrane and subjected to autoradiography. (B) Synthetic DP1-2¢ and DP1-2s, as well as DP3
(as a negative control), were resolved by SDS/20 %-PAGE, transferred on to a PYDF membrane
and probed with anti-RyR1 mAb. Similar results were obtained in five other experiments.
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Figure 3 Western blotting and immunoprecipitation of skeletal and cardiac
RyRs with anti-RyR1 mAb

(A) Western blot of skeletal (s) and cardiac (c) SR proteins probed with anti-C-term antibody
and anti-RyR1 mAb. Note that anti-RyR1 mAb recognizes RyR1, but not RyR2. (B) Immuno-
precipitation of skeletal and cardiac RyRs by anti-RyR1 mAb or non-immune IgM. Immunopre-
cipitated proteins were blotted on to PVDF and probed with anti-C-term antibody. SR denotes
SR before solubilization; SN, supernatant fraction that did not bind to Protein A—agarose beads;
B, proteins associated with Protein A—agarose beads.

Anti-RyR1 mAb recognizes both DP1-2¢ and DP1-2s

We then sought to determine whether the DP1-2¢ sequence has
a conformation similar to that of the native RyR channel protein.
Anti-RyR1 mAb (clone XA7), produced against rabbit RyR1
[29], has been shown to be immunoreactive towards both the
RyR1 monomer and the synthetic peptide DP1, and it inhibits
[*H]azidodantrolene photolabelling of RyR1 in a concentration-
dependent manner [16,22]. Since the DP1 region is common to
both DP1-2s and DP1-2c, and the latter peptide is also specifically
labelled by [*H]azidodantrolene, one would expect that mAb anti-
RyR1 would recognize both of these peptides. Indeed, a Western
blot of DP1-2s and DP1-2c, along with DP3 as negative control,
confirmed that anti-RyR1 mAb recognizes both DP1-2s and DP1-
2c peptides (Figure 2B; n =35).

Next we resolved cardiac and skeletal SR proteins by SDS/5 %-
PAGE, electroblotted them on to a PVDF membrane and probed
the membrane with anti-RyR1 mAb (n = 3). The result, presented
in Figure 3(A) (left panel), shows that the mAb was immunore-
active towards the skeletal (S) but not the cardiac (C) RyR isoform.
An identical blot probed with the anti-C-term antibody, which
recognizes both isoforms, demonstrated that this was not due to a
lack of RyR2 in the sample (Figure 3A, right panel). In addition,
the blot probed with anti-RyR1 mAb (Figure 3A, left panel) was
also probed with anti-C-term to confirm the presence of RyR2 on
this blot as well (results not shown). These results demonstrate
that only RyR1, but not RyR2, is recognized by anti-RyR1 mAb.

The above results suggest that the epitope of the mAb on
RyR2 remains inaccessible even after denaturation prior to gel
electrophoresis and transfer. Both DP1-2 peptides, on the other

Table 1

Cardiac or skeletal SR was incubated in triplicate with 200 nM [3H]dantrolene with or without
150 M azumolene in the presence or absence of EGTA (10-40 mM), for 90 min at 37°C in
buffer containing 0.5 mM adenosine 5'-[ 8,y -methylene]triphosphate, and bound radioactivity
was separated from free by rapid filtration. Specific binding was calculated as total bound
minus that bound in the presence of excess azumolene. Since radioligand binding was virtually
equivalent in the EGTA concentration range 1040 mM, results in the presence of EGTA are
presented as pooled data.

[3H]Dantrolene binding to cardiac and skeletal SR

[*H]Dantrolene bound (pmol/mg of protein)

_EGTA +EGTA p
RYR2 (1=6) 1134019 2214030 <10°°
RyR1 (1=3) 402+21 553446 <1073

hand, were denatured similarly prior to Western blotting, yet the
antibody recognized both peptides. One possible explanation for
these results is that RyR1 and RyR2 maintain a different conform-
ational structure surrounding this epitope even after treatment
with SDS. If this is true, it would suggest that the DP1 epitope is
buried in RyR2, while in RyR1 it is more exposed. With the pep-
tides, however, the absence of long-range contributions to struc-
ture and conformation renders the epitope accessible to antibody.
A second, less plausible, explanation is that SDS/PAGE some-
how destroys the epitope exclusively in RyR2, and not in RyR1,
making the former unrecognizable to anti-RyR1 mAb. None-
theless, we decided to test whether, under solution conditions,
anti-RyR1 mAb would recognize the DP1 sequence on RyR2
in SR.

Immunoprecipitation of skeletal and cardiac SR proteins so-
lubilized with 3 % CHAPS was performed with anti-RyR1 mAb
and Protein A—agarose beads. The bead-associated proteins were
resolved by SDS/PAGE, transferred on to PVDF membranes, and
probed with anti-C-term antibody to detect the presence of RyR
isoforms. The Western blot (Figure 3B) demonstrates that, in the
skeletal muscle preparation, RyR1 protein recognized by anti-
C-term antibody was present primarily in the bead-associated
fraction (B), while no detectable anti-C-term-antibody-reactive
RyR2 protein from cardiac SR was associated with the bead
fraction, despite the presence of substantial RyR2 in the super-
natant. Non-specific IgM did not immunoprecipitate either RyR1
or RyR2, demonstrating that the effect of anti-RyR1 mAb (IgM)
was specific. These results demonstrate the immunoprecipitation
of RyR1, but not RyR2, by anti-RyR1 mAb.

Decreasing the free Ca2+ concentration enhances the interactions
of dantrolene with RyR2 and RyR1

The lack of interaction of anti-RyR1 mAb with RyR2 supports
our contention that, although the DP1 sequence is present in this
isoform, the DP1 epitope, as it is present in RyR1, is absent. We
wished to determine whether a dantrolene-sensitive conformation
of RyR2 could be obtained. Since Ca’* is known to regulate RyR
activity both directly and indirectly, we reasoned that varying the
Ca’" concentration might modify the accessibility of RyR2 to dan-
trolene. To test this, we measured [*H]dantrolene binding to
cardiac SR as a function of the concentration of EGTA. Table 1
shows that specific [*H]dantrolene binding to cardiac SR was
enhanced approx. 2-fold in the presence of high concentrations of
EGTA (> 10 mM; n = 6). Lower concentrations of EGTA had no
effect on baseline radioligand binding (results not shown). These
results are not unique to RyR2. Despite the order-of-magnitude
greater [*H]dantrolene binding to skeletal over cardiac SR, we
again found enhancement of specific [*H]dantrolene binding as a

© 2005 Biochemical Society
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Figure 4 Enhancement of specific [*H]lazidodantrolene photolabelling of
RyR1 in the presence of EGTA

Skeletal muscle SR was photolabelled with 200 nM [*H]azidodantrolene in the absence (T)
or presence (N) of 150 M azumolene in binding buffer containing 0.5mM adenosine
5'-[ B,y -methyleneltriphosphate, in the absence or presence of 10 mM EGTA. The protein
was resolved by SDS/5%-PAGE, electroblotted on to PVDF membranes and subjected to
autoradiography. Values are in kDa, and arrows point to the bands of specific photolabelling.

result of treatment with similarly high concentrations of EGTA
(Table 1; n=23).

Furthermore, photoaffinity labelling of RyR1 with [*H]azido-
dantrolene in the presence or absence of 10 mM EGTA demon-
strated enhanced specific photolabelling of both the 565 kDa
monomer and its 172 kDa n-calpain fragment (Figure 4; n=3).
Similar photoaffinity labelling experiments with cardiac SR were
unsuccessful in revealing enhanced signals in the presence of high
concentrations of EGTA due to the 10-fold lower ligand-binding
affinity and the low efficiency of photolabelling [15,16].

It is tempting to speculate that the enhanced interactions of
dantrolene with both RyR1 and RyR2 in the presence of high
EGTA concentrations result not only from the decrease in extra-
luminal Ca**, but also from the drastic decrease in the intraluminal
Ca”" concentration that must accompany the high solution con-
centrations of EGTA. There is evidence that calsequestrin, the
primary calcium-binding protein of SR, binds directly to the RyR
and forms a quaternary complex along with triadin and junctin.
Modulation of this complex has been shown to effect not only SR
Ca”" release, but also store-operated Ca*" entry, a plasma mem-
brane process that responds to low SR Ca*" stores by allowing
Ca”" to enter the cell [30,31]. We suspect that there is a relation-
ship between the conformational interactions of RyRs and a cal-
sequestrin-triggered complex that influences the ability of dantro-
lene to bind.

Our results suggest that interactions of RyR2 with dantrolene
are susceptible to environmental modulation. Although the high
concentrations of EGTA used in these experiments were greater
than those normally necessary to modulate solution Ca** con-
ditions, we have shown previously that inhibition of the SR mem-
brane-resident, Ca**-dependent, n-calpain (CALP3) cleavage of
RyR1 in vitro does not occur until 10 mM EGTA is present
[16]. The in vitro EGTA sensitivity of [*H]dantrolene binding
to RyR2, therefore, demonstrates that it is possible to confor-
mationally modulate this isoform so as to allow dantrolene bind-
ing, but does not inform us with regard to a potential mechanism
of in vivo regulation of this site. Of necessity, in vivo mech-
anisms would have to involve modulation of this site in the pre-
sence of increased myoplasmic Ca®" levels, rather than the
decreased levels used herein, as the physiological studies that
have demonstrated an effect of dantrolene on cardiac tissue have
done so particularly during experimental pretreatment for physio-

© 2005 Biochemical Society
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Figure 5 Localization of the dantrolene-binding site within the ‘hot spots’
of RyR mutations associated with MH/central core disease and inherited
ventricular tachycardias resulting in sudden cardiac death

The positions of the three MH/central core disease (CCD) and homologous sudden cardiac death
(SCD) mutation domains are indicated above and below the canonical RyR protein respectively.
The numbers denote the boundary amino acids identified as likely causative mutations in each
domain. The individual amino acids in the SCD mutation domains are denoted below the RyR
protein. The position of the dantrolene-binding site, represented as a clear ellipse within the
first mutation-rich domain, suggests it as a potential therapeutic target in RyR2.

logical stresses associated with enhanced intracellular Ca*" re-
lease: hyperthyroid cardiomyopathy [32], heart failure [33], myo-
cardial stunning and ischaemia [17,34,35], post-infarction contra-
ctility and responsiveness to isoprenaline (isoproterenol) [36], and
endotoxin- or thermal injury-related suppression of myocardial
function [20,21]. All of these are chronic physiological stressors,
the effects of which on a dantrolene-RyR?2 interaction may in-
volve post-translational modification of the channel and/or result
from gene expression of a channel-interacting protein(s). Taken
together, the evidence suggests that, under certain pathophysio-
logical conditions, RyR2 may be capable of interacting with
dantrolene, i.e. accessibility to the putative dantrolene-binding
site on RyR2 may be conformationally regulated. This suggestion
may have profound consequences for clinical cardiac pharmaco-
therapy.

Aberrant regulation of myocardial intracellular Ca** is common
in pathophysiological states such as myocardial ischaemia/stun-
ning and heart failure, and some rare syndromes such as Long QT
Syndrome, and has been linked to the development of cardiac
arrhythmias [37-40]. Recently, arrhythmogenic right ventricular
dysplasia type II (ARVD II) and catecholaminergic (familial)
polymorphic ventricular tachycardia [C(F)PVT], two genetic syn-
dromes leading to sudden cardiac death, have been traced to
three regions of RyR2 that are related to the mutationally ‘hot’
regions of RyR1 associated with MH and the rare myopathy
central core disease, both of which are associated with leaky myo-
cardial SR (Figure 5) [41-44]. Ca’" leakage from myocardial SR
via dysfunctional RyR2, therefore, is suggested as a proximal
cause of lethal ventricular arrhythmias. The dantrolene-binding
site on RyR1 lies within the first of the mutationally hot regions
associated with dysregulated Ca** release, and we have presented
evidence that a modulatable putative site exists in the equivalent
region of RyR2. The development of RyR2-specific dantrolene
derivatives as an entirely new class of anti-arrhythmics would
present us with potential new agents for a novel target in the
treatment of lethal ventricular arrhythmias.

Conclusions

In summary, our results demonstrate that a putative dantrolene-
binding site exists on RyR2. The data suggest, however, that the
native conformation of RyR2 restricts access of the drug to its
binding site. We hypothesize that conditions that expose this
site would result in dantrolene suppressing RyR2-dependent Ca®*
release. We propose that it may be possible to design dantrolene
derivatives that interact preferentially with RyR2 for potential use
as anti-arrhythmic agents. Further studies are required to elucidate
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the cellular and molecular mechanisms regulating the potential
interaction of dantrolene with RyR2.
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