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Abstract

Numerous studies have demonstrated that tolerance develops to the physiological and behavioral effects of nicotine in animals after
chronic administration of the drug. However, the mechanisms underlying tolerance to nicotine are not well known. There are several lines
of evidence which support a role for Ca2q in nicotine’s acute pharmacological effects. The objective of the study was to determine
whether Ca2q plays a role in the development of tolerance to nicotine by investigating the behavioral activity of several Ca2q modulating

Ž Ž . w Ž . xdrugs after systemic BAY K 8644: " -1,4-dihydro-2,6-dimethyl-5-nitro-4- 2- trifluromethyl -phenyl -3-pyridine carboxylic acid methyl
. Ž 2q .ester and intrathecal administration BAY K 8644, Ca and thapsigargin in nicotine-tolerant mice. The ability of BAY K 8644 to

induce motor impairment and hypomotility after i.p. injection was decreased in nicotine-tolerant mice. In addition, tolerance to Ca2q,
thapsigargin, and BAY K 8644-induced antinociception after i.t. injection also developed in nicotine-tolerant mice. ED values for BAY50

K 8644 and thapsigargin increased from 3.7 to 12 mgrmouse and 0.83 to 19.7 mgrmouse, respectively. The greatest tolerance developed
to the effects of thapsigargin with an ED value that increased from 0.83 to 20 mg. Furthermore, chronic nicotine injections did not alter50
w3 x 2qH nitrendipine binding in the brain. These results suggest the involvement of Ca -dependent mechanisms in nicotine tolerance in mice.
q 1997 Elsevier Science B.V. All rights reserved.

2q 2q Ž .Keywords: Nicotine; Antinociception; Ca ; Ca channel; Tolerance; Thapsigargin; Inthrathecal

1. Introduction

Tobacco use, especially when smoked as cigarettes,
remains a major avoidable cause of mortality and morbid-
ity in the western world. Although many factors contribute
to the overall effects of smoking, there is convincing
evidence that smoking behavior is maintained by the phar-

Žmacological effects of the tobacco alkaloid nicotine Sur-
.geon, 1988 . Humans become physically dependent upon

and tolerant to nicotine, and it has been suggested that
these processes contribute to the difficulty smokers have in

Ž .stopping cigarette use Benowitz, 1992 . Numerous studies
have demonstrated that tolerance develops to the physio-
logical and behavioral effects of nicotine in animals after
chronic administration of the drug. Following chronic
treatment with nicotine, animals exhibit decreases in sensi-
tivity to acute challenges with the drug in numerous
physiological and behavioral measures, including respira-
tion, locomotor activity, body temperature, sensitivity to

) Ž . Ž .Tel.: 1-804 828-1676; Fax: 1-804 828-2117.

Ž .seizures Marks et al., 1993, 1986 and antinociception
Ž .Damaj and Martin, 1996 . The mechanisms underlying
tolerance to nicotine are not well known. Development of
tolerance was thought to be related to changes in nicotinic
receptor binding after chronic exposure of the drug. In-
deed, repeated exposure to nicotine produces significant

w3 xincreases in the number of H nicotine binding sites in
Žseveral rat and mouse brain regions Marks et al., 1986;

.Schwartz and Kellar, 1985 . Receptor desensitization has
been suggested to be the primary event leading to up-regu-

Ž .lation of central nervous system CNS nicotinic receptors
and a compensatory response to chronic desensitization
following prolonged agonist treatment. In M10 cells, it has
been shown that a decrease in receptor turnover accounts

Žfor the increased number of a b receptors Peng et al.,4 2
.1994 . However, little relationship has been found between

the binding affinity of several nicotinic receptor ligands
Ž .nicotine, lobeline, anabasine and their ability to induce

Ž .receptor up-regulation Bhat et al., 1991 . In addition,
several reports suggest that tolerance to nicotine cannot be
completely explained by changes in receptor number
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Ž .Marks et al., 1987; Pauly et al., 1992 . It is well known
that tolerance to psychoactive drugs like nicotine may
involve neuronal adaptation not only at the level of the
drug-receptor interaction, but post-receptor events such as
receptor coupling and intracellular second and third mes-
senger cascades.

Of particular interest are Ca2q ions that play a major
role in signal transduction events. There are several lines
of evidence which support a role for Ca2q in the signaling
process of the nicotine receptor. Nicotine-induced release
of neurotransmitters in the brain is largely Ca2q-dependent
Ž .Rapier et al., 1988; Rowell and Winkler, 1984 and some
of the neuronal nicotinic receptor subtypes are Ca2q-per-

Žmeable Barrantes et al., 1995; Castro and Albuquerque,
.1995; Vernino et al., 1992 . Recently, we showed that

voltage-dependent Ca2q channel blockers and activators
were able to modulate nicotine’s acute effects on locomo-

Ž .tor activity and antinociception tail-flick test in mice
Ž .Damaj et al., 1993; Damaj and Martin, 1993 .

The objective of this study was to determine whether
tolerance to nicotine’s pharmacological effects involves
Ca2q-dependent mechanisms by investigating the behav-
ioral activity of several Ca2q-modulating drugs after sys-

Ž . Žtemic BAY K 8644 and intrathecal administration BAY
2q .K 8644, Ca and thapsigargin in nicotine-tolerant mice.

Nicotine-tolerant mice were used to assess the pharmaco-
logical effects of drugs which modulate Ca2q fluxes by

2q Žacting on different targets: extracellular Ca voltage-
. Ž 2q .gated ion channels , thapsigargin intracellular Ca stores
Ž 2q .and BAY K 8644 L-type Ca channels and to deter-

w3 xmine whether changes occurred in H nitrendipine bind-
ing.

2. Materials and methods

2.1. Animals

Ž .Male ICR mice 20–25 g obtained from Harlan Labo-
Ž .ratories Indianapolis, IN, USA were used throughout the

study. They were housed in groups of six and had free
access to food and water. Animals were housed in an
American Association for Accreditation of Laboratory An-
imal Care approved facility and the study was approved by
the Institutional Animal Care and Use Committee of Vir-
ginia Commomwealth University.

2.2. Drugs

Ž . Žy -Nicotine was obtained from Aldrich Milwaukee,
.WI, USA and converted to the ditartrate salt as described

Ž .by Aceto et al. 1979 . Other drugs were obtained as
Žfollows: Calcium chloride was obtained from Sigma St.

. Ž .Louis, MO, USA . " -1,4-Dihydro-2,6-dimethyl-5-nitro-
w Ž . x4- 2- trifluromethyl -phenyl -3-pyridine carboxylic acid

Ž .methyl ester BAY K 8644 was obtained from Research

Ž .Biochemical International Natick, MA, USA , and thapsi-
Žgargin was purchased from LC Services Woburn, MA,

. w3 x Ž .USA . H Nitrendipine specific activity, 82.3 Cirmmol
Žwas obtained from New England Nuclear-Dupont Boston,

.MA, USA . Nicotine ditartrate and calcium chloride were
Ž .dissolved in physiological saline 0.9% sodium chloride .

Thapsigargin and BAY K 8644 were prepared in dimethyl-
Ž .sulfoxide DMSO . Solutions of BAY K 8644 were refrig-

erated in foil-lined containers. For locomotor activity and
body temperature experiment, BAY K 8644 was prepared

Ž . Ž .in emulphorrethanolrsaline 1:1:18 . Emulphor EL620
Ž .was obtained from Rhone Poulenc Crambury, NJ, USA .

Drugs were given in a total volume of 1 mlr100 g body
weight in mice. All doses were expressed as the free base
of the drug.

2.3. Intrathecal injections

Ž .Intrathecal i.t. injections were performed free-hand
between the L5 and L6 lumbar space in unanesthetized
male mice according to the method of Hylden and Wilcox
Ž .1980 . The injection was performed using a 30-gauge
needle attached to a glass microsyringe. The injection
volume in all cases was 5 ml. The accurate placement of
the needle was evidenced by a quick ‘flick’ of the mouse’s
tail.

2.4. Pharmacological assays in mice

2.4.1. Antinociception
Antinociception in mice was measured by the tail-flick

Ž .method of D’Amour and Smith 1941 as modified by
Ž .Dewey et al. 1970 . Groups of six animals were used for

Žeach dose and for each treatment. A control response 2–4
.s was determined for each animal before treatment, and

test latencies were assessed at various times after drug
administration. A maximum latency of 10 s was imposed if
no response occurred within that time. Antinociceptive

Žresponse was calculated as % MPE maximum possible
. wŽ . Ž .effect , where %MPEs testycontrol r 10ycontrol =

x100 . Nicotine-tolerant mice were challenged acutely with
an i.t. injection of either nicotine, Ca2q, thapsigargin or
BAY K 8644. The animals were tested either 5 min after
thapsigargin, nicotine and BAY K 8644, or 20 min after
Ca2q.

2.4.2. Motor coordination
In order to measure the effects of BAY K 8644 on

motor coordination, a wooden rod 6 cm in diameter was
partitioned into three compartments by circular metal discs
Ž .28 cm in diameter at 18-cm intervals. The rod was
attached to a motor and rotated at a rate of 4 rpm. Naive
mice were trained until they could remain on the rotarod
for 3 min. Animals that failed to meet this criterion within
five trials were discarded. This training took place no

Ž .longer than 15 min before the subcutaneous s.c. adminis-
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tration of nicotine. Thirty minutes after i.p. injection of
BAY K 8644, mice were placed on the rotarod for 5 min.
The amount of time the animals remained on the rotarod
was recorded, and percent impairment was calculated as

wŽ Ž .. x% impairments 1y test time in secondsr300 =100 .
Impairment of 0% corresponds to the subjects that re-

Ž .mained on the rotarod for 5 min 300 s and 100%
impairment corresponds to subjects that fell off the rotarod
in less than 1 s.

2.4.3. Locomotor actiÕity
Mice were placed into individual Omnitech photocell

Ž .activity cages 28=16.5 cm 5 min after i.p. administra-
tion of either vehicle or BAY K 8644. Interruptions of the

Ž .photocell beams two banks of eight cells each were then
recorded for the next 10 min. Data were expressed as the
number of photocell interruptions.

Eight to twelve mice were tested in each treatment
group and each animal was tested only once.

2.5. Chronic drug treatment paradigms

Two groups of animals received s.c. injections of either
Ž . Ž . Žy - nicotine 2 mgrkg or saline twice daily 08:30 and

.16:30 h for 10 days. During the treatment period the body
weight was recorded every other day. At day 11, mice
were challenged with i.t. injections of nicotine, Ca2q,
thapsigargin or BAY K 8644 for determination of dose-re-
sponse curves in the tail-flick test. Injections and testing
procedures were performed in the same room. Another
group of mice was challenged i.p. with BAY K 8644, and
the effects on locomotor activity and motor coordination
were measured.

[ 3 ]2.6. Binding of H nitrendipine to mouse brain

Saline or nicotine chronically treated mice were decapi-
tated 12 h after the last injection, and their brains were
removed and homogenized in 10 vols., respectively, of 50

Ž .mM Tris-HCl pH 7.4 . Samples were centrifuged at 3000
=g for 10 min, and the supernatant collected and cen-
trifuged at 16 500=g for 30 min. The pellet was resus-
pended in Tris-HCl to achieve protein concentrations of

Ž .1.75–2.25 mgrml. Membranes 200 ml were incubated in
50 mM Tris-HCl containing 0.1% bovine serum albumin
Ž .BSA and a final concentration of 3.75% ethanol, with
w3 xH nitrendipine ranging from 2 nM to 32 nM for 90 min
at 228C. Filters were soaked in 0.1% PEI and placed in a

Ž .Brandel Cell Harvester M-48R Gaithersburg, MD, USA
before assay buffer was rapidly filtered under vacuum. The
tubes and harvester were washed twice with ice-cold Tris-
HCl buffer, and the filter circles removed and added to
cocktail in scintillation vials for determination of radioac-

Ž .tivity. Nifedipine 1 mM was used to determine nonspe-
cific binding. Data were analyzed using the EBDA pro-
gram for Macintosh to determine K and B .d max

2.7. Statistical analysis

Ž .ED values with 95% confidence limits CL for50

antinociception and motor impairment data were calculated
by unweighted least-squares linear regression for log-doses

Ž .vs. probits, as described by Tallarida and Murray 1987 .

3. Results

3.1. Effects of BAY K 8644 on locomotor actiÕity and
motor coordination in nicotine-tolerant mice

Mice chronically treated with s.c. nicotine were chal-
lenged with different doses of nicotine and BAY K 8644
Ž .i.p. administration and evaluated for motor coordination
and locomotor activity. Mice became tolerant to nictotine-
induced hypomotility and motor impairment as shown by
the rightward shift of the dose-response curve after treat-

Ž .ment with chronic nicotine Fig. 1A, B , and the ED50
Ž . Ž .values increased from 1.1 0.6–2.1 and 0.50 0.2–0.75 in

Ž . Ž .saline-treated animals to 3.0 2.2–4.3 and 2.1 1.5–2.8
mgrkg in nicotine-tolerant mice for nicotine-induced mo-
tor impairment and hypomotility, respectively. Further-
more, the ability of BAY K 8644 to induce motor impair-
ment and hypomotility was decreased in nicotine-treated

Ž .Fig. 1. Development of tolerance to nicotine-induced A motor impair-
Ž .ment and B hypomotility in mice that were chronically injected twice

Ž . Ž . Ž .daily for 10 days with either ` saline or B nicotine 2 mgrkg, s.c. .
The control activity for saline-treated animals is 2150"350 photocell
interruptions. Each point represents the mean"S.E. of 8–12 mice.
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Ž .Fig. 2. Development of cross-tolerance to BAY K 8644-induced A
Ž .motor impairment and B hypomotility in mice that were chronically

Ž . Ž . Žinjected twice daily for 10 days with either ` saline or B nicotine 2
.mgrkg, s.c. . The control activity for saline-treated animals is 1850"253

photocell interruptions. Each point represents the mean"S.E. of 8–12
mice.

mice. Indeed, the dose-response curve for BAY K 8644-in-
Ž .duced motor impairment was shifted to the right Fig. 2A ,

and the ED value increased from 0.35 in saline-treated50

animals to 2.0 mgrkg in nicotine-tolerant mice. In addi-
tion, mice became tolerant to the effects of BAY K 8644
on locomotor activity as shown by the rightward shift of

Ž .the dose-response curve after chronic nicotine Fig. 2B . It
is noteworthy to mention that minimal tolerance to the

Žpharmacological effects of BAY K 8644 developed 10–
.15% after chronic injection of BAY K 8644 at relatively

Ž . Ž .high doses 8 mgrkg per day for 8 days data not shown .

Ž .Fig. 3. Development of tolerance to the antinociceptive effect of A
Ž .nicotine and B BAY K 8644 given i.t. in mice that were chronically

Ž . Ž . Žinjected twice daily for 10 days with either ` saline or B nicotine 2
. Žmgrkg, s.c. . Antinociceptive response was calculated as % MPE maxi-

.mum possible effect . Each point represents the mean"S.E. of 8–12
mice.

3.2. AntinociceptiÕe effects of Ca2 q-modulating drugs in
nicotine-tolerant mice

To evaluate cross-tolerance at the spinal cord level
between nicotine and Ca2q-modulating drugs, several
groups of mice chronically treated with either saline or
nicotine were challenged with different doses of nicotine,
BAY K 8644, thapsigargin and Ca2q given i.t., and their
antinociceptive action was measured. Mice became toler-
ant to the antinociceptive effects of these drugs as shown
by the rightward shift of the dose-response curve after

Ž .chronic nicotine Figs. 3 and 4 . As summarized in Table

Table 1
Effect of chronic s.c. injection of nicotine on the antinociceptive action of different Ca2q-modulating drugs after intrathecal administration in mice

Drug challenge Chronic saline Chronic nicotine Ratio
Ž . Ž . Ž . Ž .intrathecal injection ED "CL mgrmouse ED "CL mgrmouse nicotinersaline50 50

Ž . Ž .Nicotine 6 2–17 36 22–58 6
Ž . Ž .BAY K 8644 3.7 1.69–8.4 11.7 8–16 3

2q a aŽ . Ž .Ca 0.32 0.22–0.47 1.1 0.7–1.4 3
Ž . Ž .Thapsigargin 0.83 0.24–2.85 20 12.5–32 24

Ž . aResults are expressed as ED values with 95% confidence limits "CL and 8–12 mice were tested in each treatment group. ED values are expressed50 50

in mmolrmouse.
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1, ED values for nicotine increased from 6 mgrmouse in50

control mice to 36 mgrmouse in chronic nicotine mice.
Tolerance to Ca2q, thapsigargin, and BAY K 8644-in-
duced antinociception developed also in nicotine-tolerant
mice. ED values for BAY K 8644 and thapsigargin50

increased from 3.7 to 12 mgrmouse and 0.83 to 19.7
mgrmouse, respectively. The greatest tolerance developed

Ž .to the effects of thapsigargin Fig. 4A , a potent inhibitor
2q Žof the endoplasmic reticulum Ca -ATPase Thastrup et

.al., 1990 , with a ratio close to 25-fold. It is also important
to note that tolerance developed to the toxic and lethal

2q Žeffects of i.t. Ca seen usually after a dose of 1 mmol
.i.t. after chronic nicotine administration.

3.3. Effects of chronic nicotine administration on
[ 3 ]H nitrendipine binding site in mouse brain

w3 xThe binding of H nitrendipine to whole brain mem-
branes from mice that received chronic nicotine or saline
treatment for 10 days was investigated. Chronic nicotine

w3 xinjections did not alter H nitrendipine binding in the
brain. Scatchard analysis confirmed that neither the Bmax
Ž112"6 fmolrmg in chronic saline-injected animals ver-

.sus 129"8 fmolrmg in chronic nicotine-injected animals
Žnor the K 1.37"0.12 nM in chronic saline-injectedd

Ž .Fig. 4. Development of tolerance to the antinociceptive effect of A
Ž . 2qthapsigargin and B Ca given i.t. in mice that were chronically

Ž . Ž . Žinjected twice daily for 10 days with either ` saline or B nicotine 2
. Žmgrkg, s.c. . Antinociceptive response was calculated as % MPE maxi-

.mum possible effect . Each point represents the mean"S.E. of 8–12
mice.

animals versus 1.51"0.04 nM in chronic nicotine-injected
.animals was altered by chronic nicotine treatment. Nico-

tine in vitro at 1 and 10 mM concentrations did not
3w xdisplace H nitrendipine binding.

4. Discussion

Our study using systemic and i.t. administration in
whole animals to assess the role of Ca2q homeostasis in
nicotine tolerance, showed a cross-tolerance between nico-
tine and Ca2q-acting drugs. The fact that a shift in the
dose-response curves of these drugs was seen in nicotine-
tolerant mice suggests that adapation to the effects of
Ca2q-acting drugs occurred after chronic administration of
nicotine. However, such adaptation may not be receptor
mediated. Indeed, it is reported that tolerance to nicotine-
induced antinociception in rats may be influenced by

Ž .learning Epstein et al., 1989 and that the release of
corticosterone could contribute to the developement to
some of nicotine’s effects after chronic injection of the

Ž .drug Caggiula et al., 1991, 1993 . Therefore, the cross-
tolerance between nicotine and Ca2q-modulating drugs
may have arisen from a shared reduction in response
generated by environmental cues and hormonal effects.
The interaction of Ca2q-dependent mechanisms and pro-
cesses is possible and could explain the underlying mecha-
nisms of cross-tolerance between nicotine and Ca2q drugs.
It is reported that the activation of neuronal nicotinic
receptors causes an influx of Ca2q leading to an increase

Žw 2qx . Ž .in intracellular calcium Ca Mulle et al., 1992 .i

Furthermore, in cortical synaptosomes and in primary cul-
tures of cortical neurons, application of moderate to high

Ž .concentrations of nicotine 1–100 mM was accompanied
w 2qx Žby an increase of Ca Hillard and Graf, 1990; Lip-i

.piello, 1989 . Assuming that BAY K 8644, thapsigargin
and Ca2q produced their functional responses by increas-
ing intracellular Ca2q, the first possibility is a development
of tolerance to the rise in intracellular Ca2q levels induced
by these drugs. It could be hypothesized that a compen-
satory decrease in Ca2q entry occurs after chronic expo-
sure to nicotine and may be due to an alteration in one or
more of the following membrane components that are

2q Ž .targets for Ca -acting drugs: 1 changes in voltage-sensi-
tive Ca2q channel affinity and numbers, in particular

Ž . Ž .L-type channels, 2 changes in ATPase activities, and 3
inactivation of neuronal nicotinic receptors.

Although a change in voltage-sensitive Ca2q channel
affinity and numbers is a possible scenario, our binding
results showed that the number and affinity of dihydro-
pyridine-sensitive Ca2q channels were not significantly
changed after chronic administration. However, Ca2q

channels may undergo changes in their basal phosphoryla-
tion state in nicotine-tolerant animals. Such changes may
not be detected by the binding assay. A decrease in
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ATPase activity may also underly the cross-tolerance to
2q ŽCa -modulating drugs, in particular thapsigargin with a

. 2qtolerance ratio of 25-fold which blocks Ca reuptake
into the microsomal Ca2q pool by inhibiting the endoplas-

2q Ž .mic reticulum Ca -ATPase Thastrup et al., 1990 . Al-
Ž .though Marks 1987 found no significant changes in

ATPase activity in different mouse brain areas after chronic
infusion of nicotine, the comparison of their findings with
our results must be done cautiously because nicotine was
administered by injection in our studies. Recently, it has
been sugested that nicotinic receptors present on chromaf-
fin cells and neuroblastoma cell line IMR 32 contain a

Ždihydropyridine-sensitive site Donnelly-Roberts et al.,
.1995; Lopez et al., 1993 . Although dihydropyridine

derivatives such nifedipine and BAY K 8644 failed to
w3 x Ždisplace H nicotine binding sites in rat brain Damaj et
.al., 1993 , an alteration in dihydropyridine-sensitive site

may be involved in the adaptations that occur following
chronic treatment with nicotine.

Another possibility is an adaptation in Ca2q-dependent
processes and events involved in antinociceptive or loco-
motive mechanisms, such as Ca2q-binding proteins, Ca2q-
dependent protein kinase and Ca2q-dependent protein
phosphatase systems. Of particular interest is
Ca2qrcalmodulin-dependent protein kinase II, a protein
kinase activated by an increase in intracellular Ca2q and
involved in neurotransmitter release through its target
synapsin I. Recently, it was reported that calmidazolium, a
calmodulin inhibitor, abolished nicotine-evoked dopamine

Ž .release in PC12 cells Courtney et al., 1991 . In addition,
Ž .MacNicol and Schulman 1992 reported that dimethyl

Ž .phenyl piperazinuim DMPP , a nicotinic receptor agonist,
activated calmodulin kinase II in PC12 cells. More re-

Ž .cently, Ochoa and O’Shea 1994 showed an increase in
Žthe phosphorylation of an 80-kDa protein that contains

.synapsin I in rat frontal cortex synaptosomes after stimu-
lation with nicotine. It is therefore conceivable that
synapsin I, a target for the action of nicotine in the CNS,
undergoes adaptation after chronic nicotine administration
due to a decrease in the activation of Ca2q-dependent
protein kinases. In addition, chronic treatment with nico-

w3 xtine was reported to decrease the cortical efflux of H D-
Ž .aspartate in freely moving guinea-pigs Beani et al., 1991

and to induce protection of cortical neurons against gluta-
Ž .mate cytotoxicity Akaike et al., 1994 . Our data showed

that chronic nicotine administration decreased the toxic
and lethal effects of Ca2q when injected in the spinal cord,
suggesting a protective effect of nicotine against toxcity
induced by Ca2q-dependent mechanisms. Other Ca2q-de-
pendent mechanisms may be involved in adaptation to
nicotine. Nicotine-induced increase in intracellular Ca2q

would activate Ca2q-sensitive adenylate cyclases which
elevate cAMP levels. cAMP is reported to regulate nico-
tinic receptor activity and desensitization via phosphoryla-

Žtion of certain subunits of the receptor Huganir and
.Greenhard, 1990 . The activity of these kinases may de-

crease after chronic nicotine exposure. In addition, an
adaptation to the expression of certain genes which are
Ca2q-dependent is also possible, especially with the recent
observation that rat muscle nicotinic receptor gene expres-
sion is regulated by a Ca2q-dependent signal transduction

Ž .system Walke et al., 1994 . Other mechanisms such as a
calmodulin kinase II regulatory phosphorylation site on the
nicotinic receptor which has been described for

ŽAMPArkainate-type glutamate receptors Yakel et al.,
.1995 , are possible.

Finally, functional tolerance to the different drugs de-
scribed above which have different mechanisms at the
cellular level, may occur downstream of the Ca2q mecha-
nisms. Although the different drugs used in this study were
structurally different and tolerance developed not only
after systemic but after spinal injection as well, a pharma-

Ž .cokinetic interaction between nicotine given chronically
and Ca2q modulating drugs still is possible.
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