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Abstract

Cocaine HCI is well known for its toxic effects on the cardiovascular system, but little is known about its effects on different regional
blood vessels. We designed experiments to determine if cocaine HCI could influence the tension of isolated aortic rings, i.e., induce
contraction or relaxation. Surprisingly, cocaine HCI (1 X 10~ to 6 x 10~ * M) relaxed isolated aortic rings precontracted by phenylephrine in
a concentration-dependent manner. No significant differences were found between intact or denuded isolated aortic rings (P>0.05). The
maximal % relaxations of intact vs. denuded isolated aortic rings were 108.9 + 24.3% vs. 99.5 + 8.3% ( P>0.05). Cocaine HCI, 2 X 10~ M,
was found to inhibit contractions by phenylephrine; ECsos were increased (P<0.01) and E,..’s were decreased (51.3 £ 16.4% vs.
89.8 £ 10.6%, P<0.01). A variety of amine antagonists could not inhibit the relaxant effects of cocaine HCI ( 2>0.05). The cyclooxygenase-
1 inhibitor, indomethacin, also failed to inhibit relaxations induced by cocaine HCI (P>0.05). Neither L-arginine, N(G)-monomethyl-L-
arginine (L-NMMA), nor methylene blue could inhibit the relaxations induced by cocaine HCI ( P>0.05), suggesting cocaine HCI does not
relax isolated aortic rings by inducing the synthesis or release of nitric oxide (NO) or prostanoids from either endothelial or vascular muscle
cells. Inhibitors of cAMP, cGMP and protein kinase G (PKG) also failed to inhibit cocaine-induced relaxations. Cocaine HCI (1 x 107 to
6 % 10~ % M) could also relax isolated aortic rings precontracted by phenylephrine in high K depolarizing buffer. Surprisingly, calyculin A,
an inhibitor of myosin light chain (MLC) phosphatase, inhibited cocaine-induced relaxations in a concentration-dependent manner,
suggesting the probable importance of cocaine-induced MLC phosphatase activation in rat aortic smooth muscle cells. It was also found that
cocaine HCI could dose-dependently inhibit Ca® *-induced contractions of isolated aortic rings in high K*—Ca® *-free buffer, suggesting that
cocaine HCI may inhibit Ca?" influx and/or intracellular release.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Cocaine HCI abuse has increased dramatically during the
last decade, with an abuse population of more than
6,000,000 in the USA alone and it has many adverse effects
(Gold, 1993). Among the many complications exhibited by
cocaine HCI (in almost every human system and behavior),
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cardiovascular toxicities are very prominent, especially
compared with other controlled drugs. Short-term or long-
term abuse of cocaine HCI can cause or exacerbate hyper-
tension, atherosclerosis (Norris et al., 2001; Fogo et al.,
1992), coronary artery spasm, myocardial ischemia, cardiac
infarction, myocarditis, arrhythmias including ventricular
fibrillation (Kliner et al., 1992), cerebral infarction (Daras
et al., 1994), nontraumatic intracranial haemorrhage (Man-
giardi et al., 1988; Nolte and Gelman, 1989), cerebrovaso-
spasm (Altura et al., 1985; Madden and Powers, 1990; He
et al.,, 1993), stroke and sudden death (Polis et al., 1987,
Altura and Gupta, 1992). Cocaine HCl also exerts effects on
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functions of platelets and coagulation systems, which are
also thought to contribute to its cardiovascular toxicities
(Konzen et al., 1996; Zurbano et al., 1997). Although high
plasma concentrations of cocaine HCI are often associated
with dissecting aneurysm (Cohle and Lie, 1992; Alspaugh,
1995), vasculitis and rupture of various vessels (Frederichs
and McQuiuen, 1991; Park, 1992) and hypotension (Eisen-
berg et al., 1996), followed by death, the mechanisms for
these adverse phenomena have not been elucidated. Studies
of the effects of cocaine HCI on the cardiovascular system,
its related mechanisms and possible treatments are thus very
important scientifically, clinically and socially.

Our laboratory and several others have focused on
cocaine-induced cardiovascular complications and their
mechanisms of action. Almost 20 years ago, we first
reported that cocaine HCIl can induce cerebral vessels to
contract and to undergo spasm, brain ischemia and stroke
(Altura et al., 1985; He et al., 1993). Similar cerebral
vasoconstrictive actions have been observed in a number
of mammals (Madden and Powers, 1990; Wagerle et al.,
1990; Wang et al., 1990; Kurth et al., 1993; Schreiber et al.,
1994; Salom et al., 1996). Evidence has been presented to
suggest that several possible mechanisms of contraction
include increased transmembrane influx and intracellular
release of Ca> " (Zhang et al., 1996) coupled to intracellular
decreases of magnesium (Huang et al., 1990; Altura and
Gupta, 1992; Altura et al., 1993). Cocaine HCI, however,
exerts no effects on the tensions of canine or sheep mesen-
teric arteries (He et al., 1993). Other researchers have found
that cocaine HCI can also contract coronary arteries, which
may be related to the mechanism of cocaine-induced cardiac
ischemia and infarctions (Vongpatanasin et al., 1997).

Cocaine abusers tend to suffer from hypertension. Intra-
venous (i.v.) or intranasal administration of cocaine HCI (4
to 8 mg) to volunteer subjects can cause increases of blood
pressure (Fischman et al., 1976; Javaid et al., 1978).
Several acute animal experiments into the haemodynamic
effects of cocaine HCI also showed that cocaine HCI can
increase blood pressure of conscious or sedated dogs as
well as rats and other mammals (Catravas et al., 1978;
Bedotto et al., 1988; Wilkerson, 1988; Auer et al., 2001).
The mechanism of cocaine-induced hypertension is thought
to include a blockade of reuptake of epinephrine, norepi-
nephrine and dopamine at the presynaptic level, whose
concentrations can then increase in plasma (Billman,
1990; Trouve et al., 1990). It is not known if cocaine
HCI can contract all or only some peripheral arterial vessels
or arterioles directly. However, hypotension is one of the
clinical manifestations of toxicated cocaine abusers when
the dosage approaches high levels (Campbell, 1988; Merlin
et al., 1988; Weicht and Bernards, 1996), and i.v. injection
of high doses of cocaine HCI (9 to 10 mg/kg) to dogs can
cause rapid decreases of blood pressure (Koerker and
Moran, 1971). In view of the later considerations, we
wondered whether different concentrations of cocaine HCI
can induce relaxation or dilation of the aorta. This study

was, therefore, designed to test this hypothesis by using
isolated rat aortic segments. This study was also designed
to investigate the possible mechanisms of such action by
using different receptor antagonists and inhibitors of signal
transduction pathways related to vascular smooth muscle
relaxation. Surprisingly, calyculin A, a MLC phosphatase
inhibitor, was found to reduce the relaxant effects of
cocaine HCI.

2. Materials and methods
2.1. Animals, vessel preparations and solutions

Male Wistar rats, 250—350 g, were sacrificed by decap-
itation. After the thoracolaparotomy, the descending thoracic
aortae were excised from heart to diaphragm, similar to
previous studies and placed in Petri dishes containing normal
Krebs—Ringer bicarbonate (NKRB) solution at room tem-
perature and carefully cleaned of loose connective tissue
(Yang et al., 1998). Segments of about 3—4 mm were then
cut. Each thoracic descending aorta was cut into four seg-
ments, with two of them leaving the endothelium intact, and
the other two being denuded of endothelium. For intact aortic
ring preparations, extreme care was taken to avoid damage of
endothelial cells. For denuded aortic rings, the endothelial
intima of the rings were gently rubbed off with a wire (Zhang
et al., 1992a). The composition of the NKRB was (in mM):
NaCl 118, KCI1 4.7, KH,PO, 1.2, MgSO, 1.2, CaCl, 2.5,
glucose 10 and NaHCO; 25. When Ca® *-free or Mg® *-free
NKRB was utilized, CaCl, or MgSO, was replaced by
isosmolar amounts of NaCl, respectively. High K" solution
was also utilized in some experiments; the composition was
(in mM): KCI 4.7, K,SO,4 143, KH,PO,4 1.2, MgSO,4 1.2,
CaCl, 2.5 and glucose 10. In additional experiments, CaCl,
contractile concentration—effect curves were obtained on
tissues subjected to Ca” *-free NKR followed by high K",
Ca®"-free K" NKB as described previously (Altura and
Altura, 1974Db).

2.2. Assessment of vascular reactivity to cocaine HCI

Prepared rat aortic rings were mounted in muscle cham-
bers containing 20 ml of NKRB, tied to force-displacement
transducers (Grass, Model FT03C), which were connected
to polygraphs (Grass, Model 7C) to record the tensions of
the aortic rings (Zhang et al., 1992a). The tissues were
incubated at 37 °C, gassed with 95% O, and 5% CO, and
suspended isometrically under resting tensions of 2 g. All
tissues were initially equilibrated for 2 h. During the
incubation period, the loading tensions were adjusted peri-
odically and maintained throughout the equilibration period.
The incubation media were routinely changed every 15 min
as a precaution against interfering metabolites (Altura and
Altura, 1970). The stable level of tension developed in
response to the addition of 80 mM KCIl was always
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measured before testing the reactivity to cocaine HCI. This
usually occurred over a 90-min period. To examine the
functional viability of an intact endothelium, vascular rings
were precontracted by 0.1 pg/ml phenylephrine HCI, and
the presence and absence of endothelium was confirmed by
testing for relaxation to 1 pg/ml acetylcholine, which
generally resulted in 90% relaxation in rat aortic rings with
intact endothelium. As for endothelium-denuded aortic
rings, the relaxation to acetylcholine was always less than
10% (Zhang et al., 1992a).

After equilibration and contraction to 80 mM KCl, to get
stable levels of contraction and testing for intact or denuded
endothelium, the rat aortic rings were exposed to NKRB
containing cocaine HCI (10~ 7 to 6 x 10~ * M) to determine
the effects of cocaine HCI on rat aortic basal tension. When
testing to determine whether cocaine HCI can induce
relaxation, the aortic rings were precontracted by 0.1 pg/
ml phenylephrine, and cocaine HCl was added after the
phenylephrine-induced contractions have reached their
plateaus.

2.3. Effects of antagonists and inhibitors

To investigate whether cocaine-induced relaxation could
be attributed to endogenous release of specific types of
vasoactive amines from the blood vessels [e.g. norepineph-
rine, dopamine, acetylcholine, histamine, opiates and sero-
tomine (5-HT)] and prostaglandins, specific pharmacologic
antagonists of these vasoactive substances as well as a
cyclooxygenase inhibitor (indomethacin) were examined
by incubating (10 min) with these drugs before adding
cocaine HCI. These antagonists were added in concentra-
tions that produce specific antagonisms to their respective
agonists and cyclooxygenase (10~ to 10~ > M) (Altura and
Altura, 1974a,b; Zhang et al., 1993). Haloperidol and
indomethacin were dissolved in DMSO, and all other drugs
were dissolved in NKRB.

To determine if extracellular magnesium ([Mg”*],) is
important in cocaine-induced relaxation, paired segments of
rat aortic rings were incubated with or without [Mg*'],,
followed by exposure to cocaine HCI.

2.4. Drugs

The following drugs were used: cocaine HCI (National
Institute of Drug Abuse); propranolol HCI (Aldrich Chem-
ical, Milwaukee, WI); atropine sulfate (Mann Res. Labs,
New York); diphenhydramine HCI (Benadryl, Parke-Davis,
Ann Arbor, MI); cimetidine HCI (Smith Kline Beckman,
Philadelphia); methysergide maleate (Sandoz, Basel, Swit-
zerland); indomethacin (Merck, Rahway, NJ); haloperidol
(Sigma); D-tetracthylammonium chloride (T-2265), thapsi-
gargin (Sigma), methylene blue (MB) (Sigma), calyculin A
(Sigma), L-NMMA (Sigma), L-arginine (Sigma), PTIO (Sig-
ma), protein kinase K inhibitor (KT-5823) (Calbiochem),
9*(Tetrahydro-2-furanyl)-9H-purin-6-amine (SQ 22538)

(Sigma), Vitamin E (Sigma), pyrrolidine dithiocarbarmate
(PDTC, Sigma), methylene blue (Sigma), Rp-cGMPs trie-
thylamine (Sigma), Sp-cGMPs triethylamine (Sigma), and
glybenclamide (Sigma). All other organic and inorganic
chemicals were obtained from Fisher Scientific (Fair Lawn,
NIJ, USA) and were of the highest purity.

2.5. Calculations and statistics

Where appropriate, means £ S.E.M. were calculated
and compared for statistical significance by means of
Student’s t-test, paired #-tests or ANOVA using Sheffe’s
contrast-test. A probability value of 0.05 or less was
considered significant.

3. Results
3.1. Cocaine and basal tension

Cocaine HCI exerted no effects on baseline tension of
isolated rat aortic rings. The resting tensions of isolated rat
aortic rings were 2.0 g. When exposed to cocaine HCI
(1077 to 1073 M), neither intact nor denuded tissues
showed any changes in their tensions (n=10—14 each).

3.2. Cocaine induces relaxation of phenylephrine-
contracted tissues

After induction of peak contraction by 0.1 pg/ml
phenylephrine, concentrations of cocaine HCl (10> to
6% 10~ * M) were found to dose-dependently relax both
the intact and the denuded rat aortic rings precontracted by
phenylephrine (Fig. 1). There was, however, no significant
difference between the magnitudes of the relaxation of
intact vs. denuded tissues or their ECsps. The maximal %
relaxations of intact vs. denuded rat aortic rings were
108.9 £24.3% vs. 99.5+£8.3% (P>0.05), respect-
ively. Their ECsgs were 7.8 £2.6 X 10* M and
73+19%x107% M, respectively (P>0.05). The EC,s
were 1.9+ 1.0 x 10" * M and 1.7 0.7 X 10~ * M, and the
ED, 08 were 24+ 1.6 X 107> M and 3.2+ 1.3 x 107 ° M,
respectively (P>0.05). The relaxation effects of cocaine
HCI could be completely washed out, i.e., isolated rat
aortic rings could still be contracted by 0.5 pM phenyl-
ephrine or 80 mM KCI to almost the same extent after
treatment with cocaine HCI (107> to 6x 107> M) as
before. So, the effects of cocaine HCI on aortic rings are
not a consequence of vascular muscle cell or vascular wall
damage.

3.3. Cocaine inhibits contractions induced by
phenylephrine

Cocaine HCI clearly affected the contractile concentra-
tion—response curves of phenylephrine -induced contrac-
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Fig. 1. Effects of cocaine HCI on isolated rat aortic rings. Cocaine HCI can
relax both intact and denuded rings contracted by phenylephrine (n=5).
There is no significant difference between intact and denuded tissues
(P>0.05).

tions. For intact aortic rings, although 4 x 10~ * M cocaine
HCI did not affect the concentration—response curves of
phenylephrine-induced contractions, higher concentrations
of cocaine HCI shifted the concentration—response curves
of phenylephrine to the right (Fig. 2). We also tested higher
concentrations of cocaine HCl (4 x 10~* M) and found
these concentrations inhibited contractions induced by
phenylephrine (1 x 10~ > M) to greater extents: ECsos were
increased (3.0 £ 4.0 x 10~ ' ug/mlvs. 1.9+ 1.1 x 10~ pg/
ml, p<0.01) and the E,,..’s were decreased (51.3 = 16.4%
vs. 89.8 £ 10.6%, p<0.01). cocaine HCI, 1 X 1073 M, also
increased the ECsos (3.0 £4.0x 10~ % pg/ml vs. 1.9 +
1.1x10°2 pg/ml, p<0.01), but did not decrease the E, .«
(88.6 + 7.0% vs. 89.8 £ 10.6%, P>0.05). A quantitatively,
and qualitatively, similar effect of cocaine HCI on phenyl-
ephrine-induced contractions was also seen on denuded rat
aortic rings (n=238, data not shown).

3.4. A variety of pharmacologic antagonists, antioxidants
and nitric oxide (NO) inhibitors failed to affect cocaine-
induced relaxations

A variety of amine antagonists, such as propranolol (beta-
adrenoceptor antagonist)}—10~’ M, diphenhydramine (his-
tamine H;-receptor antagonisty—10~ 7 M, cimetidine (hista-
mine H,-receptor antagonist)—10~¢ M, haloperidol
(dopamine D, -receptor antagonisty—10~ ’ M, and methyser-
gide (5-HT;-receptor antagonist)—10~’ M all failed to
interfere with the cocaine -induced relaxation (P>0.05,
n=6, data not shown). Indomethacin—10" 5 M, L-argi-

nine—1 mM and L-NMMA—150 uM also all failed to
attenuate the effects of cocaine HCI (n=15, P>0.05). Use of
a stable radical scavenger for NO, i.e., PTIO—50 uM and
antioxidants, such as PDTC—1 puM, and vitamin E—100
uM, also did not affect the relaxations induced by cocaine
HCl (n=5, P>0.05). In addition, none of the antagonists used
altered the phenylephrine contraction plateaus (data not
shown).

3.5. Effects of cocaine HCI on Ca** -induced contractions in

high K*-/Ca”" -firee buffer

CaCl, (107> to 1072 M) was found to dose-depen-
dently contract rat aortic rings in high K'-/Ca®*-free
buffer, as has been reported previously (Godfraind and
Kaba, 1969; Altura and Altura, 1974b). Cocaine HCI
(1x107%to 4x 10" M) was found to dose-dependently
inhibit Ca®" induced contractions (Fig. 3). In addition,
cocaine HCI (4 x 10~ % M) increased the ECsys of Ca®*-
induced contractions (1.5+0.9x 10~ M vs. 8.5+ 5.1 x
1074 M, p<0.05).

3.6. Effects of Mg’ -free NKRB and a sarcoendoplasmic
reticulum Ca’"-ATPase inhibitor

Vascular relaxation may be the result of increased
Mg? " influx into the vascular cells or Ca®>" influx into
the sarcoendoplasmic reticulum. So, we also tested wheth-
er cocaine HCI can still relax rat aortic rings in Mg® *-free
NKRB or in the presence of thapsigargin, which inhibits
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Fig. 2. Effects of cocaine HCI on contractile concentration—response curves

to phenylephrine on intact rat aortic rings (n=38). Cocaine HCI can inhibit
contractions induced by phenylephrine. *p <0.05, **p<0.01 vs. Control.
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sarcoendoplasmic reticulum Ca”*-ATPase and, thus,
inhibits uptake of Ca®" from the cytosol to the sarcoen-
doplasmic reticulum (Treiman et al., 1998). We found that
without [Mg”*], in the buffer, cocaine HCI could still
relax the rings (n=6, P>0.05, data not shown). With or
without thapsigargin (10~ 7 M), the % relaxation of
cocaine HCl was not significantly different (n=35,
P>0.05, data not shown).

3.7. Effects of a MLC phosphatase inhibitor

A very low concentration of calyculin A (5 nM) did not
influence cocaine-induced relaxations ( P>0.05), but use of
50 and 100 nM calyculin A, respectively, dose-dependently
inhibited the relaxation effects of cocaine HCI, causing the
concentration—response curves of cocaine HCI to shift to
the right (Fig. 4). Although not shown, calyculin A (50—100
nM) failed to either attenuate or inhibit acetylcholine- or
bradykinin-induced relaxations of phenylephrine-induced
rat aortic contractions (n=4-06).

3.8. Effects of cAMP, cGMP and PKG inhibitors

Use of the cGMP inhibitor methylene blue (5.0 pM),
PKG inhibitors (KT 5823-50 nM, Rp-cGMPS triethyl-
amine—20 uM and Sp-cGMPS triethylamine—20 puM) or
the adenylate cyclase inhibitor (SQ 22538—50 puM) all
failed to inhibit or attenuate the effects of cocaine HCI
(n=5, P>0.05, data not shown).
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Fig. 3. Effects of cocaine HCI on CaCl, induced contractions of rat aortic
rings in high K*-/Ca® *-free buffer (n=>5). *p <0.05, **p<0.01 vs. Control.
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Fig. 4. Cocaine -induced relaxation can be inhibited by calyculin A (CA) in
a concentration-dependent manner (n=6). *p<0.05, **p<0.01 vs.
Control.

3.9. Effects of high-K" NKRB and K" channel blockers

When rat aortic rings were incubated in high-K* NKRB,
cocaine HCI could still relax the precontracted tissues,
without significant changes in maximal magnitude or
ECsg, as in normal NKRB (n=5, P>0.05, data not shown).
Both a nonselective K-channel blocker (teraethylammonim
chloride), and a selective ATP-sensitive K channel blocker
(glybenclamide) failed to influence the relaxation effects of
cocaine HC1 (n=4, P>0.05, data not shown).

4. Discussion

In this study, we demonstrate that cocaine HCI (10~ ° to
10~ M) has no effect on the baseline tension of rat aortic
rings. We believe that this result is very interesting, and
seems, at first glance, to be paradoxical with most of the
clinical cardiovascular findings. But the present results
remind us that cocaine HCI can probably have different
effects on vascular tension in different regional blood
vessels. Although cocaine HCl cannot contract rat aorta
directly, it can directly contract canine, ovine, bovine, rat,
porcine, monkey and human cerebral arteries (Huang et al.,
1990; Madden and Powers, 1990; Wagerle et al., 1990;
Wang et al., 1990; Salom et al., 1996; Auer et al., 2001; He
et al., 1993). Others have recently measured the diameter
of aortae of cocaine HCl abusers with transesophageal
echocardiography, and found that the diameter is not
affected by cocaine HCl (Eisenberg et al., 1996), which
is in accordance with our results that cocaine HCI has no
direct contraction effect on rat aorta. Egashira et al. studied
the effects of cocaine HCl on excitation—contraction cou-
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pling of aortic smooth muscle from ferrets by measuring
the tension of aortic strips stimulated by 4 Hz which
resulted, primarily, in activation of adrenergic nerve end-
ings rather than direct stimulation of smooth muscles
(Egashira et al., 1991). Cocaine HCI (10~ to 10~ * M)
could increase the tension of the aortic strips significantly
more from ferrets not pretreated with reserpine than from
ferrets pretreated with reserpine, indicating that cocaine
could increase aortic tension by its presynaptic action. This
helps to explain why cocaine HCI can increase blood
pressure when injected without any direct contractile effect.
Moreover, the t;,, of cocaine HCI is quite short, about 1 h,
and thereafter it will be metabolized into benzoylecgonine
and ecgonine methyl ester (Madden and Powers, 1990).
Whether the metabolites of cocaine HCI may have different
vascular effects and thus influence blood pressure still
needs to be elucidated.

We also demonstrate here, for the first time, that high
doses of cocaine HCI can dose-dependently relax isolated
rat aortic rings. The minimal concentration for the relaxant
effects of cocaine HCI on isolated aortic rings is about 10~ >
to 10~ % M, and the maximal relaxation can be reached at a
concentration of ~ 107> M to 6 x 10~ M. This concen-
tration range is relatively higher than the concentration
range needed to contract isolated or intact cerebral blood
vessels (10~ 7 to 10~ * M) (Huang et al., 1990; Madden and
Powers, 1990; Wang et al., 1990; He et al., 1993; Salom et
al., 1996). However, from the study of He et al. (1993), it
could also be noticed that when the concentrations contin-
ued to increase to 1073 M, the tensions decreased. The
blood levels of cocaine HCI required to produce euphoric
effects are approximately 10~ 7 M to 10~ > M (Van Dyke et
al., 1976), which is also, for the most part, lower than the
concentrations needed to relax rat aortic rings in our study.
Schwartz et al. studying the effects of i.v. cocaine HCI, in
awake and anesthetized dogs, found that only anesthetized
dogs could tolerate the highest cocaine HCI doses. The
blood pressure increased in the lowest dose range, remained
unchanged at intermediate doses, and fell at the highest
doses (Schwartz et al.,, 1989). The similar hypotensive
effects of high doses of cocaine HCI (9 to 10 mg/kg) have
also been studied by other researchers (Koerker and Moran,
1971). Since only high doses of cocaine HCI relax rat aortic
rings, it may explain why many drug abusers have hyper-
tension resulting from increased sympathetic activity, rather
than have hypotension.

How do high concentrations of cocaine HCI cause relax-
ation of isolated rat aortic rings? The tension of blood vessels
or the contraction of vascular smooth muscle cells are
regulated by many factors and signaling pathways (Horowitz
et al., 1996). It is well established that MLC phosphorylation
and dephosphorylation is one of the most fundamental
mechanisms of smooth muscle contraction and relaxation.
We attempted to examine many of these in order to deter-
mine the possible mechanisms of the relaxant action of
cocaine HCI. Surprisingly, only one drug that we tested

turned out to exert an inhibiting effect on the cocaine-
induced aortic relaxation. Calyculin A, which is known to
inhibit myosin light chain phosphatase in vascular smooth
muscle cells (Mills et al., 1994; Bolz et al., 2003), dose-
dependently inhibited the relaxation effects of cocaine HCI.
This result suggests to us that cocaine HCI may increase the
activity of light chain myosin phosphatase. In order for
myosin to be phosphorylated, a MLC kinase specifically
phosphorylates Ser 19 in myosin, and in turn increases
muscle tension. Conversely, myosin light chain phosphatase
can catalyze the dephosphorylation of the phosphorylated
myosin, and thus relax the vessel. When myosin light chain
phosphatase activity is increased, the vessel tension may thus
be reduced (Somlyo and Somlyo, 1994). Several investiga-
tors, using concentrations of calyculin A similar to those
herein, have recently been using calyculin A as a tool to
study the activation of MLC phosphatase in smooth muscle
cells, including vascular smooth muscle cells (VSMCs)
(Ozaki et al., 1991; lizuka et al., 1999; Adragna et al.,
2000; Bolz et al., 2003). So, cocaine HCI may relax rat aorta
by increasing the activity of MLC-PP, decrease phosphory-
lated myosin, and therefore relax the vessel. The fact that
neither acetylcholine- nor bradykinin-induced relaxations
were attenuated or inhibited by 50—100 nM calyculin A
supports our tenet.

Intracellular-free Ca®" and Mg?" are key divalent ions
regulating the tensions of blood vessels. When intracellular
Ca”" is decreased or intracellular Mg?" is increased, blood
vessels will relax (Altura and Altura, 1974a; Zhang et al.,
1992b; Horowitz et al., 1996; Yang et al., 2000). Cytoplas-
mic Ca" increases occur by either influx into the cells or by
release from the sarcoplasmic reticulum, and decreases
occur by either an extrusion of Ca*" out of the cell or
uptake into the sarcoplasmic reticulum. Cocaine HCI was
found in the present study to inhibit contractions induced by
Ca*" in high K*, Ca*'-free solution, suggesting that it may
inhibit Ca*" influx and thus inhibit the contraction of the
aortic rings. Thapsigargin, a good inhibitor of sarcoendo-
plasmic reticulum Ca”*-ATPases, which is pivotal in Ca*"
uptake (Treiman et al., 1998), failed to influence the
relaxant effects of cocaine HCI. So, the cocaine -induced
relaxation may not be via an increase of sarcoplasmic
reticulum Ca”" uptake. Mg”" increases in the vascular cells
can either be the result of increasing influx or the result of a
release inside the cell (Altura and Altura, 1974a; Altura,
1991; Yang et al., 2000). Cocaine HCI, however, was found
in our study to still relax aorta in Mg”*'-free NKRB,
supporting the idea that the relaxation is not due to
increased Mg”" influx.

A number of drugs and agonists acting on VSMCs are
thought to induce relaxation by increasing intracellular
cAMP (Horowitz et al., 1996). Some agonists relax vascular
smooth muscle by increasing intracellular cGMP, thus
activating PKG (for example, NO). But, neither a potent
cAMP inhibitor, nor several potent cGMP inhibitors, nor a
PKG inhibitor were able to inhibit the relaxations induced
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by cocaine HCI. Thus, we could not find any evidence to
support either cCAMP or cGMP formation or release as
mediators or second messengers for cocaine-induced relax-
ation of isolated aortic rings.

NO is thought to be a very important intrinsic relaxing
factor, produced mostly by endothelial cells (for recent
review, see Russo et al. (2002)). Cocaine HCI was found,
however, in our study to relax intact and denuded aortic
rings almost equally, indicating that it has no effect on the
production of NO by rat aortic endothelial cells. VSMCs
may also produce some amounts of NO (Buchwalow et al.,
2002), but neither L-arginine, L-NMMA, nor PTIO exerted
any effects on the relaxations induced by cocaine HCI. So,
cocaine HCI does not appear to be relax isolated aortic rings
by increasing or releasing intrinsic NO production. Indo-
methacin also failed to inhibit the effect of cocaine HCI,
suggesting that cocaine-induced relaxation is not due to
activation of cyclooxygenase and production of prostanoids.
A variety of amine antagonists also failed to antagonize
cocaine HCI, and there is still no evidence to show that
cocaine HCI has specific receptors on blood vessels.

In conclusion, high concentrations of cocaine HCI can
relax isolated rat aortic rings in a concentration-related
manner, which appears to be, in part, due to activation of
myosin light chain phosphatase and dephosphorylation of
myosin and inhibition of Ca?" influx and its intracellular
release. Our results might prove useful in models of co-
caine-induced aortic dissection and hypotension, and as
such could prove useful in the design of therapeutic agents
for these pathological conditions.
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