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AIM: To assess the cytotoxic effects of cobra
cardiotoxin { CTX) on rat aorta. METHODS:
Measure of contractility of aortic rings with or
without endothelium. RESULTS: In endothe-
lium-intact rings, CTX 10 pmol- L~ induced a
transient relaxation followed by a sustained
contraction. Removal of the endothelium or pre-
incubation of the rings with NO synthase inhibitor
Nc—nitm—L—argirﬁne methyl ester { L-NAME )
abolished the tfransient relaxation but did not
affect the magnitude of the contractile response
induced by CTX. CTX itself induced contraction
of vascular smooth muscle but also reduced
contractions induced by phenylephrine (PhE) or
KCl stimulation in a concentration-dependent
manner.  Contraction induced by CTX was
dependent on the external Ca’* concentration.
Maximal contractile response to CTX was obtain-
ed in medium containing Ca’* 1 mmol-L~'.
This response decreased with higher Ca’*
concentration and disappeared when Ca®* 7
mmol-L~!, organic and inorganic caleium
channel blockers were present in the external
solution before CTX addition. In preparations
with the endothelium intact and incubated with
CTX, relaxation by acetylcholine ( ACh )
stimulation of the tension induced by PhE was
decreased. Endothelium-dependent relaxation to
ACh was preserved when Ca®* 5 mmol*L™! was
added to the medium pror to CTX.
CONCLUSION: CTX first triggers the release of
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NO from the endothelium which results in muscle
relaxation, and then causes smooth muscle

contraction. Ca®* and Ca®* channel blockers
prevented the effect of CTX.

Cobra venom from Ngja naja atra containing
a cardiotoxin ( CTX) is also named cytotoxin,
cytolysin, direct lytic factor, membrane-active
polypeptide, and membrane-disruptive polype-
ptide. CTX causes systolic heart amest by
depolarizing ~ myocardial = cells, induces
contractures and myonecrosis in skeletal muscle,
hemolyzes erythrocytes, and induces platelet
aggregation'! 3}, The mechanisms responsible
for these cytotoxic effects are unclear. Either
CTX interacts with specific molecules of the cell
membrane to affect Ca®* regulation as proposed
for myocardium and skeletal muscle**-*! or CTX
disrupts the membrane through various non-
specific interactions(®’ .

The efficiency of excitation-contraction
coupling in vascular smooth muscle is controlled
by ecytosolic Ca’* concentration!” and is also
modulated by activation of muscle guanylate
cyclase by nitric oxide { NO) released from the
endothelium'® . Therefore, a substance may
affect vascular reactivity by acting at distinct sites
in the vessel; direcily on the smooth muscle, or
on endothelial cells, or on both. This study was
to look at the effects of CTX in zitro on vascular
smooth muscle and endothelial cells.

MATERIALS AND METHODS

Drugs CTX was purified from the venom
of Naja naja atra by successive chromatography
on DEAE Sephadex A-50 column, CM Ses)hade.x
C-25 column and Sephadex G-50 column'®. Its
iv LDg in mice was determined to be 2.0
mg kg™'. No phospholipase A, activity was
detectable with a standard pH-sat assay''®’ in this
CTX fraction. Tetrandrine ( Aldrich } was
dissolved in HCI 0.1 mol-L~! and diluted with
distilled water before use. SK&F 96365
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(Biomol Res lab) was prepared in absolute
ethanol as 30 mmol-L~' stock solution:
nifedipine ( Sigma )} was prepared in absolute
ethanol as 1 mmol« L' stock solution. These
drugs were added to the baths in which the final
conceniration of ethanol was <0.1 %.
Phenylephrine ( PhE) and acetylcholine ( ACh,
Sigma) were prepared in double-distilled water.
Al other chemicals were of laboratory standard.

Sprague-Dawley rats (200 - 250 g) were
decapitated.  Thoracic aortae were placed in
Krebs' solution containing NaCl 120, NaHC(4
25, glucose 11.1, KH.PO, 1.2, MgS0O, 1.2,
KCl14.5, and CaCl, 1.25 mmol-L™'(pH 7.4).
Rings (3 -4 mm) were cut, and in some rings.
endothelium was denuded with forceps. The
absence of functional endothelium was evidenced
by the inability of ACh 3 pmol * L™! 10 relax
preparations precontracted with PhE (1
emol*L™?).  Rings were suspended in a 5-mL
organ bath connected to a force transducer ( Grass
FTO3 ) for isometric measurement.  Krebs’
solution was aerated with 93 % . + 5 % CQO, at
37 €. Rings were equilibrated in the medium
for > 1 h during which the solution was changed
every 15 min. Resting tension was maintained
at 2 g, which was found to be optimal for the
generation of active tension by these rings in
response to KCI 60 mmol+ L~ stimulation.

Rings were exposed to a depolarizing
solution 1o contract by adding KCI 60 mmol+L ™'
hypertonically to the baths. When a steady-state
tonic contraction was reached. preparations were
washed 3 times with fresh Krebs' solution and
allowed to relax back to resting tension.
Stimulation with KCI 60 mmol * L™ ! was repeated
every 15 — 20 min until a reproducible contractile
response ( usually after -3 applications of KCl}
was obtained.

CTX treatment Contractions obtained in
response to CTX addition to the bath were
expressed as % of the contractile response to KCI
60 mmol * L' prior to CTX treatment in that
ring. CTX was added to the baths for 10 min
only, unless otherwise stated.

CTX effect on endothelium-dependent

relaxation  Tone n rngs was generated by
stimulating with PhE 1 pmol - L™'. When the
contraction reached a plateau, a control

endothelnim-dependent relaxation 1o ACh 3 pmol

*L.7! was recorded. Rings were then washed
and brought back to resting tension. Various
concentrations of CTX were then added to the
different organ baths ( one concentration per
ring), and after 10 min thoroughly washed. The
ability of ACh to induce relaxation of PhE-
precontracted rings was tested again and
compared to a time control.

Statistical analysis Data were expressed
as % + s and compared with ¢ test.

RESULTS

CTX induced vascular smooth mmuscle
contraction and endotheltum-dependent relaxa-
tion: CTX caused slowly developing contractions
m aortic rings in a concentration-dependent
manner. These contractions were usually prec-
eded by a small, variable, and transient
relaxation In endothelium-intact rings.  This
transient relaxation was never seen in
endothelium-denuded preparation ( Fig 1A &
2B). but was seen more distinctly when the tone
was raised (Fig 2A),or the presence of L-NAME
100 pmol+L™'(Fig 1A & 2C).

Contractions developing following 10-min
mcubation with CTX were transient, reaching a
pesk within 10 - 15 min and lasting 0.5 h at all
CTX concentrations. Similar pesk contractions
were observed in aortic rings with or without
intact endothelium (Fig 1B}. After CTX, the
response to stimulation with KCl or PhE were
decreased. This effect of CTX was concentra-
tion- { Fig 3B} and time-dependent { Fig 3C).

Effect of extracellular Ca’* concentra-
tion on confractions induced by CTX The
largest contractions induced by CTX were
obtained when extracellular Ca’* concentrations
were within the physiologic ranges. Increasing
Ca’* concentrations, prior to CTX incubation,
resulted in a decrease in CTX-induced contrac-
tion (Fig 4).

Effect of calcium channel blockers on
CTX-induced contraction Ni**, like high
Ca’*, prevented CTX-induced contraction.
However, after washout of high Ca®* or Ni¥*,
contraction developed. Organic calcium channel
blockers, tetrandrine, SK&F 96365, and
nifedipine. also prevented the development of
contractions induced by CTX. However,
contrary to inorganic calcium channel blocker
(Ni?*). contraction did not develop following
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Fig 1. Effects of CTX on isolated rat aortic rings: A}
Typical examples of contractions caused by CTX N
pmol-L~! in isolated rat aortic rings. ( + E) with,
{ — E) without endotheliom, (W) washout. B} Summary
of CTX-induced comiraction in endothelium-intact and
-dennded preparation (1 =6 rats, T+ 5),

repeated wash of these compounds (Fig 5).

Inhibition of ACh-induced endothelium-
dependent relaxation by CTX The relaxation
induced by ACh in endothelium-intact rings
(55 % + 5 11 %, n =28 rats} was decreased by
CTX in a concentration-dependent manner
(Fig 6).

When rings were treated with CTX 10
pmol<L~! for 10 min, ACh-induced relaxatiun
was lost. But, when Ca’* 5 mmol* L~' was
added before CTX, ACh-induced relaxation was

endothelial cells to release NO. This effect most
probably initially contributes to the drop in blood
pressure observed in wvivo.  Production of
endothelium-derived NO is Ca® * -dependent, and
any event which elevates the cytosolic Ca’*
concentration in endothelial cells should cause
NO biosynthesis and increase NO levels. For
example, drugs other than agonists such as the
Ca’* -ionophore calcimyein, or the endoplasmic
reticulum Ca®* -ATPase pump inhibitor, cycls-
piazonic acid, which both increase intracellular
Ca®* concentration, can induce endothelium-
dependent relaxation(!"" ',  We speculate that
CTX increased the membrane permeability of
endothelial cells to Ca** which in turn activated
the production of NO and was responsible for the
initial vasorelaxation.  This relaxation was
transient because direet contractile effect of CTX
on smooth muscle eventually offseted the relaxant
effect of NO released from the endothelium.


http://www.cqvip.com

. 200 - BIBLID: 158N 0233-9756 Acta Pharmacologica Sinica [ 3 8 44 1998 Mays 19 ¢3)
20
A 3
, il
; S'L/w\—/’/ﬂ /C\
xe * k}';\ ’ S: Lf A E‘"w BD -
- - CTX 10 min KCL Fhe — = |_—
B £%
12 b — T —T T — T E E
— o - 40 -
L =]
¥ —e— K(1 2 =
=2
' —— Phe 3 >
10 ] i i ; @ 20
B
. D
w
;,!N 0.8 - | | E— T T 7 T T
0 1 2 3 4 5 6 7
Ca?t /mmol"L"
06 ~ Fig 4. Relationship between external Ca’* concentration
and CTX-induced contractions. #=06, 5.
-1 T 1 L 1
o 2 4 6 B 10
A .
Cardictoxin/pmot-L- " 1/“:_\/“,__\
C 130 j, T T T T CTX - C,‘[.X
120 4 ;
‘\’.I 2 . CTX
LR l.\ 4 Ex o
< \ —— KCI w
o 100 % \ —>— Phe 7
~ E \ 3 CTX
e . Pl
% o L —I -I CTX i w
= L]
= E 80 ~ :"L___
- B w A min
= 70 J
1
* e | . __CTx
CTX | Tet w
50 1 w
qn--‘ ZN/
0 10 2 a0 0 cTx SKE T g
Cardiotoxin incubation/min -
3/\@,__,__—'—/
Fig3. Effect of CTX on contractions induced by PhE 1 X A

pmol - L' and KCl 60 mmol-L-'. A) Experimental
protocol. The amplitnde of control was denoted as S,;.
Rings were then challenged with CTX 10 pmol L~ for a
10-muin period and then repeatedly wasbed { W) for about
M-min after which contractions to KCl and PhE were
assessed again (S,). Concentration-dependent {B, n=7
rats, ¥ + 5; ) and time-dependent (C, n =6 rats, X + )
effect of CTX on KC1 and PhE-induced contractions.

CTX, although acting on both endothelial and
smooth muscle cells induced contraction , and
maximal contractile responses obtained were

Fig 5. Typical examples of the effect of morgamic and
organic calcium blocker on CTX-induced contration. A}
CTX W0 pmo! - L™! stomlstion for 10-min induced
contraction {A;) can he repeated and Ca?* 5 [A;) and
NF* (A;] 3 munol: L~! when added before CTX prevented
the contraction induced by CTX. Coniraction developed
when cations were washed {W) away. B) Incubation with
tetrandrine {30 wmol- L"), SK&F96365 (6 pmol-L-')
end nifedipine {1 pmol - L-1} before CTX challenge,
prevented development of contraction {B1, B2, and B3),
Tracings are typical of 4 separate experiments.,
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Fig 6. Effect of CTX on ACh-induced relaxation. A)

Experimental protocol. B} After assessing control
endotheliom-dependent relaxation [ R1}, rings were
challenged with CTX 10 pmel+L-! for 10-n1in only. Rings
were then repeatedly washed { W) for 30-min and ACh-
induced relaxation was assessed again (R2). B) Summary
of the effect of CTX on ACh-induced relaxation. »n =6
rats, ¥£s. *P>0.05, "P<{.05, ‘P <0.01.

identical in endothelium-intact and endothelium-
denuded preparations ( see Fig 1B ) which
suggests that CTX has impaired the function of
endothelial cells {no more NO release). This is
supported by the data in Fig 4.

Maximal contractions induced by CTX were
obtained in solution containing physiological con-
centration of Ca®*, When Ca’* concentration
was increased beyond the physiologic range,
CTX-induced contraction was progressively
decreased. The inhibitory effect of high Ca®*
could have not been the consequence of a direct
interaction between CTX and Ca’* as CTX is
positively charged.  High conceniration of
several divalert cations, including Ca’*, can
reduce by 50 % the binding of '®I-CTX to

skeletal muscle cell’s plasma membranet3) , but

other mechanisms must have been opermtive in

endotbelinmn-dependent  relaxation and its reversal by
Ca®*. A) ACh-induced relaxation was tested in rings
precontracted with PhE 1 pmol - L~!'. Rings were then
challenged with CTX 10 pmol * L™! for 10-min { middle
tracing) , after which they were wached (W}. Then ACh-
induced relaxation was tested again. B) Same as A except
that Ca®* § wmol + L-' was added before CTX.
Representative tracings for 5 similar experiments.

our system to account for the almost complete
prevention of CTX-induced vascular contraction
by Ca®*. Ca?* and CTX may have a common
target on the cell membranes, and when binding
to this target, Ca’* can prevent or overcome the
effect of CTX. When Ca’* in the external
solution is lowered. the effect of CTX on
membrane resumes. One plausible mechanism
may involve inhibition by Ca** of an increase in
the membrane permeability to Ca’* evoked by
CTX. It is well known that high concenirations
of Ca** stabilize biological cell membranes and
depress the membrane excitability in vascular
smooth muscle"'® .  Perhaps this protective
effect is at the level of Ca** channels as Ca**-
channel blockers also prevented CTX cytotoxicity
from developing. These organic Ca’*
antagonists offer long lasting protection against
CTX as they can not be washed away {Fig 5).
An effect of CTX at the level of Ca** channels is
consistent with the fact that CTX depolarizes
muscle cells and nerves!'* and is also in
agreement with the finding that CTX causes
contraction in rabbit aorta associated with
nifedipine-sensitive **Ca’* uptake!'”). In con-
clusion. the data presented support the
hypothesis that in these experimental conditions
CTX exerts its coniractile effect primarily via the
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opening of the Ca®* channels.
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