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Effects of direct lytic factors from southern Chinese cobra venom on

Ca’t movement in rabbit aorta strip'

CHEN Ke-Ming. GUAN Yong-Yuan. SUN Jia-Jun

(Department of Pharmacology, Sun Yat-

Sen U niversity of Medical Sciences. Guangzhou 510089, China)

ABSTRACT The purified direet lytic factors (DLF)
from southern Chinese cobra {Naja sajs aire) venom
induced a contractile response in Ca**-free Krebs® solu-
tion and a further increase in the tension foliowing a
subsequent addition of Ca’t into bath. After depletion
of intracellular Ca’* pocl by phenylephrine , DLF failed
to induce any contractile response. In Bogt experi-
ments, DLF increased both *Ca’" release and
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“a’ influx. Frocaine 2 mmol + L ™" decreased the
DLF induced **Ca’* release and *Ca®** influx by 674
23% and 46 + 32% . respectively. Nifedipine and
varapamil 1 mmol+L ™' markedly inhibited the contrac-
tile response and the *Ca®*" jnflux induced by DLF.
These results suggest that DLF induces extracellular
Ca’* entry through voltage dependent Ca®* channel and
Ca’t release from the intracellular Ca®*t pool which is
sensitive to phenylephrine.
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The direct lytic factors {DLF) from cobra
venom have a stimulatory effect on myocar-
vascular and other

dium, skeletal muscle,

smooth muscles. These effects are suggested
to be related to Ca’t movement”™¥. We
found a purified DLF from crude southern
Chinese cobra (Naja maje afra) venom which
had a direct cardiotoxicity and changed cyto-
“=8_  In the

present study. we studied the effects of this

plasmic free Ca’t concentration

DLF on jntracellular Ca** release and extracel-
lular Ca®t entry in rabbit aorta strip.

MATERIALS AND METHODS

New Zealand rabbits of ei-
ther sex weighing 1. 74 0. 3 kg were killed by stunning

Preparation of aorta
following exsanguination. Segments of thoraciec aorta
were ¢cut inte small strips lakout 2 mm in width and
3.5 mm in length) in normal Krebs® sclution (NaCl
115.0, KC1 4.6, MgS0, 1.2, NaHCO, 21.9,
NaH:PO, 1.1, CaCl; 2.5. and glucose 11.0 mmol
L7, pH 7.4} For *Ca uptake and efflux experi-
ments, the aorta was cut intec small rings (20— 40
mg). Yascular endothelium was removed by rubbing
inner surface of vessels. The effectiveness of removal

of endothelium was confirmed by the absence of
endothelium-dependent relaxation in the presence of
acetyleholine 1 pmol*L™', which in fact caused a slight
contraction after rubbing. The strips were suspended
in 4 ml organ bath containing normal Krebs’ solu-
tion at 37T gassed with 95% O;+ 5% CO: and al-
lowed io equilibrate for at least 2 h under 3 g preload.
which gave the maximal contractile response to KCl
100 mmol-L ™'
Contractlity

every 20 min during the equilibration period.

The bath sclution was changed
Stable
contractile responses induced by KC1 100 mmeol -L ™!
were obtained prior collection of data., The contrac-
tion was considered reproducible if maximal tension of
two consecutive contractions differed by <{10%. The
pteparations that failed to produce reproducible con-
traction were discarded. The contractile tension were
expressed as g/g wel strip.
The strip was washed with Ca**-free Krebs’ solu-
tion which had the same composition as that of normal

Krebs’ solution except for the excluaion of calcium ion

and addition of EGTA 50 pmel*L™'. DLF and other
agents were added to the medium after incubation for 5
When the re-
sponse reached the maximum. CaCl; 2.5 mmol *L ™"
was added into the bath to obtain additional contraction
When the
responses reached a plateau, the preparations were
thoroughly washed with nermal Krebs’ solution and
given an incubaticn for 90 min to allow refilling of in-

min in this Ca®"-free Krebs’ solution.

presumably due to extracellular Ca®* entry.

tracellular calcivm storage site and restoning Lhe con-
iractility to DLF. The concentration of EGTA (50
pmol+L ™'Y and the incubation time {5 min) used in
this study had been carefully determined nmot o com-
promise the intracellular ealeium pool’”. Under this
condition. DLF induced
reaponse.

“Ca*t efflux The preparations were equilibrated
at 37C for 90 min in HEPES (¥-[2-hydroxyethyl ]
piperazine -N [ 2-ethanesulfonic acid ] buffer solution
(NaCl 160, KCl1 4.5, MgCl; 1. 0. CaCl; 1. 5. glucose
10, HEPES 5 mmol-L™', pH 7. 2) and then incubated
in a low Ca’* HEPES buffer sclution (*CaCl; 0.2
mmol*L ™', 37 MBg 'L "1 for 20 min. ‘**Ca’' bound on
the external surface of membrane was washed away by
atrirring the preparation in a high CaCl: HEPES buffer
solution (CaCl; 20.5 mmol +L ™! containing EGTA 20
mmol *L7') for 6 s.
moved from one into another of a series of tubes at 10
min intervals containing HEPES buffer solution 2 ml at
7 cC.
mined by Beckman LS-3801 liquid scintllation counter
were totaled and the results were expressed as the loss
of *Ca’t{pmol'L™'+min~") in each tube™®.

“Ca*®" Influx The experiment was carried out as

reproducible coniractile

Then the preparations wete

The radicactivity in each tube and tissue deter-

described in our previous report®”.  Aorta
equilibrated at 37C tn HEPES buffer solution for 60
min, then in HEPES buffer solution labeled with

#Ca® (18.5 MBg-L™') for 30 min. The ring was
transferred to [**Ca JHEPES buffer solution containing
the agents to be tested and incubated for 10 min. The
ring was put into jce-caold LaCls solution {LaCl, 75.0,
HEPES 20.0, glucose 10.0 mmol +L™'s pH 6.9).

ring was

_ The ting was blotted with Whatman N | filter paper

and weighed. The *Ca®" taken up by ring was ex-
tracted by overnight incubation in 2 ml of EGTA 5
mmol+L ™" at 20—23C. Scintillation cockiail {10 ml)
was added and counted in a Beckman LS-3801 liquid
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scincillation counter. **Ca'* uptake was calenlated ac-
cording to the method of Jim et a{®".

Drug Frocaine
{Sigma), and verapamil (Sigma) were dissolved in
saline. Nifedipine (Sigma)} was dissolved (10
mmol+L ") and stored in the dark in 100% ethanol and
freshly diluted with demineralized water. It was used
under subduegd lighting. DLF was separated and puri-

( Sigma ), phenylephrine

fiad from venom of Naje naja aira {southern Chinese
cobra) by ion exchange chfomatography according the
method of Lee ef af™. Purified DLF showed a single
band on both polyacrylamide gel electrephoresis and
immunoeletrophoresis. The molecular weight of DLF
was 7033 estimated according te its R: value on SDS
slab electrophoresis. Its IV LDg on nmice was deter-
mined to be 1. 3 mg +kg ' (95} confidence limit: 1. 0—
1. 5 mg *kg ') with Bliss method. The DLF used in
the present study was the same batch obtained in pre-
vious study®?. **CaCl: (122. 8 GBq *mol™") was ob-
tained from Institude of Atomic Energy. Chinese
Academy of Sclences.

RESULTS

Contractile response In Ca’’-free Krebs’
solutlon DLF (1—10 mg+L™') evoked & con-
ceniration-dependent coniractile
DLF 10 mg-L~"' induced a coniractile re-
sponse of 6.3+ 4.1 g/g wert sirip. Subse-
guent addition of CaCl, 2. 5 mmel-L ™' induced
a further increase of 11. 3+ 3. 0 g/g wet strip

Tesponse.

in tension. These contractile responses in-
duced by DLF and CaCl, were inhibited by
preincubation of the preparations with pro-
caine 2 mmol-L~', an inhibitor of intracellular
Ca®* release™™, by 67+ 23 and 46+ 32%, re-
These inhibitory effects of pro-
caine were nearly the same as those on Ca®" re-

spectively.

lease and Ca?* entry induced by phenylephrine
10 pmol+L ™!, 8 selective o,-adrenoceptor ago-
nist {decreased by 73+15% and 441+10%, re-
spectively ). After depletion of intracellular
Ce?* pool by phenvlephrine 100 umol «+ L™7,
DLF no longer induced conitractile response in
Ca®* -free Krebs’ solution (Fig 1).

Tab 1. Effects of procaine 2 mmol<L ™’ on rabbit tho-

racic aoria strip contractlie responses induced by DLF
10 mg+L~" and phenylephrine (Phe) 10 pmmpi-L™'In

Ca’t-tree solution and subsequent addition of Ca’'.
"P<0. 01 ws procalne-iree group.

Contractile tension, g/g wet strip

-+
Ca R MNo procaine Procaine
DLF — 9 6.3+4.1 1.942. 4
DLF + 9 11. 3+3.0 6.1+4.5
Phe — 8§ 125455 34437
Phe + 8§ 282142 22145
...I BCD
S min
a
» [
A A

Fig 1. Rabbit thoracic acrta strip contractile respons-
es induced by DLF and phenylephrine In Ca'*{ree so-
iution. On the left. the contractlle response to DLF
10 mg-L"'(A) was further Increased by addition of
phen¥lephrine 10 pmol + L' (B). ©On the right,
phenylephrine 100 ymol L ~'(A) induced maximal con-
traction due to depletion of Intracellular calcium pool,
because additional phenylephrine 10 ymol+L~'(B) did
not cause further contraction. DLF 10 mg+L ™ '{(C)
did not Induce any response. But CaCi; 2.5 mmol
«L7'(D) caused further contraction because of Ca'*
influx from extracellular fluid.

Contractlle response In normal Krebs’ so-
lution DLF 10 mg+L~'induced contractile re-
sponse of 18. 6+ 6.3 g/g wer strip {a =58).
Nifedipine and verapamil reduced the precon-
tractile response induced by DLF 10 mg+L™.
These inhibitory effects were concentration-
dependent. Nifedipine 0.1, 1, and 10 umol
+L "' decreased precontraction by 25+11, 39+

L "]
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23. and 58 + 21%, respectively.
tion of nifedipine 1 pmol<L™ (s =11) or vera-

Preincuba-

pamil 1 pmeol+*L™'{a=186) for 20 min competi-
tively blocked DLF induced contractile re-
sponse.

“Ca'" eflux and **Ca’* influx DLF 10
2 Ca’™ efflux which ex-
presses intracellular Ca®" release (Tab 2.
DLF 10 mg+L™'increased *“Ca®*influx. The
net *Ca’t influx induced by DLF was 93449
pmol/g wet ring {s=11). Nifedipine and ve-
rapamil 1 pmol+L 7! decreased the net *"Ca®t in-
flux induced by DLF to 1648 (a =12, P <
0.01) and 21+13 pmel/g wet ring (rn =14, P
<0. 01). respectively {Tab 3).

mg < L7! increased

Tab 2. Loss of "Ca'*{pmol‘g ' min"') after DLF
10 mg<L " *and phenylephrine (Phe} 1 ymol:L~". n=
6, ¥+s *P>>0.05, “P<Z0. 01 us control.

nTi;:fl : Control DLF Phe
10 87+15 9349 101k 16"
20 611449 5At+ 8 589+ 7
30 3114 3343 3042
40 1712 1441° 164+2°
50 124-2 174+ ¥ 2542
60 9+1 8+1° 1542
70 8+1 T+1* 8t1°
80 §+1 =G 8+ 1°

Tab 3. Effects of verapamll and nlfedipine 1 zmol
*L™' on DLF (10 mg - L ")-Induced * Ca’** Influx
{pmol/g wet ring). *P<70.01 us vehicle; "P<C0. 01 vs
DLF +vehicle.

L] Vehicle ! DLF
Vehicle 10 69415 11 162+ 49
¥ erapamil 11 67118 12 88113
Nifedjpine 12 80+ 14 14 96+ 8¢

DISCUSSION

The present data further confirm that
DLF induces both intracellular Ca’* release

and extracellular Ca®*' entry in the vascular
smooth muscle. These results are consistant
with our previous results from rat lacrimal aci-
nar cell®. The interesting thing was that the
intracellular Ca®" pool from which DLF in-
duced Ca’" release was sensitive to a;-adreno-
ceptor agonist. It has been known that acti-
vation of postsynaptic o -adrenoceptor in vas-
cular smooth muscle is associated with hydrol-
ysis of phosphatidy-linositel 4, 5-bisphosphate
to form inositol 1.4,5-trisphosphate {IP;) and
diacylglycerol. then IP; activates the IP;recep-
tor on the surface of intracellular stores result-
ing in Ca®" release. Receptor-mediated extra-
cellular Ca®t enter may be coupled with the
above event“®'¥, It has been reporied that
DLF cause hydrolysis of [*H Jinositol phosphe-
lipids and increase cytoplasmic free Ca®t in rat
basophilic leukemia-2H3 and Madin-Darby ca-
Thus, it looks as if

mechanism by which DLF induces intracellular

nine kidney cell™,

Ca't releases is the same as that linked to acti-
vation of receptor. Our data do not provide
any support for the hypothesis that intracellu-
lar Ca®" release is linked 1o extracellular Ca®t
entry, because procaine decreased the respons-
es to both DLF and phenvlephrine in Ca?*-free
Krebs’ solution by 674+ 23 and 73+ 15%., re-
spectively and less inhibited responses to sub-
sequent addition of CaCl,(decreased by 46432
and 44 + 10%, respectively ).
these less inhibitions of Ca®t entry by procaine

Therefore,

may be mainly due to the direct effect of pro-
caine on Ca’t channel™”. The present results
show that DLF induced extracellular Ca®’ en-
try through woltage-dependent Ca®t channel
(VDC) which was sensitive to nifedipine and
verapamil. Base on present results. we still
could not confirm whether DLF evoked VDC
opening through direct or indirect mecha-
nisms. Bur we can exclude the possibility

that Ca** entry through membrane pore made



http://www.cqvip.com

« 504 « BIBLID ¢ ISSN 0283-9756 P H#AREH

Acta Pharmocologica Figeca

1993 Nov) I4 (B)

by DLF at least in rabbit aorta strip. because a
long incubation with DLF (10 mg+*L™'; this
concentration was the maximum effect concen-
trztion) for 3 h, the preparation still respond-
ed with a marked contractile response to high
K * which was sensitive to nifedipine (data not
shown ).
our previous suggestion that specific molecular

The present data further support

mechanism may be involved rather than a non-

specific action such as cell membrane destruc-

tion[i.ﬁj.
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