arachidonic cascade.

It is interesting to note that lens protein
mjected intracamerally induced PG syntheses
mainly in the anterior part of the eyes (iris and
ciliary body) but not in the back af the eyes
(retina). Further. leukotriene produced in
this lens protein-induced inflammation model
was too little to be detected with RIA. There-
fore, leukocyte chemotaxis has to be used to
represent the late phase of inflammation.
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Positive inotropic and toxitf' action of direct lytic factor on isolated

working guinea pig hearts

HUANG Shou-Jian. WU Chu-Kun,

SUN Jia—Jun (Department of Pharmacology,

Sun Yat—Sen University of Medical Sciences, Guangzhou 510089, China)

ABSTRACT The positive inotropic and the toxic ef
fects of direct lytic factor (DLF) on the isolated work:
ing guinea pig hearts were studied. As compared with
baseline values, DLF 1-10 ug+ ml' increased
aortic flow up to 138% cardiac output 116%. left
ventricular pressure volume work 136%. left
ventricular pressure 114%, dP/dt,,, 130%. V.

128%. and mean aortic systolic pressure 114%. but
coronary flow was decreased by 16% on an average
(n=6). However, heart rate remained constant,
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myocardial oxygen consumption and efficiency were
changed little. The cardiotonic effect of DLF was al.
30 observed by recording the isometric contractions of
the isolated guinea pig papillary muscles and by de-
termining the left ventricular pressure and
dP / di,,, in anesthetized dogs. Neither sponta-
neously beating rate of right @trium nor the excitabili-
ty of left atrium in viiro was affected by DLF. The re-
sulis show that DLF is one of the cardiotonic agents
without chronotropic effect and its coronary
vasoconstriction effect plays an important part in
heart failure.

KEY WORDS cobra

venoms, divect lytic
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Direct Iytic factor (DLF, cobra
cardiotoxin}, a pharmacologically active
polypeptide other than necurotoxins in the co-
bra venoms, 1is also called membrane active
polypeptide!”  as its depolarization and disor-
ganization effects on cell membranes involve
almost all the tissues inctluding skeletal and
smooth muscles, crythrocytes. nerves, etc.
However, its cardiac toxicity is believed to be
the main lethal cause®. It has been reported
that DLF augments the heart beats until the
contracturc appears in the isolated, perfused
beart preparations’ and lowers the cardiac
output (CO) in vive. But these results did
not exclude the influence of the
vasoconstriction induced by DLF on cardiac
performance. In order 1o lessen the influence
of changed preload and afterload, we chose
the isolated working guinca pig heart prepara-
tions to analyse its inotropic action.

MATERIALS AND METHODS

DLF Lyophilized venom from Ngja
naja atra was fractionated by CM sephadex
C25 column chromatography™ as shown in
Fig 1. The shadowed [(raction was
rechromatographed by SP sepbadex C50
colume. The main peak was identified as
hemogenecus by both immunoelectropharesis
and polyacrylamide gel electrophoresis. The
iv LDy, was 2.0 (95% confidence limits
1.9-2.4) mg- kg~' in mice according to the
method of weighted probit analysis,

Isolated working guinea pig hearts

Hearts isolated from guinca pigs of either
seX weighing 0.31* SD 0.06 kg were pertused
according to Flynn’s method'®. The composi-
tion of modified Krebs—Henseleit (K—H) solu-
tion is as follows; in mmol - L™', KCl 5.7;
MgCl, - 6H,0 1.2; CaCl, - 2H,0 2.5; NaCl
112; NaHCO,; 26.2; Na,EDTA 0.5, glu-
cose 11; and WNa pyruvate 2.0. pCO, and

A‘bstlrbance. %D nm
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Flg 1. Catlon exchange chromstography om CM
sephadex C25 of cobra venom 10 g.  Eluting buffer s
NH, Ac Irom 005 mol » L™ (pH 5.5)to L1 mot - L'
(pH 7.0); flow rate 36 ml - b~' and colamn dimension
4.5> 80 cm. The dotted line Indicates the concentration
of NH,Ac. The shadowed fractionm Is avallable for this
experiment after further purification with SP sephadix
C50 column rechromatography-

70, of K—H solution at 37T were controlled
at 4.7-72.3 and 67 kPa or more respectively by
adjusting the Now of oxygen and of carbon
dioxide before infusion. the coronary flow
{CF) was measured manually and then dis
carded. The aortic flow (AF) was measured
by an electromagnetic lowmeter and returned
to the perfusion solution reservoir. Left atrial
filling pressure was kep! constant at 1.17 kPa
{12 cm H,0) and the height of aortic column
at 587 kPa {60 cm H,0). Left ventricular
pressure {LVP) was measured with a small
plastic apical cannula connected to a pressure
transducer. LVP signal was differentiated us-
ing a differentiator with time constant of 2.5
ms. LVP and dP/dt were recorded in a
physiograph (LMS-2A, China). Left
ventricular end diastolic pressure (LVEDP)
was rcad from a memory oscilloscope VC—10
(Nihon Kohden, Japan). Maximal velocity
of contractile element shortening (¥ ,,,) was
calculated according 10 the LVP—dP/dt
vector loops, which were plotied with a X-Y¥
recorder {Nihon Kohden, Japan) from the
LVP and dP / dt signals. p0O, in K—H solu-
tion before and after perfusion was alternately
shown in a mass spectrometer Medspect 1T,
Chemitron, USA).
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CO was expressed as the sum of AF and
CF, which were all corrected for dry heart
weight; mean aortic systolic pressure (MASP)
was estimated from the area under the ejection
phase of LVP tracing run at 10 c¢cm + s';
external left ventricular pressure volume work
{LVPW) was calculated from the formula by
Neelym; myocardial oxygen consumption
(MVO,) was calculated according to CF and
dilference between arterial and venous pO%;
efficiency was calculated as the ratio of
LVPW / energy equivalent of MVO%”.

DLF was administered into the perfusion
solution by cumulative method. Then, the
hemodynamic parameters were recorded every
2min. The mean of succecssive five measured
reading was compared with control values.

Isolated papillary muscles The papillary
muscle, isolated {rom right ventricle of guinea
pig weighing 216+ SD 25 g, was mounted in
20 ml K—H solution at 35T aerated with 95%
O;+ 5% CO;. The composition of K—H solu-
tion is free from Na pyruvate, the remainders
are the same as above. The resting tension
was fixed at 5 mN. Contractions were in-
duced by field stimulation set at a frequency of
2 Hz, duration of 0.5 ms and voltage of 10
V. Tension developed (7) and its differential
(dT/ dt) were recorded by an isometric
transducer and a physiograph (LMS—2A,
China). 7, +dT/dt,,, —-dT/dt,,. time
1o peak tension (1}, relaxation time (i) and
contration duration (t,) were mecasured. DLF
was given 4s 500D as contraction became sta-
ble.

Isolated atria The atrium, isolated
from above guinea pig hearts, was mounted
in 10 m] K—H solution at 35C aerated with
95% 0O, + 5% CO,. Spontaneously devel-
oping tension of right atrium was recorded
with a force—displacement transducer and a
physiograph (SJ—42, China). The threshold
voltages exciting left atrium were determined
with a pair of stainless steel electrodes and a
stimulator set at frequency of 5 Hz and dura-
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tion from 0.5—-12 ms.

Anesthetized dogs Two & dogs (11 and
12 kg), anesthetized with iv sodium
pentobarbital 30 mg « kg™!, were used to in-
vestigate the cardiac elfect of DLF. Respira-
tion was recorded with a pnmeumotachograph
{Mihon Kohden, Japan). LVP was measured
through a catheter inserted in the left
ventricular cavity, Two hypodermic needle
electrodes were used for lead 11 ECG. Above
tracings were recorded in a polygraph, RM
6000 (Nihon Kohden, Japan). DLF 0.5
mg - kg™’ every 15 min was given iv.

Statistics Data were expessed as x T
SD. Dilferences of mean values before and
after giving DLF were assessed by a pair—¢
test.

RESULTS
Effect on isolated working hearts 1In 4
preparations for the stability tests, all the

cardiac function parameters, namely LVP,
dr/dt,,, CO, CF. AF, HR, MASP,
LVPW, MV0O, and efficiency, remained
relatively stable at the end of the second
hour. As the left atrial filling pressure was set
at 0.39, 0.59, 0.78, 098, 1.17 and 1.47 kPa
respectively, AF. was changed corres—
pondingly to 323+ 3.5, 56+ 12, B8+ 21,
120+ 22, 139+ 35 and 140+ 36 ml+ min~" »
g (n=7), indicating that the cardiac per-
formance reached the plateau of the Starling
curve ai the preload of 1.17 kPa {120 mm
H,0). The control values obtained from 6
preparations before administration of DLF
were as [ollows: HR 236+ 12 bpm; CO 166t
39 ml: min "'+ g CF61% 19 ml+min™"-
g AF105+29ml- min'-g'; LVP84%
0.6 kPa; dP/dt,,, 264+ 18 kPa- s ';
MASP 6.7% 0.5 kPa; LVEDP 0.6* 04 kPa;
MVO, 28+ 7 umol+ min'. g}; LVPW
1.15 + 0.32J- min "'+ g ' and efficiency 9.9
+ 2.6% (n=6) As compared with thes¢ con-
trol values, the mean changes following DLF
1-10 pug - mlI™' were shown in Fig 2.
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Fig 2. Effect of divect Iytic factor, 1. 3. and 10 zg - ml™, om isolated working gulnen plg bearts. Bars show the

measn perceatages of chanpges In parameters from control valmes seen Im text. HR. heart rate’

CO, cardiac

omiput; CF. coromary flow; AF. sortic low: LVP. left ventricular pressure; dP / dt, tbe maximal rate of rise
of left ventricular pressure; MASP, mean wortic systolic pressare; LVYEDP, Lft veatricalar emd dlastolic pressure;

MVO,. myocardial oxygem consumption;: LYPW, lelt ventricuisar presswre volume work; Eff, efficiency.

*P>0.08, ""P<0.0S, "'"P<0.01 vscontrol ralues.

The inotropic effects of DLF were mani-
fested as follows:

1 AF and LVPW were increased in a
dose dependent manner and the increases in
amplitude were more prominent than those of
LVP and MASP, buteffeciency had no signif-
icant improvement.

2 CF was decrcased by 16%, which
might be responsible for the fact that MVO,
did not increase as LYPW did.

3 HR remained unchanged throughout
the course of giving DLF although AF had
been increased significantly.

4 LVEDP was increased, which might
be induced by augmentation of atrial contrac-
tions.

5 MVO, was increased and efficiency
was unchanged at DLF 1 pgg+ mi™.
However, when the level of DLF reached 3
or 10 ug + m1™', MY¥Q, turned to decline and
efficiency seemed to be increased. but these
changes were not significant (P> 0.05).

6 Botb the slope of the isovolumic phase
of contraction and th¢ area of LVP-dP /dt

n=8,

vector loops were increased. ¥, was in-
creased from control values of 39 £ 55! to 50
+ 95! (n=6. P<0.05) after the DLF level
reached 10 ug - ml™",

Effect on isolated guinea pig papillary muos-
cles T, +dT/dtmax and —dT / dt,,, were
2241018 mN, 15.7+3.4mN-5" and 22.4
+ 3.7 mN respectively (n=4) before DLF was
given. DLF 1.25-10 ug+ ml™' increased T,
+dT/ dt,,, and —dT/dt,, in a dose—de-
pendent manner as shown in Fig 3.

Although T had reached the platecau at
DLF 10 ug* ml™', t, remained unchanged.
but t; and t; were increased from 72.5+ 17
and 210+% 12 ms 1o 85+ 31 and 224+ 16 ms
respectively (n=4, P>0.05).

Arrhythmias had never been found in all
preparations. However, if the concentration
of Ca® in K-H solution was increased to 7
mmol+ L7', DLF 10 gg+ mi"' induced
premature contractions, which was casily re-
versed by washing with K—H solution.

Effect on isolated guines pig atria
fore giving DLF.

Be-
the spontancously beating
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Fig 3. Effects of direct lytic factor on isclated guinea
plg paplllary muscles. Tepsion developed (7) apnd
d7 / dt were recorded under the following condltion:
resting force, 5 mN: rectaoguiar wave pulse
frequency, 2 Hz, voltage. 10 V. wldth, 0.5 ms.

Pelots show the absolute chapges in parameters from
control values,. () T, (@) T/,

(x} ~dPsdt_,. n=d4, x+ 8D. °pP>0.05
"*P<0.05, ""'P<0.01 vscomtrol values.

tenston of right atria was 0.47+ 0.09 mN and
the atrial rate, 276% 14 bpm {n=6). T was
augmented by DLF 1—4 ug« ml™' or more
induced contracture., but the spontancously
beating rate remained constani continually,
as shown in Fig 4. Moreover, stimulating
threshold voliages determined in left atria was
not shifted by DLF 3 or 6 ug = ml™,

Effect on anesthetized dogs DLF in-
crcased LVP and dP /dt,, in a dose depen-
dent manner. In one anesthetized dog, when
DLF 0.5 mg+ kg' was given iv, LVP and
dP / dr,,, were increased from the control
value of 16.7 kPa {125 mm Hg) and 267 kPa -

e - e G
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Fig 4. Effects of direct lytle factor oo Isolated guivea
plg right atris. Sponiapeously developing temslon (7)
was recorded with a force—dlsplacement trapsdecer.

Polots show the absoluie changes In parameters from
control valees. ((O) 77 (@) atrlal rate {AR).

n=46, r=8D. “P>00S5 ‘P<005 T"P<0.01
¥s control values.

s”' (2000 mm Hg « 57) to the maximal value

of 20.0 kPa (150 mm Hg) and 373 kPa - s~!
(2800 mm Hg- s™'). HR, however, re-
mained stable and regular. After cumulative
DLF dose reached 6 mg- kg™, the QRS
waves became widened and LVEDP began to
rise graduately. The chest was opened imme-
diately after the idioventricular rhythm ap-
pcarcd, the rhythmical atrial beats were seen
continually even after the ventricular
standstill. The same intoxication course was
also seen in another anesthetized dog.

DISCUSSION

The significant increase in CO, AF and
L¥PW,. found in the isolated working guinea
pig hearts, indicated that DLF increased the
cardiac coniractility independent of preload
and aflterload. The increases in LVP
dP / dt,,, and V_,, supporied above
stalement. The cardiotonic effect of DLF was
also observed by recording the isometric con-
tractions of isolated guinea pig papillary mus
cles and by determining LVP and dP / di,,
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in anesthetized dogs. DLF increased LVEDP
in the isolated working guinca pig hearts,
which might be the result of strengthened
atrial contractions. The raised LVEDP in-
creased the developing tension, however,
this was not the primary cause of its positive
ingtropic effect because the left atrial filling
pressur¢ had been fixed at 1.17 kPa at which
the cardiac performance had reached the pla-
teau of starling curve. According to the
three—component model, the pressure rise ve-
locity is related to the pressure developed”.

DLF increased V,,, and the slope of the
isovolumic phase of contraction in the
LVYP—dPr /dt vector loops. Therefore, the
angmentation of contractility plays a main
part in the rise in cardiac performance,

Either #n vitre or vive, DLF had a rather
narrow dos¢ range to strengthen the heart con-
traction. If DLF exceeded this range,
contracture would appear. In isolated working
guinea pig hearts given DLF, LVP ran a
downhill course along with deercasing CF and
MVO,, and MVQ, varied directly with CF
but not with LVPW. Therefore., coronary
vasoconstriction caused by DLF was a limiting
factor to its positive inotropic action and was
harmful to the working heart. The short lived
cardiotonic effect in vivo is obviously related to
its coronary vasoconsiriction effect. The
atrial thinness allows a good supply of oxygen
and substrates. which may be the reason why
atria can continue beating for a certain period
following ventricular arrest. The fact that
DLF neither induced changed in rate and
rhythm of the hearts bath in vitre and in vive.
nor disturbed excitability of the isolated left
atrium indicated that the inotropic function of
the heart was dissociable from its chronotropic
function and thus DLF might be used as a
research tool for myocardial contractility.
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Effects 1°f phencyclidine on contractile forces of isolated rabbit papillary

muscles

DAIT Jia—Le,
Shanghat 200032, China)

ABSTRACT Phencyclidine (PCP) (0.01-50 gmol «

L™ and its analogue, TCP {0.01-50 gmol+ L")
exhibited positive inotropic effects on electrically
stimulated rabbit papillary muscle preparations.

Dextrorphan (5 or 10 pmol - L) antagonized the
actions of PCF in non—competitive manner
(pD; =525). This demonstrated the involvement of
PCP reccptors in the positive inotropic effects of
PCEFE. By using high performance liquid
chromatography with electrochemical detector
(HFLC—ECD),. an increase of DOPAC content was
found in bath medium after PCP addition. Each of
the dopaminc receptor antagonists SCH23390,
haloperidol and sulpiride (1 umol « L™" attenuated the
maximal inotropic effects of PCP. These results sug-
gest that PCP induces positive inotropic effects by in.
creasing the release and /or blocking the uptake of
dopamine.

KEY WORDS  papillary muscles; phencyclidine;
high pressure liquid chromatography: dextrorphan:
dopaminc

Phencyclidine (PCP) has well—described
effects on the cardiovascular system"?. There

were contradictory reports of positive and
negative  inotropic effects of PCP on
~ventricular muscle preparations. Radio—

ligand binding assay demonstrated the exist—
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cnce of specific PCP receptors in guinea pig
and rat hearts®. Activation of PCP receptors
increased the release and blocked the uptake of
norepinepherine (NE)®, dopamine (DA)Y®,
etc. The purpose of the present study is to in-
vestigate the involvement of PCP receptors in
inotropic cffects of PCP on papillary
muscles, and to examine the relationship be-
tween monoamine transmitters and the
inotropic actions, to explore the mechanism
of effects of PCP on ventricular muscles.

MATERJALS AND METHODS

PCP was synthesized by Shanghai Medi-
cal University. Dextrorphan, SCH23390
and N-(1—[2—thiényllcyclohexyl})3,4—piperi—
dine {TCP} were kindly donated by Prof
Avram Goldstein (Addiction Research Foun-
dation, USA), Prol Reizo Inoki (Osaka
University, Japan) and Beijing Military Med-
ical Institute, respectively. Haloperidol and
sulpiride were purchased from Shanghai
Tianfeng Pharmaceutical Factory.

Rabbits of either sex, weighing 2.61 +
SD 0.23 kg, were stunned by a blow to the
head, and the right heart papillary muscles
were dissected Free,  suspended vertically un-
der 1.0 g of tension, and incubated in a bath
containing 4 ml of Tyrode‘s solution {pH =
7.4). The soluion was gassed with 95% O, +
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