
literature~ It is claimed that experimentally, a specific psychotropic action should be stud- 
ied only after chronic administration of the preparation, after stabilization of the adaptive 
changes. It follows from these ideas that the specific activity of lithium hydroxybutyrate 
ought not to be exhibited until i month after its administration, but clinical improvement is 
known to take place as early as after three daily intravenous injections of the compound in 
patients with affective mental disorders [i, 6]. The antidepressant action of lithium hydroxy- 
butyrate on a model of reserpine depression is exhibited at about the same time [8]. Lithium 
hydroxybutyrate is clinically most effective on the 7th-14th days, and the effect does not in- 
crease with continued administration [i, 6]. In our experiments it was at these times that 
the maximal imbalance between synthesis and breakdown of the central 5-HT was observed. Pos- 
sibly not only stabilization of serotoninergic processes, but also adaptive changes in them 
may play a definite role in the realization of the psychotropic effect of lithium. It can be 
tentatively suggested that, by triggering an oscillatory process in the serotoninergic sys- 
tem, lithium itself weakens the pathodynamic structure of the circular psychosis [2], which, 
in the modern views is based on fluctuations in the functioning of monoaminergic processes and 
the balance between them. 
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Protein C (PC) is a vitamin K-dependent blood plasma protein which controls the blood co- 
agulation cascade on the negative feedback principle. Thrombin, bound with thrombomodulin on 
intact areas of endothelium, converts PC into an active serine protease, which degrades fac- 
tors V and VIII, which localize the blood clotting process [2, !i]. A congenital or acquired 
lowering of the PC level leads to the development of thrombosis at an early age [i, 3, II]. 
There is evidence of a significant fall in the PC level in patients dying within i0 days of 

A. L. Myasnikov Institute of Clinical Cardiology, All-Union cardiologic Scientific Cen- 
ter, Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the Acad- 
emy of Medical Sciences of theUSSR, I. K. Shkhvatsabaya [deceased].) Translated fromByulleten' 
Eksperimental'noiBiologii iMeditsiny, Vol. 108, No. 7, pp. 57-59, July, 1989. Original article 

submitted November 20, 1988. 

0007-4888/89/0007-0969512.50 �9 1989 Plenum Publishing Corporation 969 



TABLE i. Activation of PC by Unfractionated 
Venoms 

Amidolytic activity, A 405/min 

Species of snake venoms venom + PC 
I chromo- 
[ Z~,~e TH BCP-300 [ BC.P-300 

A. contortrix contort- 
rfx 

A. halys caraganus 
A. blomhoffi ussurien- 

sis A. saxatilis 

0,278 
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Fig. I. Chromatofocusing on PBE-94. 150 mg venom 
applied to column measuring 0.9 x 20 cm at pH 9.5. 
Eluted with 250 ml polybuffer 96-HCI, pH 7.0. Rate 
of elution i0 ml/h, volume of fractions 5 ml, ab- 
sorption at 280 nm; 2) amidolytic activity (A, os/ 
min); 3) pH gradient; 4) collected fractions. 

myocardial infarction [5]. A connection has been suggested between blood coagulation and hem- 
orrhage after operations on the heart with an artificial circulation and activation of PC [9]. 
Determination of PC is thus an important diagnostic test in the investigation of pathology of 
the hemostasis system. 

There are two approaches to the determination of PC in plasma: immunologic determina- 
tion of the protein and determination of activity of PC as a specific protease. The second 
approach is of great interest because it enables a disturbance of enzyme function in the pres- 
ence of a normal antigen content to be discovered [13]. PC can be activated in vitro by throm- 
bin after extraction from plasma or from the thrombin--thrombomodulin complex. However, this 
necessitates subsequent quantitative inhibition of the activator before PC activity can be mea- 
sured [12]. A protease which activates plasma PC selectively and very rapidly [8] but which 
does not affect subsequent measurement of its functional activity, has been found in the venoms 
of two snakes of the Agkistrodon genus, living in North America. The aim of this investiga- 
tion was to study the venoms of snakes of the Agkistrodon genus belonging to the fauna of the 
USSR to discover whether they contain PC activators, and if so, to develop a simple method of 
obtaining the activator, to enable PC to be determined in plasma by a functional method. 

EXPERIMENTAL ~THOD 

Lyophilized venoms from the snakes Agkistrodon contortrix contortrixj A. saxatilis, A. 
blomhoffi ussuriensis, and A. halys caraganus were dissolved in a concentration of 0.I mg/ml 
in 0.15 M NaCI. containing 1 mg/ml of bovine serum albumin (BSA). To 150 vl of 70 mM HEPES-buf- 
fer, pH 8.25, containing 35 mM CsCI, 0~ polyethylene-glycol 6000, and ! mM sodium citrate 
(buffer A) were added I0 pl of PC (32 vg/ml protein) and i0 ~i of a solution of the venom for 
testing. The mixture was incubated for 5 min at 37~ 30 pl of a 3.3 mM solution of the sub- 
strate BCP-300 (supplied by "Behring Diagnostics," West Germany) was added, and A40s/min was 
measured on a Hitachi 150-20 spectrophotometer in a microcuvette with an optical path of i0 
mm. The specific amidolytic activity of the venoms was calculated from the value obtained. 
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Fig. 2. Gel filtration on Sephadex G-100. Column 
measuring 1.6 • 80 cm equilibrated with 1% CH3COOH; 
protein of fractions 22-28, 32-37, and 45-51 from 
chromatofocusing column after precipitation with 
(NH~)2S04 applied to column. Rate of e!ution 12 ml/h, 
volume of fractions 5 ml. i) Absorption at 280 nm; 
2) amido!ytic activity (A~os/min). 

A column measuring 0.9• 20 cm, filled with the ion-exchange resin PBE-94 (from "Pharma- 
cia,'! Sweden), was equilibrated with 25 mM ethanolamine-acetate buffer, pH 9.5. Venom of A. 
contort~x contortrix (Southern copperhead snake), dissolved in 3 ml and dialyzed overnight 
against 300 ml of starting buffer, was applied in a dose of 150 mg to the column. The column 
was washed to remove unabsorbed protein with the starting buffer and eluted with 250 ml of 
polybuffer 96-HCI, pH 7.0, diluted in the ratio of i:i0. To determine the PC activator, 5 ~I 
of the fraction was added to 0.2 ml of 0.i M Tris-HCl buffer, pH 8.0, containing 0.I mMof Chro- 
mozyme TH ("Boehringer Mannheim," Austria), and A4os/min was measured at 37~ Fractions pos- 
sessing amidolytic activity were tested for their content of PC activator, using unfractionated 
venoms. 

Polyacrylamide gel electrophoresis in the presence of sodium dodecylsulfate (SDS) was car- 
ried out in Laemmli's buffer system [i0] in an exponential polyacrylamide gradient from 5 to 
20% in gel 0.5 mm thick in a Multiphor II apparatus ("LKB," Sweden). A mixture of standards 
from 14,400 to 94,000 ("Pharmacia") was used for molecular weight calibration. 

EXPERIMENTAL RESULTS 

Of four venoms from snakes of the genus Agkistrodon investigated, only the venom of A. 
contortrix contortrix induced activation of PC, which was expressed as the appearance of marked 
amidolytic activity against the chromogenic substrate PCP-300 (Table i). The unfractionated 
snake venoms contained a set of proteolytic enzymes capable of degrading PC [4] and lowering 
its activity. However it is unlikely that this could explain the absence of activity of PC 
preparations incubated with venoms of related snakes, since Chromozyme TH, which is a good 
substrate for PC activator [7] is degraded by them 4-7 times less quickly than by the venom 
of A. contortrix contortrix. It was shown previously that PC activator is not present in A. 
acutus, A. rhodostoma, and A. piscivo~s piscivo~s [9]. The PC activator has an isoelectric 
point in the region pH 8.5-7.8 [7]. Since the isoelectric points of most proteins lie within 
the range pH 7.0-4.0, it might be expected that chromatofocusing in the pH range 9.0-7.0 would 
be an effective method of purifying the PC activator. As will be clear from Fig. i, the greater 
part of the components of the venom, absorbing at a wavelength of 280 nm, is not adsorbed by 
the carrier at pH 9.5. A polybuffer gradient elutes three fractions at pH 8.35, 7.9, and 7.5, 
with amido!ytic activity against Chromozyme TH, and activating PC. Since the aim of the in- 
vestigation was to obtain preparative amounts of activator for use in a function test for the 
presence of PC in plasma, and not the detailed characterization of the isoforms, fractions 
possessing activator activity were pooled, treated with (NH~)2SO~ to 80% saturation, and the 
residue which formed overnight was collected by centrifugation for i0 min at 15,000 rpm. The 
protein was dissolved and passed through a Sephadex G-100 column, 1.6 • 80 cm, equilibrated 
with 1% acetic acid (Fig. 2). The PC activator was eluted from the column in the principal 
protein peak, which coincided in shape with the peak of activity. This was evidence of the 
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Fig. 3. Densitograms of gels after electrophoresis in 
polyacrylamide ge! gradient in presence of SDS and 2- 
mercaptoethanol. I) Original preparation of venom, 2) 
protein of fractions 19-22. Position of marker pro- 
teins and their molecular weight (in kilodaltons) shown 
along horizontal axis. 

high degree of purification achieved in one single stage of chromatofocusing. Fractions 19- 
22 did not clot a 0.25% solution of fibrinogen in 0.i M Tris-HCl buffer, pH 7.4, in the course 
of 30 min. 

Electrophoresis in a polyacrylamide gradient in the presence of SDS and 2-mercaptoetha- 
nol showed that two proteins with mol. wt. of 37.7 and 31.4 kilodaltons were eluted in this 
peak (Fig. 3). It is important to note that, unlike the standards forming narrow bands in this 
electrophoresis system, the test preparation gave crossed diffuse zones, which also are char- 
acteristic of the corresponding region of the electrophoretogram of the original venom prepa- 
ration. Exner and Vaasjoki [4] also obtained a diffuse zone during electrophoresis of acti- 
vator in a polyacrylamide gel gradient after three chromatographic stages of purification. The 
most likely explanation of this electrophoretic pattern is the presence of several different 
isozymes, which can differ both in amino acid composition and in degree of glycosylation. Evi- 
dence in support of this hypothesis is given by the presence of three peaks of activity dur- 
ing chromatofocusing (Fig. i), data in the literature on isoelectric focusing [7], and the 
character of elution of the enzyme from a concanavalin A-sepharose column [4]. Fractions 19- 
22 (total volume 20 ml) from the gel-filtration column were pooled and, after addition of i0 
mg of BSA ("Sigma," USA), were lyophilized in 1.5-ml aliquots. 

To determine PC in plasma, an ampul of the preparation was dissolved in 0.5 ml of 0.15 M 
NaC1. The main solution of the activator was kept at --35~ A working solution of activator 
was prepared by diluting the main solution i:i00 in buffer A. i0 HI of plasma was incubated 
with 160 ~i of activator for 5 min at 37~ after which 30 HI of a 3.3 mM solution of the sub- 
strate BCP-300 was added and A4os/min was measured. The amidolytic activity of plasma, mea- 
sured under similar conditions in buffer A without addition of the activator, and the amido- 
lyric activity of the activator in the absence of plasma were subtracted from this value. Ac- 
tivity in the absence of plasma amounted to 0.010, the same as that for the commercial prepa- 
ration "Protac" ("Pentapharm," Switzerland), measured under analogous conditions [13]. The 
relationship between the velocity of the amidolytic reaction and the plasma PC concentration 
up to 150% of normal is described by the linear equation A~os/min = --0.0008 + 0.00084x [PC%], 
with r = = 0.99. 

Thus a preparation which can be used to determine PC in plasmawas obtained from the venom 
of the snake Agkistrodon contortrix contortrix by chromatofocusing and gel filtration. Fur- 
ther research will be undertaken to separate its isoforms and to characterize them in detail. 
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PREVENTION OF ADRENALIN-INDUCED ARRHYTHMIAS BY THE CALMODULIN 
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Opening of Ca ++ channels and increased entry of Ca ++ into the cardiomyocytes are an es- 
sential stage in the cardiotonic effect of catecho!amines [8], and at the same time they play 
an important role in the development of adrenergic and, in particular, of stress-induced heart 
damage [2]~ Accordingly blockers of slow Ca ++ channels, mainly verapamil, diltiazem, etc., 
have proved to be effective cardioprotective and, in particular, antiarrhythmicdrugs [8]. How- 
ever, this protective effect of Ca++-channel blockers is limited by the fact that after the 
excess of Ca +-~ has entered the cell or has arisen in the sarcoplasm due to release from the 
sarcoplasmic reticulum or other depots, damage induced by the excess of Ca ++ cannot be abol- 
ished by blockers of Ca ++ channels. Accordingly the possibility of preventing the damaging 
and, in particular, the arrhythmogenic effect of catecholamines by means of blockers of the 
main Ca ++ receptor (calmodulin), in the form of a complex with which Ca++ can activate phos- 
pholipolysis [4], lipolysis [2], proteo!ysis [6, 12], and peroxidation [i, i0], i.e., proc- 
esses playing a principal role in the development of adrenergic damage [2], is very interesting. 

The aim of this investigation was to study the possibility of preventing depression of 
the contractile function of the heart and arrhythmias which regularly arise in response to the 
action of toxic doses of catechoiamines, by means of the calmodulin blocker trifiuoperazine, 
and to compare the effect witb the cardioprotective action of the Ca++ blocker, verapamil. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats. The rats were heparinized (200 U/100 g 
body weight, intraperitoneally) and, under pentobarbital anesthesia (50 mg/100 g, intraperi- 
toneally) the heart was removed and placed in a Langendorff perfusion system. Standard Krebs-- 
Henseleit solution (glucose ii mM) was used for perfusion. The solution was aerated with a 
mixture of 95% 02 and 5% C02 at 37~ and the pH maintained between 7.3 and 7.4. The perfusion 
pressure was 9.5 kPa (97 cm water). Mechanical activity of the isolated heart was recorded 
by Straube's method, using a TD-II2S isotonic transducer, and the ECG and mechanical activity 
of the heart were recorded with the aid of the specialized modules of the RM-6000 polygraph 
and VC-9 oscilloscope (Nihon Kohden, Japan). One electrode for recording the ECG was placed 
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