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Disturbance of cardiac function under the influence of the bacterium Yersinia pestis, and also of the various toxic 
substances produced by this microorganism, plays an important role in the pathogenesis of toxicoinfectious shock, which 
may lead to death of the experimental animals. However, the biochemical mechanisms lying at the basis of damage to the 
contractile function of the myocardium in plague toxemia have not been adequately studied. An important role in the 
regulation of the contractile function and metabolism of the heart is played by ionized calcium, whose level in the myocyte 
increases mainly through activation of voltage-receptor dependent calcium channels and the transport systems of the 
endoplasmic reticulum [5, 7]. Mediators of the parasympathetic and sympathoadrenal systems, also acting through specific 
receptors of cardiomyocyte plasma membranes, modify the intracellular Ca 2+ level through a complex cascade of biochemi- 
cal reactions, and in that way exert a chronotropic and inotropic effect on the heart [5, 15]. 

The aim of the present investigation was to study the effect of murine plague toxin on cardiac contractile function 
and on the state of alpha- and beta-adrenergic and muscarinic (M)-cholinergic receptors and on voltage-dependent 
Ca2+-channels in the myocardium during the course of toxicoinfectious shock. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats weighing 150-220 g. Toxemia was produced by intraperitoneal 
injection of 0.5 ml of physiological saline, containing 1 mg (LD100) of an original preparation of the toxin (Becker's 
fraction 2). The animals were killed 4.5-5 h after exposure to the toxin. Control animals were given art intraperitoneal 
injection of an equal volume of physiological saline. The plasma membranes of the rat heart were isolated by the method 
in [2]. Binding of [--]-[3H]-dihydroalprenolol with beta-adrenoreceptors of the heart membranes was carried out by the 
method in [11]. Measurement of binding of [3H]-prazocin with alpha-adrenoreceptors was carried out by the method in 
[12], and binding of [JH]-quinuclidinyl benzylate with muscarinic cholinergic receptors by the method in [14]. To study 
binding of the ligand with dihydropyridine receptors of voltage-dependent Ca2+-channels, plasma membranes were isolated 
from the rat myocardium by the method in [7]. Binding of [JH]-P200-110 with dihydropyridine receptors of the voltage-de- 
pendent Ca2+-channel was carried out by the method in [7] with some modification. The reaction of ligand-receptor 
binding was stopped by rapid addition of 15 ml of cold buffer, followed by passage through GF filters (Whatman, England). 
The filters were placed in flasks containing dioxan scintillator and their radioactivity was measured on a RackBeta scintilla- 
tion counter (LKB, Sweden). The number of receptors (Bmax) and the dissociation constant of the ligand (Ka), the recip- 
rocal of affinity of the receptors, were calculated on a personal computer, using the EBDA (Ligand) program for the IBM 

Central Research Institute of Epidemiology, Ministry of Health of the USSR, Moscow. (Presented by Academician 
of the Academy of Medical Sciences of the USSR V. I. Pokrovskii.) Translated from Byulleten' ]~ksperimental'noi Biologii 
i Meditsiny, Vol. 113, No. 1, pp. 64-66, January, 1992. Original article submitted June 19, 1991. 

0007-4888/92/0001-0093512.50 �9 Plenum Publishing Corporation 93 



TABLE 1. Contractile Function of the Heart in Toxicoinfectious Shock Caused by Plague Toxin 
- - = '  

Group of B e f o r e  eompres- After compression Of a o r t a  
Parameter animals sion of aorta �9 30 see I 120 see 

Heart rate, beats/rain Control 438-+ ] 5 342_~ 18 322-+ I 0 
] h 398___9 312~-15 302-+27 
2 h 3 5 5 •  I O* 285-+ } I 2 9 4 •  19 
5 h 208~- 39" ] 6 7 •  130•  

Diastolic pressure Control 3.6-+0.4 28,8-+2,9 22.8-+3,6 
I h 5.0-+0.7 26-+6 20.2-+4.2 
2 h  4.9-+0,4 2 7 •  2 1 , 7 _ 5  
5 h 3.6~-0,6 9 .4•  I * 12.4 ~-4,5" 

S y s t o l i c  p r e s s u r e  C o n t r o l  138___ l I 220-+7 183•  I I 
I h 75-+__6" 225-+--4-9 2 4 0 •  = 
2 h 68-+4* 232-+__6 222_+ 12" 
5 h 55-+ 12" 118+51 * 126-+60" 

P u l s e  p r e s s u r e  C o n t r o l  134+ 11 191 -+9 160-4-10 
l h 70-+6" 1764-23 218-+7" 
2 h 63-+4* 205-+ l I 201 -+ ! 2" 
5 h 51 -+ t2* I09-+49" 99-+5" 

IFS C o n t r o l  97 -+9 107-+ 7 85-+ 5 
l h 51 -*-6" 99-+ 14 ~27_.+6" 
2 h  4 2 •  109-*-6 110::i: 10 
5 h  21 -+6* 425:21 * 32___25* 

R a t e  o f  c o n t r a c t i o n  C o n t r o l  11 532-+ 1648 9246___ I 145 6 9 6 3 •  1044 
I h 5142-+561 * 7592.-r 1309 . ~. ! 77___630* 
2 h 4201 -+541 * 11 885-+865 8729-r 
5 h  1719-+547" 4251•  3767-+2071 

R a t e  of  r e l a x a t i o n  C o n t r o l  4266+427  3201--486 2649-+169 
I h 1719-+- 176 = 2676___ 420 4 0 8 2 •  
2 h  1736-+ [ 89" 3276-4- 327 3506+496* 
5 h  1050+ 370* 1399___ 642* 105 ~ • 504" 

Legend. *p < 0.05) Significance of difference between parameters for animals of control and experimental groups. Ten 
animals in each group. 

PC (McPherson, 1984). Cardiac contractile function was studied at the same stages of the experiment as the biochemical 
parameters. The pressure within the left ventricle was recorded under urethane anesthesia under open chest conditions and 
artificial respiration, by means of a cannula introduced into the apex of the left ventricle and connected to the transducer 
of a Mingograf-34 electromanometer (Elema, Sweden). The heart rate (HR), systolic (Ps), diastolic (Pal), and pulse (Pp) 
pressures, and the rate of rise (Vs) and rate of fall (Vd) of pressure were measured on the pressure curve. Intensity of 
functioning of structures (IFS) was calculated by the formula 

Pp x HR/mass of left ventricle. 

The same parameters were determined when the ascending aorta was compressed for 30 and 120 sec. Protein was deter- 
mined by the method in [13]. All the results were analyzed by Student's test. 

EXPERIMENTAL RESULTS 

The physiological experiments showed that after 1 h of toxemia produced by plague toxin the systolic and pulse 
pressure, the rate of relaxation and contraction of the ventricle, and the index of functioning of structures were 50-60% 
lower than their levels in the control animals. Longer exposure to the toxin caused an even greater fall in the values of 
these parameters. The hart rate was significantly lower only after 2 and 5 h of exposure to the toxin. Under maximal 
resistance loading due to compression of the aorta while the nervous regulation of the heart remained intact, the dynamics 
of the parameters was similar ir~ both control and experimental rats, but the degree of change of these parameters differed. 
Both in control rats and in ra~ :xposed for 1 and 2 h to the toxin, the parameters of cardiac contractility studied did not 
differ signific~mtly after compression of the aorta for 30 sec. Continued compression of the aorta led to a significant 
increase in Ps, Pp, IFS, Vs, and Vd on average by 30-50% in animals of the experimental groups compared with the control 
rats (Table 1). Compression of the aorta in rats in a terminal state led to some increase in the values of the various 
parameters, but they were significantly lower than in the control. It must be emphasized that Pd at all points of observation 
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TABLE 2. Characteristics of Receptors of Myocardial Plasma Membranes during Toxicoinfectious Shock Due to Plague 
Toxin 

-- M-cholinergic Dihydropyridinereceptors of vol- I Adrenergic receptors I receptors 
Experimental eharmels [ P 1" P " ~ l-recept~ conditions tage-dependent Ca 2 +-I ~ rece tors 

_ fmB~~ I Kd' nM [IfmB~loles/mg I Kd, nM Bmax,fmoles/mg,' Kd~ nM ] ~m~es/g I Kd~ rum ........ 

C o n t r o l ,  n = I0  270+15 0,25+0,03 524-5,1 1,55+0,05 148___16 0,554-0,03 380+27 0,15~:0,01 
I h of toxemia~ 

n = 1 0  169"4-18" 0,51~:0,06" 50+5,6 1,64-0,07 140:~13 0,45+0,05 420:h40 0,[64-0,01 
2 h o f . t o x e m i a ,  n =  I0  1404-13" 0,554-0,05" 445=4,8  2,174-0,15" 1504-15 0,674-0,04 390• 0,124-0,03 
5 h of  toxemia~ n =,S 1354-14' 0,454-0,05* 37__.4,0* 2,05_0,13" 158:2:12 0,52___0,03 4004-36 0,14:t:0,02 

Legend: n) number of animals. *p < 0.05) Significance of differences between values for control and experimental 
groups. 

was identical with that in intact rats. Only compression of the aorta in the group of animals in the terminal state led to 
reduction of this parameter by 50-70% compared with its value in the control rats. 

Table 2 shows that in the early stages of exposure to the toxin the number of voltage-dependent CaZ+-channels 
determined from the number of dihydropyridine receptors and their affinity for the ligand decreased by 1.6 and 2 times 
respectively. After 2 and 5 h of exposure to the toxin these parameters remained lower than in the control rats. A decrease 
in the number of voltage-dependent Ca2+-channels may evidently limit the inflow of calcium ions into the cardiomyocytes 
and lead to reduction of the contractile function of the heart in the course of poisoning by plague toxin. 

The greatest number of beta-receptors in the membranes of the heart was unchanged both in the early stages of 
exposure to the toxin and when the animals exhibited a picture of severe shock (2 h; Table 2). The results of the physio- 
logical experiments show'that it is duriiag this time period, during compression of the ascending aorta in the animals, that 
the lowered values of cardiac contractility with an intact nervous regulation can be restored to the level observed in intact 
rats, evidently on account of an increase in the catecholamine concentration acting on the heart [1]. Desensitization of 
beta-adrenergic receptors, expressed as a decrease in their number and affinity by 30%, was observed only in animals in an 
agonal state (Table 2). The effect of habituation of many tissues to the action of catecholamines is known to develop as a 
result of the prolonged (4-12 h) effect of these substances on the cell [6, 10]. A decrease in the number of receptors 
in the late stages of exposure to the toxin is evidently mediated by catecholamines, the level of which is sharply rai; 
types of shock [3], and is unconnected with the direct blocking action of the murine toxin on receptors of  this type ~ 

As will be clear from Table 2, desensitization of alpha-adrenergic and M-cholinergic receptors does not develop m 
the course of toxicoinfectious shock. 

Thus depression of contractile function of the heart in toxicoinfectious shock due to plague toxin may be caused by 
at least two factors, limiting the increase in the ionized Ca 2+ level in the myocardial cell: a decrease in the number of 
voltage-dependent Ca2+-channels and desensitization of beta-adrenergic receptors in the late stages of shock. 

LITERATURE CITED 

. 

2. 
3. 

. 

5. 
6. 
7. 

8. 
9. 

10. 

F. Z. Meerson, Adaptation, Disadaptation, and Failure of the Heart [in Russian], Moscow (1978). 
V. A. Tkachuk and G. N. Baldenkov, Biokhimiya, 43, No. 6, 1097 (1978). 

J. Suteu, T. Bendile, A. Cafarite, and A. Bucur, Shock: Terminology and Classification: The Shock Cell: Patho- 
physiology and Treatment [in Russian], Bucharest (1981). 
S. D. Brown and R. C. Montie, Infect. Immun., 18, 85 (1977). 
H. J. Berridge, Triangle, 24, No. 3/4, 79 (1985). 

H. J. Chang, R. H. Kelin, and G. Kunos, J. Pharmacol. Exp. Ther., 221, 784 (1982). 
A. B. Fawzi and 3. H. McNeill, Eur. J. Pharmacol., 104, 357 (1984). 
J. W. Herzing, Triangle, 24, No. 3/4, 115 (1985). 

S. Kadis and S. J. Ali, Microbial Toxins, ed. by T.C. Montie and S. Kadis, Vol. 3, New York (1970), pp. 39-65. 
R. J. Lefkowitz, L. E. Limbird, C. Mukerjee, and H. G. Carion, Biochim. Biophys. Acta, 457, 1 (1976). 

95 



11. 
12. 
13. 
14. 
15. 

R. I. Lefkowitz, D. Mullikin, and M. Caron, J. Biol. Chem., 251, 4686 (1976). 
C. Lynch, R.Charest, P. F. Blackmore, and J. H. Exton, J. Biol. Chem., 260, No. 3, 1593 (1985). 
G. L. Peterson, Analyt. Biochem., 83, No. 2, 346 (1977). 
V. IC Sharma and S. P. Banerjee, J. Biol. Chem., 252, 7"!.a.4 (1977). 
W. Trautwein, Triangle, 24, No. 3/4, 101 (1985). 

P R O D U C T I O N  O F  A N T I V I R A L  F A C T O R  BY I N F E C T E D  C H I C K  

E M B R Y O N I C  F I B R O B L A S T S  

N. V. Gribkova and V. I. Votyakov UDC 578.833.1:57:083.226 

KEY WORDS: cell culture; viruses; antiviral factor 

The writers showed previously that infection of chick embryonic fibroblasts by virus Vt~L-230 " ~ccompanied by 
the production of an antiviral factor of protein nature in the culture fluid [2, 9]. The originality of the. ::~iral factor was 
confirmed by properties such as the absence of species specificity, preservation of its activity after hea~ :.o 100*C for 30 
rain, and a molecular weight of not more than 10 kilodaltons. The antiviral factor suppressed reproduction of the viruses of 
influenza, Venezuelan equine encephalomyelitis, vesicular stomatitis, herpes simplex, and the interferon-resistant virus of 
vaccinia in vitro, without causing any significant stimulation of synthesis of cellular RNA and proteins. Recent investiga- 
tions have shown that this antiviral effect is unconnected with interferon induction [4]. 

The aim of this investigation was to continue the study of the production of this cellular antiviral factor. 

EXPERIMENTAL METHOD 

A primary trypsinized culture of chick embryonic fibroblasts (CEF) and transplantable gree'- monkey kidney cells 
(Vero), hamster kidney (BHK-21), and human embryonic fibroblasts (FIEF) were used in the experira: ::is. The cell cultures 
were infected with Venezuelan equine encephalomyelitis virus (VEL-230), maintained by passage in a culture of CEF. The 
infectious titer of the virus was determined by the plaque-formation method [8]. Antiviral factor (AF) was obtained by 
successive hydrolysis of the culture fluid at pH 2.0 and 6.0 [1]. The denatured substances were removed by centrifugation 
and the supernatant was used as the total AF preparation. Antiviral activity of AF was estimated in conventional antiviral 
units (AU/ml). Activity of AF was taken to be the reciprocal of the maximal dilution of AF causing su?pression of repro- 
duction of the test virus by 2 log PFU/ml. 

EXPERIMENTAL RESULTS 

To study the distribution of the phenomenon of AF production, the ability of other cell c~ ~s to produce similar 
activity in response to infection was tested~ Intact cultures of HEF, Vero, and BHK-21 cells, aria ,,,.~o of CEF, produced 
virtually no AF, since activity of AF was less than 1 AU/ml and did not cause statistically significant suppression of 
reproduction of the VI~L-230 virus. Activity of the AF preparation obtained from the culture fluid of infected HEF and 
Vero was comparable and did not exceed 2 AU/ml. Infection of BHK-21 cells did not lead to production of any AF 
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