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Prostaglandins (PG) play an important role in the pathogenesis of infectious diseases, 
for they take part in the development of pathophysiological reactions such as inflammation 
[3], fever, shock, and sepsis in animals and man [6, 7, i0]. It has now been established 
that bacterial lipopolysaccharides activate cyclo-oxygenase and lipoxygenase pathways of 
metabolism of arachidonic acid and other unsaturated fatty acids which are PG precursors 
[5, ii, 15]. Endotoxemia or direct application of endotoxins to tissues leads to accumula- 
tion of a wide range of compounds of this group in the blood plasma and in various organs 
[4, 8, 9, 12, 14]. 

The aim of this investigation was to study the PG content in various organs and blood 
plasma of rats during the development of shock induced by "murine" plague toxin, which is a 
lipopolysaccharide-protein complex [2]. 

EXPERIMENTAL METHOD 

Experiments were carried out on Wistar rats weighing 150-200 g. Toxic-infectious shock 
was induced by injecting 0.5 ml of physiological saline containing 0.5 mg (LDbo) of an 
original preparation of toxin (fraction II according to Becker) into the caudal vein, and 
also by injecting 0.5 ml of the same solution, but inactivated by heating for 20 min to 
100~ Control animals were given an injection of the same volume of physiological saline 
into the caudal vein. All procedures were carried out under superficial ether anesthesia. 
The animals were autopsied 0.5, 2, and 5 h after injection of the toxin and the organs for 
testing were removed and frozen in liquid nitrogen. Blood was collected from the heart into 
a cold test tube containing 0.5 M EDTA, pH 7.4, in a ~olume equal to 1% of the volume of 
blood, and mixed. After sedimentation of the cells by centrifugation, 3 ml of ethanol was 
added to 1 mi of plasma. The frozen tissue was weighed and homogenized in alcohol in a 
homogenizer of Politron type. After extraction of the PG with ethyl acetate by the method 
in [13], they were determined quantitatively by radioimmunoassay, using kits from Clinical 
Assay (USA). All the results were subjected to statistical analysis by Student's test. 

EXPERIMENTAL RESULTS 

It will be clear from Table 1 that the PGEI concentration in lung tissue was increased 
by 3.4 times 2 h after injection of the murine plague toxin, but fell after 5 h to near the 
control values. In animals with a marked picture of shock 2 h after injection of the toxin 
the PGEI concentration in the liver and small intestine was sharply increased (by 2.7 and 
2 times, respectively) compared with healthy animals. The level of this PG after 5 h was the 
same as in the control rats. After 0.5 h the PGE~ concentration was doubled in heart and 
kidney tissue, it remained at a high level 2 h after the injection, and then fell toward 
normal in the later stages of toxic shock. In the early stages after injection of the toxin 
and in the period of development of shock, the PGE~ concentration in the spleen and blood 
plasma of the rats fluctuated around the control level without any significant changes, but 
fell sharply by 7.3 and 4 times, respectively, compared with normal 5 h after injection of the 
toxin. 
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TABLE i. Changes in PGEz Concentration in Blood (ng/ml) and Organs (ng/g tissue) 
under the Influence of the Original Preparation (i) and the Thermostable Fraction 
of Plague Toxin (M • m) 

Test object 
O,Sh 

Lungs 
Heart 
Spleen 
Liver 
Kidneys 
Intesti ne 
Blood 

Legend. 

Control 
(heahhy 
animals, 
n = 1 0 )  

68,7-+7, I 
43,3-+-4,5 
67 ;9+-8,5 
17,5+_I ,9 
73,3_+8,2 

8,2-+0,8 
11,1-+2,5 

I (n=  10) 2 (n=8) 

84 ,9-+9 ,5  
89, 1-+9,5" 
70,8+-8,5 
21,4__.3,2 

I34,0-+ 17, i* 
9,3-+-1,4 

lO,8-+1,6 

1 (n= I0) 

86,7-+8,9 
98,4+-10,1" 
78,5-+-8,7 
18,7+_2,1 

124,2-+- 20, I * 
10,4-+2,2 
lO, 1+-1,4 

2 ( n = 8 )  1 (n=lO)  

231,5-+24,2" 
177,9+21,1" 
77,6---8,3 
47,0---4,9* 

t94,2-+16,5" 
17,6-+2, t* 
13,5+-1,8 

(2) 

213,6• 
160,7--.18,4' 
78,0-+'3,4 
40,5-+5, I* 

191,7--.18,3" 
16,8--.1,4" 
14,8+1,8 

66,9___6,7 
44,2---6,1 
9,3-+1,1" 

19,4-+2,3 
66,1-+4,5 

7,6"+-0,7 
2,7-+0,2* 

2 (n=8) 

75,3-+8,3 
54,4_6,2 
7,9-+0,9* 

14,0!-_2,8 
55,3.+_ 6,7 
8,5---0,9 
2,5--.0,3" 

Here and in Table 2: *p < 0.05 compared with control; n) number of animals. 

TABLE 2. PGF2 a Concentration in Blood (ng/ml) and Organs (ng/g tissue) under the In- 
fluence of Original Preparation (i) and Thermostable Fraction (2) of Plague Toxin (M • 
m) 

Test object 

Lungs 
Heart 
Spleen 
Liver 
Kidneys 
Intestine 
Blood 

Control (heal- 
thy animals, 

I n = 10) 

2,6--.0,3 
1,3-+0,2 
1 ,8-+0,2 
O, 9--.0,1 
1,4q--O, 1 
1,2+-0,1 
1,4-+0,1 

0,5h 2h 5h 

I (n=  l O) I 

6,3___0,1" 
1,1-1-0, 1 
7,1+0,7" 
1,2__0,1 
5,5---_0,6* 
1; 1___0,1 
1,2-+0, 1 

2 (n=8) 

8,7---0,6* 
I, 6-+0,2 
6,9---+-0,5* 
0,9-+0,3 
7,8_1,5" 
o, 9+0 ,'1 
1,7__0,2 

1 (n= 10) 

7,3-+0,6* 
1,8-+0,2* 
2,8-+0, 1" 
1,3-+0,4 
3,9---0,3* 
2,6-+0,1" 
1,7__0,3 

I 2 (n=8) 

8,9-+0,3* 
2,0----+-_0,4 
2,4-+0,2 
O, 7-+0,1 
4,8-+0,2" 
2,9-+0, ,* 
1,6-+0,2 

1 (n~  1 O) 

5,6-+0,4* 
1,8 0 ,3  
1,5 0,2 
1,0____.0,1 
1,6__+0,3 
1,3__0, 1 
0,6__0,1" 

1 (n=8) 

5,8• 
0,9-+0,2 
1,7-+0,2 
0,7-+--+__-0, 1 
0,8-+0,2 
1,0-+0,2  
0,5-+0, I* 

The PGF2a concentration (Table 2) in lung tissue was 2-2.8 times higher than the cont=ol 
value at all times of observation. The PGF2 a concentration in the tissues of the kidney 
and spleen was increased by 3.9 times of 0.5 h after injection of the toxin, it remained high 
until 2 h, and returned to the control value 5 h after injection. The PFG~ a concentration in 
the small intestine was doubled after 2 h and returned to the control value after 5 h. Un- 
like the PGE~ concentration, the PGF2a concentration in heart and liver tissue remained un- 
changed at all times of observation. The plasma PGF2a level fluctuated around the control 
value without any statistically significantchanges 0.5 and 2 h after injection of the murine 
plague toxin, and fell sharply by 2.3 times below the control level after 5 h. 

The thermostable fraction of the toxin had the same effect on the PGEI and PGF2a con- 
centrations in all the organs and blood plasma tested in the course of development of toxic- 
infectious shock as the original preparation of toxin (Table 1 and 2). 

The results are thus evidence of a marked restructuring of the cyclo-oxygenase pathway 
of PG biosynthesis in all organs and in the blood plasma during the development of toxic- 
infectious shock due to plague toxin in rats. 

We know that PG possess a broad spectrum of regulatory action on the metabolism of 
organs and tissues. Changes in their concentration and in their normal proportions in the 
organs under the influence of murine plague toxin may be one of the causes leading to dis- 
turbance of the hemodynamics, and may also induce the development of a combination of meta- 
bolic disturbances of cell functions, leading to the development:of shock in the experimental 
animals, 

It must be emphasized that the original preparation of toxin and its thermostable frac- 
tion led to equal and parallel changes in the PG concentration in all organs and at all times 
ofobservation. It can be postulated that the activating effect on metabolism of arachidonic 
acid and other unsaturated fatty acids, which are PG precursors, is due to the presence of 
a thermostable lipopolysaccharide component in the original preparation of the toxin, that 
is the endotoxin of Yersinia pestis cells. The protein part of the '~urine" toxin evidently 
has no marked effect on PG metabolism. 
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The time course of the changes in PGE~ and PGF2a concentrations in the blood plasma and 
lungs after intravenous injection of murine plague toxin and of its thermostable fraction, 
incidentally, differs from that observed under the influence of classical endotoxinsisolated 
from other Gram-negative bacteria. We found no statistically significant increase in the 
concentration of these classes of PG in the blood plasma in the initial stages or in the 
stage of development of the shock reactionin animals treated with the toxin, as has been 
demonstrated with other endotoxins i n other investigations [4, 8, 9, 12], and in the late 
stages the levels of these compounds fell sharply. The PGF2a concentration in the lung 
tissue was higher at all times of observation, and this also is not in agreement with data 
obtained previously for typical endotoxins [9]. 

It can thus be postulated on the basis of these data that the specific nature of the 
metabolic effects of the endotoxin of Y. pestis is due to its structural differences from 
the lipopolysaccharides of other Gram-negative bacteria, established previously [i]. 
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