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Hemodynamic disturbances and disturbances of water-electrolyte exchange between each other are closely related and largely depend on the state of the renin-angiotensin-aldosterone system (RAAS). Activation of this system promotes hypertension in a small circle of blood circulation, therefore it can be one of the pathogenetic links in the development of pulmonary edema [1, 2]. Inhibition of RAAS by inhibitors of angiotensin-converting enzyme (ACE) can, firstly, reduce pressure in the small circle of the circulation, and secondly, enhance diuretic and natriuretic effect, that can have positive effects in the treatment of pulmonary edema. In addition, among ACE inhibitors there are those that contain in their chemical composition the sulfhydryl group (captopril, zofenopril, etc.) [3]. If the role of ACE inhibitors in the treatment of systemic hypertension is well known [4], there is no information in the literature about the pharmacological blockade of vascular RAAS in pulmonary edema.
The aim of the study was to study the disorders of water-electrolyte metabolism in pulmonary edema under conditions of inhibition of RAAS by ACE inhibitors.

Materials and methods. Studies were performed on 70 white rats weighing 160-180 g on two models of pulmonary edema : hemodynamic (adrenaline) and acute toxic. Hemodynamic pulmonary edema was induced by intramuscular injection of adrenaline hydrochloride to rats at a dose of 5 mg / kg [5]. To reproduce acute toxic pulmonary edema was used a model developed in the department for the study of hypoxic conditions in Bogomolets Institute of Physiology NAS of Ukraine [6].

To establish some links in the pathogenesis of pulmonary edema and to study the effect of ACE inhibitors on its development, Enap (enalapril) (KRKA, Slovenia), administered to rats intravenously at a dose of 18 μmol / 100 g of body weight, and Zokardis (Zofenopril) (Berlin-Chemie, Germany) at a dose of 3.5 mg / kg intraperitoneally.
Statistical processing of the results was carried out using Student's t-test[5].
Results. Disorders of water-electrolyte metabolism in experimental pulmonary edema was accompanied by a significant increase in the lung mass ratio and a decrease in the relative mass of the dry residue of their tissue.

Thus, in rats with hemodynamic pulmonary edema the pulmonary coefficient increased 3.3 times as compared with the intact control, where it was 0.68 %. With acute toxic edema, this indicator also increased, but to a lesser extent – 2.4 times.

Since the pulmonary factor can grow not only due to excess water in the lungs, but also as a result of increased blood filling, we determined the dry residue of the lungs, which more reflects the degree of excess hydration. It was found that with hemodynamic pulmonary edema, the dry residue of the lungs was 1.5 times less than in intact animals, and in acute hypoxic edema animals – 1.3 times.

It is known that the regulation of the volume of extracellular fluid and blood plasma depends on the elimination or retention of sodium in the organism. Therefore, a change in the concentration of this element under certain conditions (acute hypoxia, adrenaline) can lead to disruption of metabolic processes and the appearance of pathological conditions. We established that the minute diuresis in animals with hemodynamic pulmonary edema decreased by 1.9 times, and with acute toxic edema – by 1.5 times (Table).
There was also a decrease in the concentration of sodium in the urine in groups of animals with hemodynamic edema (the 2nd group) and with acute toxic edema (the 5th group) in 1.5 and 1.3 times, respectively.

Table

Diuretic and natriuretic effects in hemodynamic and acute toxic pulmonary edema in rats, X ± Sx, n = 10

	Group number
	Object of study
	Diuresis, ml / min
	Concentration of sodium, mmol / l

	
	
	
	in urine
	in plasma
	in lungs

	1
	Intact control
	0,15±0,003
	39,5±3,2
	144,8±3,0
	31,86±5,3

	2
	Hemodynamic edema
	0,08±0,002*
	26.4±4,4*
	145,5±4,2
	64,36±8,1*

	3
	Hemodynamic edema + enalapril
	0,12±0,002**
	35,6±3,6**
	140,5±2,9
	41,42±7,8*

	4
	Hemodynamic edema + zofenopril
	0,13±0,005**
	36,2±2,9**
	139,5±6,0
	39,65±8,9**

	5
	Acute toxic edema
	0,10±0,006*
	29,5±3,8*
	142.7±6,1
	57,35±9,3*

	6
	Acute toxic edema + enalapril
	0,13±0,004**
	36,1±4,6**
	148,9±5,8
	44,6±9,2*

	7
	Acute toxic edema + zofenopril
	0,14±0,008**
	37,8±5,2**
	147,3±6,6
	40,5±12,5**


Notes:

1. * – p <0.05 – with respect to intact control;

2. ** – p <0.05 – for animals with pulmonary edema without treatment.
No statistically significant changes in the concentration of sodium in the blood plasma were observed in any group. Reducing the concentration of sodium in the urine with a constant concentration in the blood plasma can be explained by the loss of sodium by blood and its transfer to another environment (most likely – in the lung tissue and edematous fluid that accumulated in them). To confirm this assumption, we determined the sodium concentration in the lung tissue homogenates. It was found that the concentration of sodium in the homogenate of the pulmonary tissue of animals with hemodynamic and acute toxic pulmonary edema increased by 2 and 1.8 times, respectively, in comparison with the intact control. Changes in the studied indicators of water-electrolyte metabolism for various experimental forms of pulmonary edema correspond to general ideas about their mechanism of development [1, 2]. It is known that the activation of RAAS plays an important role in the pathogenesis of pulmonary edema. This leads to an increase in the concentration of angiotensin II in the blood plasma, that has vasopressor, antidiuretic and antinatriuretic effects [3], that fully correlates with the results we obtained. 

In animals of the 3rd and 6th groups, that took prophylactic enalapril, the expressiveness of the pulmonary edema was less in comparison with the 2nd and 5th groups of rats that did not take enalapril. This was indicated by the index of pulmonary coefficient, which was 1.4 times lower with hemodynamic edema and 1.2 times with acute toxic edema. In addition, when enalapril was used, there was a tendency to normalize the amount of dry residue of the lungs: in hemodynamic edema it increased 1.2 times, and in acute toxic edema it increased 1.1 times. Thus, the prophylactic administration of enalapril to animals with various experimental forms of pulmonary edema leads to a reduction in the phenomena of hyperhydration in the lungs.
After using enalapril in animals with hemodynamic edema, diuresis increased 1.5 times, and with acute toxic edema – 1.3 times. It was also established that in these groups the concentration of sodium in the urine increased and had a clear tendency towards normalization. Thus, in rats of the 3rd group it increased by 1.3 times and in rats of the 6th group – by 1.2 times.

The sodium concentration in the pulmonary homogenate of the rat tissues of the 4th and 5th groups was increased by 1.3 and 1.4 times, respectively, in comparison with the intact animals. The use of enalapril in hemodynamic and acute toxic edema of the lungs led to a decrease in the concentration of sodium in the lung tissue compared with untreated animals of the 2nd and 5th groups in 1.6 and 1.3 times, respectively.

Compared with enalapril, zofenopril had a more pronounced anti-edematous effect in hemodynamic and acute toxic edema. When it was used in conditions of hemodynamic edema, the pulmonary coefficient decreased by 11 %, and the dry residue increased by almost 8 %. With acute toxic edema, the pulmonary coefficient under the influence of zofenopril decreased by 7 %, and the dry residue increased by 9 % compared with the use of enalapril. Most likely, the differences in the mechanisms of action of enalapril and zofenopril are related to the chemical structure of these drugs, namely, the presence in the zofenopril of the sulfhydryl group, which role in the development of pulmonary edema was proved by us earlier [7].
Conclusions.

1. The use of ACE inhibitors for pulmonary edema leads to a decrease in the degree of their hyperhydration and normalization of water-electrolyte homeostasis.

2. Compared with enalapril, zofenopril had a more pronounced anti-edematous effect in both hemodynamic and acute toxic edema of the lungs.
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Abstract
The aim of the study was to study the disorders of water-electrolyte metabolism in pulmonary edema under conditions of inhibition of RAAS by ACE inhibitors. Studies were performed on 70 white rats weighing 160-180 g on two models of pulmonary edema: hemodynamic (adrenaline) and acute toxic. In rats with hemodynamic pulmonary edema the pulmonary coefficient increased 3.3 times as compared with the intact control, where it was 0.68 %. With acute toxic edema, this indicator also increased, but to a lesser extent – 2.4 times. We established that the minute diuresis in animals with hemodynamic pulmonary edema decreased by 1.9 times, and with acute toxic edema – by 1.5 times. There was also a 257 decrease in the concentration of sodium in the urine in groups of animals with hemodynamic edema and with acute toxic edema in 1.5 and 1.3 times, respectively. The use of ACE inhibitors for pulmonary edema leads to a decrease in the degree of their hyperhydration and normalization of water-electrolyte homeostasis. Compared with enalapril, zofenopril had a more pronounced anti-edematous effect in both hemodynamic and acute toxic edema of the lungs.
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