
quent restoration of the contractile function of the heart in acute, short-term hypoxia and 
subsequent reoxygenation [12, 13]. Preliminary administration of the antioxidant ionol 
guarantees more effective functioning of this system and, correspondingly, the more rapid 
recovery of the contractile function during reoxygenation. 
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Phagocytic leukocytes (granulocytes and monocytes) generate active form of oxygen (AFO): 
the superoxide anion-radical (O2r), singlet or electronically excited oxygen (I 0 ), the hy- 
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droxyl radlcal (OH), and hydrogen peroxide, amounts of whlch increase sharply in response 
to stimulation of the leukocytes by biologically active substances [i0, 13] and during phago- 
cytosis [5, 6, 8, I0, 13]. In the absence of stimulation and phagocytosis AFO generation is 
miserly [9]. On the one hand, AFO are important bactericidal factors of phagocytosis [5, 
8, 9, 11-13], whereas on the other hand they are powerful initiators of free radical lipid 
peroxidation [4, 5], which has an altering action [2, 4]. On account of these two effects, 
AFO generated by leukocytes perform a double function: they are involved in the formation 
of phagocytic antimicrobial defense and in the free radical status of the organism. 

The aim of this investigation was to study the possible role of the lungs and other 
organs in the regulation of bactericidal AFO production by leukocytes. 

EXPERIMENTAL METHOD 

Experiments were carried out on 18 intact dogs weighing 15-20 kg and two calves, anes- 
thetized with thiopental, and receiving preliminary injections of droperidol, callipsol, tri- 
meperidine, and atropine and maintained on artificial respiration. AFO generation by leuko- 
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Fig. i. Changes in AFO generation by leukocytes (neu- 
trophils and macrophages) during passage through PVB 
(a) and SVB (b). Each circle represents one dog; p = 
0.05 between number of dogs with increased and reduced 
AFO generation by leukocytes at exit from PVB or SVB. 
Ordinate, changes in AFO generation by leukocytes dur- 
ing passage through PVB or SVB (in %). Zero line - 
no change; above zero - increase, below zero - de- 
crease. 

cytes was investigated by a chemiluminescence (CHL) method [5-8, ii, 15] and by a chemical 
method - the nitro-BT test [3, 4]. The CHL method is based on a combination of AFO genera- 
tion by leukocytes in very weak luminescence (CHL) [5-8, ii, 15]. CHL was potentiated by 
addition of a luminol (5-amino-2,3-dihydro-l,4-thalazine dione - 0.25 ml of a saturated 
iso-osmolar aqueous solution, pH 7.35), to 0.75 ml of packed leukocytes (PL); the luminol, 
during interaction with AFO, readily forms electronically-excited derivatives (aminophthal- 
ate ions and radicals) which are powerful luminescence emitters (the so-called luminol-de- 
pendent CHL, or LDCHL [6, 14]). Confirmation that LDCHL in fact reflects AFO generation 
was given by experiments which showed that superoxide dismutase (i0 pg/ml) and catalase 
(I00 pg/ml), which inactivate the superoxide anion-radical and hydrogen peroxide, inhibit 
LDCHL of leukocytes at rest by 90 and 80-100%, respectively [7] and, by a lesser degree, 
during phagocytosis [14]. To assess changes in AFO generation by leukocytes during their 
passage through thepulmonary vascular bed (PVB) AFO formation by leukocytes was compared 
at the entrance into the exit from PVB respectively, in the right ventricle (or posterior 
vena cava) and aorta; for comparison, a similar investigation was conducted at the entrance 
into and exit from the splenic vascular bed (SVB): in the splenic artery (or aorta) and 
splenic vein. Thetotal PL fraction (granulocytes, monocytes, and lymphocytes) was isolated 
from heparinized blood (8-10 ml) by successive centrifugation at 500 and i000 rpm and re- 
suspended in isologous plasma (1.5 ml). Leukocytes in 1 mm 3 of PL were counted in a Goryaev's 
chamber, LDCHL of 0.75 ml of PL was measured, and the chemiluminescence criterion (CHLC) of 
AFO generation was calculated by the equation: 

CHLC = 
maximal CHL of PL.106 

Number of !eukocytes in I mm 3 PL.total volume of PL in i mm 3 

Determination of AFO by the nitro-BT test is based on the fact that nitro-BT in phago~ 
cytic leukocytes is reduced directly by the superoxide anion-radical [3, 4] into blue gran- 
ules of diformazan, the concentration of which reflects AFO. The nitro-BT test is an "ac- 
cepted indicator" of the "bactericidal function of phagocytes" [I]. The object for phago- 
cytosis consisted of Staphylococcus aureus, strain Lepin (No. 201016). A mixture consist- 
ing of 0.i ml of leukocyte suspension (5"106 cells in i ml isologous plasma), 0.! ml phos- 
phate buffer (pH 7.4), and 0.i ml of a suspension of heat-killed microbial cells (2.5"i0s/ 
ml), was incubated for 30 min at 37~ The leukocytes were sedimented by centrifugation and 
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incubated with I ml of dimethylsulfoxide (DMSO). The DMSO containing extracted diformazan 
was separated by recentrifugation, and its diformazan concentration was measured spectropho- 
tometrically in optical density units (l = 492 nm). Phagocytosis was investigated by the 
traditional method. A mixture consisting of 0.15 ml of heparinized blood and 0.05 ml of a 
suspension of killed staphylococci (i.i0 s cells/ml; ~50-60 microbial cells per leukocyte) 
was incubated for 30 min at 37~ with periodic shaking. The average number of microbial 
cells ingested by one leukocyte was calculated from i00 leukocytes counted and the percen- 
tage of phagocytic leukocytes were determined in films stained by the Giemsa-Romanovsky 
method. The numerical results were subjected to statistical analysis (determination of p) 
the signs test. 

EXPERIMENTAL RESULTS 

During passage of the leukocytes through PVB (Fig. i) CHLC of AFO generation in 14 of 
the 18 dogs (77.7%) was increased by 1.21-6.5 times, or on average by 2.4 times (p = 0.05). 
The mean absolute value of CHLC for AFO generation in all 18 dogs rose, irrespective of in- 
dividual changes in particular animals, from 165.5 cps/leukocyte.106 in the right ventricle 
to 259.7 cps/leukocyte.106 in the aorta, i.e., by 1.6 times; CHLC for AFO generation by 
leukocytes in the calves also rose in the aorta to a higher level than in the right ventri- 
cle, from 80-308 to 364-853 cps/leukocytes.106, and on average, from 194 to 608.5 cps/leu- 
kocyte-106, i.e., by 3.66 times. A sample investigation showed that simultaneously with 
CHLC of AFO generation, the chemical criterion of AFO generation (intensity of the nitro-BT 
test) also was increased at the exit from PVB. In five of the six dogs in which CHLC of AFO 
was raised the intensity of the nitro-BT test (relative to the quantity of diformazan formed 
in the leukocytes) was increased in blood flowing from the lungs compared with blood flowing 
into the lungs from 0.023-0.065 to 0.046-0.112 optical density units, and on average from 
0.0442 to 0.087, i.e., by 1.96 times. In four of the six dogs in which CHLC for AFO genera- 
tion was increased at the exit from PVB, an increase in the intensity of the phagocytic re- 
action also was observed in blood flowing from the lungs, relative to the number of micro- 
bial cells ingested by leukocytes, but not relative to the percentage of phagocytic leuko- 
cytes; the number of microbial cells ingested by one leukocyte from i00 leukocytes counted 
was increased from 3-10.6 to 6.8-19.3, or on average from 6.25 to 10.15, i.e., by 1.6 times. 
Changes in CHLC for AFO generation by leukocytes during passage through SVB (Fig. i) were 
unexpected. In eight of ii dogs (72.8%) CHLC for AFO generation by leukocytes in blood flow- 
ing from the spleen was reduced compared with blood flowing into the spleen (or it was vir- 
tually unchanged) by 1.02-12.4 times (p > 0.05), or on average it was reduced by 4.1 times. 
The mean absolute value of CHLC for AFO generation by leukocytes at the exit from SVB was 
reduced in all ii dogs, irrespective of changes in CHLC in individual animals, from 414.5 
to 353.2 cps/leukocyte-lO 6, i.e., by 1.17 times. The investigation showed that the percen- 
tage of neutrophils characterized by comparative high CHL activity in blood flowing into 
the lungs (in ii of 15 dogs) (by 7.8-31%). Consequently, the rise of CHLC for AFO genera- 
tion in blood flowing from the lungs was unconnected with any increase in the number of neu- 
trophils in it. The results thus demonstrate on the whole that during passage of leukocytes 
through PVB, unlike through SVB, the intensity of their generation of active bactericidal 
forms of oxygen as a rule increases. Due to this phenomenon, it can be tentatively suggested, 
the lungs are able to take part in the formation of the free radical (oxygen and lipid) 
status and in phagocytic defense of the organism against infection. 
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Wound healing takes place in definite stages [6, 9]. The most complex changes (at tis- 
sue, cellular, and molecular levels) take place in stage I of wound healing, in the traumatic 
inflammation phase. The early manifestations of traumatic inflammation are due to the in- 
volvement of biogenic amines, monoamine oxidase (MAO), free oxygen radicals, and other bio- 
logically active substances [I, 5, i0, ii], which determine the abundance and intensity of 
this reaction and the possible development of a suppurative-inflammatory process [4]. 

The study of changes in biologically active substances and their inhibitors during 
wound healing may help with the discovery of ways of prevens wound infection and of stim- 
ulating repair processes. This investigation was devoted to the study of this problem. 

EXPERIMENTAL METHOD 

Experiments were carried out on 220 male Wistar rats weighing 190-120 g. The experi- 
mental model consisted of full-thickness aseptic and infected skin wounds covering an area 
of 400 mm 2, created under sterile conditions by the method described previously [7]. Blood 
was taken from the femoral vessels of the rats under hexobarbital anesthesia. 

Before the operation (initial data) and on the lst-10th, 12th, and 15th days thereafter, 
the total serotonin concentration was determined in the blood by a fluorometric method [8]; 
concentrations of hydroperoxides were determined in the serum and tissues of the wound de- 
fect spectrophotometrically [12], and the total protein concentration was determined by the 
biuret method [16]. To determine the parameters 8-10 animals were used at each experimental 
point, and after sampling of the tissue, they were killed by decapitation. Samples of wound 
tissues at the same times were subjected to morphological examination (staining with hema- 
toxylin and eosin, by Van Gieson's method, and with toluidine blue by Brachet's reaction, 
and various signs of inflammation and repair were evaluated, including the intensity of de- 
granulation and lysis of mast cells (on a 5-point system). 

Experiments to study the effect of an MIO inhibitor on wound healing were conducted 
in two series on 34 male Wistar rats with experimental linear wounds, produced by the method 
described previously [7], without observance of the rules of asepsis and antisepsis, and with 
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