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The local anesthetic richlocaine decreased the area of necrosis in the skin flap under condi-
tions of reduced blood flow by 29.5%. Improved survival of skin flap after richlocaine treat-
ment alleviated endogenous intoxication, reduced secondary inflammatory reaction, improved
liver function, and normalized the ratio between vasoconstricting and vasodilating pro-
staglandins. This effect was most pronounced after combination therapy with richlocaine and

direct-action antihypoxant energostim.
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Changes reflecting necrobiotic processes, appearance
of the inflammatory exudate, impairment of mem-
brane stability, and development of endotoxemia do-
minate in the focus of injury at the early stage of blood
flow reduction during trauma. Previous studies showed
that the local anesthetic richlocaine possesses immu-
nomodulatory properties and decreases total peroxi-
dase activity and extraerythrocytic hemoglobin con-
tent [1]. Here we evaluated the effects of richlocaine
alone or in combination with the antihypoxant ener-
gostim [2,3] on survival of skin flap and endotoxemia
under conditions of reduced blood flow in the skin
flap (SF).
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MATERIALS AND METHODS

Experiments were performed on 32 male albino rats
weighing 175-190 g in autumn and winter. The ani-
mals were randomly divided into 4 groups (control,
groups 1 and 2; treatment, groups 3 and 4, 8 rats per
group and were kept in a vivarium under standard
conditions with adequate food supply. Surgeries were
performed under sterile conditions. The rats were in-
traperitoneally narcotized with 60 mg/kg hexenal and
SF (12x52 mm) was dissected [6,8]. Group 1 animals
were intraperitoneally injected with 0.2 ml physiolo-
gical saline 15 min before the experiment. Group 2
rats received physiological saline for 3 days. Group 3
animals received 0.2 ml richlocaine in a dose of 5
mg/kg. Group 4 rats received 0.2 ml richlocaine and
0.2 ml energostim in doses of 5 and 115 mg/kg, re-
spectively, for 3 days. Keratinocytes of SF were iso-
lated 1 h (group 1) or 3 days after surgery (groups 2,
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3, and 4). The count of viable cells was determined
using trypan blue exclusion test [8]. The severity of
endotoxemia was estimated by the formation of non-
enzymatic proteolytic products in the plasma and ery-
throcytes using integral parameters for toxicity (ex-
press test proposed by M. Ya. Malakhova) [4]. Changes
in the form of spectrograms reflected the metabolic
response of the organism to adverse factors. The con-
tents of histamine and serotonin and activities of ala-
nine transaminase (ALT) and aspartate transaminase
(AST) in suspensions of SF and rat blood were mea-
sured daily by the fluorometric method using Bio-La-
Test reagents (Lachema). The concentrations of pro-
staglandins E and F were estimated using radioim-
munological kits (Clinical Assays). Lactate content
was evaluated using Boehringer Mannheim kits. Li-
pids were removed with a chloroform-methanol mix-
ture in the 1:20 ratio (wet weight) to determine the
amount of hydroxyproline and hexosamines [5,7]. The
results were analyzed by Student’s 7 test. The diffe-
rences were significant at p<0.05.

RESULTS

After 72 h the necrotic area of SF in group 3 and 4
rats decreased by 29.5 and 36.3%, respectively, com-
pared to that in group 2 animals (control, Table 1).
The number of dead keratinocytes per 1 cm? skin on
the back in rats of groups 3 and 4 decreased by 29 and
35%, respectively (Table 1). These data indicate that
in animals with ischemic SF combination therapy pro-
duced a greater antinecrotic and protective effect com-
pared to monotherapy with richlocaine. We revealed
that energostim possesses high antinecrotic activity
and sharply increases the resistance of keratinocytes
to ischemic and hypoxic factors.

On the spectrogram of rat blood plasma the relative
peak of optical density at 282 nm tended to increase
compared to normal 2 h after dissection of SF (0.21+0.03
optical density units). Changes in the spectrogram of ery-
throcytes were most pronounced at this term. The ery-
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throcyte extinction maximum at 258 nm increased by 2.2
times compared to group 1 rats (normal 0.56+ 0.05 opti-
cal density units). The total toxicity index (area under the
curve) 2.4-fold surpassed that in group 1 animals. Medi-
um molecules were released from the focus of aggres-
sion and sorbed on the glycocalyx or in erythrocytes.

Twelve hours after surgery peak optical density
of erythrocytes increased to a lesser extent than after
2 h (by 1.3 times). These changes were accompanied
by a significant increase in extinction of the plasma
(by 1.8 times). The plasma was rich in biochemical
substrates of endogenous intoxication, catabolic
substances, and products of lipid peroxidation and cell
disintegration. Inflammatory and focal dystrophic ne-
crotic injury and secondary hyperergic allergic re-
action of the skin probably developed 2-12 h after
surgery. Changes in the spectrogram of the plasma
and erythrocytes reflected stage I of endogenous into-
xication (compensation).

Two hours after dissection of SF optical density
of erythrocytes increased by 2.1, 1.6, and 1.28 times
in rats of groups 2, 3, and 4, respectively. It should be
emphasized that optical density of the plasma remai-
ned practically unchanged. The number of medium
molecules in the plasma and erythrocytes considerably
increased by the 24th hour after dissection of SF. The
index of plasma extinction at 282 nm reached a maxi-
mum, 4-fold surpassed normal, and remained high
over the next 2 days. Erythrocyte extinction reached a
maximum 12 h after surgery and was 2.8 times higher
than in the control (Table 2). The first 3 days after
dissection of SF were characterized by severe toxemia
and accumulation of toxic products of proteolytic de-
gradation of necrotized skin, hepatocytes, and dam-
aged blood cells. The rapid release of these substances
reflects normal functioning of lysosomal enzymes. Stage
II of toxemia was characterized by a sharp increase in
optical density of the plasma and correlated with ma-
nifestation of necrotic changes in SF.

After 3 days the erythrocyte peak on the spectro-
gram progressively decreased and was below normal

TABLE 1. Effect of Richlocaine Alone or in Combination with Energostim on the Number of Viable Keratinocytes and Survival

of SF (M+m)
Keratinocyte count, 10° Ratio between the count of
Group Average areza dead keratinocytes and total
of SF, cm living dead number of keratinocytes, %
1 (8) 6.25+0.22 5.8+0.4 0.45+0.12 7.2+1.0
2 (8) 6.40+0.28 4.6+0.2** 1.92+0.14* 29.5+2.4*
3 (8) 6.36+0.26 5.0+0.2** 1.36+0.13** 21£2*+
4 (8) 6.82+0.10 5.55+(0.23*****o 1.28+0.11** 18.8+1.0**°

Note. Number of SF is shown in brackets. *p<0.001, **p<0.01, and ***p<0.05 compared to group 1; *p<0.01 and *p<0.05 compared to

group 2; °p<0.05 compared to group 3.
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by 18%, which reflected structural abnormalities in
these cells. However, the amount of optically active
substances in the plasma continued to increase over 3
days. These results indicate that the severity of endo-
genous intoxication increased under conditions of re-
duced blood flow in SF. It was not followed by the
development of homeostatic system failure and poly-
organ insufficiency syndrome. We did not reveal chan-
ges in activity of ALT and AST. Richlocaine decrea-
sed the contents of serotonin and histamine and at-
tenuated the systemic inflammatory reaction on day 3
(Table 2). It was most pronounced in group 4 rats. A
sharp increase in blood lactate content reflected the
development of lactacidosis and impairment of aero-
bic and anaerobic glycolysis.

Spectrograms of blood plasma and erythrocytes
were analyzed during the development and progres-
sion of endotoxemia under conditions of reduced blood
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flow in SF. Endogenous intoxication proceeded in 3
initial stages: increase in the erythrocyte peak and
normal spectrogram of the plasma (compensatory sta-
ge I); rise in the content of metabolites in the plasma
and erythrocytes (accumulation of products from the
focus of aggression, stage II); and stabilization of ery-
throcyte spectrograms (complete saturation) and fur-
ther increase in the peak of plasma on spectrograms
(reversible decompensation of organs, stage III). By
the 72nd hour of endotoxemia irreversible decompen-
sation of organs was followed by the development of
homeostatic failure and irreversible decompensation
(stages IV and V). Phase IV was characterized by a
decrease in the erythrocyte peak below normal due to
structural changes in the erythrocyte membrane and
further accumulation of optically active substances in
the plasma. Damage to membranes was observed in
terminal stage V and accompanied by a decrease in the

TABLE 2. Changes in Optical Density of the Plasma and Erythrocytes, Activities of ALT and AST, and Contents of Serotonin,
Histamine, and Lactate under Conditions of Reduced Blood Flow in SF (M+m)

SF
Sample, time of investigation, h Normal
control richlocaine richlocaine and
(group 2) energostim

Plasma, A=258 nm 2 0.25+0.05 0.38+0.04 0.28+0.12 0.28+0.08

12 0.78+0.12* 0.59+0.11 0.48+0.12***

24 0.98+0.04* 0.98+0.12 0.78+0.18*

72 1.14+0.21* 0.68+0.12** 0.48+0.07**
Erythrocytes, A=258 nm 2 0.60+0.08 1.31£0.08* 1.03+0.19** 0.77£0.05*"°

12 1.68+0.24* 1.28+0.11*** 0.88+0.09*

24 1.38+0.14* 0.98+0.10***** 0.82+0.08*****

72 0.45£0.05*** 0.55+0.12** 0.68+0.06*"*
ALT, pcat/liter 24 0.70+0.06 0.82+0.06 0.78+0.04 0.72+0.05

72 0.91+0.05 0.77+0.06*** 0.73+0.04
AST, ucat/liter 24 0.30£0.06 0.39+£0.05 0.44+0.03 0.38+0.03

72 0.42+0.04*** 0.35+0.04 0.32+0.05
Serotonin, nmol/ml 24 39+5 60£8*** 57+£9*** 49+6*+

72 57+6*** 48+4+ 46+4+
Histamine, nmol/ml 24 0.24+0.05 0.66+0.08* 0.60+0.06* 0.45+0.05***00

72 0.62+0.04* 0.49+0.04**** 0.35+0.04***00
Prostaglandin E, pg/ml 24 60+4 577 577 62+5

72 50£7 70+8 80£10*
Prostaglandin F, , pg/ml 24 115+15 105+8 160+18***+* 91+9

72 123+10 106+0.08 134+18
E/F,, ratio 24 0.52+0.08 0.64+0.05 0.35+0.04** 0.68+0.04***

72 0.41+0.08 0.66+0.03** 0.60+0.08***
Lactate, mmol/ml 24 72+8 60+8 65+9 78%7

72 167+£28* 120+18** 88£12%0°

Note. *p<0.001, **p<0.01, and ***p<0.05 compared to normal; *p<0.001, *p<0.01, and ***p<0.05 compared to the control; °p<0.001 and

°p<0.01 compared to richlocaine.
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content of metabolites in erythrocytes and plasma.
These changes were insignificant during ischemia of
SF. Production of medium molecules was suppressed
in the plasma and erythrocytes from group 3 and 4
rats. These changes reflected a decrease in the degree
of endotoxemia and were most pronounced in group 3
animals. The decrease in the contents of histamine and
serotonin indicates that richlocaine blocked the deve-
lopment of endotoxemia (Table 2). Energostim pro-
duced an antihypoxic effect and normalized transami-
nase activities in the plasma and AST/ALT ratio on
day 3 after treatment. It should be emphasized that the
increase in transaminase activities in the plasma re-
flects the influence of endotoxins released during ne-
crosis of SF and damage to the liver and heart. More-
over, the AST/ALT ratio in ischemic SF increased
from 1.1+0.2 to 1.36+0.13 (normal 1.4+0.2). These
data indicate that energostim decreases the severity of
tissue edema and secondary inflammatory reaction,
which contributes to attenuation of necrotic changes.

As differentiated from processes in SF under con-
ditions of reduced blood flow, prostaglandin F content
did not increase after combination therapy. It improves
microcirculation and platelet aggregation. Combina-
tion treatment with energostim and richlocaine shifted
the ratio between prostaglandins toward vasoconstric-
ting substances. It should be emphasized that blood
content of histamine decreased, but not increased (in
contrast to serotonin). Prostaglandin E concentration
decreased compared to that observed 2 h after surgery.
The content of prostaglandin F,, remained practically
unchanged. These variations contribute to a sharp in-
crease in the content of vasoconstricting prostaglan-
dins.

Changes reflecting necrobiotic processes and ap-
pearance of the inflammatory exudate were primarily
observed in the focus of injury at the early stage after
trauma. It was accompanied by the development of
endotoxemia and increase in the content of hexos-

amines in the focus of inflammation to 27.1+1.3 mg/g
wet tissue (vs. 17.8+1.2 mg/g wet tissue in the con-
trol). Hydroxyproline content decreased from 15.9+0.9
to 12.3+0.8 mg/g wet tissue (p<0.05). Accumulation
of fibroblasts with high functional activity determined
collagen synthesis and was followed by a decrease in
the contents of hexosamines and collagen on day 3
(23.8+0.9 and 21.2+1.1 mg/g wet tissue, respectively).
Treatment with richlocaine alone and, especially, in
combination with energostim increased the ratio be-
tween the amount of collagen and hexosamine (acute
fibrosis). On day 3 we observed a decrease in hexo-
samine content (21.5+0.9 and 18.0+1.1 mg/g wet tis-
sue, respectively) and increase in hydroxyproline con-
centration (23.8+1.0 and 25.1+1.1 mg/g wet tissue,
respectively). Variations in the content of hexosami-
nes and hydroxyproline and the dynamics of endoto-
xemia suggest that treatment with richlocaine alone
and in combination with energostim markedly reduces
the severity of inflammation, promotes changes in the
amount of soluble glyco- and mucoproteins in the
skin, accelerates collagen biosynthesis, and relieves
endotoxemia.
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