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Crush syndrome (CS) is a special type of traumatic pathology accompanied by a shock and
intoxication of organism with a heavy and specific clinical course and high lethality. The CS prob-
lem has been studied since the beginning of 1930, and the distructing earthquakes in Armenia gave
a new impulse for a wider study of this problem.

The level of protein synthesis in the brain and heart mitochondria (M), endoplasmic reticu-
Jlum (ER) and cytosol (C) has been studied by incorporation of radioactive amino acid in protein
molecules at CS experimentally modeled in white rats. The compression of soft tissue is accompa-
nied by an acute hemodynamic shock and myoglobinuria with acute renal failure [9].

The main reason is that the cells of the damaged muscle seize a considerable amount of
noncellular water. There begins a development of NO-dependent vasodilation, hypokalemia in
tissues and hyperkalemia in blood (50-65% increase in blood), hypercalcemia (in kidney, myocar-
dium, brain tissues) which induce a development of cardiovascular insufficiency, kidney and brain
injury [1,5,10,11,13,14]. There are a data indicating that the main intoxication of organism begins
at decompression and the organism is protected only due to some long-lasting arrangements, such
as dialysis, arterio-venous hemofiltration, estimation of o-amilase, lactate dehydrogenase, aspar-
tate transaminase, activity of enzymes of adenyline compounds and use of preparations which de-
crease their activity [3,4,12].

Thus, we put an aim to study the changes of the level of in vivo protein synthesis in brain
and myocardium M, ER and C in white rats with experimental CS. -
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Material and Methods

In the experiments 72 Wistar male rats weighing 160-200g were used. CS was induced by a
compression of femoral soft tissues using a special press with force of 100kg//kg of animal weight
for 2 and Shrs. The animals were divided into the following groups: intact, control (2 and 5 Ars
compression) and experimental (2, 4, 24 and 48 hrs decompression). During 60 min before decapi-
tation the animals were injected '*C- leucine with specific radioactivity of 240 mCiemmol” in a
quantity of 50 meCi/100g of the mass. After decapitation the investigated organs were perfused in
solution (0.15M KCL), homogenized in 0.44M sucrose, 1M EDTA, and by the method of differen-
tial centrifugation cellular fractions were obtained. The purity of the fractions of M and ER vesi-
cles was checked morphologically and enzymatically [2,7]. The levels of incorporation of the ra-
dioactive precursor to the membrane proteins of M, ER and C were determined after membrane
fractions solubilization in hyamine-10X (0.5N, NEN, USA). The level of radioactivity was
counted on scintillation spectrometer SL- 4221 (Roche Bioelectronique Kontron, France) where
liquid scintillator on dioxan base was used. The efficiency of evaluation made 80-90% counted by
“C, &= 92%. Data were obtained in desintegmtion-min" omg” of protein. Absolute radioactivity
was evaluated by the method of external standardization. The protein was determined by Lowry
(test-set of “Sigma” Chem.Co., USA). Statistical reliability was evaluated with the help of Stu-
dent’s t-test and Sigma Plot program:..

Results and Discussion

It has been already shown that at CS the protein contents seriously change in the liver and
kidneys cell subcellular particles and soluble fraction [8]. Later those investigations were extended
and the following experimenthl data have been obtained. At CS the following regularity has been
observed referring to the activity of protein synthesis of cardiomyocytes. In soluble fraction of car-
diomyocytes the level of protein synthesis decreases (47.9%) during 2 hrs compression. At 2 hrs
decompression the level of synthesis increases (81.9%) remaining lower of that (22%) of the intact
group (tab.1). It remains the same at 4, 24 and 48 hrs decompression and after 2 hrs compression
in comparison with the control group.

During the compression the synthesis of ER membrane proteins does not change. At-2 hrs
decompression no reliable changes are observed. At 4 hrs decompression an acute activation is
observed which increases (51%) and remains the same at 24 hirs decompression. At48 hrs decom-
pression the activity decreases to 44% of that of the intact and control levels (table 1).

During 2 hrs compression the synthesis of membrane proteins of M decreases more than
twice. At 2 and 24 hrs decompression the synthesis does not reliably change, only at 48 Ars de-
compression the synthesis decreases (32.5%) in comparison with the intact group,though it is
higher than that of the control group (42.5%).

During 5 hrs compression no reliable changes are observed in C if compared with the peri-
ods of decompression (tab. 2). At 2 krs decompression after 5 Ars compression the level of protein
synthesis decreases to 29.8% of that of the control group. Investigations of the next periods of
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decompression have shown that at 4 Ars decompression the activity increases thrice and at 24 and

48 hrs decompression — twice compared with the control group.

Table 1
1 of protein synthesis in nyourdlnm subcellular particles after 2 krs compresslon
TheRrel ofes ’ and 2, 4,24, 48 hrs decompression
Control group, Experimental groups (decompression)
Subcellular Infact 2 hrs compres-
particles group sion 2 hrs 4 hrs 24 hrs 48 hrs
7181 +£380 | 13850 k154 | 8749 £361 | 6217 £95
Cytsol | 9206% | 48002674005 | pi<005 | pi>005 | pi<00l
761 P1<0,005 p2<0,005 | p1<0005 | py<0001 | p,<0,005
5942 £446 | 8972+1091 7853 £423 | 3142 +84
Endoplasmic | 5653 + 5693346 p>05 | pi>005 | pi<00s | p <0001
reticulum 156 ] >0|5 P2 >0's P2 >0‘os p1<o'01 p2<o'0°l

8409 £844 | 7191£935 | 69164798 | 142

170
SR 1531451 + 360<8 :010512 p1>04 p1>0,5 P>04 | o601
: <0, P<000S | p2<0005 | pi<001 | P00

During 5 hrs compression the membrane proteins of ER have undergone the following
changes: in the control group the level of synthesis decreases (26.8% compared with the intact
group). At 2 hrs decompression it decreases making 41.3% of the control group. At 4 hrs decom-
pression an acute activation is observed (26.8% in comparison with the control, and 16.9% with
the intact group). At 24 hrs decompression the activity begins to decrease. At 48 hrs decompres-
sion the activity decreased thrice reaching the level of the intact group.

During 5 hrs compression the synthesis of myocardium membrane proteins decreases
(27.6%). At 2 hrs decompression it decreases to 42.7% of that of the intact group. At 4 hrs de-
compression the protein synthesis increases (15.8% in comparison with the control group). At 24
hrs decompression the activity began to decrease and reached the level of the control group. At 48
hrs decompression it decreased twice (tab. 2). _

Some significant changes have been observed in the brain tissue in the level of protein syn-
thesis. During 2 hrs compression the level decreases in C (32.7%). At 2 hrs decompression after 2
hrs compression the level of synthesis decreases to 78.8% of that of the intact group, then begins
to increase. At 4 hrs decompression it reaches the level of the intact group . At 24 and 48 hrs de-
compressions the level of protein synthesis decreases, respectively to 20% and 47.3% of that of
the intact group (tab. 3).
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Table 2

The level of protein synthesis in myocardium subcellular particles after 5 irs compression
and 2,4, 24, 48 krs decompression

Control Experimental groups (decompression)
Subcellular Intact group,
ticl 2h -
PRLTESS rore p,:“:;:’:' 2 hrs 4 hrs 24 hrs 48 hrs
11741
9410 +£154 6606 =274 199611464 | 14174 +89 +168
Cytosol 9206761 o1 >0, p1 <0,025 p1<0,001 p1 <0,001 p; <0,025
p2<0,001 P<0001 | pp<0001 | 120
) 3320 £113 152161142 | 5253 £76 | 461582
Badopltvmic’ | sg53.¢ 5 4138;;'(])-;9 Dy <0,001 p1<0001 | py>005 | p,<0,005
hi =2 p2 >02 p2 <0,001 p2 >0.1 p2 >0,5
5514 +366 4362 £912 14235+682 | 6026 £140 | 3928 +87
Mitochondria | 7615+ 347 <0.0] p1<0,025 p; <0,001 p1<0,01 p1<0,001
<% p2 >02 p2<0,001 p2>02 | pa<0,01

At crash syndrome no reliable changes have been observed in the brain ER, however at 2
hrs decompression the level of synthesis of membrane proteins decreases (51.9%). At 4 and 24 hrs
decompression the activity increases twice compared with 2 hrs decompression. At 48 hrs decom-

pression it begins to decrease insignificantly.

Table 3
The level of protein synthesis in brain subcellular particles after 2 krs compression
and 2, 4, 24, 48 hrs decompression
Control Experimental groups (decompression)
Subcellular Intact group,
particles group 2 hrs
compression 2 hrs 4 hrs 24 hrs 48 hrs
6987 + 25 3239 +£124 11324812 | 8094 £699 5470 +68
Cytosol 103781320 <0.001 p1 <0,001 p1>0.2 py <0,025 p1<0,001
e p2<0,001 p2<0,005 | p;>005 | pa<0,001
. 3953 £318 6869 +762 6728 £165 | 5261 £233
Budoplaanic | gyp3ygy | SIOXSE | gy <001 pi>01 | p <0001 | py<0,001
P1 >V ps <0,001 p2>005 | pa>005 | pa<0,005
3537+ 185 2956 153 4768 £555 | 622411013 | 5614 +£354
Mitochondria | 6922 £352 <0.001 p1<0,001 p1 <0,025 p1>05 p1<0,05
PSS pz >0,05 p2 >0,05 p1<0,05 | py<0,005
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More expressed changes have been observed in the M membrane p.rotein of brain. During 2
hrs compression the synthesis decreases twice. At 2 hrs decompression it d.ecreases t? f2.7% of
that of the intact group. At 4, 24 and 48 hrs decompression the level of protein synthesis increases
reaching the level of the intact group (tab. 3). : .

During 5 hrs compression the level of protein synthesis in the soluble fraction of brain does
not change. At 2 hrs decompression it decreases a little (16%). At 4 hrs decompression it increases
twice if compared with the control group, then again decreases always remaining at a high level
(tab. 4). At CS in brain cells an insignificant activation of the level of protein synthesis is observed
(16%), referring to the membrane fraction of ER. At 2 hrs decompression the level of protein syn-
thesis decreases (56%), at 4 hrs decompression it increases (77.4% if compared with the intact
group, and 30.1% if compared with 2 hrs decompression). At 24 hrs decompression the protein
synthesis reaches the level of the intact group. At 48 hrs decompression it begins to decrease

(tab.4).

Table 4.
The level of protein synthesis in brain subcellular particles after 5 krs compression
' and 2, 4, 24, 48 hrs of decompression
Experimental groups (decompression
Subcellular Intact Control group, P $EIRD P )
particles group 2 hrs compression 2 brs i ik i

111194 180 7668 £291 | 22419£1212 | 9665311 | 8514 £181
Cytosol 103781320 >0.05 p1 <0,001 p1<0,001 p; >0,05 p1<0,005
P12 p2<0,001 p2<0,001 | p,<001 | p,<0,001
: 9537 +346 3638 118 14585+ 132 | 8899 £47 5789 +23
E“d‘.’P‘?‘m” 8223 £92 S p1<0,001 | p; <0005 [ p; <0,001 | p,<0,001
e RS p2 <0,001 p2 <0,025 | p, >0, p2< 0,001
7385+1671 2597 £396 117151112 | 5035 £49 2339+69
Mitochondria | 6922 £352 >05 p1<0,001 p1 <0,01 p1<0,005 p1<0,001
P1 2% p2 <0,05 p2>0,05 p2>02 p2<0,05

The data in the tables are given in desintegrationemin-1emg protein-1, n=6

P1 — in comparison with intact and control (2 hrs compression) groups;
Pz in comparison with control and experimental (2, 4, 24 and 48 hrs decompression)
groups
‘At crush syndrome the level of protein synthesis in the membrane of M does not change
during compression period. At 2 hrs decompression it decreases as in ER membrane fraction
(72.5%). At 4 hrs decompression the M protein synthesis increases (4.5 times if compared with 2
hrs decompression, and 1.7 times, if compared with the intact group). At 24 hrs decompression it
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again begins to decrease. At 48 hrs decompression it decreases (3 times, if compared with the in-
tact group).

Thus, it is concluded CS is accompanied by numerous damages, the most significant of
which are stress, shock, pain syndrome, violation of the neurohumoral system involving the media-
tors of the sympathic part of vegetative nervous system. The morphological study of brain tissue
during different terms of decompression after 2 and 5 hrs compression has revealed a contraction
of the vessels of the cerebral shell, perivascular edema, and hypoxia. Global cerebral ischemia in-
volves the entire brain [5]. A spreaded glial edema is observed.

Reduced structural changes in the brain are observed at all investigation periods. Undoubt-
edly, at crush syndrome the major place is given to the involvement of the immune system in
pathogenesis. Disorders of blood-brain barrier and intoxication of the central nervous system by
infiltration of toxins through the peripheral nerves are confirmed experimentally. The experimental
data show that during 2 hrs compression the main change is the decrease in the level of protein
" synthesis in C of the investigated organs. Membrane proteins of ER give different reactions to

compression. : -

During 2 hrs compression more serious damages of protein synthesis are observed in brain
and myocardium membranes of M. The levels of protein synthesis in brain and myocardium de-
crease twice. During 5 hrs compression this process is restored, probably because the white rats
switch on the adaptation protective mechanisms very quickly due to the high level of their plastic
exchange. That helps to restore protein synthesis, one of the most important processes in the organ-
ism. It is important to note that at 2 Ars decompression after. 2 hrs compression a very acute de-
crease in the level of protein synthesis is observed in all the investigated organs and subcellular
structures, except M. An acute activation of synthesis of membrane proteins takes place. The de-
crease of K concentration is supposed to make the protein synthesis apparatus in M switch on for
the accomplishment of protein synthesis. K is very important at CS, as it deteriorates myocardial
activity which results in infarction.

At 2 hrs compression the protein synthesis increases in cardiomyocytes C, and the synthesis
of ER membrane does not change. By means of this activation the deficiency of M protein is com-
pleted. The decrease of protein synthesis, which is-observed at 2 hrs decompression, probably has
a protecting trigger mechanism, because at 4 hrs decompression an excessive activation of protein
synthesis is observed, after which all the supplies of macroerges and free pool of amino acids are
exhausted [6]. That is why the activity ‘of protein synthesis continues to decrease dilring 48 hrs
decompression. Undoubtedly, general intdx_ication of organism at decompression periods has a
special influence upon decrease of protein synthesis.

Mocmynuna 25.06.01
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CHHTE3 BRJIKOB YJIHTPACTPYKTYPHBIX KOMIIOHEHTOB KJIETOK MO3I'A ¥ CEPIIA
BEJIBIX KPBIC IIPH CHHAPOME JJIMTEJIGHOI'O PA3JJABJINBAHHS

IA T'epopxsn, A.C.Kanasn, [ ®. XauarpsH, JL.O.BockaHsH,
A.I'TesopksH, C.A. AsanecsH, MaHyKaH JLA.

CHHIPOM UIATENEHOIO pasjaB/HBaHHA (CHIP) xapakxrepusyercsa oOmel MHTOKCHKaUueH
OpraEM3Ma, HapyIeHHMSMH CEpAeYHO-COCYJHCTOH NesTeNLHOCTH, THTIOKCHEH, OCTpO¥ HMImemmuel
MO03ra ¥ MHOTHMH APYTHMH Cephe3HEIMH HapyINCHUAMH.

DrcnepuMeRTanbHas Mojens CJIP npezcrasiser co6o# pasfannuBanye GeApeHHON Mbll-
16l GeNBIX KpBIC B TeYeHHE 2- M 5-TH 9aCOB C NOCHEAYIOIIAM NOCTKOMIIPECCHOHHBIM NIEPHOJIOM 2,
4, 24 n 48 yacos.

Usysenue GenoKCHHTe3Mpylomed aKTHBHOCTH cyOKneTodHEIX 06pasoBaHmMi Mo3ra
Cep/Ia — METOXOHAPHH, SHIOIIA3MATHIECKOr0 PETHKYITYMa H IHTO30/14 BEIABIIIA ONPE/C/ICHHEIE
CIBHIH B aKTHBHOCTH CHHTe3a 6elka, Kak NpH KOMOPECCHH, Tak H B NOCTKOMIPECCHOHHOM ITe-
pHOZE. Ha‘nﬁonee 3HaYATeNbHbIE H3MEHeHNS OTMEYANHCh B IIOCTKOMIIDECCHOHHOM IEPHO/E, Xa-
PAKTepH3YIOMEeMCs PAacpOCTPaHEHHEM TOKCHIHBIX NPOJYKTOB M3 TOBPEXAEHHEIX NIOYEK IT0 BCe-

My OpraHM3My.

uampbsSuu UNULGSULEGLP NRAGAP Gd ULSUUUWUULDP GLRURLQQAUSHL
LUANSYUSRLRLELP UNPSUUNNSULEGLP UPLREEGAE GAUULUSLY, SQUUUL
LUUuunsuuvbeh guvuuvuu

Q.U. Qunpgqui, U.U. Gulwui, £.5. Nwswnpui, L.L. Nuljubjul,
U.Q. Qunpgub, U.UUJwliGuui, L.U.Uwnbndlub

Gpljwpwinb Syddwl hwdwhmwihzn /664/ pimpwgninud E opquilthyuh plinhwlnip
pnlwdnpuudp, upnuwinpuyhll  hwdwiunpgh gnpomilitnipull  wlqupiwdp, ninknh
pRYwdhwhl punymy b untp hzkdhuym] b 2umn wy) (nupe fowfunmulibpng :

G54 thnpasltiwlul dnnbiin hpklhy GEphuuyind Eughnol unbbnlbph oyppudoih 2-
b S-dwju fydnud 2, 4, 24 b 484 htmbyddwl dudwlulwhuingwém]:

Mntnh b upinh Eipwpegwihl junmydwédpltiph® dhinnpnlinphnullikph, Einnuyuydunhl
ywligh U yhwnynih uyhnwyny uhipbynn winhdneul numdtuuhpdwdp hwnbiwptn by &
ughunwlngh uhlipbyh wbnwzwnpdbp hlsybu Syddwl, wiybu b hEnfyddwh dwdwluwly:
Ununbi yquyh thnhnfumipniliiip mknh Bi mbblnud hnfyddwl dudwluwhwn]wsnd, npp
pinpnzdnud £ Jiuwudwd  Gphjudlbphy pmludnp wpquuhplitph  nwpuddudp wdpnng
onquilthyum]: i
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