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The aim of this study was to find the dynamic of ultrastructural changes of liver at CS and the role of PRP-1 (proline rich peptide) as a
protector. Our investigation demonstrated that Mch (mitochondria) of brain are more subject to changes at 2 h of compression than liver
Mch, but one time administration of the PRP-1 in a dosage of 10 g/100 g of the animal weight before decompression period prevent the
development of the destructive changes of the hepatocytes of the liver and neurons of the rat cortex (injection of PRP on the background of
CS prevent progress of ultrastructural changes typical at 4 h of decompression, and leads to Mch fission). 
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INTRODUCTION 

Earthquake is one of the most dangerous nature 
cataclysms.1 Sudden buildings destroy as well as the 
damages and death of the people caused by the earthquake 
is more than 90 %. At last 20 years developed the 
knowledge basis and the tactics chose at such cases.2 In 
current study we were chosen the experimental model of 
traumatic stress - crush syndrome (CS).3 

CS is a special type of traumatic injury of the organism 
with a specific clinical development of the pathogenesis 
with a high lethality (up to 70 %).4  

Today one of the most actual questions is studying the 
pathology of Crush syndrome (CS) and searching the ways 
prevent the metabolism disturbances caused by toxins 
formed in ischemic muscle during decompression. CS 
follows by acute hemodynamic shock, myoglobinuria, 
acute renal insufficiency and lethal endotoxicity.5  

CS is characterized by serious changes in the most 
parameters of homeostasis, which lead to improve of the 
patients’ treatment. It is already developed the general 
conceptions of the medical help to the patients with CS. 
However it could lead to complications especially in 
excretory and detoxification functions of the organism. 
There are numerous data indicating that the main 
intoxication of the organism occurs during decompression, 
in which toxic metabolic products (toxic peptides) as 
product from proteolisis of myoglobin are released into the 
blood from damaged tissue and kidney and accumulated at 
the targeted organ. Liver damages are wide-spread cause 
of people disease and death.6-8 

An assumption may be suggested that the ultrastructural 
manifestations of the cell pathology of various organs may 
occur in all the stages of developing crush syndrome. The 

manifestations mentioned have to do both with the cells' 
and non-cellular structures' components of membranous 
structure (plasmolemma, mitochondria, nuclear shell) and 
those of non–membranous structure. 

In this work as a protector we have chosen the prolin 
rich peptide (PRP-1) which is an immunmodulator and 
neuroprotector with a wide profile of action.9 The 
following important properties of PRP-1 were identified: 
inhibition of the proappoptotic capasas 3 and 9, activation 
of 2 and 6 capasas,10 stimulation of the immuncompetetnt 
cells (Т, В and macrofagus),11 involving in the 
mechanisms of interleukin expression (TNF, IL-1, IL-6)  
in fibroblasts, macrophages and astrosites, neuroprotection 
against many toxic products produced in organism, has an 
antimicrobial and antivirus influence.12  

As at CS we observe the toxic products produced by 
organism itself (in the ischemic muscle during 
compression and released into the blood stream during 
decompression), so in this model, we decided to use PRP-1, 
taking into consideration all its properties, especially its 
neuroprotection effect against many toxic products 
produced in the organism. 

Experimentally proved that under compression, white 
rats that received intraperitoneal PRP-1 before 
decompression period survived up to 100% (without PRP-
1 administration the death of the animals was up to 25-
30%), and the damage corrected by PRP-1, in some cases 
reached to intact level. 

It was shown that PRP lead to increase of glucose 
utilization in the brain during different periods of 
decompression, which was different in the myocardium 
and kidneys. 

Previous morphological studies were carried out with an 
hour compression and 1-3 days decompression period, 
respectively. However, the question of the brain and liver 
ultrastructure at longer period of compression still remains 
unknown. 

The aim of this study was to find the dynamic of 
ultrastructural changes of liver at CS and the role of PRP-1 
as a protector. 
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MATERIAL AND METHODS 

Reagent: powder paraformaldehyde; OsO4; Sodium 
cacodylate trihydrate; 90º ethyl alcohol, acetone, Epon 812, 
Epon Hardener MNA, Epon Hardener DDSA, Epon 
accelerator DNP-30, uranil acetate, citrate Na, Nitrate Pb, 
photo plates. 

All reagent used were of analytical grade and purchased 
from Sigma Chemical Co. (USA).  

Animals: All procedures involving animals were 
approved by the Institutional Review Board/ Institutional 
Animal Care and Use Committee (H. Buniatian Institute of 
Biochemistry, Yerevan, NAS RA) conformed to the 
European Communities Council directives (86/609/EC). 
For all experiments, two-month-old male rates weighing 
150-200 g obtained from our breeding colony were used. 
Animals were maintained at normal room temperature 
with free access to food and tap water. The experimental 
model of Crush syndrome (CS) was induced by 
compression of femoral soft tissues using a special press 
with a compression force 100 kg kg-1 of body weight for 2 
h.  

Rats were divided randomly into four groups (n=5 in 
each group). Group I – intact animals; Group II – control 
(2 h compression); and 2 experimental Groups (III and 
IV): 4 h decompression; PRP-1 injection and 4 h 
decompression at the end of using PRP-1 (10 g/100 g of 
animal weight). 

Treatment of material: The bioptates taken 
immediately after decapitation put in cold 4 ºC mix of 
paraformaldehyde on cacodilate buffer and glutaraldehyde 
for 12 hours with following post fixation in 1 % OsO4 
solution during 2 hours; dehydratation in ascending series 
of spirits; saturation in a mixture of acetone and epon 
resins of different proportions and pouring in gelatinous 
capsules into epon.  

Obtaining of ultrathin slices and its treatment: The 
ultrathin slices (up to 500 Å) were made using ultracut 
LKB (Swedish) and Reichert (Austria). Ultrathin slices 
were double contrasted with uranil acetate and lead citrate.  

Observation under TEM: Obtained ultrathin slices 
were observed under the transmission electron microscope 
(Phillips CM 10) with resolution X 10-20.000. 

Statistical Analysis: Data were expresses as the mean ± 
S.E.M. All data were analyzed using a one-way analysis of 
variance (ANOVA) (SigmaStat 3.5 for Windows). 
Differences were considered as significant at P  0.05. 

RESULTS 

As have shown the results of our study, in control group 
of animals (2 h compression) the ultrastructural changes of 
neurons of cortex and hepatocytes of liver (in particular 
Mch, Nc, GER and SER) are quite different from 
ultrastructure of intact group. Thus the specific alterations 
between organelles of neurons and hepatocytes are also 
observed. So, it was shown that GER of neurons is in 

process of fragmentation and vesiculation, while in 
hepatocytes it is presented as separate tubules fragments. 
This indicates on the fact of hypersensibility of cells to the 
influence of catecholamine’s level increasing caused by 
stress. 

Endoplasmatic reticulum is one of the major organelles 
demonstrate expressed symptoms of a stress and 
dysfunction at pathology.13 Disfunction of ER can cause to 
organ dysfunction at a strong inflammation caused by 
endotoxins.14  

As about Mch, at 2 h compressions of soft tissues, in 
neurons of a brain the tendency of 2-3 organelles fusion is 
observed (Fig. 1). Thus the cristae are of varies shapes: 
tubular or in a process of fragmentation. 

Figure 1. The ultrastructure of neurons at 2 h compression. X 
20.000. 

In hepatocytes of liver Mch are in groups where the 
organelles are close contacted to each other, thus no fusion 
is observed. As about inner membrane of Mch, we can 
indicate that cristae are generally tubular, practically no 
process of fragmentation is observed. 

Мch are also critical metabolic organelles known as 
«power system of cells».15,16 In addition to their role in 
cellular bio-energetic, Mch initiate the general forms of the 
programmed cellular death (apoptosis) through realizing of 
proteins, such as cytochrome C from an inner membrane.17  

Hepatocytes consist double nuclei, compare to neurons 
of cortex.  

In the first experimental group of animals (2 h 
compression - 4 h decompression) the ultrastructural 
changes are developed acutely both in neurons, and in 
hypatocytes. 

As have shown the results of our study in the following 
group total GER vesiculation process is observed, while 
SER is presented both in a type of fragmented tubules and 
by fields consists of vesicules.  

Such organelles condition at 4 h decompression caused 
by the influence of toxins and toxic peptides,18 produced 
by ischemic muscle at the 2 h compression and released to 
the blood at the decompression period, which lead to 
development of disorder of microcirculation, which in its 
turn caused the development of acute hypoxia and as a 
result ischemia of different tissues and organs.19-22  
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Such toxic peptides composed of 5-7 amino acids realize 

into the blood and reach to the target organs lead to the 
destructive changes and functional disorders.  

It’s important to mention that Mch of cortex can form 
conglomerates consist of a great number of fussed Mch. 
Mch matrix has a swollen character. The inner membrane 
of Mch also has specific alterations. The number of tubular 
cristae decreased, as well as the number of fragmented 
cristae, however the process of vesiculation is presented. 
The Mch of liver hepatocytes are also significantly altered. 
At 4 h decompression the Mch fuse and the tendency of 
megamitochondria formation is observed (Fig. 2). 

The matrix of Mch is in the process of swollen. The 
cristae are presented as in a form of tubuls as well as in 
fragmentation type; it is shown the increasing process of 
vesiculation tendency.  

Increasing of the Mch fussion and fission processes lead 
to desorganisation of inner membrane of Mch and 
formation of the tubular and vesiculated cristae.  

The ultrastructural architecture of the Mch mostly 
depends on the quantity and form of cristae. A great 
number of criastae is observed in tissues with a high need 
in energy. Such variety in cristae architecture could be 
explained by different metabolism of organells.23  

As about nuclei we have to mention that as in neurons 
and in hepatocytes they are swollen with diffused 
chromatin. 

As have shown the results of our study in the second 
experimental group of animals (2 h compression- PRP-1 
injection – 4 h decompression) no ultrastructural changes 
occur in hepatocytes as well as in neurons. It was shown , 
that one time PRP-1 administration directly in muscle 
before decompression neutralize the toxic peptides 
produced in the ischemic muscle during compression. And 
inhibit its negative influence on the target organs, in our 
case on liver and cortex. It was shown that GER in neurons 
is in a form of tubules and vesicles, while in hepatocytes 
it’s presented by nets. This indicate on the positive effect 
of PRP-1 on both organs, however its better occurred in 
hepatocytes, which is caused by sensitivity of neurons to 
catecholamine’s influence, while hepatocytes are less 
sensitive. 

Compare with the Mch of the second group the 
organelles of the first group do not form conglomerates, 
and in spite of the fact that there are still observed the 
fussed organelles, but the neurons with single Mch are 
more common (Fig. 3).  

It is important to mention about the influence of the 
PRP-1 on the inner membrane of Mch. Based on the dates 
obtained via electron grammas (from tissues and fraction) 
we indicate increasing of the quantity of tubular and 
decreasing of vesicular cristae.  

As about the Mch of liver hepatocytes we have to say 
that single injection of PRP-1 lead to the positive changes 
in the ultrastructure of Mch. It was shown that Mch are 
closely contact to each other however no process of fusion 
was observed. The cristae of Mch were presented in 
tubules. 

Figure 2. Megamitochondria formation in hepatocytes at 4 h decompression. X 60.000. 

Figure 3. The ultrastructure of neurons Mch at PRP-1 injection. X 25.000. 
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DISCUSSION 

Today one of the most actual questions is the nature of 
the toxic damages of organs. It could have as direct and 
indirect effect, be a result of acute and chronic 
influence.7,24-26  

Organs toxic injuries are widespread cause of the 
diseases and death in populations.6,27-31  

The detoxication reactions are performed by the 
ferments of endoplasmatic reticulum and Mch,32 that’s 
why any changes in its ultrastructure could have negative 
effect on the detoxication function of the liver and on the 
whole its function and on organism. The role of Mch in 
detoxication is presented by the use of fluorescent 
microscopy.32  

The influence of hepatotoxic matter lead to damages of 
parenchyma of liver and destroying of its metabolic 
fermentative functions. One of the common reasons of 
death at CS is hyperglycemia at decompression period. At 
CS develop the immobilization stress activated by toxic 
peptides form in ischemic muscle.33 At the compression 
period the catecholamine level increase which leads to 
cramp of arterioles and precapillaries lead to falling down 
the speed of blood flow, endovascular aggregation of 
erythrocytes and development of thrombus formation. At 
post compression period toxic products of different 
etiology produced in ischemic muscles and kidneys 
realized to the blood and spread to the organism. Such 
toxic peptides (the toxic products of methabolism) consist 
of 5-9 amino acids. Which of these toxic peptides is more 
aggressive from toxical point of view is still unknown.18  

As have shown the results of our study at CS take place 
the process of aggregation of erythrocytes in sinusoids, 
which become more critical at 4 h decompression period. 
Progression of microcirculation dysfunction lead to 
development of acute hypoxia and as result to ischemia of 
different organs and tissues.19-21 Ischemic damage of 
different organs and tissues is still one of the most actual 
problems in medicine and biology. One of the most 
important factors in the pathogenesis of CS is cells energy 
deficit, which lead to disruption of intra and extra cellular 
transport, as well as damage of protein synthesis apparatus 
of cells.3,34 Typical for the 24 h decompression after 1 h 
compression is damages of the organelles ultrastructure, 
such as destroying of cristae of Mch. Fragmentation of 
GER, observation of ribonucleotides masses in cytoplasm 
as well as partial necrosis foci in hepatocytes. 

According to literature dates obtained by different 
authors, it could be mentioned that alterations 
ultrastructure of Mch indicate the functional condition of 
the organelles, depend on the level of energy 
metabolism.35,36 Mch change their forms dynamically by 
fusion and fission processes.37 

Structural changes of Mch divided into 2 main 
categories: simple swelling38 and formation of mega 
mitochondria (ММ).39,40  There are different points of view 
concerning the ways of MM formation. Some authors 
consider, that MM form as a result of nearby Mch 
fusionх,41-43 the others suggest that MM are formed by 
growth of single Mch, and not by fusion of small Mch.44  

The process of formation of atypical by the structure and 
size Mch in cells are related to the different diseases or 
physiological condition of the organism, such as 
erythroleicosis in bone marrow, in endometric cells before 
ovulation process, etc.40,45 For each disease Mch have its 
unique typical just for current disease form. However such 
giant Mch could accumulate in post mitotic cells depend 
on the disease type, as well as on the age dependant 
alterations. It must be mentioned that such organelles have 
a low inner membrane potential and have no ability to fuse 
to the other giant or normal Mch.46 As have shown the 
results of our study the morphology of Mch is different 
depend on CS. So, at 2 h compression there is no viewable 
alteration in Mch structure however their physiological 
condition is changed. They are presented in groups where 
the organelles are closely contacted to each other. As a 
response to the pain the level of catecholamine in blood 
increase making Mch more tension, which could be 
explained by increasing of energy need in hepatocytes. 
However, increasing of catecholamine level in blood does 
not influence on the structural safeness of Mch. At 4 h 
decompression organelles condition become more critical. 
In spite of the fact that organelles are presented as groups, 
the size and forms of Mch are very different, and the 
polymorphism of Mch is observed. Organelles are swollen; 
in some cases the tendency of MM formation is observed. 
In literature dates is known that at ischemia, partial 
hepatoectomia etc, take place the process of Mch 
swelling.38 It must be mentioned that 24 h after 
hepatoectomia not only swelling of Mch but also cristae 
number reducing tendency is observed, which however 
recovered 96 hr, after partial hepatoectomia.47 So if at 2h 
compression cristae had tubular or vesicle type, then at 4h 
decompression it is observed almost completely reduction 
of the cristae, which has its influence on the functional 
activity of Mch. It’s known that at chronically liver 
diseases take place MM formation with reduction of 
cristae.48 However at 4 h decompression at CS the 
influence of stress factor has a short time and unlike the 
dates mentioned above we observe just a tendency of MM 
formation with reduction of cristae, while the normal size 
Mch with reduced cristae are often observed, which is 
suggested as an nonspecific adaptive cellular response to 
the influence of toxin produced by ischemic muscles. It is 
well known that alterations in Mch ultrastructure such as 
remodeling of cristae are included in initiation of cell 
death.49 Mch lost their cristae normal morphology can’t 
realize their function and falling out of cell energy 
supplying function, lead to disruption of energy dependent 
processes of metabolism such as liver detoxication 
function.  

Under the influence of PRP-1 on the background of CS 
the results are quite different from the CS. It was shown 
that PRP-1 has a protective influence on the ultrastructure 
of all organelles. Nuclei are in the range of norm, while at 
CS it was in the process of fragmentation. The inner 
membrane of Mch persist its safeness. The cristae are 
presented by the type of tubule or vesicle, compare with 
CS group, where the practically totally reduction of cristae 
was observed. As about GER we have to mention that it’s 
presented by whole nets, while in CS group there was a 
fragmentation and vesiculation process.  

The results of present study update the information about 
the influence of traumatic stress on the ultrastructure of 
neurones and hepatocytes, as well as give new dates about 



Crush syndrome influence on the ultrastructure of hepatocytes and neurones         Section C-Research Paper 
 

Eur. Chem. Bull., 2013, 2(10), 726-731 730

PRP-1 as a corrector. Obtained dates have an important 
theoretical significance because of the increasing number 
of toxically injures in population. Morphological 
reconstruction observed at different stresses indicate to the 
necessity of new drugs developments lead to prevent 
neurons and hepatocytes ultrastructure injures.  

CONCLUSION 

CS as a specific type of traumatic damages lead to the 
whole complex of ultrastructural pathology. Our 
investigation demonstrated that Mch of brain are more 
subject to changes at 2 h of compression than liver Mch, 
but one time administration of the PRP-1 in a dosage of 10 
g/100g of the animal weight before decompression period 
prevent the development of the destructive changes of the 
hepatocytes of the liver and neurons of the rat cortex 
(injection of PRP on the background of CS prevent 
progress of ultrastructural changes typical at 4 h of 
decompression, and leads to Mch fission).    
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