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Abstract 

It was made the experimental study on white male rats by an electron 

microscopic method in dynamics (6, 24, 72, 168 h) and was studied the possibility of 

correction of ultrastructural changes of the respiratory department of the lung by 

phosphatidylcholine liposomes ("Lipin" medium) due to multiple skeletal trauma 

with the use of intramedullary osteosynthesis. It is defined that intraperitoneal Lipin 

administration in dose 50 mg/kg body weight during the first 24 hours after beginning 

of the study case decrease the expressiveness and prevalence of damage alveolar cells 

І and ІІ type, haemocapilari endothelial cells and alveolar macrophages. The Lipin 

administration does not influence on the character of ultrastructural changes of the 
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respiratory department of the lung while increasing time of the experiment (72-168 

hours). 

 

Key words: lungs, multiple skeletal trauma, intramedullary osteosynthesis, 

Lipin. 

 

 

 

 

 

Introduction  

Nowadays it is known that polytrauma despite of sustain achievements in 

medicine is complicated by acute lung injury syndrome  (ALIS) [1, 2, 6, 9, 11]. 

During the last years in the literature sources meet more and more reports about 

effectiveness of exogenous surfactants to treat this syndrome. The results of many 

trials have proved that administration of exogenous surfactants increase activity of 

antioxidant enzymes, improve gas exchange, blood oxygenation, ventilation 

parameters of lung function, qualitative composition of phospholipids surfactant  [3, 

8, 10, 13]. 

The special interest is concentrated on experimental and clinical studies of the 

biospecifical activity the «Lipin» medium designed in Ukraine, the chemical base of 

it consists of хімічну phosphatidylcholine liposomes [7, 11, 12]. The number of 

researches showed antihypoxic, antioxidant and membrane-protective effect of this 

medium. The administration of Lipin improved ventilation parameters of lung 

function, lung haemodynamics, functional condition of alveolar macrophages and 

reduction of arterial hypoxemia [4, 5, 7, 12]. 

The aim of this study was define the possibility of correction by Lipin the 

ultrastructural changes of the respiratory department of the lungs due to multiple 

skeletal trauma with osteosynthesis in the experimental study. 
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Materials and methods 

Study was made on 50 white male Vistar rats with bodyweight 180-230 g. 

Animals were distributed on three groups: І – modeling of multiple skeletal trauma + 

intramedullary osteosynthesis (40 animals), II - modeling of multiple skeletal 

trauma+ intramedullary osteosynthesis +Lipin® (40 animals) and ІІІ – intact (10 

animals). All animals in group І and ІІ were done modeling of multiple skeletal 

trauma – osteotomy of the both femur bones in the middle part according to the own 

technique [2]. Accept of modeling of multiple skeletal trauma was done 

intramedullary osteosynthesis by Kirschner wire 3 hours after trauma modeling. All 

manipulations were done under Tiopental anesthesia 60 mg/kg. All animals in І and 

ІІ group received appropriate analgesia by Diclophenac sodium 10 mg/kg 3 times per 

(in the day of surgery 2 times). Animals of the II group also received Lipin ® 

(“Biolec” Kharkiv) in dose 50 mg/kg three times (just after trauma, before and just 

after osteosynthesis), the Lipin is the membrane protection medium based on the 

diphosphatidylcholine group. 

Lung tissue sampling for light microscopic and electron microscopic study was 

made under Tiopental anesthesia 6, 24, 72, 168 hours after trauma by general 

methods. Lung tissue samples for electron microscopic study were fixed in the 

Glutarformaldehyde 2,5% solution and further postfixation by Osmium tetroxide 1% 

solution. Samples after dehydration were embed in the epon-araldit. Sections were 

done by ultramicrotome "Tesla ВS-490" and studied by electronic microscope 

"ПЕМ-125К". 

 

Results and discussion  

The results of electronmicroscopic study showed that animals of І group after 6 

hours after beginning of the experiment had mainly reactive changes of the 

components of the respiratory department of lungs. It was found the hyperthrophy of 

the Golgi complex (GC),  rough endoplasm reticulum  (RER) and moderate 

electronic-optical density of the mitochondria in the alveolar cells І and ІІ types (А-І 

and А-ІІ), endotheliocytes of the hemocapilaries, alveolar macrophages (АМ). At the 
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same time in some haemocapilari were detected endothelial cells with light 

cytoplasm, enlarged components of smooth endoplasm reticulum (SER) and RER, 

mitochondria swelling and locally thickened base membrane. 

The ultrastructural changes during 24 hours after beginning of the study in the 

alveolar cells, endotheliocytes and АМ had severe hyperhydratation events. The 

number of lamellar bodies in the alveolocytes ІІ is decreased. The erythrocytes’ clots 

and aggregation and adhesion of leukocytes and platelets were in the haemocapillary 

space.  

The intracellular swelling is still defined in the A-І, A-ІІ, endotheliocytes and 

alveolar macrophages on the 72 hour of the experiment. There are platelets and 

leukocytes aggregates inside the haemocapillary space.  

The expressiveness and prevalence of edema of the components in the 

respiratory department of lungs on the 168 hour of the study is less than on the 

previous stage.  

The Lipin medium was used to correct above-mentioned submicroscopic 

disorders of the components in the respiratory department of lungs. The 

administration of it by intact animals did not influence on the ultrastructural 

organization of the A-І, A-ІІ, endotheliocytes and AM. Whatever it was significant 

difference of the character and extension of changes of the structural elements in the 

respiratory department of lungs between treated and not-treated animals.  

The ultrastructural analysis showed that alteration of AM, A-І, A-ІІ and 

haemocapillary endotheliocytes on the background of Lipin administration had been 

spotted less often compared with not-treated animals during 6 hours after beginning 

of the study.  

We would like to admit that the structural organization of lamellar bodies of 

alveolocytes ІІ type was better saved (Fig. 1).  
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Fig. 1. Submicroscopic structure of the alveolar cell ІІ type during 6 hours after 

the beginning of the experiment on the background of Lipin administration. 

1 – alveolar space; 2 – nucleus; 3 – mitochondria; 4 – rough endoplasm 

reticulum; 5 – lamellar body; 6 - microvilli. 

Microelectronic picture. х6400. 

 

Lamelar bodies (LB) are distributed along whole cytoplasm, but mosts of them 

are in the perinuclear zone and apical part of the cytoplasm. At the same time in the 

cytoplasm of А-ІІ were detected multivesicular bodies, which are the group of 

vesicles covered by single membrane. There were lots of microvilli on the apical side 

of A-ІІ. Some A-ІІ had signs of increased functional activity. It was found a fusion of 

outer part of the LB membrane and inner part of the apical plasmalemma following 

relieve of the osmiophilic material in the alveolar space in these cells.  

Inside the most haemocapillary of the alveolar wall it was defined the 

endothelial cells with ultrastructure typical for intact animals. It was not found the 

leukocytes and platelets clots in the haemocapillary space (Fig 2). 
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Fig. 2. Ultrastructural organization of the respiratory department of the lung 

during 6 hours after the beginning of the experiment on the background of Lipin 

administration. 

1 – alveolar space; 2 – alveolar cell ІІ type; 3 – haemocapillary space; 4 –

fibroblast; 5 – red blood cell. 

Microelectronic picture. х6400. 

 

The ultrastructural findings during 24 hours after beginning of study on the 

background of Lipin treatment proofed less manifested of damage as intracellular 

swelling with disorders of ultrastructural organization of organelles. We noticed that 

not just an expressiveness and prevalence of damages of the components of the 

respiratory lung department as well, were substantially less in the treated animals 

compared with not-treated ones. Lipin administration improves also rheological 

properties of blood. During this timeframe of the study platelets and leukocytes 

aggregation were found just in few haemocapillaries. 

The results of electron microscopic study after 72-168 hours proved the absence 

of positive effect of Lipin® on the components of the respiratory department of 

lungs. 
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Our study has showed that intramedullary osteosynthesis of the femur fractures 

case the sustain ultrustructural changes of the alveolar cells І and ІІ type, 

haemocapilari and alveolar macrophages. Intraperitoneal Lipin administration during 

first 24 hours after the beginning of the experiment is getting the decrease of  

expressiveness and prevalence of damages of the components of the respiratory lung 

department. Cell organelles are better saved on the background of Lipin 

administration due to different pathological conditions as phosphatidylcholine 

liposomes have properties restore damaged areas of the membrane because of lipid 

metabolism between liposomas and cell. The results of our study are consistent with 

the data of other researchers and proved membrane-protective effect of the Lipin [11, 

13, 14].  

 

Conclusion  

1. Our study showed that intramedullary osteosynthesis taking due to multiple 

skeletal trauma cause significant disorders of submicroscopic structure of the 

respiratory department of the lungs. 

2. The intraperitoneal Lipin administration helps to significantly reduce 

ultrastructural changes of cytoplasm organelles of the alveolar cells І and ІІ type, 

haemocapilary endothelial cells and alveolar macrophages. 

3. The efficacy of Lipin is the most significant during the early (first 24 h.) after 

beginning of the experiment. 
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