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Experiments on cats indicated that the use of  phosphatidylcholine liposomes in hem-  
orrhagic shock may reduce the intensity of  free-radical processes in the liver, stabilize 
the phospholipid bilayer of  plasma membranes in hepatocytes, decrease the severity of  
pathomorphological changes in the target organs, and raise systemic arterial pressure with 
its stabilization at a subnormal level. The use of  phosphatidylcholine liposomes in cats 
with hemorrhagic shock resulted in a considerable prolongation of their survival. 
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A major pathogenic factor in all forms of  shock 
is hypoperfusion of  organs and tissues leading to 
cell starvation and inadequate removal of metabolic 
products [8], with consequent disturbance of  cellu- 
lar funct ions  accompan ied  by damage to cell 
membranes. Structural changes in the lipid bilayer 
of  these as a result of  intensified lipid peroxida- 
tion (LPO) are regarded as one of  the causes of  
cell damage [2,3,14]. Our previous studies showed 
that hemorrhagic shock is associated with drasti- 
cally reduced phosphatidylcholine (PC) levels in 
the plasma membranes o f  hepatocytes [5]. Given 
that PC exhibits antioxidant properties [1,4], an 
at tempt was made in the present study to dimin- 
ish the activation of  free-radical processes in the 
liver by enriching hepatocyte plasma membranes 
with PC administered in the form of  liposomes. 
PC liposomes were chosen because the liver is 
known to be the main target organ for liposomes 
[6], whose lipids become incorporated into cell 
membranes [11[. In addition, we explored how PC 
liposomes might influence the time course of  ar- 
terial pressure in cats with hemorrhagic shock and 
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their mortality and evaluated the morphological 
status of  organs in these animals. 

MATERIALS AND METHODS 
The study was conducted on 48 cats of  both sexes 
(body weight 3+0.5 kg) under Nembutal anesthesia 
(40 mg/kg intraperitoneally). Shortly (30 rain) be- 
fore they were bled, the cats received an intravenous 
heparin injection (2000 units/qcg) to prevent throm- 
bus formation. Liposomes were prepared as previ- 
ously described [9] from dry soybean PC powder 
(Serva) (0.5 nag powder per ml of distilled water) 
and injected intravenously in a dose o f  1 ml/kg. 

The study consisted of  three parts. In part I, 
l iposomes were tested for their effects on LPO 
levels in the liver and the phospholipid composi- 
tion o f  hepatocyte plasma membranes in cats with 
hemorrhagic shock. These cats were divided into 
three groups. Group 1 consisted of  intact cats in- 
jected with heparin in the indicated dose (con- 
trois). Group 2 comprised cats in which hemor-  
rhagic shock was produced over 90 min: arterial 
pressure was reduced to 40 mm Hg for 30 rain 
and then maintained at this level for 60 min. In 
group 3, hemorrhagic shock was produced as above 
but liposomes were administered 30 min after the 
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Fig. 1. Effect of l iposomes  on the level of TBA--react ive  
products  in the livers of cats with hemorrhagic shock. Each 
of the three groups consisted of 5 cats. *p<0.01 in comparison 
with the control group. 

start of  bloodletting. Two hours after heparin in- 
jection, cats were killed and the liver was removed 
after perfusion with a cooled 1 mM sodium bicar- 
bonate solution. The level of 2-thiobarbituric acid 
(TBA)-reactive products in the liver was measured 
as described [10]. After isolation of hepatocyte 
plasma membranes [7] and extraction of their to- 
tal lipids [I2], phospholipids were fractionated by 
thin-layer chromatography on Silufol plates in the 
solvent system chloroform:methanol:acetic acid.rearer 
(25:15:4:2 by volume) [13]. The chromatograms 
were subjected to densitometry in a Chromoscan- 
201 apparatus (Joyce-Loebl). The densitograms 
were read using a semiautomatic image analyzer 
(Leitz-A.S.M.). 

In parts II and III of  the study, hemorrhagic 
shock was produced over 120 rain: arterial pres- 
sure was maintained at 40 mm Hg for 90 min, 
after which  the communication between the vas- 
cular bed and the reservoir used for bloodletting 
was interrupted. In part II, liposomes were tested 
for their effects on the temporal profile of arterial 

pressure and on mortality of the cats. These were 
divided into two groups. One group consisted of 
cats with hemorrhagic shock and the other of ani- 
mals with hemorrhagic shock but injected with li- 
posomes 120 rain after the start of  bleeding. Part 
III was devoted to histological examination of the 
organs taken from three groups of cats with hem- 
orrhagic shock: untreated cats that had died from 
the shock (group 1), liposome-treated cats injected 
with a lethal dose of Nembutal 70 rain after lipo- 
some administration, i.e., after an interval equal to 
the mean survival time of untreated animals; and 
liposome-treated cats killed with Nembutal 8 h 
after liposome administration, i.e., after an inter- 
val equal to the mean survival time of treated 
animals. Material for histological examination was 
collected after complete systemic dissection by 
Shor's method. Histological specimens of  lung, 
liver, spleen, kidney, and heaa were prepared (fro- 
zen sections stained with hematoxylin-eosin by 
Goldman's method and with picrofuchsin-fuchsi- 
lene after Hart). The results were treated statisti- 
caUy using Student's t test. 

RESULTS 
Ninety minutes after the start of bleeding, the level 
of  TBA-active products in the liver of  cats with 
hemorrhagic shock exceeded 2-fold the control 
value (p<0.01) (Fig. 1), while the PC level in 
their hepatocyte plasma membranes had decreased 
3.2-fold (p<0.01) in direct proportion to the in- 
crease in LPO (r=0.79) (Fig. 2). The phospha- 
tidylinositol level in these membranes also de- 
pended on that of  LPO: 90 rain after the start of 
bleeding, it had risen significantly to exceed the 
control value 6.1-fold (p<0.01) and the increase 
correlated directly with that in LPO (r=0.72). 

The level of  TBA-reactive products in the liver 
of cats treated with PC liposomes 30 rain after the 
start of  bleeding was 1.8 times lower than in the 
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Fig. 2. Effect of l iposomes on the pe rcen tage  composi t ion  of phosphol ip ids  in hepa tocy te  plasma membranes  of cats with 
h e m o r r h a g i c  shock .  PE = p h o s p h a t i d y l e t h a n o l a m i n e ;  PS ~ p h o s p h a t i d y l s e r i n e ;  PI -- p h o s p h a t i d y l i n o s i t o l ;  PC = 
phosphatidylcho[ine; SM = sphyngomyelin;  LPC = lysophosphatidy[choline.  "p<0.01 in comparison with the control cats. 
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liver of  untreated animals with hemorrhagic shock 
(p<0.01) and was only slightly above the control 
level (Fig. 1), while the PC level in the hepato- 
cyte plasma membranes of these cats increased to 
approach the control value (Fig. 2), and the in- 
crease correlated with LPO depression in the liver 
(r=0.67). Phosphatidylinositol was also close to the 
control value, and the decrease in its level corre- 
lated directly with that in LPO (r=0.75). 

In cats injected with liposomes 120 min after 
the start of bleeding, arterial blood pressure rose, 
on average, to 70 mm Hg over 20-30 rain (Fig. 
3) to remain unchanged throughout the 4-h ob- 
servation period. The mean survival time of  these 
cats was 8 h. In contrast, the untreated hypotensive 
cats showed a progressive fall in arterial pressure, 
and their mean survival time was only 70 rain. 

Lung specimens from untreated cats (Fig. 4, 
a) contained areas of  lysed epithelium in alveolar 
and bronchiolar walls; perivascular and peribron- 
chial stromata were edematous and infiltrated with 
granulocytes, and erythrodiapedesis, erythrostasis, and 
leukostasis were p rominen t  in capillaries and 
venules. Manifestations of edema were less conspicu- 
ous in the lungs of cats bled for 120 rain and killed 
70 rnin after being injected with liposomes (Fig. 4, 
b). Venular stasis and macrophages in alveolar lu- 
mens were observed, and the so-called "broad" cap- 
illaries appeared congested. Specimens from cats 
killed 8 h after liposome injection contained se- 
rous hemorrhagic exudates in alveolar lumens. 

Liver specimens from untreated cats with hem- 
orrhagic shock (Fig. 4, c) contained empty venules 
and sinusoids and showed clear signs of fatty and 
vacuolar cytoplasmic degeneration. Liver specimens 
from cats killed 70 rain and 8 h after liposome 
treatment presented similar appearances: no signs 
of fatty or vascular degeneration were in evidence, 
formed elements of blood were seen in sinusoid 
lumens, and microvessel walls seemed less edema- 
tous (Fig. 4, d). However, there was some evidence 
suggesting dissociation of  hepatic lobules, the 
stroma was infi l trated with lymphoid cells in 
places, and signs of  hepatocyte disintegration were 
occasionally present. 

In spleen specimens from untreated cats, the 
red pulp was of  decreased size and depleted 
of erythrocytes and the reactive sites of lympha- 
tic follicles were dilated. The red pulp in speci- 
mens from liposome-treated cats was consider- 
ably larger, suggesting augmented utilization func- 
tion of the spleen vis-a-vis erythrocytes that un- 
derwent pathological changes. The histological ap- 
pearance of specimens from cats of  both groups 
was similar. 
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Fig.  3. Effec t  o f  l i p o s o m e s  on  the  t ime  c o u r s e  of  a r te r ia l  
p r e s s u r e  (AP} in ca ts  wi th  h e m o r r h a g i c  shock .  I) u n t r e a t e d  
cats  ( n =  10); 2) ca ts  t r e a t ed  wi th  ] i p o s o m e s  In = 11}. 

In kidney specimens from both untreated and 
liposome-treated cats, gross destructive changes were 
observed in the glomeruli and tubular epithelium. 
Similarly, liposome treatment failed to improve the 
histological appearance of heart specimens, which 
contained multiple microhemorrhages and lesions 
in the walls of intramural arteries. 

Thus, as the findings presented above indicate, 
the use of PC liposomes in cats early during 
hemorrhagic shock development largely prevents 
the intensification of  LPO in the liver and alter- 
ations in the phospholipid profile of  hepatocyte 
plasma membranes. These effects appear to be 
associated with antioxidant properties of the PC 
entering the liver [1,4]. An important effect from 
the use of PC liposomes in a late stage of hem- 
orrhagic shock is arterial pressure elevation to a 
subnormal level and its prolonged maintenance at 
that level, indicating that the hemodynamics is 
partially restored, which undoubtedly results in 
improved perfusion of organs and tissues and thus 
their better supply with oxygen and nutrients. 
However, the liposome treatment  of cats with 
hemorrhagic shock was found to improve the con- 
dition of only the organs that are targets for li- 
posomes (liver, lung, and spleen) without produc- 
ing any beneficial effects in other organs such as 
the kidney and heart. 

To summarize, the administration of PC lipo- 
somes to cats with hemorrhagic shock reduced the 
intensity of free-radical processes in the liver, sta- 
bilized the phospholipid bilayer of  hepatocyte 
plasma membranes, mitigated histopathological 
changes in the target organs, and elevated systemic 
arterial pressure to a subnormal level, at which it 
remained for a relatively long period of  time. As 
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Fig. 4. Pathomorphological appearance of lung and liver specimens from an untreated (a and c) and a l iposome--treated (b 
and d) cat with hemorrhagic shock, x160. a) lung specimen showing an edematous periarterial stroma infiltrated with granulocytes, 
edematous alveolar walls, and erythrocyte diapedesis and leukostasis in the capillaries, b) lung specimen taken 70 rain after 
inoculating the cat with liposomes: signs of generalized edema are less prominent than in a and erythrocy-te aggregates are 
absent, c) liver specimen showing fatty and vacuolar degeneration; the central veins and sinusoids appear empty, dl l iver  
specimen taken 70 rain after inoculating the cat with liposomes: there is no evidence of fatty or vacuolar degeneration, and 
er3rthrocy'tes can be seen in the lumens of sinusoids and veins; microvessel walls are less edematous than in c. 

a r e s u l t ,  t h e  l i p o s o m e - t r e a t e d  ca t s  s u r v i v e d  m u c h  
l o n g e r  t h a n  t h e  u n t r e a t e d  a n i m a l s .  

T h e  r e s u l t s  o f  t h i s  s t u d y  s u g g e s t  t h a t  P C  l i -  
p o s o m e s  h o l d  p r o m i s e  o f  b e i n g  u s e f u l  i n  t h e  
m a n a g e m e n t  o f  p a t i e n t s  w i t h  s h o c k  a n d  m a y  
t h e r e f o r e  b e  c o n s i d e r e d  f o r  i n c l u s i o n  in  m u l t i d r u g  
t h e r a p i e s .  
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