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Protein Synthesis in Neurons and Satellite 
Glial Cells of Rats After Global Cerebral 
Ischemia Caused by Cardiac Arrest 
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Original article submitted November 20, 1995 

Protein synthesis rates are increased in light and dark neurons and satellite glia cells in 
various brain areas in rats with completely restituted neurological status after cardiac arrest. 
However, the increase is provided by different cell types. Only free light neurons are 
reactive in the hippocampal sector CA1, while both free light neurons as light neurons 
with glia are reactive in sector CA4; intense protein synthesis is observed in all types of 
the cerebral cortex neurons and in cortical neurons and in the satellite glial cells of  the 
lateral cerebellar hemispheres. 
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A decrease in the protein synthesis is one of  cell 
responses to the brain homeostasis  disturbances 
during the postischemic period [13,14]. Previously, 
we showed that substantial phasic changes in the 
transcriptional activity of  neuronal  chromat in  in 
various brain structures are developed by animals 
without apparent neurological disorders during the 
postresuscitation period [1]. We also found that these 
changes correlate with those in the level of  protein 
synthesis in the brain of  resuscitated animals [4]. 
However, it is unclear which cells of  the nerve tissue 
are involved in the postresuscitation changes at the 
level of  protein synthesis. Morphofunctional changes 
occurring in neurons of  various layers of  the senso- 
rimotor cortex (SMC) and in the cerebellar Purkinje 
cells indicate increased protein production [1,3]. In 
the neuronal populations examined, the degree of 
changes in the light neurons differed from that in the 
dark ones. Neuronal  dimorphism, i.e., the presence 
of light and dark neurons in a single population, has 
been associated with different functional states of  
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these cells [11,12]. Evaluation of the responses of 
heterogeneous neuronal populations to ischemia is 
important for elucidation of  the mechanisms under- 
lying the postresuscitation brain disorders. Since the 
glia plays an important role in the nerve tissue func- 
tion [ 10,15] and both neuroglial relationships and the 
state of  glia are altered during the postresuscitation 
period [2,5], it was necessary to estimate protein 
synthesis rates in the satellite glia (SG) located near 
light and dark neurons in a heterogeneous neuronal 
populations. 

In the present study we assessed the intensity of 
protein synthesis in light and dark neurons and the 
SG in various brain structures on day 4 after cardiac 
arrest. During this period, the nucleoli increase in 
size, and the transcriptional activity of chromatin 
rises [1] in brain neurons of  resuscitated animals 
without apparent neurological disorders. 

MATERIALS AND METHODS 

A 10-min cardiac arrest was produced in rats by 
compressing the vascular bundle of  the heart [7]. 
Resuscitation was achieved by indirect massage of the 
heart in combination with artificial pulmonary ven- 
tilation with air. The neurological status of resusci- 
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Fig. 1. Labeling intensity of pyramidal cells in hippocampal sectors 
CA1 and CA4 in resuscitated rats. Here and in Figs. 2 and 3: 1) free 
l ight neurons; 2) light neurons with glia; C) control, *p<0.05 
compared with the control. 

tated animals was evaluated using a scoring scale [8]. 
The protein synthesis rate was estimated on day 4 of 
the postresuscitation period in 5 experimental rats 
and 5 intact (control) rats. For this purpose, 3H- 
leucine (specific activity 1370 TBq/mol) was injected 
intraperitoneally in a dose of 7 gCi/g body weight 
30 min before decapitation under ether anesthesia. 
Pieces of the SMC, hippocampus, and lateral cere- 
bellum were fixed in Camoy's fluid, processed using 
the standard procedures, and embedded in paraffin. 
After deparaffinization, 5-6-g sections were coated 
with type M emulsion and exposed for 30 days. After 
development, the preparations were stained with 
cresyl violet by the method of Nissl. Heterogeneous 

Fig. 2. Labeling intensity of pyramidal cells in cortical layer V in 
resuscitated rats. Here and in Fig. 3: 3) free dark neurons; 4) dark 
neurons with gila. **p<0.025 compared with the control. 

populations of pyramidal cells in layer V of the 
SMC, Purkinje's ceils in the lateral cerebellum, pyra- 
midal neurons in hippocampal sectors CA1 and CA4, 
and the SG located near neurons of the different 
types were studied. Light and dark neurons as well 
as free neurons and neurons of both types with SG 
were counted separately. Labeling intensity was eva- 
luated microscopically (magnification 1250) with the 
use of a square grid and expressed in arbitrary units. 
Silver grains were counted in three squares for each 
nerve cell, and the mean value (label concentration) 
was calculated per square. Light and dark neurons 
as well as free neurons and those with SG were 
counted separately. Fifty or sixty cells were examined 
in each neuronal population. 

The significance of differences was estimated by 
Student's t test. 

RESULTS 
The apparent (external) neurological status was re- 
stored in all experimental rats. In the intact (control) 
rats, light and dark neurons of the studied popula- 
tions did not differ in labeling intensity. Four days 
after resuscitation, labeling intensity in experimental 
rats was higher than in the control only in free light 
pyramidal neurons of the hippocampal sector CA1 
(by 35.3%) and in both free light neurones and light 
neurons with SG of the pyramidal cell population in 
sector CA4 (by 48.8% and 55.1%, respectively; Fig. 
1). In the SMC layer V neurons of experimental rats, 
the labeling intensity was significantly higher not 
only in free light neurons and light neurons with SG 
(by 31.2% and 39.0%, respectively), but also in free 
dark neurons and dark neurons with SG (by 25:2% 
and 58.0%, respectively; Fig. 2). Thus, protein syn- 
thesis was increased in all studied neuronal popula- 
tions. There were no changes in labeling intensity in 
the SG adjacent to light and dark neurons. 

In the Purkinje's cells of the lateral cerebellum, 
labeling intensity in experimental rats was much 
higher than in the control in all types of neurons: 
by 76.3% in free light neurons, by 84.0% in light 
neurons with SG, by 77.9% in free dark neurons, and 
by 78.1% in dark neurons with SG. Moreover, labeling 
intensity in experimental rats was significantly higher 
in the SG, both at light (by 55.4%) and dark neurons 
(by 69.9%) (Fig. 3). 

Thus, the rate of protein synthesis was increased 
in all studied parts of the brain in rats with com- 
pletely restored neurological status on day 4 after 
resuscitation. This findings agree with the data on 
increased protein synthesis rates in the brain of ani- 
mals with restored neurological status at a particular 
stage of the postresuscitation period [4]. However, 
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Fig. 3. Labeling intensity of Pur- 
kinje's cells and satellite gila in 
the lateral cerebellum of resus- 
citated rats. Gila at light (5) and 
dark (6) neurons. 

the studied neuronal populations, which initially did 
not differ in the level of protein synthesis, responded 
in different ways to ischemia. In the pyramidal neurons 
of hippocampal sector CA1, where no marked de- 
generative changes or cell loss were observed in 
restored animals [5], the protein synthesis rate was 
increased only in free light cells. In sector CA4, 
where pronounced neuronal changes were observed 
in the same animals [5], the protein synthesis rate was 
elevated in both free light cells and the light ceils with 
SG. In layer V of the SMC, where substantial changes 
occurred in the density and composition of the neu- 
ronal population (cell loss, increased numbers of cells 
with signs of degeneration, and abnormal neuroglial 
relationships), the rate of protein synthesis was altered 
in all types of neurons, but not in the SG. Only in 
the Purkinje's cells of the lateral cerebellum, which is 
the brain area most vulnerable to clinical death of 
various etiology and duration [2], changes were noted 
in all types of neurons as well as in the SG. Therefore, 
there is a gradation in the involvement of neurons and 
glia in the postresuscitation process, similar to the 
gradation revealed by morphometric analysis of hetero- 
geneous neuronal populations [2]. The equal overall 
protein synthesis rate in the brain tissue (as indicated 
by biochemical analysis) was achieved at different 
costs in the studied neuronal populations. 

Thus, we have identified the cells responsible for 
an increase in the protein synthesis rate in the exam- 
ined brain areas. Activation of protein synthesis in 
heterogeneous neuronal populations does not neces- 
sarily involve all cells. Taken together with our pre- 
vious data (morphometric analysis of neurons [2], 
determination of the dry mass of neurons [3], and 
evaluation of alterations in the transcriptional activity 
of chromatin [1]), these findings point to a higher 
responsiveness of light neurons and greater changes 

in protein synthesis in these ceils compared with dark 
neurons. Through elevation of protein synthesis by 
neurons, which is probably a manifestation of intra- 
cellular regeneration, the density and composition of 
a neuronal population can be normalized. On the 
other hand, strong activation of protein synthesis 
may lead to depletion of neuronal resources, as evi- 
denced by a drastic decrease in chromatin transcrip- 
tional activity in neuronal nuclei of various cortical 
layers and cerebellar Purkinje's cells on day 7 of the 
postresuscitation period [1]. These changes may be 
responsible for subsequent impairment of homeostasis 
in neuronal populations, where degenerative changes 
and cell loss as well as abnormalities in neuroglial 
relationships occur on days 4-7 after resuscitation [2]. 
During this period behavioral and conditioned reflex 
disturbances were observed in animals without ap- 
parent neurological disorders [6,9]. 

Our results indicate that postresuscitation dis- 
turbances in the structure and function of the brain 
are related to compensatory/adaptive changes in 
heterogeneous neuronal populations, being determined 
by the reactivity of neuronal protein-synthesizing 
system. This phenomenon is important for under- 
standing the mechanisms underlying pathological and 
compensatory processes in the brain of resuscitated 
animals after severe ischemia caused by cardiac arrest. 

This work was supported by the Russian Foun- 
dation for Basic Research (Grant No. 93-04-07). 
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Changes in the Phospholipid Composition of Cat 
Hepatocyte Plasma Membrane in Hemorrhagic Shock 
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Progressive elimination of phosphatidylcholine from the hepatocyte plasma membranes is 
observed during the development of  hemorrhagic shock in cats. The phosphatidylinositol 
content decreases 30 rain after the start of  bleeding and then gradually increases. The 
phosphatidylethanolamine content is increased on the 30th and 60th min of  bleeding, while 
the content of phosphatidylserine increases 1 h after the start of bleeding. At the peak of 
hemorrhagic shock the major shifts are observed in the phosphatidylcholine and phospha- 
tidylinositol contents. 
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Changes in the structure and function of cell mem- 
branes are one of the major determinants of  the 
pathogenesis of  shock at the cellular and subcellular 
levels [10]. Therefore, it is important to evaluate the 
role of structural modifications occurring in the plasma 
membrane phospholipids, since they strongly de- 
termine functional activity of the cell [1,5,6,8,9]. 
Bearing in mind that the liver is a target organ of 
hemorrhagic shock, we analyzed changes in the 
phospholipid composition of the hepatocyte plasma 
membrane in hemorrhagic shock. 

Institute of General Pathology" and Pathological Physiology, Russian 
Academy of Medical Sciences, Moscow 

MATERIALS AND METHODS 

Experiments were performed on cats (n=34, body 
weight 3.0+0.5 kg) under Nembutal anesthesia (40 
mg/kg intraperitoneally). Hemorrhagic shock was 
produced by the method [16]. The animals were 
injected with 2000 units/kg heparin 30 min prior to 
bleeding. Blood pressure was reduced to 40 mrn Hg 
within 30 rain and maintained at this level for 1 h. 
Intact cats given the same dose of heparin served as 
the control. Liver was incised after perfusion with 
cold 1 mM NaHCO 3 30 min, 1, and 1.5 h (ex- 
perimental cats) and 1, 1.5, and 2 h (control cats) 
after the start of  bleeding. Hepatocytes were isolated 
as described [4], and total lipid extraction was per- 
formed by the method [13]. Phospholipids were frac- 
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